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Procedure vids!
ICU Guide One [pic] – cardiac / pulmonary equations

ICU Guide Two [pic]– intubation / respiratory physiology / creatinine clearance / drug levels

Immunology
General Immunology
Immunoglobulins, complement cascade
Immunodeficiencies 


T-cells

DiGeorge, CMC

B-cells

CVID, IgA deficiency, Bruton’s, Duncan’s
B&T-cells
SCIDS, ADA, Wiskott-Aldrich, ataxia telangiectasia
Phagocytes
cyclic neutropenia, CD18, Job’s, Chediak-Higashi
Connective Tissue Disorders
RA, SLE, Sjögren’s, Polymyositis, Scleroderma, Sarcoidosis
Systemic Vascultides
Giant cell arteritis, Takayasu’s, Kawasaki’s, PAN, Wegener’s, Buerger’s, Churg-Strauss
B-cell surface markers [diagram]

T-cell surface markers [diagram]
Immunoglobulins [diagram]

20% of plasma proteins / 2 light chains (kappa or lambda) and 4 heavy chains (gamma, alpha, mu, delta, epsilon)

IgA (15%) – secretions / 2 IgA molecules linked by J-segment (secreted by epithelial cells)

IgG (75%) – crosses placenta / major antibody

IgM (10%) – most efficient activator of compliment

IgE (trace) – hypersensitivity reactions / bound to Fc receptors on mast cells and basophils 
IgD (1%) – surface of B-cells 

4 major types of immune-response

· Type I: hypersensitivity
· Type II: cell-mediated

· Type III: immune-complex
· Type IV: delayed-type hypersensitivity

Type I hypersensitivity (derm)
IgE, mast cells (his, 5HT, TNF-a, TGF-B, IL-4), Th2, (y-IFN is inhibitory)
urticaria, atopic dermatitis, anaphylactic shock
Treatment of acute anaphylactic shock: 0.3 mg epinephrine SC

Long term: avoidance, drugs, allergen immunotherapy (how does that work?)

Insect stings: reaction in < 15 mins / venom immunotherapy may help / note: honeybee stings different from other stinging insects

Type II cell-mediated (derm)
IgM > IgG / complement / ADCC / organ-specific (Goodpasture’s, pemphigus) / receptor-specific (Grave’s, Myasthenia gravis) / hemolytic anemia / Derm: pemphigus, bullous pemphigus, herpes gestationis, epidermolysis bullosa
Treatment: immunosuppression, plasmapheresis

Type III immune-complex (derm)
leukoclastic vasculitis (PAN) / fibrinoid necrosis / polyarthritis, skin, serum sickness, arthus reaction

Treatment: anti-inflammatory agents, immunosuppression

Type IV delayed-type hypersensitivity
Th-1 - contact dermatitis, Tb, sarcoidosis, Wegener’s, IBD
Treatment: corticosteroids, cytotoxic agents, antimicrobials

GVHD

Affects: skin, liver, GI tract, eye, kidney (reports)
Occurs following transplantation (e.g. BMT) / patients at high-risk for fungal infections for several weeks/months after engraftment (current debate over when and what to use for prophylaxis 1/07) / immunosuppressive agents used to prevent GVHD can look like EM [pic] [dermis]
Immunodeficiencies
Systemic Diseases Causing Defects of:

T-cells: HIV, sarcoidosis, steroids

B-cells: asplenia, SLE, CLL, steroids

Some genetic Immunodeficiencies may present in adulthood: CVID, CMC, more. 

Defects of mainly T Cells
DiGeorge
no thymus (no T-cells), no parathyroids / failure of 3rd (upper parathyroids), 4th pharyngeal (lower parathyroids) pouches / presents with tetany owing to hypocalcemia

Chronic Mucocutaneous Candidiasis (CMC)


T-cells do not respond to Candida albicans
Defects of mainly B Cells
IgA deficiency

1 in 500 (most common immunodeficiency) / B-cells have it, but can’t secrete it / risk factor for celiac sprue

Presentation: recurrent sinusitis, GI infection (giardia), otitis media

Note:  do NOT give IVIG due to presence of anti-IgA antibodies (44%)

Common variable immunodeficiency (CVID)


Most common primary immune deficiency requiring medical attention / 1 in 50,000

sporadic / 10% familial / 15-35 yrs

Mechanism: hypo-IgG from various defects (CD27+ memory B-cells cannot differentiate into plasma cells) / suspected genes involved (BAFF, APRIL, TACI, ICOS)

Presentation: pyogenic infections (e.g. respiratory), chronic diarrhea (e.g. giardia), and increased incidence of autoimmune diseases (sprue-like syndrome, gastric atrophy, bronchiectasis, pernicious anemia) / associated T-cell abnormalities (10%)

Diagnosis: can test for response to Ag (e.g. tetanus, pneumovax)

Related syndromes: hyper IgM type 3 (CD40), autoimmune lymphoproliferative disorder (ALPS), TNF-receptor associated periodic fever syndrome (TRAPS)


Treatment: IVIG q 2-3 wks / do NOT give live vaccines
Bruton’s X-linked agammaglobulinemia

XLR / no functional B-cells (cannot get EBV infection) / low Ig / recurrent bacterial infections beginning at age 6 months / low IG predisposes to chronic aseptic meningitis (with secondary dermatomyositis)

Duncan’s Syndrome (X-linked Lymphoproliferative Disease)

XLR / impaired response to EBV nuclear antigen (2/3 mortality ) / survivors develop hypogammaglobulinemia and/or B-cell lymphomas / decreased NK function and ADCC against EBV-infected cells

Defects of B and T Cells
Wiskott-Aldrich


XLR / mutation of WASP gene / B and T-cells regress / cannot mount IgM response to capsular polysaccharides 

elevated IgA, normal IgE, low IgM / recurrent pyogenic infections, eczema, thrombocytopenia / increased incidence of lymphoreticular neoplasm
Ataxia-Telangiectasia
B and T-cell deficiency, with associated IgA deficiency / presents with ataxia, spider angiomas / recurrent infections / can get lymphomas / secondary diabetes mellitus?
Severe Combined Immunodeficiency Syndrome (SCIDS)

no functional B and T cells / defective IL-2 receptors, MHC II, or ADA (½ of autosomal 

forms)

Adenosine deaminase deficiency (ADA)

excess ATP and dATP provides negative feedback on ribonucleotide reductase, prevents DNA synthesis, lowers lymphocyte count / can produce SCID
Defects of Phagocytes [NEJM]
Guideline: these are rare but important diseases, and can be diagnosed by examination of peripheral phagocytes and a few special stains / must catch these early and consider IFN-gamma, g-CSF, broad antibiotics 

Cyclic Neutropenia
Autosomal dominant / ?mutation in neutrophil elastase (ELA2)

recurrent neutropenia ( < 200 cells/mL) lasts 3-6 days / cycle usually ~21 days, but in 30% of patients, ranges from 14-42 in 30%

During neutropenia: fever, apthous stomatitis, gingivitis, stomatitis, cellulitis, cervical LAD

Severe congenital neutropenia

Autosomal recessive in 90% (unknown mutation) / heterozygous in 10% / 

Presents during first year of life / cellulitis, perirectal abscess, peritonitis, stomatitis, meningitis (Staph, Burkholderia) / increased risk for myelodysplasia, AML
Labs: < 500 neutrophils, but increased circulating monocytes, eosinophils

Treatments: nearly all improve with exogenous g-CSF

Schwachman-Diamond Syndrome

Autosomal recessive (rare) / Presents within first yr of life / average life expectancy 35 yrs

Exocrine pancreatic insufficiency, skeletal abnormalities, bone marrow dysfunction, recurrent infection / all have neutropenia (cyclic or intermittent), and 10-25% also have pancytopenia / increased risk of marrow aplasia, myelodysplasia, AML

Treatments: exogenous g-CSF (not considered a risk factor for malignant transformation)

CD18 (leukocyte adhesion deficiency type 1)

Autosomal recessive loss of B2 integrin adhesion molecules (from lack of CD18 or B-chain) / neutrophils cannot aggregate or bind endothelial cells / life expectancy is < 10 up to 40 yrs (depends on amount of CD18)

Delayed separation of umbilical cord, severe periodontitis (early tooth decay), recurrent infections of all mucosal surfaces, AND delayed wound healing (enlarging borders, dysplastic scars)

Leukocyte adhesion deficiency type 2

Growth retardation, dysmorphic features, neurological deficits / lack of sialyl-Lewisx (ligand for selectins) / Treatment with oral fructose has proven helpful

Job’s syndrome

neutrophils fail to respond to chemotactic stimuli (C3a, 5a, LT-B4) / recurrent cold staph abscesses / dental problems / elevated IgE levels / ?Rac2 (predominant GTPase in neutrophils)

Defective INF-gamma/IL-12 Axis

Autosomal recessive and autosomal dominant forms / complete loss of ligand-binding chain causes disseminated NTM in infancy or fatal BCG vaccination / partial loss is less severe (NTM develops in early childhood) / defect of IFN-gamma receptor signaling chain resembles complete loss of ligand-binding chain / defect in IL-12 receptor (B1 chain) and IL-12 increases susceptibility to NTM and Salmonella infections

Treatment: all respond to exogenous INF-gamma except (complete loss of ligand and receptor signaling)

Chronic Granulomatous Disease

XLR (gp91phox) make up 70% / presents within first 2 yrs / neutrophils lack hydrogen peroxide burst (myeloperoxidase system) /

Autosomal recessive (P47phox) make up 30% / onset may be later

Organisms: S. aureus, Burkholderia cepacia, aspergillus, nocardia, serratia, proteus, E. coli

Obstructive granulomas of GI/GU tracts, pneumonia, skin infections, osteomyelitis, liver abscesses, draining adenopathy (at BCG injection site, but mycobacterial disease still rare)
Diagnosis: can be delayed by blunted fever, inflammatory symptoms / severe resistant facial acne and painful inflammation of nares, gingivitis, apthous ulcers, NOT periodontal disease
Nitroblue tetrazolium test or flow cytometry with dihydrorhodamine dye

Treatment: bactrim (one/day) may reduce serious infections from 1/yr to 1 every 4 yrs / IFN gamma reduces bacterial and fungal infections by 70% / stem-cell transplantation and gene therapy protocols under investigation

Myeloperoxidase deficiency

50% have complete loss / no chlorine formation in azurophilic (primary) granules / usually asymptomatic except in diabetics who have increased risk of disseminated candidiasis

Chediak-Higashi

Autosomal recessive mutation in LYST (microtubule and lysosomal defects)

Recurrent staph and strep, partial albinism, mental retardation, platelet dysfunction, severe periodontal disease, and in those patients surviving into 20s, striking peripheral nerve defects (nystagmus, neuropathy)

Labs: mild neutropenia and normal IG levels

Course: 85% have fatal infiltration of CD8+ and macrophages with eventual pancytopenia

Neutrophil-Specific Granule Deficiency

S. aureus, S. epidermidis, enteric bacteria (skin/lungs) / abnormal migration and atypical nuclear morphology / lack of primary granule defensins, lack of eosinophil-specific granules

Felty’s Syndrome (see rheumatology)

neutropenia, splenomegaly, from long standing RA

Complement deficiencies [labs]

most are recessive, all occur at similar rates (except C2 may be more common, 1% prevalence) / C3 (severe disease) / C5-8 ( GC meningitis, arthritis

Biology of Complement [activation cascade]

Functions:
lysis, opsonization, anaphylatoxins (degranulation), chemotaxis

Classical: 
Ag:Ab complex, C1, C4, C2 

attachment, activation, amplification, attack

Alternative: 
microbe + P, D, B, C3b

Lectin (new): 
MBP opsonizes foreign carbohydrates

C3a, C5a also anaphylatoxins

C5a is also a chemotactic factor

Deficiency syndromes
	Clq, C1r, C1s, C4, C2 
 
	SLE, some get infections

	C3



	Repeated infections, partial lipodystrophy, SLE / C3 or C4 nephritic factor stabilizes convertase of alternate or classical pathway 



	C5-C8



	Neisseria infections, arthritis



	D and properdin (XLR) 
	Recurrent meningococcal meningitis



	C1 inhibitor (AD)



	Hereditary angioedema / may occur in SLE, lymphoproliferative disorders, paraproteinemias



	MBP (3rd pathway)
	Infections in SLE



	DAF and CD59 


	Paroxysmal nocturnal hemoglobinuria

	Factors H and I


	Pyogenic infections, urticaria, glomerulonephritis, secondary C3 deficiency


Complement Studies

	Normal C3 / Normal C4


	Normal C3 / Decreased ↓C4

	Alterations in vitro (improper specimen handling)

Coagulation-associated complement consumption

Inborn errors (other than C4 or C3)
	Immune complex disease

Hypergammaglobulinemic states

Cryoglobulinemia
Hereditary angioedema

Inborn C4 deficiency



	Decreased ↓C3 / Normal C4
	Decreased ↓C3 / Decreased ↓C4



	Acute glomerulonephritis

MPGN
Immune complex disease

Active SLE
Inborn C3 deficiency
	Active SLE

Serum sickness

Chronic active hepatitis

Subacute bacterial endocarditis
Immune complex disease


C1 inhibitor (acquired or AD)

hereditary angioedema / may occur in SLE, lymphoproliferative disorders, paraproteinemias

recurrent GI attacks of colic are common / no pruritis or urticarial lesions
Allergy

Anaphylaxis

Most common ( B-lactams / ⅓ of cases are idiopathic


5-60 minutes following exposure, but delayed reaction is possible

Angioedema with or without urticaria (not true anaphylaxis without life threatening hypotension or laryngeal edema)
Presentation: pruritis, flushing, urticaria, angioedema, diaphoresis, sneezing, rhinorrhea, congestion, hoarseness, stridor, laryngeal edema, dyspnea, tachypnea, wheezing, bronchorrhea, cyanosis, tachycardia, bradycardia, hypotension, cardiac arrest, arrhythmias, nausea, vomiting, diarrhea, abdominal cramping, dizziness, weakness, syncope, sense of impending doom, seizures

Treatment:

· Epinephrine(EpiPen, Adrenaline)

· IM (anterolateral thigh is fastest absorbed)

· Benadryl 50 mg PO or IV every 4 hrs

· H2 blockers (Zantac, Pepcid, etc.)

· Methylprednisolone (Solu-Medrol, Depo-Medrol)

· Recumbent position, elevate legs, oxygen (Beta2-adrenergic Agonists: Terbutaline)
· Volume replacement, pressors as needed

Longer Term Treatments

· Anabolic steroids: Stanozolol (Winstrol) / increases C1 esterase inhibitor and C4

· Antigonadotropic agents: Danazol (Danocrine) / increases C4 levels
· Serine Proteinase Inhibitors (serpins) / C1 inhibitor, human (Cinryze) / IV infusion repeated every few days

Ddx: EM minor (urticarial or bullous lesions), SJS, TEN [these syndromes cause fever, headache, malaise, arthralgia, corneal ulcerations, arrhythmia, pericarditis, electrolyte abnormalities, seizures, coma, sepsis]
Dilantin hypersensitivity: very common, ranges from minor to life-threatening, mechanism unclear

Iodine allergy: not true allergic reaction; hyperosmolar dye causes degranulation of mast cells/basophils

Pretreatment protocol: 40 mg prednisone 24 hrs before then 12 hrs, etc… / H2 blockers (ranitidine), benadryl / avoid contrast dye with renal insufficiency and sickle cell disease / normal maximum dye load would be 2 CT scans within a 24 hour period (assuming normal renal function)

Drug Fever or Drug Rash
maculopapular rash, resolve after removal of agent

Timecourse: most occur several days after starting treatment, but can happen weeks after initiation of offending agent

Labs: elevated eosinophils, CRP, LFT’s (e.g. one study found increased LFT’s in 20% of cases of maculopapular rash) 

Note: if you see it on the outside, the same thing can be happening on the inside (such as the liver, etc)

Serum Sickness

7-10 days after primary exposure, 2-4 days after secondary exposure


Findings: fever, polyarthralgia, urticaria, lymphadenopathy, glomerulonephritis


Treatment: removal of agent, antihistamines, NSAIDs
Atopy
asthma, eczema, and seasonal rhinitis and conjunctivitis

allergic rhinitis: varies with season, treated with antihistamines/topical nasal steroids, itchy


vasomotor rhinitis: perennial (no seasonal variation), not itchy

Food allergies

Most common ( peanuts (soy beans, shellfish, eggs, milk, nuts) / incidence believe about 1 % / breastfeeding may reduce chance of developing in those predisposed / skin testing (radioallergosorbent tests or RAST ) not as good as a simple food diary / reactions usu. in GI and skin but can cause anaphylaxis/respiratory / best treatment is avoidance
Dust mite

common allergen / grow better in warm, humid environment (so humidifier actually makes worse) / can do skin testing for diagnosis of allergy

Insect allergies (e.g. hymenoptera)

range from local reactions to anaphylaxis / honeybee (Apis family) is not cross-reactive with Vespid family (e.g. wasps, hornets, yellow jackets) / venom immunotherapy is indicated with history and/or positive skin testing



Latex allergy


ranges from mild to anaphylaxis / can do scratch test

Rheumatology

Bone

Malformations 
Bone Fractures
Bone Cancer

Osteomyelitis
Joint
Rheumatoid arthritis, SLE, Scleroderma, Sjögren’s, MCTD, JRA, Sarcoidosis
Osteoarthritis (OA), gout, pseudogout



Infectious arthritis
Spondylarthropathies: AS, psoriatic, Reiter’s and Reactive, IBD



Fibromyalgia
Muscle
Polymyositis/Dermatomyositis, PMR, RS3PE, eosinophilic fasciitis, eosinophilic myositis, other myopathy
Vascultides
GCA, Takayasu’s, Kawasaki’s, PAN, Wegener’s, Churg-Strauss, Buerger’s
Ortho
Low Back Pain, Knee Pain, carpal tunnel
[Rheum H&P]
 [HLA associations]

Rheum History and Physical Exam

History
General: CC/Chronology/demographics/functional impact/FH/ROS

Pain



Distal (RA), proximal (PMR, fibromyalgia)

Gentle activity often improves inflammatory but not pain of OA or fibromyalgia

Pain worse as day goes on (OA), wakens from sleep (severe OA, cancer)

Stiffness

Morning stiffness > 1 hr (RA, PMR)

gel phenomenon (worse on initiation/resumption of activity)

Swelling

Articular (arthritis), periarticular (tenosynovitis, ganglion cyst), entire limb (lymphedema), other (lipoma, tumor)


Dependent ( worse as day goes on

Weakness


muscle vs. neurological

Constitutional


Fever, inflammation (weight loss) vs. chronic pain (weight gain)

Sleep 

Fibromyalgia and inflammatory disease often poor sleepers (may also have sleep apnea, nocturia, narcolepsy)

Raynaud’s

Three Stages

Ischemic pallor - vasospasm (arteries/arterioles) [pic]

Cyanosis – dilation / deoxygenated blood pooling

Rubor – reactive hyperemia

Primary

Secondary



Collagen vascular disease (SLE, SSc, others)


Arterial occlusive disease

Pulmonary HTN

Neurologic disorders

Blood dyscrasias (e.g. Waldenstrom’s)

Trauma

Other: thoracic outlet syndrome (decreased blood flow, short rib)

Arthritis Ddx by category

Acute polyarthritis

Infectious: bacterial sepsis, Neisseria, HIV, other virus, Lyme, rheumatic fever
Non-infectious: sarcoid, many CTD’s, Spondylarthropathies, juvenile chronic arthritis, gout/CPPD, HSP, HOA, sickle cell, leukemia
Intermittent Arthritis

Mechanical: loose bodies, partial tears, ligament laxities

Crystals: gout, pseudogout, hydroxyapatite

Infectious: Lyme, whipple’s
Other: palindromic RA, episodic RA, intermittent hydrarthrosis, FMF, Sarcoid

Chronic Arthritis

RA, JRA, other CTD, crystals, spondylarthropathies, HOA, hypothyroid, metabolic/infiltrative bone/joint disease

Acute Monoarthritis

Note: these can present with only one joint first, of course

Trauma, sickle cell, osteonecrosis

Crystals, bacteria, spondylarthropathies, RA, palindromic RA, JRA

Chronic Monoarthritis

Non-inflammatory

OA, mechanical, osteonecrosis, neuropathic, reflex sympathetic dystrophy, adjacent bone lesion (tumor/infection)

Inflammatory
Tb, fungal, lyme, crystals, RA, JRA, spondylarthropathies, hemophilia, synovial neoplasm, pigmented villonodular synovitis

Low Back Pain 

Etiologies:
Inflammatory: AS, Reiter’s, Psoriatic, enteropathic (reactive)

Infectious: infectious sacroiliitis, osteomyelitis

Musculoskeletal: vertebral compression, degenerative facet joint disease, herniated disc, muscular ligamentous injury

Neurologic
Psychogenic, worker’s comp

Visceral/vascular, referred pain
Primary or metastatic malignancy
Congenital

Conditions:

· musculoskeletal
· lumbar sprain or strain (70%): acute or chronic / young adults
· degenerative disk disease (10%)
· spinal stenosis (3%): pain often bilateral lower legs / usu. > 60 yrs / worse w/ extension, relieved by flexion, worse with walking (uphill)

· intervertebral (herniated disc) disease (4%): worse with sitting (lying may help)

· spondylosis: defect in pars interarticularis, either congenital or secondary to stress fracture

· spondylolisthesis: anterior displacement of upper vertebral body on the lower body (can mimic symptoms of spinal stenosis) / condition results from spondylosis or degenerative disk disease in elderly
· cauda equina syndrome: difficulty in micturation, loss of anal tone, saddle anesthesia, progressive motor weakness, sensory level

· facet joint syndrome: back pain referred to buttock, worse with extension, relieved by flexion / gradual, chronic / more in older patients / may have paravertebral muscle spasm at level

· inflammatory: onset < 40, morning stiffness, peripheral joints, iritis, rash, urethral discharge

· non-mechanical low back pain (1%)

· referred or visceral pain (2%)
Diagnosis: history and physical usually enough / don’t get XR unless suspecting tumor, infection because 60% of asymptomatic patients will have positive findings on XR (which will be useless information) / MRI reserved for severe cases and/or when considering surgery

· Straight-leg raising (not very sensitive or specific)

· Patrick maneuver distinguishes pain from sacral-iliac joint (patient externally rotates hip, flexes knee, crosses knee of other leg like a number four while examiner presses down on flexed knee and opposite pelvis) 
Duration: acute: < 3 months / early: 3 to 6 months / intermediate: 6 to 24 months / late: > 2 yrs

Red flags: young or old presentation, previous CA, steroids, drugs, HIV, constant (non-mechanical), thoracic, wt loss, ESR > 25, vertebral collapse on XR

Treatment: most cases of acute low back pain resolve in 1-6 weeks w/ analgesics (NSAIDs, other), bed rest NOT recommended, physical therapy NOT necessary (3-5% remain disabled for > 3 months)
	
	Pain distribution 
	weakness
	Reflex affected
	Screening test

	L3-4
	anterolateral thigh, anteromedial calf to ankle
	Quadriceps
	knee
	Squat and rise (L4)

	L4-5
	lateral thigh, anteromedial calf, medial dorsum of foot between 1st and 2nd toes
	Dorsiflexion of foot
	none
	Heel walking (L5)

	L5-S1
	gluteal region, posterior thigh, posterolateral calf, lateral dorsum of sole and foot between 4th and 5th toes
	Plantar flexion of foot
	ankle
	Walk on toes (S1)


Referred pain

facet joints, intervertebral discs 

Lumbar ( hip pain localizing to buttock, lateral thigh

Cervical ( axilla, shoulder

hips ( groin, anterior thigh

knee (
heart ( shoulder, jaw, arm (pericarditis ( trapezius ridge)
pancreas ( back

liver ( shoulder

renal (stones, etc) ( flank/groin/testicle
uterine ( lower back

PUD/spleen/pneumonia ( right shoulder


throat ( ear (via recurrent laryngeal nerve)
Joint Diseases



[Synovial Fluid Table] [Polyarticular Ddx]
Inflammatory Joint Disease

Infectious arthritis
Crystal-induced: Gout, pseudogout, hydroxyapatite, calcium oxalate, LLM

Trauma: fracture, internal derangement, hemarthrosis

Osteoarthritis, RA and JRA
Spondylarthropathies: psoriatic arthritis, ankylosing spondylitis, Reiter’s, reactive arthritis
Ischemic (avascular) necrosis: Kasan’s, alcoholics, Gaucher’s
Foreign-body synovitis

Tumor: mets, osteoid osteoma, pigmented villonodular synovitis (benign, brown-yellow on MRI)

GI disease: intestinal bypass, Whipple’s, reactive arthritis (Shigella, Salmonella, Yersinia, Chlamydia, Campylobacter), IBD (Crohn’s and ulcerative colitis)

Viral infections: Parvovirus B19, rubella, HBV, HCV
Uncommon: mumps, coxsackie, echovirus, adenovirus, VZV, HSV, CMV
Other causes of arthropathy:

Relapsing polychondritis

Neuropathic joint disease

Hypertrophic osteoarthropathy and clubbing 

Fibromyalgia
Psychogenic rheumatism

Reflex sympathetic dystrophy syndrome

Costochondritis or Tietze’s syndrome (with swelling)

Musculoskeletal disorders associated with hyperlipidemia

Arthropathy of acromegaly, hemochromatosis, hemophilia, hemoglobinopathies, 


Polyarticular



Rheum:  RA, OA, gout, CPPD, SLE, vasculitis, scleroderma, PM/DM, 

Still’s, Behçet’s, relapsing polychondritis, sarcoidosis, palindromic rheumatism, 

FMF, malignancy, hyperlipoproteinemia / seronegative: AS, psoriatic, IBD

Other: fibromyalgia, multiple bursitis/tendonitis, soft tissue abnormalities, 

hypothyroidism, neuropathic pain, metabolic bone disease, depression, serum sickness

Infectious: lyme, endocarditis, viral (see above), gonococcal, Tb, other

Post-infectious or reactive: Reiter’s, rheumatic fever, enteric infection

HOA and clubbing

Primary HOA (pachydermoperiostosis)

AD / childhood / remits in 10-20 yrs

Secondary HOA 

Causes: associated with intrathoracic malignancies, suppurative lung disease, congenital heart disease, and more / without clubbing (vascular grafting)

bronchogenic CA (usu. non-small cell) ( RA-like picture (with effusions/arthralgia) can develop even before onset of clubbing

Mechanism: megakaryocyte shunting with  R to L arteriolar trapping ( release of PDGF ( proliferation [doesn’t seem to explain the classic pattern of progressive development of clubbing from feet to hands seen with congenital heart disease]

Treatment: after lung tumor resection (or even just radiation of mets) or lung abscess drainage, symptoms and signs of arthropathy often subside rapidly; radiographic changes remit during weeks and months / NSAID’s, ASA, bisphosphonates, even trial of low-dose steroids may relieve bone pain in some pts

Diagnosis: clinical? / bone scan will show periosteal deposition [pic], plain films may reveal changes also

Periarticular disorders:

bursitis, rotator cuff tendonitis and impingement syndrome, calcific tendonitis, bicipital tendonitis and rupture, adhesive capsulitis, lateral epicondylitis (tennis elbow), medial epicondylitis

General Points about OA, RA, gout
· OA ( affects many vertebrae, RA particularly C1/C2 (because there’s a bursa there)
· RA causes destruction and osteoporosis; gout causes destruction but not osteoporosis

Osteoarthritis (OA)
most common joint disease

Causes: primary (80% of population > 70 yrs) or secondary 5% (previously damaged joints, weight-bearing joints, endocrinopathy, metabolic disease, neuropathy, avascular necrosis, Paget’s); 34% of patients presenting with acute knee pain

Clinical: age > 50 yrs, morning stiffness < 30 mins, crepitus, bony enlargement or tenderness;  no inflammation (no heat), slow progression / normally pain worse with weigh-bearing, motion, but can progress to point where causes pain at rest, at night

ACR: osteophytes on XR + at least one of above signs is 90% sensitive, specific for OA

Findings: 


Affected Joints: DIP > PIP > CMC, knee, hip, feet

Spared Joints: hands (except DIP/PIP/CMC), wrist, elbow, shoulder, spine

· Heberden’s nodes (DIP) and Bouchard’s (PIP) seen more in post-menopausal women with genetic predisposition [pic] / only wrist joint involved is 1st CMC [pic]

· Knees: medial >> lateral involvement / may develop popliteal cysts

Radiographic (weight-bearing): osteophytes (77% sensitivity/83% specificity), subchondral sclerosis, subchondral cysts, joint space narrowing (erosions), malalignment, may see soft-tissue swelling
· Spondylosis is the formation of osteophytes in response to degenerative disc disease / thick and often project laterally (unlike in AS) / spinal stenosis can also occur from hypertrophy of posterior facet joints, spondylolisthesis, synovial cysts, Paget’s disease, epidural lipomatosis, and congenitally small spinal canal

· Schmorl’s nodes (invasion of disc into vertebral body) are common (often associated with Scheuermann’s disease, osteopenia and degenerative disc disease) / bony margin may be visible on roentgenogram

· Forestier’s disease (diffuse hyperostosis) can occur (usu. elderly) and may form “flowing ossification” (usu. on right side, thoracic vertebrae, but also can occur on ligamentous, tendinous attachments anywhere)

Labs: ESR < 40, RF < 1:40, non-inflammatory synovial fluid (< 2000/mm3)
Treatment: NSAIDs (some say glucosamine works in patients who cannot tolerate NSAIDs), when it’s bad enough, only treatment is joint replacement (knee/hip) (~95% 10 yr success rate) / chondroitin sulfate under investigation / multiple, short periods of rest throughout day better than one large period of rest / intraarticular steroids occasionally helpful (esp. in joint “lock up”)

Nodal OA
DIP/PIP / runs in families

Rheumatoid Arthritis

females 4:1 / any age / mildly shortened life span

Findings: swollen, painful, warm joints (PIP, MCP, not DIP), ulnar deviation of MCP [pic], radial deviation of wrists, swan-neck fingers [pic], Boutonnière or button-hole deformities [pic][pic]
Joints: inflamed synovium (pannus) / penetrates to cause erosions, subchondral cysts / fibrin aggregates in joint space (rice bodies) / synovium eventually bridges and ossifies opposing surfaces

Skin: 25% have rheumatoid nodules (firm, oval, non-tender, fibrinoid necrosis, inflammation) 

Vasculitis: rheumatoid vasculitis, ulcers, gangrene, splinter hemorrhages, raynaud’s

Neuro
· peripheral neuropathy (10%; ½ are slowly progressive, distal symmetrical sensory or sensory-motor polyneuropathy)
· mononeuritis multiplex 
· entrapment neuropathy ( carpal tunnel
Renal: early (drug-induced nephropathies), late (amyloid-like renal disease)

Lungs (almost always RF positive): [NEJM]

· pleuritis/pleurisy, effusion

· pulmonary nodules (CT will show them if CXR doesn’t)

· ILD

· alveolar hemorrhage 

Heart: pericarditis > myocarditis, valves / conduction abnormalities

Eyes: (1st dry eyes or keratoconjunctivitis sicca (Sjögren’s), 2nd episcleritis – may be severe, perforate)

Heme: anemia of chronic disease
Diagnosis: r/o TB (also has RF)

Criteria: 4 of 7 required
morning stiffness > 1 hr

swelling of 3 or more joints

swelling of hand joints (PIP, MCP, wrist)

symmetrical swelling

rheumatoid nodules

positive RF

erosions of hand joints (X-ray)

Labs: 80% have RF (IgM to Fc of IgG), ANA / HLA DR4, HLA DR1 
anti-CCP (worse prognosis; ⅓ with negative RF will have positive anti-citric citrullinated peptide)
Radiography: early X-ray changes in feet (MTPs, very specific for RA), ulnar styloid changes (late becomes piano key sign), C1-2 subluxation (can be very serious and damage spinal cord, but if seen incidentally on lateral flexion c-spine at < 5 mm, can observe)

Course: usually insidious course / DMARD-remission achievable (15%) (anti-CCP Ab’s increase chances of DMARD-free remission)

Treatment: aggressive therapy is the rule / immunosuppressive drugs from day one / frequent re-evaluation and willingness to change therapies based on effectiveness (is a trend that has been advancing more and more) / DAS28 scores (sometimes used), TJC (total joint count), ESR (may vary with effective treatment)
· Steroids
· MTX
· TNF-a inhibitors (some believe in switching from one anti-TNF to another may work in treatment failure; or possibly adding newer agents such as the new Ab’s like rituximab, etc.)
· Others: Immuran
· Old school: gold, penicillamine
· New school (example of regimens): initial tapered high-dose prednisone + MTX and sulfasalazine or infliximab + MTX

Prognosis: more nodules, DR4, anti-CCP, more systemic Sx, are worse indicators

Palindromic RA

waxing and waning course / usually resolves within 24-48 hrs / joint involvement atypical compared to classic RA

Felty’s syndrome

neutropenia, splenomegaly, leg ulcers, polyarticular arthritis (RA~) or SLE

More: nodules (75%), weight loss (70%), Sjögren’s (55%), LAD (35%), leg ulcers (25%), pleuritis (20%), skin pigmentation (15%), neuropathy (15%), episcleritis (10%)

caused by autoantibodies and cytokine/T cell suppression of granulocytopoesis / more common in elderly patients with RA (especially if untreated) / may also have vasculitis etc.
Large Granular Lymphocytes (LGL)

Usually polyclonal, 20% have RA (the rest are considered neoplastic) / usually associated with Felty’s / course is variable

Juvenile Rheumatoid Arthritis (JRA) (Still’s disease)


children under 16

Presentation: fever, rash (transient, macular), hepatosplenomegaly, serositis

Findings: RF and nodules usually absent (only in older, more severe cases)

Complications: pericarditis, myocarditis, pulmonary fibrosis, glomerulonephritis, growth retardation, iridocyclitis (anterior uveitis – main systemic symptom in up to 25% of girls with mono/pauciarticular RA, insidious yet may lead to blindness), 40% incidence of myopia / 70% recover, 10% with severe deformities

Adult Onset Still’s Disease (AOSD)

Presents with fever, transient rash, joint inflammation / notable for persistent plaques and linear pigmentation

Labs: over 2/3 will have elevated AST/ALT (2-5x) and AST/GGT / (-) RF, ANA / often extremely elevated ferritin
Cogan’s syndrome

Still’s + hearing loss / Treatment: high-dose steroids and pulse Cytoxan
Infectious Arthritis

Infectious Monoarthritis

Neonates: group B strep, H. influenza
Children: S.aureus (45%), Strep A (25%), GNR (20%), Gonococcus (5%), Tb (1%)

Adults: Neisseria (50%), S. aureus (35%), Strep A (10%), GNR (5%), Tb (1%)

Other causes: Pseudomonas (IV drugs, wounds), Klebsiella/E. Coli (IV users, GU infections), lyme disease, Salmonella in sickle cell patients, syphilis (2nd stage and Charcot’s joints) / HACEK organisms
Pathology: usually hematogenous spread / polymicrobial from surgical implantation or elderly with peripheral vascular disease / usually monostotic (except newborns and sickle cell pts)

Neonates: metaphyses, epiphyses

Children: usually metaphyseal only as growth plate prevents spread into joint

Adults: growth plate closed, vessels reunite, bacteria can go everywhere

Clinical symptoms:

early: fever, skin, arthralgias / knee is hot, tender (pain on active AND passive movement; joint movement that is NOT limited by passive motion suggests soft-tissue problem, e.g. bursitis))

Gonococcal:

hand and feet lesions (erythematous, +/- pustular)

Non-gonococcal:
another focus / debilitating illness / other? / pre-existing joint abnormality

Synovial fluid from joint aspiration or arthrocentesis of knee [video]
· WBC is a helpful value:

 < 200 is normal ( < 25% WBC)

200-2000 is non-inflammatory ( < 25% WBC; PMNs)

2000-100,000 is inflammatory ( > 50% WBC)

> 80,000 is purulent/septic ( > 75% WBC)

Fungal: 10-40 WBC, 70% neutrophils 
Syphilis: 10-40 WBC in 2nd

· glucose: 25% less than fasting blood glucose indicates infection 

· culture and gram stain (60-80% sensitive)
· wet prep (not always used, many false negatives by non-expert labs)

· synovial biopsy (may be needed to diagnose Tb or hemochromatosis)

XR shows pale bone necrosis (sequestrum) / surrounding deposition of new bone (involucrum)

Treatment: empiric antibiotics / joint drainage
Tuberculous arthritis (see TB)
Usually knees / most common is chronic granulomatous monoarthritis / 1% of Tb / 10% of extrapulmonary Tb / onset is months/years / systemic symptoms only in ½ / Synovial fluid: 20 WBC 50% neutrophils, culture positive in 80%, gram stain positive in 1/3 / Pott’s (spine) / scrofula (TB of neck)

Poncet’s disease

reactive arthritis from Tb / bilateral, no organisms found in joints
Lyme arthritis (see Lyme Disease)

large joints, weeks to months duration, periods of remission, permanent deformities in 10%

Viral Arthritis (from systemic infection)

Parvovirus B19, rubella, HBV, HCV

Gout 
usually not before 30 yrs / many are asymptomatic / asymptomatic intervals get shorter over time (severe cases can mimic RA)

Pathology: tophi may occur in joints, ligaments, tendons, soft tissue, earlobes, palms, soles, kidney (uric acid > 8 ( causes gout, > 20 ( causes renal damage (due to very rapid cell turnover)

· Hyperuricemia (10%) ( > 750 mg/dl)

?HGPRT deficiency

Increased turnover: myeloproliferative disorders, hemolytic anemias, lymphoproliferative malignancy, psoriasis, glycogen storage diseases

· Impaired renal excretion of uric acid (90%) ( < 700 mg/dl)

polygenic inheritance

hypovolemia (adrenal insufficiency, diabetes insipidus)

Toxins: heavy alcohol use / lead toxicity / ASA interferes with tubular secretion / organic acids compete for secretion (ketones, LA)

Other drugs: thiazide, radiocontrast agents, allopurinol/probenecid (if given during attack)

Presentation: 

Some classify in stages:

I – asymptomatic hyperuricemia 

II – acute gouty arthritis

more at night, last hours to weeks, 1st attack usually only in one joint / Podagra (90%) – 1st MTP (great toe)
III – intercritical gout 


most patients have next attack within 1-2 years

IV – chronic tophaceous gout

erosion of underlying bone from chronic inflammation

Precipitation: dietary excess, alcohol, acute medical illness, surgical procedures,  joint trauma

Renal complications:  urate crystals in medullary interstitium (pyelonephritis, obstruction) / 20% of chronic gout die of renal failure (typical to have mild albuminuria, not glomerulonephritis) 

Diagnosis: needle-shaped urate crystals in synovial fluid - yellow, parallel to polarizing light
Note: don’t rule out infection just because you see crystals as infection frequently coexists with hyperuricemia

Treatment:

Acute attack: 
colchicine (0.6 mg bid or until diarrhea, unless renal impairment) 
NSAIDs (indocin and tolectin thought to work best)
steroids (prednisone 40 mg qd x 2-3d with rapid taper)

Prevention: low purine diet / weight loss  / avoid alcohol / colchicine (low dose daily)

Probenecid: frequent attacks / stones / tophi / do not use with renal insufficiency 

Allopurinol: diminishes uric acid production (do not start during acute attack)

Pseudogout (CPPD) far less  common than gout
elderly man/woman (over 85) / calcium pyrophosphate dihydrate in synovial membranes et al / usually asymptomatic 
rhomboid crystals / familial form chr 8q and chr 5p
Labs: mildly elevated ESR / chondrocalcinosis (+ / -) / CPPD crystals - coffin-shaped, weakly  (+) positive birefringence (blue when parallel)

Presentation: warmth, erythema, tenderness, swelling, may have fever, leukocytosis / self-limited to several days / usually knee (50% of acute attacks) / pseudopodagra is almost impossible

Radiography: calcific deposits (chondrocalcinosis present in 26% of asymptomatic adults > 60 yrs) / hook-like osteophytes/subchondral cysts (similar to OA)

Associated metabolic conditions:

Hyperparathyroidism (primary or secondary)

Hemochromatosis (perform basic Fe studies), maybe Wilson’s, A1AT

Hypothyroidism

Gout

Hypomagnesemia (mild hypomagnesemia potentiates PTH action)

Hypophosphatemia

Amyloidosis
Neuropathic joints, aging, trauma/surgery


Note: urate gout and rheumatoid arthritis have a strong negative association (10x)

Work-up for newly diagnosed CPPD: Ca, Mg, PO4, Alk Phosphate, ferritin, Fe, TIBC, TSH (less Mg and PO4 in over 60 yrs?)

Treatment: symptomatic relief from NSAIDs (indomethacin), steroids (injection or PO), joint aspiration, joint immobilization, IV or PO colchicines (only if you can use high doses) / 

correction of underlying metabolic problem does not always stop progression

Pseudogout (Type A) (25% of CPPD)

Almost never causes podagra / males / asymptomatic between attacks / usually have radiographic evidence (such as chondrocalcinosis seen in AP pelvis, PA wrists)

20% with hyperuricemia, 5% with urate gout 

HC associated shows 2nd/3rd MCP enlargement and/or attacks of pseudogout

Pseudorheumatoid arthritis (Type B)

10% with low titre RF / joints inflamed “out of phase” (like gout, not like RA), osteophytes, CPPD, lack of typical erosion patterns on X-ray

can mimic sepsis in elderly patients (fever, WBCs, mental status, polyarthritis)

Hydroxyapatite (HA)

secondary to many systemic disease states (apparently, mostly with elevated Ca2+) / crystals so small, a special stain is required to detect / anti-inflammatory treatment may shorten duration of attacks, long-term changes cannot be undone?

Calcium oxalate (CaOx)

strong positive (+) birefringence
Primary: rare genetic disorder, death < 20 yrs

Secondary:  renal failure or vitamin C abuse 

Fibromyalgia
usu. middle-aged women / hypersensitivity to physical stimulation causing pain, fatigue, poor sleep(mechanism poorly understood)

Diagnosis: diagnosis by exclusion of other disorders and demonstrating ≥ 11 of 18 trigger points

Labs: no specific lab abnormalities

Treatment: no good treatment, but TCA’s might provide some relief

Relapsing polychondritis

Inflammation of cartilage (breakdown of chondroitin sulfate)

Findings: saddle-nose deformity, scleral thinning (scleromalacia), floppy ear, aneurysms, valvular insufficiency (AR, MR, TR), tracheal narrowing (steeple sign)

Liquid lipid microspherules?

Other Bone Disorders

Scoliosis
adolescent females > males / 20% with positive family history

slipped capital femoral epiphyses

20% with referred knee pain (can be misleading) / occurs in pubescent males, happens gradually, can be bilateral / Treatment: surgical with pinning

Villonodular synovitis (benign neoplasms)


aggregates of polyhedral cells, hemosiderin, foam cells, giant cells, zones of sclerosis


Treatment: surgery if possible, usually difficult to excise


pigmented villonodular synovitis (PVNS)



single or multiple, diffuse involvement, red-brown projections


giant cell tumor of tendon sheath (localized tenosynovitis)



small, discrete nodule

Bone Cancer

mets most common form: BLT2KP
 lung > breast (lytic) > prostate (blastic) > testes, kidney

primary malignant: OS, malignant fibrous histiocytoma, adamantinoma, chordoma

Osteochondroma
most common primary bone lesion / young males / sessile or stalked / cartilage cap / usually stops growing as bones mature 

Chondroma
single or multiple (Olier’s Disease, Maffucci’s syndrome) / short bones of hands, feet / radiolucent [XR] / lobulated, hypercellular, disorganized / focal calcification w/in lesion / self-limited disease
Chondrosarcoma - good prognosis

proliferation of malignant cartilage / older males / axial skeleton / surgery only useful option 

Osteoid osteoma

very common / young males / < 2 cm growth / appendicular skeleton / produces pain at night (relieved by aspirin) / radiolucent lesion surround by reactive bone formation / surgical removal / 25% relapse due to poor nidus locating by surgeon 

Osteosarcoma (OS) - poor prognosis

pre-op and post-op chemotherapy / arm, leg bones / produces bone, cartilage, spindle cells usually have mets / cortical destruction w/ extension in soft tissues (Codman’s triangle) 

Parosteal osteosarcoma (POS) - excellent prognosis

young, early middle age, women / long bones / radiolucent ‘string sign’ along cortex / spindle cells produce well-formed bone



Ewing’s sarcoma (variable prognosis)

small cell neoplasia / unknown histiogenesis / very young, males, lower extremities / XR: moth-eaten intramedullary pattern, ‘onion skin’ periosteal reactive bone / diaphysis to metaphysis / PAS+ cytoplasm / therapy evolving


Fibrous cortical defect

very common / young, males, long bones / XR: metaphysis, sub-cortical, soap bubbles, sclerosis at interface spindle cells, foamy macrophages, hemosiderin, chronic infiltrate / self-limiting at skeletal maturity

Fibrous dysplasia

very common / single, multiple / young, localization random / XR: radiopaque, ‘shepherd’s crook’ of proximal femur / spindle, cells, woven bone, lack of osteoblastic rimming, Chinese character appearance / no treatment unless symptomatic / excellent prognosis

Malignant fibrous histiocytoma (poor prognosis)

similar demographics to OS / XR: metaphysis, destructive, radiolucent / anaplastic spindle cells, storiform pattern / treatment same and prognosis slightly worse than OS

Giant cell tumor of bone

benign but aggressive local tumor / young, wide distribution / hemorrhage / surgery when possible / extended curettage (experimental) or resection / prosthesis / 98% monostotic / radiation contraindicated (secondary sarcomas) 

Adamantinoma (good prognosis)
primary malignant bone tumor / young males, tibia/fibula / XR: may be multifocal (observe carefully) / epithelial or endothelial proliferation / complete surgical extirpation

Chordoma


malignant bone tumor arising from notochord / 40s to 60s / males / physaliferous cells in acid mucoid background / surgery and post-op radiation 


survival: sacral 60% (fair) 5 yr, cervical (horrible) 50% 5 yr 0% 8 yr

Myositis ossificans


athletic adolescents, history of trauma (50%) / central fibroblast proliferation, intermediate zone of osteoid formation, peripheral shell of organized bone / Treatment: usually cured by excision
Connective Tissue Diseases

Rheumatoid arthritis (see bone)




Systemic Lupus Erythematosis (SLE) 
1 in 300 black women / HLA-DR3 / HLA-DR2

Differential: psoriasis (i.e. avoid UV light therapy), lyme disease, drug reactions, tinea
Diagnosis: must meet 4 of 11 criteria (malar rash, discoid rash, photosensitivity, mucosal 
ulcers, arthritis, serositis, renal, neurologic, hematologic, positive ANA, positive LE or anti-ds or anti-Sm)

Complications: 

General: fatigue, weight loss, fever

Skin: malar rash (fixed erythema, flat or raised over malar area, tends to spare nasolabial folds), discoid rash (erythematous raised patches with adherent keratotic scaling and follicular plugging), photosensitivity, periungual telangiectasia, alopecia
Renal: many forms possible / note: 80-90% of SLE becomes dormant when ESRD occurs

· mesangial (earliest: may remit or transition to other forms)
· focal proliferative (50%)
· membranous (50%)
· diffuse proliferative (20%, worst)

Cardiovascular:

· endocarditis (Libman-Sacks/caused by APA syndrome)

· pericarditis

· hypercoagulability

· Raynaud’s (20-30%)

· purpuric lesions (see hematologic)

Hematologic:

· hypercoagulable state (in addition, there is arterial-specific hypercoagulability in SLE patients due to variant mannose-binding lectin genes)

· leukopenia (<4000/mm3), lymphopenia (<1500/mm3), thrombocytopenia (<100,000/mm3), hemolytic anemia

Pulmonary:

More common ( pleuritis (LE cells are very specific, WBC’s with pushed aside nucleus, very characteristic appearance, but make sure pathologist looks for them), pleural effusion (mildly exudative, unilateral or bilateral)
Less common ( ILD (including pneumonitis)

PE (from APA)

pulmonary HTN

diffuse alveolar hemorrhage (rare): 90% will have concurrent nephritis, abrupt onset, young women, association with pneumonia) 

malignancy: ↑ risk of lung cancer > lymphoma


other: BOOP, shrinking-lung syndrome, lymphadenopathy, infections

GI: painless oral or vaginal ulcers, non-specific abdominal complaints / GI vasculitis (less common, serious) 
Musculoskeletal: arthralgias (symmetric/peripheral, two or more joints, swelling, effusion, 

tenderness but NOT erosive; only small percentage actually get joint deforming arthritis as in RA)

CNS:  diffuse psychosis, depression or focal neurological deficits (including seizures) [Ddx] / 50% experience some degree of neuropsychiatric problems / may see cystoid bodies in fundus
Other: hepatosplenomegaly (functional hyposplenism), LAD

Labs: 

decreased C3/C4 (can be marker of active disease, either can be depressed first depending on if classical or alternate pathway is activated, can also be decreased from poor synthesis such as in liver disease)

thrombocytopenia, anemia
schistocytes generally not seen without active vasculitis or major HTN
anticardiolipin Ab (30-50% have it, fewer actually have APA syndrome)

false positive VDRL

anti-nuclear antibodies (ANA) (labs)
98% sensitivity, often high titre (1:80 happens in many people is non-specific) / 10% of SLE in whites may be ANA only (no other positive Abs), this is rare in non-whites

Specific Patterns

Peripheral ( active disease, renal involvement

Diffuse ( SLE, RA, discoid lupus, normal elderly (rare) / can mask speckled or peripheral pattern

Speckled ( RA, SLE, MCTD, chronic discoid lupus, chronic lung disease, scleroderma, normal elderly (rare)

Nucleolar pattern ( scleroderma (occasionally SLE, RA, Sjogren’s)

anti-ds DNA

specific for SLE, can fluctuate with treatment 
RPGN, rash, pneumonitis

anti-Sm 

very specific

anti-Ro (SSA)

Sjogren’s, SLE, myositis, etc.
anti-La (SSB)

cannot have La without Ro
anti-U1-RNP/nRNP
SLE, PSS, myositis / cytoplasmic Ab, thus can be negative ANA / very strong correlation with blacks + Raynaud’s and/or myositis and primary pulmonary HTN (uncommon)
anti-ribosomal P

specific for SLE, can be sole antibody with ANA negative SLE

ANA to histone (diffuse pattern)
suggests drug-induced (90% sensitive, but not so specific in that 20-30% of idiopathic SLE will have anti-histone Abs)

Note: each patient has there own idiosyncratic pattern of lab markers to follow (compliment, platelets, WBC?, Anti-DS)

Drug-induced SLE

SLE-like syndrome / (+) ANA to histone /  (+) genetic predisposition, ANA may remain positive for years

Course: usually much less severe, resolves within 6 months of stopping drug

Drugs: procainamide, INH, hydralazine, chlorpromazine, methyldopa


Cutaneous lupus erythematosus

Pathology: interface dermatitis and granular deposition of IgG along the dermal-epidermal junction

Chronic Discoid Lupus


Chilblain’s Lupus – rare
violaceous digital plaques, nodules develop after cold exposure / anti-Ro (SSA), Raynaud’s, changes in nail-fold capillaries / lesions contain papillary and deep dermal T-cells
Pregnancy and SLE

antibodies DO cross placenta and affect infant up to 6 months after birth / can cause irreversible congenital heart block (anti-Ro/SSA) (often before mother is diagnosed)

Treatment: education! If disease is controlled (and < 10 mg prednisone), then it is okay to proceed with pregnancy

Sjögren’s syndrome (Keratoconjunctivitis Sicca) [NEJM]

females (usu. peri-menopause) / HLA-DR3 / can have primary or secondary (with SLE/RA)

Mechanism: lymphocytic infiltration and destruction of lacrimal and salivary glands 

Presentation: dry eyes, dry mouth, dry skin, enlarged parotid, enlarged lacrimal gland / patient avoids sour foods

Findings: dry skin, GI, GU, arthritis (more synovitis), bronchitis

Complications:

· Peripheral neuropathies (50-60%) / usu. pure sensory, asymmetric chronic neuropathy (may precede other symptoms by many years)

· GERD
· increased risk of B-cell lymphoma (1-5%)

· association with decreased PFTs (lung disease)

Diagnosis: eye exam (Schirmer test), lip biopsy (salivary gland) in uncertain cases, SSA (anti-Ro), SSB (anti-La) occur in only 3% of cases [note, one does not have anti-SSB without anti-SSA], often have elevated RF, ESR

Treatment: symptomatic (fake tears, benzodiazepines for anxiety, etc.), pro-cholinergic agents, steroids for severe systemic complications
Polymyositis/Dermatomyositis

Antibodies

Many with (-) Ab’s, but if (+) ( very specific for autoimmune myositis

· anti-Jo1 (his-tRNA synthetase) – moderate prognosis
30% of PM, 20% of DM



arthritis, interstitial lung disease, fever, Raynaud’s, mechanics hands



all patients with Jo-1 are DR52, whites may also have DR3 or DR6

· anti-SRP (signal recognition particle) – poor prognosis


cardiac (with palpitations), myalgias, mostly blacks / DR5

· Anti-Mi-2 – good prognosis
8% PM/DM, 20% of DM

classic DM picture / 7, DRW53

Polymyositis
Onset usually > 50 yrs

Genetics: HLA-DR3, DQA1*0501 (whites and blacks), 0401 (blacks)

Mechanism: CD8 T-cell mediated destruction

Muscle: inflammatory myopathy
Lungs: pulmonary inflammation / mostly CD8, some CD4


Heart: can get cardiomyopathy (even heart block)

Diagnosis: clinical, EMG, biopsy

Presentation: proximal muscle weakness, up to 30% with esophageal dysphagia, Raynaud’s (30%); eyes are spared; unlike myasthenia gravis; up to 50% will have additional connective tissue disease at same time
Diagnosis: electromyography, biopsy (not always conclusive) / often confused with other forms of myopathy

Labs: 

· elevated plasma CK

· ESR may be elevated (but a super-high ESR may hint that something else instead or along with myositis is happening)

Antibodies

· Anti-Jo-1 associated ILD responds more to steroids than other ILD (scleroderma, RA)

· Anti-Ku ( SCL/PM overlap (mostly in Japanese) / association with Graves, pulmonary HTN, and RNAP-II

Course: less prolonged than muscular dystrophies / mortality usually from aspiration (pharyngeal weakness)

Malignancy: risk ~2.0 x (no particular types, usually occur after PM diagnosis)

Treatment: high-dose steroids (up to ~100 mg/day IV then PO) / improvement should occur with first few weeks with continued improvement over 3 to 6 months / continue initial dose until strength and CK normalizes for 4-8 weeks / CK can remain elevated due to leaky membranes and strength can remain low with normal CK due to steroid myopathy (i.e. steroid myopathy does not cause elevated CK) / reduce steroids by 10 mg/month, then qod dosing / 90% will improve at least partially / 50-75% will enter remission / can try MTX, azathioprine or even both together after 6 weeks of non-response to steroids / Plaquenil can help with skin manifestations of DM / others like cyclosporin and Cytoxan have been used / IVIG is useful for DM, and is being tried for IBM
Dermatomyositis

bimodal age peaks [15-20] and [45-55]

Mechanism: CD4 T-cell and B-cell mediated destruction / humoral response more important

Skin changes without muscle involvement occurs in ~10% of cases

Skin/Joints: heliotrope rash on face (Shawl sign) [pic], V-sign, mechanic’s hands, cuticle 

Changes (capillary engorgement, capillary dropout), periungual telangiectasia [pic], calcinosis [pic] [dermis], Gotron’s papules over finger joints, knuckles, elbows, patella

Lungs: can have bad lung disease (usu. w/ anti-Jo1)

Vasculitis of the gastrointestinal tract, kidneys, lungs, and eyes can complicate dermatomyositis (but not polymyositis), particularly in children

Malignancy: relative risk 6.2 (about 20%, no particular type) / DM often diagnosed after or at same time as cancer, then risk decreases to 1.6 after 5 yrs

Biopsy: classically different pattern than PM / ?can it look like SLE

Treatment: similar to PM (with exception that IVIG can be particularly useful) / newly diagnosed patients should have basic workup for malignancy

Juvenile Dermatomyositis (JDM)


ANA negative / disease usually lasts about 2 years / diagnosis often suggested by 

calcinosis on plain films [pic]

Scleroderma

more in females
Presentation: CREST (60-98%), raynaud’s (20%) [pic], diffuse systemic sclerosis (10%) / cardiovascular, skin, kidney, GI, lungs / fibrosis, infarction may develop rapidly progressing renal disease / malignant hypertension in 1-2 weeks

· Diffuse type: rapid, early visceral involvement, diffuse skin involvement [dermis] (morphea)
~50% mortality rate at 5 years

Lungs: pulmonary fibrosis or primary pulmonary HTN

Diagnostic criteria: major - proximal skin thickening / minor – sclerodactyly, digital pitting (ischemia), pulmonary fibrosis (CXR)

Early signs: look for drop out capillaries in nail folds

Genetics: anti-Scl 70 or anti-topoisomerase I

· CrEST type: calcinosis, Raynaud’s, esophageal dismotility (loss of smooth muscle may occur anywhere in GI tract), sclerodactyly, telangiectasia (mat and periungual) 

Labs: schistocytes on peripheral blood smear, ANA (20-30%), RF (20%)

· SCl-70 (DNA topoisomerase I) ( 70-80% of diffuse scleroderma

· Anti-centromere ( 70-80% CrEST, 25% Raynaud’s

· Nucleolar antigens ( 4-8% of scleroderma

· PM-Scl ( polymyositis, scleroderma overlap

· Anti U1-RNP/nRNP

· Anti-Ku (see PM)

Ddx: eosinophilic fasciitis, porphyria cutanea tarda, papular mucinosis (i.e., scleromyxedema), lichen sclerosis et atrophicus, melorheostosis, chronic GVHD, eosinophilia-myalgia syndrome

Treatment: ACE inhibitors, Ca blockers (Raynaud’s), metoclopramide, sucralfate, omeprazole (GI problems), cisapride (from Mexico)

Prognosis: may survive up to 20 years before succumbing to pulmonary hypertension

Sarcoidosis

more common in women, African-Americans 

Presentation: various protean manifestations / adults: CNS, lungs > heart >> renal

· Lungs: restrictive lung disease, pleurisy (with effusion) / actually does not produce rales (too much fibrosis)

· Liver: hepatomegaly (20-30%)

· Skin: both acute and chronic changes / lupus pernio (violaceous indurated lesions with a predilection for the nose, ears, lips, and face), skin plaques [dermis], maculopapular/papules (red-brown, waxy), subcutaneous nodules, and erythema nodosum, vitiligo (hypo or hyperpigmented), alopecia, old cars
Ddx (for skin changes): Tb, berylliosis, leprosy, leischmaniasis, syphilis, deep fungal infection / other panniculitis (Behçet’s, superficial thrombophlebitis, cutaneous vasculitides)
· CNS (5%): can present with only CNS problems (peripheral neuropathy, aseptic meningitis) or focal (cranial nerves; usu. bilateral VII, hypothalamus, pituitary)
Ddx (for CNS): cancer with mets, fungal or Tb, lymphoma, Langerhans histiocytosis, other
· Joints: knees, ankles, elbows, wrists, small joints of the hands / swollen, warm, tender, painful

Complications:

· Lungs: hilar lymphadenopathy, pleural effusion

· Eye: variety of conditions / uveitis / others (20% incidence)

· ENT: parotitis / nasal involvement 
· CNS: Bell’s palsy, diabetes insipidus (posterior pituitary > anterior), cranial nerves, basal meninges, hypothalamus, seizures, etc. / elevated ACE in CSF (66%), mononuclear pleocytosis / leptomeningeal enhancement [MRI]
· Heart: restrictive cardiomyopathy

· Liver: very common, but usually no symptoms, can be good biopsy site

· Renal: very uncommon

Diagnosis: can be diagnosis of exclusion when biopsies inconclusive, often first recognized from CXR in asymptomatic patients (60-70% will have some abnormality on chest CT)
· Biopsy (of involved lesions): widespread non-caseating granulomas with Schaumann and asteroid bodies / may look like Tb / any one of following has 50-80% sensitivity (all three combined have 99% sensitivity) / note: granulomas in scalene, liver nodes are not (by themselves) sufficient for diagnosis (because granulomas are so frequent in these nodes)
· Transbronchial biopsy (TBLB) 

· Transbronchial needle aspiration (TBNA)

· BAL showing lymphocyte predominance ( > 12%), high CD4:CD8 ratio (should not have high neutrophils or eosinophils at same time; ratio > 3.5 has 90% specificity, 50% sensitivity)

Labs:

· Hypercalcemia (10%) (elevated 1-hydroxylase produces 1,25-OH D3) (hypercalciuria in 33%)
· serum ACE elevated in 66% (many false positives including Mycobacteria and malignancy)

· lysozyme

· elevated d-dimer (correlates with disease activity)

Course: often asymptomatic and self-limiting

Children under 5: skin rash, eyes (uveitis), arthritis (worse prognosis)

Older children: lungs (usu. bilateral, hilar lymphadenopathy), lymph nodes, eyes

Treatment: for stage I (asymptomatic), observation only, may regress / for stage II-III or with any serious organ involvement, corticosteroids (40 mg/day), other DMARDs

Prognosis: earlier onset tends to mean better prognosis


Lofgren’s syndrome

acute sarcoidosis / usually with symmetric, periarticular ankle inflammation / may have erythema nodosum
Systemic vasculitides

Complement levels

all have normal complement levels except variable in PAN, leukocytoclastic, connective tissue disease, endocarditis / decreased in urticarial vasculitis

Vasculitis Associations

PAN and hairy cell leukemia
Wegener’s and Hodgkin’s disease
Granulomatous angiitis of CNS and lymphoma

GCA and lymphoma

HSP and lymphoma

grouped by vessel-size
Large

giant-cell arteritis
Takayasu’s arteritis
primary CNS vasculitis

Medium (with or w/out involvement of small)


PAN
Kawasaki’s

Churg-Strauss

Wegener’s

Buerger’s?
Small

leukocytoclastic (HSP, cryoglobulinemia, infectious)

connective tissue diseases

paraneoplastic
microscopic PAN

urticarial vasculitis

Any size (pseudovasculitis)


APAS

endocarditis (bacterial/marantic)

other embolic

cholesterol embolism

drugs (amphetamines and rarely cocaine)
Infectious Vasculitis Ddx


Bacterial agents

Acute septic meningitis agents

Mycobacteria

Spirochetes

Treponema, Borrelia sp., Leptospira


Other agents 

Brucella species

Bartonella henselae

Rickettsiae
Mycoplasma
Viral agents

HSV, VZV, CMV, EBV, B19, HBV, HCV, HIV, HTLV
More: hantavirus, California encephalitis virus, EEE encephalitis virus, influenza, rubella

Fungus


Aspergillus, Coccidoides, Candida

Mucormycetes

Parasites

Cysticercosis
CNS vasculitis 

Ddx: 
reversible cerebral vasoconstriction syndromes (RCVS) 
PAN – classic, microscopic/HBV, HIV

Wegener’s 

Takayasu’s

hypersensitivity angiitis – drug-induced, HSP

neoplasia (many)

infection (see below)

CTD: SLE, RA, GCA

primary angiitis of CNS (PACNS) – CNS angiography, brain biopsy

Diagnosis: start with MRI, then CNS angiography ( vessel wall irregularities, focal dilations, supraclinoid internal carotid artery narrowing, and distal branch occlusions [MRI][MRI][MRI][MRI]
Infectious  Causes of Vasculitis 

Bacterial agents

Acute septic meningitis agents

Mycobacteria (5%)

Spirochetes

Treponema, Borrelia sp., Leptospira (Weil syndrome)

Brucella species

Bartonella henselae

Rickettsiae

Mycoplasma
Viral agents

HSV, VZV, CMV, HBV, HCV, HIV, HTLV

Fungus



Aspergillus, Coccidoides, Candida

Mucormycetes

Parasites

Cysticercosis

BACTERIAL AGENTS

	Neonate (<1 month)

Streptococcus agalactiae (44%)

Escherichia coli (26%)

Gram-negative bacilli (10%-22%)

Listeria species (5%-10%)
Children (1 mo to 15 yrs)

Neisseria meningitidis (25%-40%)

Streptococcus pneumoniae (10%-20%)

Haemophilus influenzae (8%-12%)


	Adults (>15 years)

Streptococcus pneumoniae (30%-50%)

Neisseria meningitidis (10-25%)

Staphylococci (1%-15%)

Gram-negative bacilli (1%-10%)

Listeria species (5%)

Streptococci (5%)


	Head trauma, surgery

Staphylococci

Gram-negative bacilli
Immunocompromise

Listeria monocytogenes
Respirator support

Proteus species

Pseudomonas

Serratia

Flavobacterium
Ruptured brain abscess

Gram-negative bacilli

Anaerobes




Neonates get arteritis/thrombophlebitis (larger, +/- hemorrhagic infarcts, +/- secondary abscess formation) / venous thrombosis and hemorrhagic necrosis (associated with Pseudomonas, Proteus, Enterobacter, and Serratia)

Septic venous sinus thrombosis/thrombophlebitis (up to 5%, usu. < 1 or 2 weeks)

Note: sinus, middle ear, skull infection can beget cerebral vasculitis without detectable meningitis / also, basilar infection can causes vasculitis of ascending arteries
Peripheral Nervous System
Lyme disease ( multifocal axonal radiculoneuropathy

HIV-1 ( multiple mononeuropathies

CMV

HCV ( cryoglobulinemia

HSV, VZV ( sensory ganglia, radicular syndrome

Giant Cell Arteritis (GCA) (temporal arteritis) 
Not uncommon (1 in 5000) / usually > 50 yrs / women > men (2:1) / whites, Scandinavians / HLA-DRB1*04 and DRB1*01

Presentation: gradual > abrupt / 15% fever / headache (66%, unilateral >> bilateral, dull and boring, superimposed sharp pain), jaw claudication (50%), temporary blindness, fever, weight loss, myalgias/arthralgia, malaise, cough/hoarseness (10%), neuropathies (10%), TIA, polymyalgia rheumatica (50%)

Complications: blindness (can occur early on, retinal changes like edema of optic disk, cotton-wool patches, small hemorrhages, usu. occur after blindness, usu. from nerve ischemia), eye exam can be helpful / thoracic aortic aneurysm (17x) normal incidence

Associations: lymphoma (vasculitis may precede lymphoma) / 

Pathology: mainly external carotids and vertebral / can hit central retinal artery (but intracranial arteries are NOT involved)

Diagnosis: biopsy temporal artery, try to get affected site (if cannot localize on exam, then get larger piece, 3-5 cm), can do bilateral biopsy to increase yield, yield of biopsy decreases with each day of steroids but can still be positive even at 1-2 wks post-steroid (lymphocytes, plasma cells, giant cells) / high ESR (over 50, often > 100, can be expected to decrease within days of 

treatment, ~20% have normal ESR) / CRP is more sensitive / NOTE: careful exam may reveal findings prior to onset of symptoms

Treatment: 
· prednisone (1 mg/kg qd 1-2 months then taper by 5-10% q 1-2 wks) / usually see improvement within days (if not, question diagnosis) / can use 100 mg qd for optic nerve involvement / can begin cyclophosphamide (maybe other DMARDS) if necessary / can begin to think about tapering after 1-2 months (10-20% every 2 weeks), but must continue to treat for a long time (1-4 yrs to reduce recurrence) / qod therapy thought to be less effective but open question of whether some patients can start at lower doses (20-30 mg qd) / ½ of patients have serious complication of extended steroid use

· ASA also thought to decrease risk of occlusions

Recurrence: 30-50% have spontaneous exacerbations independent of steroid regimen / most often, recurrence involves PMR Sx and can be treated by increasing steroids by 2 to 5 mg/qd

Takayasu’s Arteritis

Granulomatous inflammation of large arteries / young women (>Asian) / complications may develop over months to years / affects aorta and branches (subclavian), pulmonary arteries (up to 50%), renal artery

Presentation: weak pulse in upper extremities (arm claudication), ocular disturbances, HTN (renal artery) / Raynaud’s / systemic: fever, weight loss
Diagnosis: CT may reveal circumferential thickening / MRI may show enhancement on T1

Labs: increased ESR

Kawasaki’s


Mostly children (4-5/years) / medium-sized arteries
5 diagnostic criteria: more than 5 days of fever, bilateral conjunctival injections, oral mucosa and pharynx (infected and dry fissured lips, strawberry tongue), peripheral extremities (edema, erythema, desquamation – rash, primarily truncal), cervical adenopathy
Complications: hydrops of gallbladder, more - 

Treatment:

restrict activity 3-4 wks

Anti-inflammatory

Immunoglobulin 2 gm/kg  single / 400 mg/kg/day x 4 days

MMR should be delayed 6 months

Aspirin – 80-100 mg/kg/day QID until afebrile

Anti-platelet agents

Treat for 3 months, but indefinitely and add more agents? if coronary involvement

ANCA Associated Vasculitides (AAV)

Polyarteritis Nodosum (PAN)

rare / occlusion (infarct) of medium to small arteries (NOT capillaries) / type III hypersensitivity

Presentation: usually present with constitutional symptoms 

Associations: HBV, hairy cell leukemia

Findings: cotton-wool patches, pericarditis, myocarditis, palpable purpura aneurysm (hemorrhage)

Diagnosis: 3 or more of 10 criteria (sensitivity 80%, specificity 85%)

	Weight loss > 4 kg
	

	livedo reticularis
	

	testicular pain
	testicular biopsy useful if involved

	myalgias/arthritis
	CK usually normal

	mono/polyneuropathy
	50-80% (only 15% in MPA)

good chance of recovery within 1 yr

	diastolic ( > 90)

elevated BUN/Cr
	Renal vasculitis (not RPGN)

Renal failure may occur later

	HBV positive
	Not in MPA

	GI aneurysms by MRA
	GI pain in 30% (risk of perforation)

	positive biopsy
	


Labs: elevated ESR (~85), CRP, WBC, eosinophils, normochromic anemia, HBsAg found in 10-30%,  HCV rarely associated, 20% have positive p-ANCA to myeloperoxidase (MPO), RF  (+) in 20%

Treatment: steroids, cyclophosphamide, plasma exchange (2nd line)

HBV-PAN


More HTN than classic PAN

Remember to treat both HBV and PAN

Treatment: plasmapheresis and lamivudine

Microscopic Polyangiitis (MPA)

May have capillary involvement in addition to small/medium arteries (unlike classic PAN)

Glomerulonephritis (usu. RPGN) common (not in PAN), alveolar hemorrhage (not in PAN)

Presentation: can have arthralgias, hemoptysis et al for months/yrs!!! before explosive onset 

(longer prodrome than with PAN) / most with constitutional symptoms before diagnosis

Labs: almost always have p-ANCA (+) and MPO (+) / rarely c-ANCA will be (+)  / other P-ANCA (but not MPO): Felty’s, UC (directed against different proteins)

Course: relapse in MPA (35%) > HBV-PAN and c-PAN (10%) 

Treatment: ?similar to classic PAN

Wegener’s Granulomatosis
medium to small arteries / type IV DTH

Presentation: chronic sinusitis, epistaxis, mucosal ulcers, cough (45%), hemoptysis (30%), fever, night sweats, arthritis, myalgia, skin nodules, renal failure, cranial nerve palsies (II, VI, VII), pachymengitis / mean interval from symptoms to diagnosis 15 months
Affected: nose, throat, bronchi, kidneys
Complications: renal failure (hematuria, RBC casts, RPGN) / saddle-nose deformities, sepsis, hemorrhage, DIC / usu. does not lead to respiratory failure

Associations: Hodgkin’s lymphoma

Diagnosis: 
· cANCA (confirm with anti-proteinase 3) (90% sensitivity, few false positives) / ~10% with p-ANCA / ~10% with anti-GBM
· biopsy of ENT likely to show only necrosis, biopsy of kidney likely to show only non-specific RPGN, you can’t stain for IF (that’s why it’s called pauci-immune!!!), biopsy of lung most likely to confirm diagnosis
· Chest CT [CT] [CT] [CT] pulmonary infiltrates or nodules (up to 85%) / not pleural effusions
· Labs: elevated ESR, thrombocytosis
Prognosis: higher ESR, older age gives worse prognosis / ENT involvement gives better prognosis

Treatment: cyclophosphamide (1st), steroids (2nd or 1st for pulmonary hemorrhage) / bactrim is 

sometimes helpful (prevention of infection may avoid a potential trigger) / not MTX


Hypertrophic pachymeningitis (HP)

pANCA positive CNS disease, which some think of as Wegener’s limited to CNS/cranial nerves / 

treat as Wegener’s

Buerger’s (Thromboangiitis Obliterans) [NEJM]
male, smokers / medium to small arteries AND veins 

Presentation: hypercoagulability, claudication, pain, Raynaud’s, gangrene

Exam: Allen’s test

Treatment: perhaps ca-blockers, stopping smoking will hopefully stop progression of disease

Churg-Straus Angiitis [NEJM]

3 stages (order can vary) / asthma, eosinophilia, vasculitis

Asthma
may occur up to 30 yrs (mean 3) before vasculitis, onset with vasculitis in 10%, after in 2%) / sinusitis, allergic rhinitis, nasal polyps

Eosinophilia
can mimic chronic eosinophilic pneumonia
Vasculitis
mononeuritis multiplex (72%), weight loss (>50%), fever, myalgia, skin lesions (60%) > GI (50%) > spleen > heart (myocarditis, infarction) > kidneys (FSGN)

Diagnosis: angiitis and extravascular necrotizing granulomas with eosinophils

Labs: P-ANCA (50%, usu. anti-MPO), RF, elevated ESR (80% of cases), eosinophilia (over 10% in 90% of cases)

Often seen in asthma patients being tapered from PO or inhaled steroids (may be associated with leukotriene antagonists)

Treatment:

Hypersensitivity Angiitis


adverse drug reaction

HSP (Henoch Schönlein Purpura) (see renal)


small vessel vasculitis

Behçet’s Disease (Behcets) [NEJM]

mostly in people of Middle East, Japanese descent / onset in 20 to 30s

Course: chronic, relapsing acute attacks / manifestations (except uveitis) usually self-limited

Presentation: 

Mouth: aphthous oral [pic] / genital ulcers [pic]
Eye: uveitis, retinitis (can cause blindness), hypopyon
Skin: superficial migratory thrombophlebitis, erythema nodosum (including pseudofolliculitis and acneiform nodules / pathergy

Joints: mono/polyarthritis (50%, knees > wrist, elbows, ankles) (non-deforming)
Coagulopathy: vasculitis/ hypercoagulability (major concern is retino-occlusive disease), venous 7 times more than arterial (however, can get aneurysms, stenoses), 25% will have at least superficial venous thromboembolism
Less common: GI, CNS (early onset males 10-20%), large vessels / may have

Diagnosis: oral ulcers + 2 other criteria / can look for HLA-B51 (not in S. American, N. American), elevated IgD levels

CSF: elevated IgG (not oligoclonal), pleocytosis

MRI: multiple high-intensity focal lesions in brain stem, basal ganglia, and cerebral white matter are typical on T2-weighted MRI

Ddx: chronic oral aphthosis, Sweet’s, HSV, AS / GI (IBD), CNS (MS), pathergy (Sweet’s, pyoderma gangrenosum), retinitis (sarcoid, viral retinitis)

Treatment:

Skin: topical steroids, thalidomide, colchicines, oral steroids

Ocular, GI, CNS: oral steroids / other immunosuppressives (Cytoxan, Immuran, others) / note: cyclosporin may worsen CNS symptoms (it’s not a first line agent) / IFN-a, IVIG under investigation

Arthritis: steroids, NSAIDS, colchicines, sulfasalazine, IFN-a (highly effective)

Vasculitis: steroids / be careful with anticoagulation for venous thrombosis (can get big time hemoptysis with arteritis) / treatment of vascular complications is very tricky in this disease since mechanisms are multiple and unclear / CV surgery for complications

HLA Associations [HLA genetics diagram]

	Disease 
	HLA allele
	Relative risk factor



	DR5
	Hashimoto’s thyroiditis 
	3

	DR4
	Rheumatoid arthritis
	6

	DR3
	Dermatitis herpetiformis 

SLE (esp. subacute cutaneous, neonatal)

Sjogren’s

PM
	56

	DR2
	Goodpasture’s

Multiple sclerosis
	13

5

	B27 
	Ankylosing spondylitis

Reiter’s

Postgonococcal arthritis
	87

37

14

	C6 
	Psoriasis vulgaris
	13

	B8
	Myasthenia gravis
	4

	B51 
	Behçet’s
	


Reversible cerebral vasoconstriction syndromes (RCVS) (or Call-Fleming Syndrome or Migraine Angiitis [AIM]
must be distinguished from classical cerebral angiitis (using CNS imaging)

Associated conditions (many) [table] / unlike migraine, no aura, presentation is hyperacute
Causes: vasoactive drugs, diet pills, stimulants, some antidepressants, decongestants, illicit drugs (amphetamines, cocaine, ecstasy)

Treatment: calcium channel blockers, steroids (mechanisms and treatments being worked out 1/07)
Spondylarthropathies
AS, psoriasis, Reiter’s and Reactive, IBD
(1) spondylitis

(2) sacroiliitis

(3) enthesopathy

(4) asymmetric oligoarthritis

Other: inflammatory eye disease, urethritis, and mucocutaneous lesions

Labs: all have negative RF

Ankylosing spondylitis (AS) (Marie-Stumpell Disease)

inflammation and ossification of the joints and ligaments of the spine and of the sacroiliac joints
Epidemiology: young people (~24 yrs) / males=females / HLA B27 (90%) / may occur in association with IBD
Pathology: chronic, progressive (insidious) inflammatory disease of axial joints (hips, shoulders, sacroiliac) / asymmetrical, oligoarticular (1-4 joints) / inflammation at site of insertion / autoantibodies to joint elements following infection 
Complications: kyphosis and eventually complete fusion or “bamboo spine” / aortic insufficiency / peripheral joint involvement / pulmonary fibrosis / uveitis (25%) (can lead to glaucoma and blindness)
Diagnosis: do sacral XR 1st reveals squaring, syndesmophytes, 

Presentation: morning stiffness (“gel”) / pace floor at night / improves with exercise / pain may move from one joint to another

Treatment: therapeutic goal is to maximize the likelihood that fusion will occur in a straight line physical therapy / avoid smoking (pulmonary compromise)

· NSAIDS (for symptomatic relief)
· Anti-TNF-alpha (now in use 2008)

· methotrexate and sulfasalazine (were tried before TNF-alpha available)

· surgical procedures to correct some spine and hip deformities may be used in select cases

Course: only 6% die from actual disease; most commonly (cervical fracture, heart block, amyloidosis), and more rarely from the restrictive lung disease

Psoriatic arthritis (see skin psoriasis)
hereditary, 20 to 40 yrs / 7-40% of psoriasis patients get arthritis (may precede skin findings) / also has sporadic form presenting later on in life

4 major forms of arthritis
1. most have peripheral, asymmetric oligoarticular arthritis

2. DIP with nail disease

3. 25% have symmetric polyarthritis similar to RA

4. spondylitis/sacroiliitis less common 

Findings: DIP swelling, sausage digits [pic] / nail problems (onychodystrophy, onycholysis, nail pitting, and subungual keratosis, onychauxis) [pic] / psoriatic lesions on extensor surfaces

Diagnosis: must have skin or nail changes for definitive diagnosis

Labs: mildly elevated ESR / hyperuricemia in severe cases

Synovial fluid: 2 to 15 WBCs / Radiography: distal interphalangeal erosions or telescoping joints, asymmetric sacroiliitis, isolated axial syndesmophytes

Treatment: 
· TNF-alpha blockers slow progression of arthritis and skin complications

· NSAIDs (indomethacin) and intra-articular steroids (avoid injections through psoriatic plaques) for symptomatic relief / 2nd line: MTX, penicillamine, gold, hydroxychloroquine
Reiter’s syndrome (see reactive arthritis)
HLA B27 / males, 20-30s / HIV patients

Presentation: asymmetric oligoarthritis, (non G-C) urethritis, conjunctivitis, uveitis, characteristic skin and mucous membrane lesions low back pain

Onset: 2-4 weeks after inciting GI or GU infection( Chlamydia)

Common complications: 

· lower extremities: ankles, knees, feet, heels (enthesitis of Achilles tendon)

· oligoarticular

· sausage digits (dactylitis)

Other complications: 

· transient conjunctivitis (40%) / may need urgent opthalmological referral (topical or systemic steroids) for (3-5%) disabling iritis, uveitis (can be difficult to treat), corneal ulceration

· oral ulcers and glans penis (circinate balanitis; 25-40%; painless, red rash)

· keratoderma blennorrhagicum (mollusk shell skin lesions on palms and soles, may have severe desquamation; similar appearing to papular psoriasis
· nail changes

· myocarditis: heart block (<5%), aortic insufficiency

Note: many people have single reactive arthritis symptoms without multiple findings 

Causative organisms: chlamydia trachomatis (decreasing), Neisseria (culture-negative), GI: Shigella, Salmonella, Campylobacter jejuni, Yersinia enterocolitica

Labs: elevated ESR and leukocytosis / 0.5 to 75 WBC’s in synovial fluid / bacterial antigens present in joints (chlamydia is dormant) / ANA and RF usu. negative
Radiography: asymmetric syndesmophytes along spine (ankylosing spondylitis has symmetric and contiguous)

Course: most recover (one to several months), 50% recurrence (varying degrees of disability) 

Prevention: must take antibiotics (doxycycline) prior to travel / even with HLA B27 – 20% risk of reactive arthritis with proper infection

Treatment: symptomatic relief with NSAIDs (2nd line sulfasalazine) and intra-articular steroids / topical steroids for skin complications / prolonged doxycycline may be useful in cases with chlamydia infection

Reactive arthritis

may follow GI infection (Shigella flexneri, Salmonella species, or Yersinia enterocolitica infections / same joint problems as Reiter’s / extra-articular symptoms tend to be mild / treatment will be similar to Reiter’s (doxy?)

HLA B27

Ankylosing Spondylitis (90%)

Reiter’s Syndrome (75%)

Psoriatic arthritis (20%) / with sacroiliitis/spondylitis (50%)

Enteropathic arthritis (IBD) (8%) / with sacroiliitis/spondylitis (50%)

Arthritis of inflammatory bowel disease

Crohn’s or UC (10-20%) / similar to that of AS

spondylitis, sacroiliitis, and peripheral arthritis ( > knee / ankle)

peripheral arthritis may correlate with colitis activity (spinal disease does not)

antibiotics not effective, but still must rule out septic joints

Treatment: NSAIDS (not salicylates) / GI intolerance more likely in these patients, misoprostol may cause unacceptable diarrhea / sulfasalazine may also be effective / local steroid injection / PT

Myopathy

Drugs causing myositis (by mechanism)
Inflammatory

L-dopa, procainamide, cimetidine, D-penicillamine, L-tryptophan, 

Non-inflammatory necrotizing or vacuolar

cholesterol-lowering agents, chloroquine, colchicine, emetine, aminocaproic acid, labetalol, cyclosporine and tacrolimus, isoretinoic acid (vitamin A analog), vincristine, alcohol

Rhabdomyolysis and myoglobinuria

cholesterol-lowering drugs, alcohol, heroin, amphetamine, toluene, cocaine, aminocaproic acid, pentazocine, phencyclidine

Malignant hyperthermia
halothane, ethylene, diethyl ether, methoxyflurane, ethyl chloride, trichloroethylene, gallamine, succinylcholine

Mitochondrial

Zidovudine (AZT)

Myotonia

2,4- d-chlorophenoxyacetic acid, anthracene-9-carboxycyclic acid, cholesterol-lowering drugs, chloroquine, cyclosporine

Myosin loss

non-depolarizing neuromuscular blocking agents, IV steroids

Drugs causing myopathy (painful vs. painless)

Painless

Alcohol (chronic), steroids

Myoglobinuria


CNS depressants, CNS stimulants, CO, cyanide, arsenic, snake venom

Hypokalemia

Diuretics, laxatives, licorice, carbenoxolone, ampho B, toluene, alcohol

Painful

Inflammatory

Procainamide, phenytoin, levodopa, interferon alpha, cimetidine, leuprolide, PTU, penicillamine

Mitochondrial


AZT, germanium

Drugs of abuse


Alcohol, cocaine, heroin, PCP, volatile chemicals

Focal myopathy

IM injections, IVDA, cephalothin, lidocaine, diazepam, pethidine, pentazocine, meperidine, antibiotics in children



Other

Alcohol (acute), NMJ blockers (vecuronium, pancuronium), lovastatin < simvastatin, clofibrate, gemfibrozil, aminocaproic acid, excess vitamin E, etritinate, ipecac, emetine (overuse), organophosphates (acute poisoning), toxic oil syndrome, eosinophilia myalgias syndrome, snake venom (peak at 24-48 hrs)

Chronic Alcohol Myopathy

Painless, progressive proximal muscle weakness / ½ of alcoholics / damage is cumulative, but strength often restored after cessation 

Histology: type 2b fiber atrophy, no necrosis

Acute Alcohol Myopathy

Weak, painful, swollen muscles and cramps / may be limited to only one limb or muscle

in most cases, cramps resolve in 1-2 days, pain and swelling takes 1-2 weeks, strength normal in 10-14 days / can develop rhabdomyolysis / lag time between alcohol consumption and elevated CK (several indirect mechanisms proposed)

Labs: CK, LDH, myoglobin elevated 

Histology: necrosis and myofibrillar disorganization (inflammation is debatable)

Hypokalemia
Severe, painless proximal muscle weakness (no cramps, no swelling) / develops over hours/days / serum K between 1.4 – 2.5 / can cause rhabdomyolysis / complete reversal with K replacement

Labs: CK, AST, aldolase elevated

Histology: vacuolar changes, macrophages, +/- necrosis, regeneration

Steroids (esp. dexamethasone, triamcinolone)

Symmetrical, proximal muscle weakness / lower > upper / occasionally myalgias / may have generalized weakness, atrophy (severe cases) / very unlikely with < 10 mg/day or alternate day dosing



Chronic Steroids

Usually > 3 weeks / usually with other stigmata of steroids use 

Labs: CK usually normal / EMG shows normal rest activity, short-duration, low-amplitude motor units / Histology: type II atrophy, increased glycogen in type II fibers, lipid droplets in Type I fibers / EM shows sarcolemmal projections, vesicular bodies

High-dose steroids

Can occur 1-2 days after treatment / often seen when treating severe asthma / may be generalized / may involve respiratory muscles / additional risk factors such as NMJ blockers, sepsis / near total recovery in weeks

Histology: changes in both fiber types, vacuolar changes, regenerating fibers / normal EMG

Licorice, carbenoxolone

Pseudo-hyperaldosteronism / Na retention, edema, hypokalemia


Chloroquine
Usually starts in legs / takes 6 months to occur / may also have neuropathy 

EMG shows fibrillations, positive waves, occasionally myotonic discharges

Histology: degeneration and acid phosphatase positive vacuoles in up to 50% of fibers / type I fibers predominantly affected / EM shows myeloid bodies and curvilinear bodies similar to neuronal ceroid lipofuscinosis

Hydroxychloroquine (Plaquenil) is supposed to be safer, but I suspect the findings are similar


Amiodarone
may occur as early as 1 month / also get peripheral neuropathy, tremor, ataxia


Perhexilene
Anti-anginal agent / myopathy usually with long-term use only (reported as soon as 2 weeks, associated with rash, resolved with discontinuation

Other side effects include weight loss, hypoglycemia, hepatic dysfunction, peripheral neuropathy

Colchicines
Note: sometimes misdiagnosed for polymyositis

Sensory or motor nerve conduction is low-amplitude or absent

EMG shows fibrillations, positive waves, myopathic motor units

Histology: vacuolar myopathy

Vincristine

Histology: segmental necrosis, phagocytosis, spheromembranous degeneration / probably can have myopathy without neuropathy
Zidovudine (AZT)

Mechanism: ?false substrate for mitochondrial DNA polymerase

Dose-related proximal muscle weakness and myalgias with pronounced wasting / elevated CK / usually improves with discontinuation

Histology: ragged RED fibers / rod-body formation, necrosis, microvacuolization / EM has various changes

Cannot always distinguish from HIV myositis
Lovastatin
Rapidly progressive, necrotizing myopathy / weakness, myalgias, CK 8000-30,000 / can lead to rhabdomyolysis / incidence of 0.5% (compare to incidence of elevated LFT of 2%) / risk increased with combination of lovastatin, gemfibrozil, niacin, immunosuppressive agents


Histology: necrosis

Much less common with Simvastatin
Aminocaproic acid
usu. > 4 wks, can occur as early as several days

Etritinate (dermatology drug)

mild-transient myalgias occur in 15%, do not require discontinuation / occasionally, can be more severe

Synovial fluid analysis

	Characteristics 
	RA
	Gout/Pseudogout
	Reiter’s/Psoriatic
	Septic
	OA/Trauma

	color
	yellow
	
	
	
	

	clarity
	cloudy
	
	
	pus
	

	viscosity
	poor
	
	
	
	

	Mucin clot
	poor
	
	
	
	

	WBC
	3-50 K
	
	
	> 50 K
	

	% poly
	> 70
	
	
	
	

	glucose
	10-25% less than serum
	
	
	
	

	protein
	> 3.0 g/dl
	
	
	
	

	complement
	low
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	Group III
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	Trauma
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	Tumor, VNS, hemangioma
	
	
	

	Prosthesis, post-op aneurysm
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Cardiovascular
[a bunch of images]
General Circulatory 
HTN, Edema, Thrombosis, PE, DIC, Shock, CHF, Cor Pulmonale
General Metabolic

hyperlipidemia, atherosclerosis (PVD)

Ischemic 



ANGINA, MI (myocardial infarction)
Cardiomyopathies

dilated, restrictive, HOCM
Arrhythmias 
bradycardia, heart block, atrial fibrillation, atrial flutter, SVT
MAT, VT,  prolonged QT, torsades de pointes
Valvular 
AS, MS, AR, MR, TR, Rheumatic Fever
antibiotic prophylaxis
Aortic Aneurysm

Aortic Dissection

Endocarditis
Myocarditis
Pericardial Disease 
pericardial effusions, acute pericarditis, infectious pericarditis, Dressler’s, uremic, restrictive pericarditis, cardiac tamponade
Cardiac Tumors, Cardiac Malformations
[cardiac pre-op][cardiac physiology][cardiac physical exam][EKG reading] [cardiac labs]

Cardiac Physiology

Single Cardiac Cycle [see diagram]

Jugular Venous Pulses [see diagram]

Swan-Ganz catheter [interpretation of values]

· Radiology of the Heart in Cecil’s at MDconsult (great pictures)

Fick equation 

CO = (O2 consumption) / (AO2% - VO2%)(Hg)(1.36)(10)

Cardiac Physical Exam

Systolic murmurs [see diagram]

Diastolic murmurs [see diagram]

Low-Pitched Sounds ( Bell ( S3, S4, MS, AR (Austin-Flint)

High-Pitched Sounds ( Diaphragm ( everything else

	Sound

	Best Heard



	S2

	2nd/3rd LICS


	S3

	3rd/4th LPS and apex / increased with inspiration

	S4

	3rd/4th  LPS and apex

	PDA

	1st/2nd LICS mid-clavicular

	MR
	

	AR
	

	MS
	

	AS
	

	MS
	

	MR

	can radiate to various places 

	AR
	

	AS
	

	ASD
	“pulmonic area” of the chest / may radiate to back as with pulmonary stenosis

	VSD
	


S1 increased (↑) 

LVH (muscle), MS

S1 decreased (↓) 

LVH (collagen), LV dilatation/dysfunction, some MR, AR, prolonged PR, LBBB
Note: mechanisms can be way too complex and you’ll make yourself crazy; just refer to this

S2 (normally S2 splitting increases with inspiration due to increase venous return and RVEF; it follows that inspiration will increase most right-sided murmurs/gallops)
· abnormally increased split S2 

Delayed RV (electrical): incomplete RBB, pacemaker, PVC
Delayed RV (mechanical): VSD (if L(R flow), pulmonic stenosis, severe pulmonary edema (↑ impedance)
Shortened LV ejection time:, MR

· fixed split S2
ASD 

(explanation; why not variable? RV already ~max overloaded; and L/R atrial pressures equalized so no net Δ in LV/RV output with inspiration—unlike VSD)

mild pulmonary HTN

RVF

· paradoxically split S2 (decreases with expiration)

usually from delayed A2 due to electrical (complete LBB (1st), RV PVC) or mechanical (AS, HOCM, acute ischemia, myocarditis, CHF)

S3 
AR, TR, MR / don’t confuse with “tumor plop”
S4 
stiff ventricle (various causes) / it can’t happen during Afib

Jugular Venous Pulsations (JVP) [diagram]


“dip and plateau” or “square root” sign ( constrictive pericarditis


Kussmaul’s sign ( constrictive pericarditis


Prominent y descent ( constrictive pericarditis 


Large V wave ( TR



Canon a wave ( AV dissociation

Pericardial effusion

r/o tamponade (pulsus paradoxus, undulating pulses)

elevated venous pressure

Borderline – expiration/inspiration 105/94

Electrical alternans or alternating voltage
big pericardial effusions from TB and tumor [< 5 mm leads 1-aVF] / can also be from AV fistula in lungs/coronary vessels 
Treatment: pericardial window / can also obliterate pericardial space with nitrogen mustards, talc, tetracycline to prevent recurrence
Pulsus paradoxus

> 10 mmHg fall in SBP during inspiration / occurs in 95% of cardiac tamponade (as well as disorders involving intrathoracic pressure changes, such as COPD) / 4 mechanisms

1) septal shift/pressure, RV enlargement (prevents filling of LV) 

2) tensing of pericardium (impairs cardiac output)

3) increased capacitance of pulmonary capillary bed (decreases LV filling)

4) decreased afterload (negative intrathoracic pressure, this is normal)

Tilt Table Testing

Decreased preload stimulates Bezal Jarisch reflex / catecholamines can be used to 

enhance this reflex / hold vasoactive drugs for 5 half-lives before / endpoint is 

pre-syncope w/ hypotension or bradycardia

Reading EKG’s
[Vectorial diagram of Limb Leads]

· EKGs of the Major Arrhythmias [tutorial with pictures]

Method for EKG reading: heart rate / heart rhythm / intervals / axis deviation / hypertrophy
EKG reading in myocardial ischemia
For ECG changes associated with electrolyte disturbances (see lytes) [potassium ECG]

Definitions:

If the QRS complex begins with a negative deflection, it is called a Q wave
1st positive deflection is R wave
a negative deflection following an R wave is an S wave
T waves are positive because the ventricles repolarize from epicardium to endocardium (opposite of contraction)

Heart Rate

Each small box is 0.1 mV and 0.04 seconds / one large square is 0.2 seconds (5 small boxes of 0.04)

HR is 300/# of large boxes in RR interval [ex., 4 large boxes between R waves ( 300/4 or 75 bpm or just count # of large squares from 1,2,3,4,5,6 corresponds to 300, 150, 100, 75, 60, 50

Heart Rhythm

Regular? Are P waves present? 

In sinus rhythm, P waves should be upright in lead II (unless reversal of leads or dextracardia)

Are P waves related to QRS? 

[sinus arrhythmia v. multifocal atrial tachycardia v. atrial fibrillation v. ventricular arrhythmias etc.]

Intervals
PR interval [0.12 to 0.21]
becomes shorter as HR increases

QRS Axis

Extreme left axis (-90 to -180°)

Right-axis deviation in presence of LBBB (+90 to +180°)

QRS interval [0.04 to 0.1]

LBBB: >160 msec

RBBB: >140 msec

QRS Morphology

QT interval 


normal is less than ½ RR interval with HR < 100

Prolonged QT interval

QTc – corrected for heart rate / women > men / can be a sign of ischemia (lack of ATP and reduced inward K current) / can cause torsades de pointes
Prolonged QT: class Ia and III agents, sotalol, amiodarone, TCA’s, phenothiazines, ketoconazole, quinolones, erythromycin, clarithromycin, antiemetics, antipsychotics, pentamidine, hypomagnesemia, hypokalemia, hypocalcemia, hyperthyroid, hypothyroid, intracranial bleeds, congenital long QT
Shortened QT: hypercalcemia, digitalis (scooping)
Tip: regarding intracellular electrolytes (K, Ca, Mg)

· ↑ Elevations  ( shorten ↓ QT interval

· ↓ Depressions ( prolong ↑ QT interval

Voltage
low voltage is any 3 limb leads < 15 mm or any one precordial lead < 10 mm


Causes: pericardial effusion/tamponade, emphysema, obesity

Axis [vectorial diagram of limb leads]

Calculate Axis

If lead I and II /aVF are both positive ( 0 to 90 and normal axis (down and to the left)



If lead I is positive and II/aVF is negative ( LAD

If lead I is negative and II/aVF is positive ( RAD

Note: axis can also be determined by finding the isoelectric deflection (i.e., shortest QRS) (axis is perpendicular to that vector)

Frontal planes: axis deviation (I, II/AVF)



Horizontal planes: axis rotation (V1-6)

· LAD ( LVH, LBBB, LAFB

· RAD ( RVH, RBBB, LPFB, RV strain (pulmonary HTN, PE), emphysema / may be normal in children, young adults

Note: mean QRS tends to point away from infarct,  toward hypertrophy

Hypertrophy

· LVH 

1. sum of deepest S in V1 or V2 and tallest R in V5 or V6 is > 35 mm (in patients > 35 yrs)

2. R in aVL > 12 mm (strain pattern)

3. R in V6 > 25-35 mm

Note: may see asymmetrical or inverted T in V5 or V6 (strain pattern ~ ST ↓ with upward hump in middle)

Criteria for LVH (sensitivity/specificity)

RaVL + SV3 > 28 mm (men)  (40/95)

  or RaVL + SV3 > 20 mm (women)

SV1 + RV5 or RV6 > 35 mm (30/95)

RV5 or RV6 >/= 25 mm (20/95)

RaVL > 11 mm (20/95)

· RVH 

right atrial enlargement, right axis deviation, incomplete RBBB, low voltage, tall R wave in V1, persistent precordial S waves, right ventricular strain

Criteria for RVH (sensitivity/specificity)
Limb lead criteria R in I  </= 0.2 mV (40/100)

S2 S2 S3 (45/75)

Precordial lead criteria R/S ratio in V1 > 1 (30/100)

R wave height in V1 > 0.7 mV (30/100)

S wave depth in V1 < 0.2 mV (20/100)

R/S ratio in V5 or V6 < 1.0 (10/100)

QR in V1 (-/100)
QRS axis > + 90 degrees (15/100)

P wave amplitude > 0.25 mV in II, III, aVF, V1 , or V2 (20/100)

· LAE (P-mitrale)

broad, notched (M-shaped) P waves in mitral leads (I, II, aVL) or deep terminal negative component to P in lead V1 (biphasic V1 is the most specific criterion)  / causes include MS, HTN

· RAE (P-pulmonale)

P waves are prominent V1 or > 2.5 mm in any limb lead (tall, peaked in II)

EKG segments [anterior heart] [posterior heart]
· Q waves
Septal depolarization normally moves from R to L causing small downward deflection in V6
Significant Q waves

> 1 mm wide or > ⅓ QRS amplitude (measured from top to bottom) / can start early in MI or in ensuing weeks
Small, insignificant Q waves 

· normal is < 0.04 seconds in I, aVL and V1-6 / < 0.025 in II and < 0.030 in aVF

· small “septal Q’s” commonly seen in lateral leads (I, aVL, V4, V5, or V6)

· mid-septal depolarization (from LBB) moving L to R

· medium to large Q waves may be normal in aVR if not lead placement

· Q in V2 could be lead placement, LVH, LBB, pulmonary disease

· downgoing delta waves in II, III, aVF can mimic Q waves

· large (deep, broad) Q’s in I and III may occur in HOCM

· R waves

· R in V1, V2 with posterior MI (see below)

· Intrinsicoid deflection > 50 mm with some LVH

· Delta wave with WPW, large R in I with LBBB and LAFB, large R in inferior leads with LPFB

R wave progression
transition should occur between V2 and V4; LVH may change vector of conduction such that R wave progression seems poor (yet not ischemic); poor R wave progression is c/w prior anteroseptal infarct; early R wave progression can be sign of prior inferior infarct

· S waves
· V6 with RBBB

· Large S in inferior leads with LAFB

· Large S in lateral leads with LPFB

· T wave changes [diagram] – cannot definitively  localize MI’s
· subepicardial ischemia (inverted, symmetric), subendocardial ischemia (peaked)

· hyperacute MI (tall, peaked, may have associated ST ↑ and/or Q’s)

· RBBB, LVH, RVH (septal leads), LBBB (lateral leads)

· hyperkalemia (peaked, also with widened QRS, prolonged PR, sine wave) [ECG]

· hypokalemia (may have flat, inverted T)

· pericarditis (inverted), intracranial hemorrhage (ICH)

Note: can be normal in limb leads, but usually pathological in V2 to V6 

· Wellen’s T waves – deep, symmetric TWI (usu. early precordial leads) may occur in significant left main or proximal LAD

· ST segment changes [diagram] 

shape more important than size of changes / J point is the beginning of the ST segment / ST segment changes tell you where the injury is because the injured tissue remains depolarized when surrounding tissue is repolarized / diffuse ST elevations with chest pain [table]

· ventricular aneurysm: can produce baseline ST elevations

· pericarditis: ST elevations are flat or concave (often entire QT segment)

ST elevation
Diffuse: pericarditis, myocarditis, cerebral hemorrhage, others

Localized: transmural ischemia, MI, wall motion disorder (e.g. aneurysm), others

ST depressions – cannot definitively localize MI’s
· subendocardial ischemia (e.g. angina)

· ST ↓ V1, V2 with posterior MI (flip and invert EKG to see posterior ST ∆’s)

· reciprocal changes with ST elevation MI’s (note:)

· LVH, LV strain with repolarization (inverted T’s)

· hypokalemia
· digoxin toxicity
· U waves
· (+) > 1 mm / caused by class Ia drugs, hypokalemia [pic], hypomagnesemia, CNS disease (TU fusion waves) [pic], LQTS (+/-) [pic] / predisposes to torsades de pointes
· (-) HTN, AV valvular disease, RVH, major ischemia, 60% of anterior MI, 30% of inferior MI, 30% of angina

ECG changes suggestive of MI

ST changes: convex suggests infarction (concave could be pericarditis, other)

ST ↑ > 2 mm in 2 contiguous (by grouping) precordial leads

ST ↑ > 1 mm in 2 contiguous (by grouping) limb leads

> 1 mm ↓ in at least 2 contiguous leads suggests ongoing ischemia (subendothelial 

infarct, positive stress test) or digoxin effect

In presence of LBBB: cannot exclude MI but MI very likely if:

1. ST ↑ > 1 mm concordant with QRS (in same direction as QRS)

2. ST ↑ > 5 mm discordant (not in same direction as QRS)

3. ST ↓ > 1 mm in V1, V2 or V3
Indication for thrombolysis: > 2 mm ST elevation in 2 limb leads, new onset LBBB

Contraindications include SBP > 180 (at any time, despite what happens after BP meds)

· Reciprocal changes suggest ischemia (where to look)
· Inferior ST depression, T inversion ( anterior leads

· Anterior ST depression, T inversion ( inferior lateral
· Lateral ST depression, T inversion ( inferior, anterior

Localization of infarct

· Which artery is/was occluded

I, aVL (high lateral) – L circumflex

V1- V4 (anteroseptal) – LAD (see below)

V5- V6 (lateral) – L circumflex

II, III, aVF (inferior) – RCA (85%), L circumflex (15%)

Note: minimal ST changes and inverted T waves in II, III, aVF ( common with circumflex a. occlusion

· ⅓ of inferior MI involve right ventricle / get right sided ECG if inferior leads involved, because right ventricular MI requires much different treatment! (see treatment of MI and avoid nitrates)

· Anterior Vs. Posterior MI

· V2 is most reliable for determining anterior vs. posterior (it lies in the A-P vectorial plane through LV)

· Don’t confuse anterior sub-endocardial MI with posterior MI 

· acute posterior MI (would be mirror of anterior MI) ( V1-V2 w/ large R wave, ST depression

· LAD occlusion

Scenario A (wrap-around LAD)

V3 V4 ST (
II, III, AVF ST (
Scenario B



V1V2 ST (


II, III, AVF may be normal 2o to cancellation of vectorial forces



I, AVL, ST ( if affecting high diagonal

Scenario C



ST ( I, AVL, V1-6
ST ( II, II, AVF

Swan-Ganz Catheter – Interpretation of Values

Complications: dysrhythmias (75%), thrombosis (3%), sepsis (2%), pulmonary infarction (2%), pulmonary valve perforation (1%)

RAP [0 to 8 mm Hg]

PAP [systolic: 15-30, diastolic 5-12, mean 10-20 mm Hg]

PCWP [5 to 12 mm Hg]
normally LVEDP = PCWP

· PCWP > LVEDP in MS, LA myxoma, pulmonary venous obstruction, patient on PEEP

· PCWP < LVEDP with “stiff” left ventricle ( > 25 mm Hg)

Cardiac output [3.5 to 7 L/min]

Cardiac index [2.4 to 4 L/m2]

SVR [900-1300 dynes/sec/cm-5]

PVR [155-255 dynes/sec/cm-5]

Echocardiography


Normal EF roughly 55%


McConnell’s sign: reduced RV function with apical sparing (suggestive of PE)


Detect intracardiac shunt with agitated saline bubbles

General Circulatory Disturbances

Edema

Hypothermia
Hypovolemia
Shock
CHF
Hypertension

Cor Pulmonale

ACLS
Edema
Ddx: CHF, renal disease, inflammation, various drugs, hypothyroid, exogenous estrogen, thiamine (B1) deficiency
Effects: hypovolemia, hydrocephalus, pulmonary edema 

anasarca (severe edema) / chronic passive congestion of lungs (hemosiderin, brown induration) / chronic passive congestion  of liver (nutmeg liver) and spleen (splenomegaly)

Hypovolemia

Free Water Deficit:
    0.6* • weight (kg) •| current Na  

             -----------      - 1

     140     

*0.5 if female
Shock

stage I 

compensated

stage II
tissue hypoperfusion / dilated arterioles, fall in urinary output, DIC ?

stage III
cell and organ injury / decreased CO from hypoxia or pancreatic myocardial depressant 

factor / ATN (kidney) / ischemic encephalopathy / hemorrhage, necrosis in heart (zonal lesions, bands) / Phases 1) brain and CVS changes 2) renal dysfunction (2-6 days) 3) diuretic phase (renal tubules recover fxn)

hypovolemic 
replace with saline/ringer’s 

cardiogenic 
this is due to left ventricular failure (MI, cardiomyopathy, etc)

consider Swann-Ganz catheter to maintain wedge of ? 17

Consider ongoing occlusion: coronary reperfusion with PTCA

Pressors: dopamine, dobutamine, levafed

With LV failure: consider intraaortic balloon pump placement to increase coronary flow (increased diastolic pressure) and decrease afterload / can also use left-ventricular assist device (LVAD) (risk of infection, thrombosis, mechanical pump failure)
Septic shock
decreased SVR / goal is to maintain preload of ?>higher than normal

consider Swann-Ganz catheter

IVF: saline or lactated ringer’s to maintain wedge

Pressors: dopamine, dobutamine, levafed

Course: Capillary leak combined with a catabolic state will decrease albumin and cause 3rd spacing of fluid / pre-renal state will occur as renal arteries constrict as the body diverts blood to brain and other organs / after recovery, there will be a diuresis as fluid re-enters circulation and renal tubules are somewhat leaky

may be associated with DIC
Congestive Heart Failure (CHF) [NEJM]
· Systolic dysfunction (pump failure) ( all systolic also has some diastolic failure

· Diastolic dysfunction (impaired filling) ( can have isolated diastolic failure

Note: RHF usually from LHF or cor pulmonale (RHF alone can actually cause pulmonary edema from pleural venous drainage) 

Causes: myocardial injury (see cardiomyopathies), chronic overload (AS, HTN), chronic volume overload (MR, other), infiltrative (amyloid, HC, other)
Systolic dysfunction 

Framingham Criteria

Clinical diagnosis of CHF can be made with at least one major and two minor

Major: PND, neck vein distension, JVP, rales, cardiomegaly, acute pulmonary edema, S3 gallop, positive hepatojugular reflex, weight loss > 4.5 kg with 5 days treatment

Minor: peripheral edema, night cough, DOE, hepatomegaly, pleural effusion, reduced VC (↓ ⅓)

NYHA Functional Classification

I – no limitation during ordinary physical activity

II – slight limitation of physical activity. Develops fatigue or dyspnea with moderate exertion.

III – marked limitation of physical activity. Even light activity produces symptoms.

IV – symptoms at rest. Any activity causes worsening.

Exam Findings

· Elevated JVP
· Pulmonary edema (see other)
· Orthopnea


LV failure or inflow obstruction causes raised PCWP and dyspnea

· Paroxysmal nocturnal dyspnea (PND)

similar phenomenon that occurs after several hours of recumbency (similar findings with pulmonary disease)

· Leg Swelling
· Pulsus alternans
· S3
Lab findings (biomarkers in heart failure)
· pro-inflammatory

· CRP

· FAS

· TNF, IL1,6,18

· oxidative stress

· MPO, others

· neurohormones

· Renin, ATII, aldosterone, endothelin, others

· myocyte injury

· troponins, light chain kinases, CKMB, others

· myocyte stress

· BNP, NTProBNP, others

Treatment of CHF (stages I-IV):

I – ACE inhibitors
II – ACE inhibitors + salt restriction + diuretics +/- B-blockers (metoprolol, carvedilol)

III – add inotropic agents and vasodilators

IV – add aortic balloon pump or cardiac transplantation
Note: if cannot tolerate ACEI, isosorbide dinitrate + hydralazine has proven mortality benefit over placebo (Imdur alone has not been proven as of 3/07)

Plus: 

· Anticoagulants with atrial fibrillation or other risk factors for thrombus formation (such as very low EF with severe hypokinesis)welling

· Anti-arrhythmia agents vs. AICD

· Some patients may need anti-arrhythmia agents for chronic atrial fibrillation (B-blockers are safest and might be useful)

· Some studies favor AICD’s (+/- sotalol) over anti-arrhythmia agents alone for severe CHF with high-risk of ventricular tachycardia 

· Cardiac resynchronization therapy (CRT) or biventricular pacing may decrease mortality by decreasing sympathetic activation; consider for moderate to severe HF

The intra-aortic balloon pump (IABP) is positioned in the aorta with its tip distal to the left subclavian artery. Balloon inflation is synchronous with the cardiac cycle and occurs during diastole. The hemodynamic consequences of balloon counterpulsation are decreased myocardial oxygen demand and improved coronary blood flow. Additionally, significant preload and afterload reduction occurs, resulting in improved cardiac output. Severe aorto-iliac atherosclerosis and aortic valve insufficiency are relative contraindications to intra-aortic balloon pump placement. 

Ventricular assist devices (VADs) require surgical implantation and are indicated for patients with severe HF after cardiac surgery, in patients who have intractable cardiogenic shock after acute MI, and in patients who deteriorate while awaiting cardiac transplantation. Currently available devices vary with regard to degree of mechanical hemolysis, intensity of anticoagulation required, and the difficulty of implantation. Therefore, the decision to institute VAD circulatory support must be made in consultation with a cardiac surgeon experienced in this procedure.


Prognosis:

· 75% five-year survival with transplant

· peak oxygen uptake of 20 mL/min/kg is associated with a good 1-year prognosis

Physiology of CHF 

Vasoconstriction / Salt-retention

· Left ventricle, carotid sinus, aortic arch, renal afferent ( increased ADH, renin

· Brain-derived natriuretic peptide (BNP) promotes diuresis

Sympathetic System

· B1 and B2 are uncoupled (B1 ↑ HR, B2 ↑ TPR)

· NE causes myocyte hypertrophy, direct myocyte toxicity / NE (over 4.7 nmol/L) carries poor prognosis

Treatment: B-blockers may ↑ survival by counteracting NE affects (may also have anti-oxidant properties), ↑ diastolic filling time (via slowing HR) / biventricular pacing

Renin-angiotensin system

· No escape from renal sodium retention / combination of NE and ATII stimulation increases Na transport in proximal tubule and decreases delivery to distal tubule (which helps explain lack of escape phenomenon in CHF, unlike Conn’s syndrome) / resistance to atrial natriuretic peptide may result from decreased distal delivery of Na 

· ACE inhibitors and ATII blockers also reduce mitogenic effect on cardiac muscle (which would crowd capillaries and decrease blood delivery) / they may actually reverse LVH

· ATII receptors may stimulate thirst despite hyponatremia

Treatment: ACE inhibitors and spironolactone both reduce mortality

ADH (AVP) System

· ADH V2 receptors in collecting duct principal cells ( AC ( aquaporin-2 translocation and production

· ADH V1 receptors constrict vascular smooth muscle

· Baroreceptors override atrial receptors (Henry-Gauer atrial reflex)

Endothelial hormones

· Endothelin Prostacyclin and PGE2 counteracts (afferent?) renal vasoconstriction ( NSAIDS can precipitate acute renal failure in severe CHF

· Endothelin receptor antagonist BQ-123 (in development) may also counteract vasoconstriction

Diastolic Dysfunction

Inadequate filling during diastole / can be due to variety of causes

Treatment depends on cause

· control heart rate and increase relaxation with B-blockers (1st), Ca channel blockers (2nd)

· normalize any arrhythmias (i.e. atrial fibrillation, atrial flutter)

Cor Pulmonale
Hypotension

Cardiovascular
Orthostatic hypotension (see Ddx)


Postural orthostatic tachycardia syndrome (POTS)

Young females, light-headed, palpitations, weakness, tremulousness upon standing / fatigue, sleep disturbance / heat and exercise worsens / ⅓ with abnormalities of autonomic function testing
Pulmonary HTN and RV dysfunction

· vasoconstriction (ex. CF)

· primary idiopathic

· part of autoimmune disease (scleroderma)

· chronic pulmonary embolism

· parenchymal (sarcoidosis, ILD)

· obesity hypoventilation syndrome


ECG: peaked P waves in II, III, aVF (RA enlargement), deep S in V6 with ST changes (RVH), R-axis deviation, RBBB occurs in 15% of patients

CXR: edema (if pleural effusion, think more of LV failure instead)

Treatment: treat pulmonary HTN (see other) 

Hypertension [see pulmonary hypertension]


Definitions
> 140/90 (stage I)
>160/100 (stage II)


essential HT 

90% of HTN / genetics, environment / older age, except blacks

malignant HT (5%) 
50% essential, 50% secondary (10% renal, 40% endocrine, vascular, neurogenic (rare))

Secondary causes 

Renal parenchymal (chronic pyelonephritis, glomerulonephritis, APKD)

Tubular interstitial (reflux and analgesic)
Endocrine: hyperthyroidism, primary aldosteronism, Cushing’s syndrome, pheochromocytoma, acromegaly, oral contraceptives
Other: pain!, hypervolemia (posttransfusion, renal failure), hypercalcemia, drugs (steroids, TCAs, sympathomimetics, NSAIDs, cocaine), coarctation of aorta, vasculitis, renovascular hypertension (RAS), fibromuscular dysplasia
Clues to renovascular HTN: epigastric or flank bruits, accelerated or malignant HTN, < 35 or > 55, sudden development or worsening, concomitant poor renal function, refractory to anti-HTN meds, extensive occlusive disease in peripheral circulation (including CAD/CVA)


Complications
cardiac hypertrophy ( heart failure, MI

vascular
( aortic dissection

( hyaline arteriolosclerosis: retinal, renal disease

( arteriolosclerosis: MI, CVA, renal failure
( fibroelastic hyperplasia

( retinal changes

grade III retinal changes (hemorrhages, cotton wool spots, hard exudates)




grade IV retinal changes (papilledema)

Other

( 2x risk of renal cell carcinoma
Initial work-up: CBC, chemistries (K, Ca, PO4, BUN/Cr), UA (protein, blood, glucose, micro), consider TSH / lipid profile / fasting glucose / EKG / consider CXR, head CT, echo

Secondary: captopril-enhanced radionuclide renal scan, MRA, spiral CT / pheo labs / 
Treatment:
Goal is to reduce BP by 10-15% or diastolic 110

Organ dysfunction usually at > 130 diastolic

Outpatient Treatment:

Clinical Trials

HOT showed 51% reduction in cardiovascular events with diastolic < 80 (not 90)

UKPD suggested systolic should be < 120

HOPE ( ramipril ↓ MI (22%), ↓ CVA (33%), ↓ mortality (24%)

LIFER ( losartan decreased mortality more than atenolol for DM with LVH

ACE inhibitors 

B-blockers

Ca blocker

Diuretics (HCTZ)

Avoid B-blockers with asthma, CHF (depends), peripheral vascular disease, theoretical risk of increasing sugars with DM or hyperlipidemia (nobody really worries about that)

Avoid diuretics with gout (impairs urate excretion)

With pregnancy, ACE contraindicated (fetal kidney agenesis) and diuretics risky; use aldomet or hydralazine

HTN emergency – must lower BP in < 1 hr

Causes: malignant HTN, associated with MI, flash pulmonary edema, ARF, intracranial events, post-operative bleeding, eclampsia, pheochromocytoma) ( SZ, coma, death
MRI: posterior leukoencephalopathy (parietooccipital regions) can be missed on CT

Cerebral blood flow autoregulation ( maintains MAP 60-120 (curve shifts to right in chronic HTN; which is why BP must not be lowered > 25% over ~1 hr, especially in presence of neurological effects)

HTN urgency – must lower BP in < 24 hrs

Causes:  accelerated HTN, associated with CHF, stable angina, TIA, peri-operative

Pre-eclampsia and Eclampsia (Toxemia of Pregnancy)

Presentation: headache, epigastric pain, visual disturbances, swelling

Criteria: hypertension (systolic > 140 or +30, diastolic > 90 or +15), proteinuria, edema

Complications: placental ischemia, hypertension, DIC, seizures (true eclampsia)

6% of pregnancies / often last trimester (20 wks to 6 wks post-partum) / 

Risk factors: hydatidiform moles, age extremes

Mechanism: angiotensin hypersensitivity may result from decreased PGE synthesis

Treatment: IV MgSO4 or BZ for seizures
Screening: neurokinin B test under development / maternal serum inhibin A concentration is elevated in established preeclampsia (early indicator of risk?)

Treatment for HTN emergency/urgency

	Hypertensive encephalopathy 


	Labetalol, nicardipine, fenoldopam, nicardipine

Avoid: b-blockers, clonidine, methyldopa

	Subarachnoid Hemorrhage
	Nimodipine, nitroprusside, fenoldopam, labetalol

Avoid: beta-Blockers, clonidine, methyldopa, diazoxide

	Intracerebral Hemorrhage
	No treatment, nitroprusside, fenoldopam, labetalol

Avoid: beta-Blockers, clonidine, methyldopa, diazoxide

	Ischemic Stroke
	Nitroprusside, labetalol, fenoldopam

Avoid: beta-Blockers, clonidine, methyldopa, diazoxide

	Acute MI/unstable angina


	b-blocker + nitroglycerin

Avoid: diltiazem, hydralazine, diazoxide

	Acute LV failure
	Nitroprusside, IV nitroglycerin

Avoid: diltiazem, b-lockers, labetalol

	Acute pulmonary edema 


	1st line Nitroprusside or fenoldopam + Lasix

2nd line nitroglycerin (up to 200 mug/min)

	Acute aortic dissection
	(B-blocker then nitroprusside) or labetalol or trimethaphan

Avoid: Hydralazine, diazoxide

	Acute renal failure

	Fenoldopam, nitroprusside, nicardipine, labetalol

Avoid: beta-blockers, trimethaphan

	Sympathetic Crisis (pheochromocytoma)
	Phentolamine, labetalol, nitroprusside, clonidine (for clonidine withdrawal only)

Note: block  then  to avoid problems

	Microangiopathic hemolytic anemia
	

	Eclampsia
	Magnesium sulfate, hydralazine, labetalol, calcium antagonists

Avoid: ACE inhibitors, diuretics, trimethaphan

	Postoperative crisis
	Labetalol, fenoldopam, nitroglycerin, nicardipine, nitroprusside

Avoid: trimethaphan


Arteriosclerosis


Pathological Types


Senile sclerosis
insidious / aging


Monckeberg’s 
medial calcification / wear and tear lesion?


Atherosclerosis
see below

Arteriolosclerosis



hyaline

benign HT, DM / slow, stenosis / plasma proteins, thick BM



hyperplastic 
malignant HT / flea-bitten kidney


transplant 
accelerated 2 to 5-10 yrs

Atherosclerosis


abdominal aorta > coronary > popliteal > carotid

Pathology: diffuse intimal thickening (normal aging) / gelatinous lesions (focal edema) / microthrombi / fatty streaks (normal aging)

Causes: by hyperlipidemia (diet, DM, gout), chronic HTN, smoking, Fabry’s, elevated homocysteine

Markers: CRP is associated with increased risk / other markers are associated but not useful for screening: homocysteine, lipoprotein A, plasminogen activator factor 1 / C. pneumoniae and CMV also implicated
Coronary Artery Disease (see other)

Peripheral Vascular Disease [NEJM]
Presentation: < 20% report typical symptoms of intermittent claudication / leg fatigue, difficulty walking, other atypical leg pain

Exam findings: cyanosis (with dependent rubor), decreased temperature, atrophic changes (shiny skin, thick nails, absence of hair), decreased pulses / ulceration usu. toes, heels, anterior shin and extended over malleoli
Risk factors: smoking, diabetes, HTN, hyperhomocysteinemia, hyperlipidemia

Diagnosis: [table]
· ankle-brachial index (ABI) > 1.0 normal / 0.41 to 0.9 intermediate / < 0.40 critical

· ultrasound – limited compression of calcified vessels, operator dependent
· MRA/CTA – usual considerations
· angiography – good because could also do stenting at same time

Ddx [table]: Buerger’s disease, fibromuscular dysplasia, Takayasu’s, acute arterial occlusion, compartment syndrome, venous congestion, spinal stenosis
Treatment: reduce contributing factors (smoking, DM, etc) ( smoking cessation reduces related/CAD mortality 50% / exercise (as tolerated re: possible CAD) actually helps 
Medical therapy

· cilostazol – phosphodiesterase type 3 inhibitor ( vasodilation + mild anti-platelet activity / shown to increase walking distance 50%
· pentoxifylline (Trental) ( immunomodulator ( people doubt efficacy

· ASA or plavix ( more to prevent MI and CVA

Note: other vasodilators (CA blockers, a-blockers, hydralazine) may worsen symptoms by decreasing perfusion to affected area

Surgery: critical leg ischemia, persistent foot pain at rest, non-healing ulcers, disabling claudication
· PTA (PCI) versus bypass / must take several factors into decision [table]
Leriche syndrome

claudication in buttock, buttock atrophy and impotence in men due to aortoiliac occlusive disease / treat with bypass

Acute arterial occlusion

embolic or in situ / consider source / consider HIT Ab
Treatment: heparin (to prevent propagation), limb placed below horizontal plane without pressure, urgent vascular consult

Hyperlipidemia

diagnose based on FH, blood tests (cholesterol not changed by fasting, TG are decreased) Friedwald formula: LDL chol = total - (HDL chol + TG/5) / 100 - 139 (mild) / >139 (severe)

Note: very severe hyperlipidemia can affect platelets causing elevated ESR

CARE trial ( no benefit shown for lowering LDL < 125 mg/dL in post-MI patients

HPS trials ( simvastatin reduced coronary or vascular events by 33% (regardless of lipid levels)


SSSS trial ( simvastatin reduced MI (55%), mortality (43%)

VA-HDLIT ( 24% reduction in stroke/MI with gemfibrozil and LDL > 140 and HDL < 40

Combination of statin and fibrate is promising; fibrate alone probably not as good as statin alone


Current trend is treat CHD or CHD equivalents (DM, stroke, PVD) with goal of LDL < 100
Primary hyperlipidemias


FH

AD / chol


Familial HTG
AD / TG


combined
AD / chol, TG


broad beta
(rare disorder)

(85%)
polygenic 
chol 


sporadic 
TG

Secondary hyperlipidemia


elevated cholesterol


elevated TG (DM, other)

Hypolipoproteinemia


AR disorders

Diabetes Mellitus (see endocrine)

Drug-Induced: certain b-blockers, protease inhibitors

Coronary Artery Disease [chest pain Ddx] [angina] [MI]
1st COD in US / 90% of cardiac deaths

PDA to AV node – 90% L circumflex / 10% RCA

Risk Factors: 

DM ( extremely important risk factor [annals]

Family history (MI < 40 yrs)

Smoking 

HIV 

Male, post-menopausal

Age 

Hypercholesterolemia (LDL > 100 / HDL < 50 / TG > 170)

Cocaine (vasospasm, promotes blood clotting)

Obesity (BMI > 27)

OCP/estrogens 

HTN

LVH

Stress

Hyperthyroid


Initial testing guidelines:

Pt’s over 50 yrs old: LDL, smoking, fasting glucose

ankle-brachial index can be checked in patients over 55-60 yrs old

Second line tests (not part of any initial work-up) 

· low serum folate (required for homocysteine ( methionine)

· elevated CRP, homocysteine, ApoA, ApoB


Physical Exam



Retinal changes – AV nicking and/or copper-wire changes (HTN)



S4 (HTN)



Peripheral bruits

Absent/decreased peripheral pulses



Xanthomas (hyperlipidemia)

Common causes of chest pain (see Ddx)

Cardiac: aortic dissection, myocarditis, pericarditis, valvular heart disease (MVP, AS, HOCM, MS)

Lungs: pulmonary embolism, pleurisy, pneumonia, pneumothorax, pulmonary HTN

GI: cholelithiasis, cholecystitis, GERD, esophageal spasm, PUD, pancreatitis
Musculoskeletal: costochondritis, chest wall trauma, cervical arthritis with radiculopathy, muscle strain, myositis

Other: Herpes zoster

Diagnosis of CAD (sensitivity/specificity of various criteria)
Exercise electrocardiography

>1 mm ST depression (70/75)

>2 mm ST depression (33/97)

>3 mm ST depression (20/99)

Perfusion scintigraphy




Planar (83/88)




SPECT (87/65)

Echocardiography

Exercise (85/76)

Pharmacologic stress (86-96/66-95)

Stress Test

adenosine / sestamibi (MIBI) / dobutamine (less bronchoconstriction, better for COPD)

Pt unable to exercise: can use persantine (vasodilates normal but not diseased vessels, inducing ischemia) 
Contraindications: severe AS, HOCM, unstable angina, severe arrhythmias, EKG suggesting ischemia, severe COPD, active CHF, endocarditis, severe AV block, aortic dissection, severe HTN, recent cerebral hemorrhage

Bruce (fast) vs. Naughton (slower)

Note: females tend to have less reliable results on graded stress tests (use of thallium/nuclear imaging improves specificity)

Angina pectoris (see chest pain Ddx)

Stable / Unstable / Variant / Syndrome X / Stress Test
Stable angina

Presentation: substernal or epigastric, usually radiates (usually left side, can be right) to shoulder, neck, jaw/teeth, and arm (ulnar distribution—4th/5th digit) / can be from exertion, emotional upsets, cold, eating


Note: noncardiac disorders often trigger angina from real CAD


Symptomatic with occlusion of 50% diameter or 75% cross-sectional area

EKG: may show ST depression, T wave flattening or inversion

Diagnosis: stress test or other

Treatment:

· ASA and other newer anti-platelets to limit aggregation

· Nitroglycerin SL or spray should work in 5-7 mins (if not, could be MI or other)

1. coronary artery dilation improves blood flow to sub-endocardium
2. venodilation reduces preload and wall tension 

Isosorbide dinitrate / mononitrate (Imdur) is taken during daytime / can use patch to protect against night time MI

Note: tolerance develops to nitrates

Side effects: hypotension, light-headedness, HA

· B-blockers 

reduce myocardial oxygen demands (try to avoid worsening CHF)

· Calcium channel blockers (Verapamil, Diltiazem)

Coronary vasodilation, variable peripheral vasodilation

can be used instead of B-blocker to reduce HR, BP and vasodilate [except in heart block, bradycardia, severe CHF (due to negative ionotrope/chronotrope activity]

Unstable angina


pre-MI (80%) / thrombus persists 15-20 mins (> 20 mins is MI) / chest discomfort at rest / decreased O2 delivery because plaque ruptures, thrombus formation / 

Biological factors: thromboxane, 5HT, ADP, platelet activating factor, tissue factor (endothelium/macrophage), endothelin (potent vasoconstrictor), free radicals – vasospasm, vasoconstriction

mitogen – residual fibroproliferation - 
elevated troponin I or CRP is a poor prognostic sign

Treatment: B-blockers and nitrates +/- Ca blockers (not Ca blockers as single agent)

Variant or Prinzmetal’s Angina
coronary artery spasm (causes similar EKG changes as STEMI) / majority of cases do have CAD and spasm occurs within 1 cm from lesion / RCA most common location / usu. younger age, do not have preceding stable angina and usu. risk factors
Presentation: similar to ACS, often occurs in early morning (4-11am) / sudden cardiac death (30% of heart attacks, most common COD post-MI, V-fib)

Diagnosis: may see spasm if active in catheterization / can provoke using hyperventilation ergonovine, acetylcholine, other agents

Treatment: nitrates, calcium antagonists (nifedipine, verapamil, diltiazem) / do not give B-blocker (may increase frequency); ASA also thought to worsen spasm / viral, sheer stress, smoking, catecholamines excess

Microvascular Angina (Syndrome X)

Defect in coronary microcirculation / normal angiogram, abnormal stress test / excellent prognosis
Anxiety induced chest pain

neurocirculatory asthenia, Da Costa syndrome, soldier’s heart, cardiac neurosis / often after exertion, fleeting or prolonged, associated with hyperventilation syndrome

Inappropriate myocardial lactate production

rare, usually woman / typical angina +/- abnormal resting/stress ECGs (but normal arteriograms)

Chronic ischemic heart disease (CIHD)


calcification, lipofuscin, scarring, nodular stenosis of valves



Sympathetic Crisis

Withdrawal of short-acting anti-hypertensives (clonidine or propranolol), cocaine, amphetamines, phencyclidine, MAO + tyramine foods, pheochromocytoma, and ANS dysfunction (Guillain-Barré)
Treatment: anti-hypertensive medication / labetalol can cause paradoxical worsening 

Alternatives: phentolamine and nitroprusside

Cocaine

Cocaine-associated chest pain ( 25% ischemia, 75% be musculoskeletal or psychological

Cocaine use may reduce the sensitivity and specificity of CK-MB and myoglobin (80(50%) for infarction

· Thrombosis (increased platelet action)

· Vasospasm (acute)

· Peripheral vasoconstriction (with prolonged adrenergic sensitization)

· Increased heart rate (with prolonged adrenergic sensitization)

· Accelerated atherosclerosis

Complications: endocarditis, hemorrhagic and ischemic stroke, aortic dissection, accelerated CAD, MI, sudden cardiac death

Treatment: debate ( is it better to give metoprolol or labetalol for cocaine-assoc. chest pain?

Myocardial Infarction  

[lab markers] [treatment][complications][prognosis][follow-up] [non-CAD causes]
Presentation:

intense pain / may radiate or present as chest, jaw/teeth, left arm (4th 5th digit), epigastrum / 

Lavine’s sign ( clenched fist over midchest / diabetics 20% or more have decreased sensation of pain from peripheral neuropathy / post-cardiac transplant patients also have a decreased sensation of pain
Ddx for MI

Pericarditis ( ST elevations / echo

Myocarditis ( ST elevations, Q waves / echo

Aortic dissection ( ST elevation/depression, non-specific ST/T waves / TEE, chest CT, MRI, aortography

Pneumothorax ( new, poor R-wave progression in V1-V6, acute QRS axis shift / CXR

PE ( inferior ST elevation, ST shifts V1-V3

Cholecystitis ( inferior ST elevation / U/S, radioisotope scan
Subendocardial (non-Q wave)

not occlusive (successful fibrinolysis occurs) / ST depression, flat T-wave
Transmural (Q wave)


90% occlusive / moves from inner wall, vertically outward / ST elevation, inverted T-wave, wide Q wave is pathognomonic for MI

only ischemic condition requiring thrombolytic therapy
Location of Infarction


Anterior vs. Septal vs. Posterior vs. Right Ventricle (determined by ECG)


Note: pre-existing BBB clouds evaluation of ischemia

Early R wave progression (V1/V2) suggests posterior MI

Lab markers for MI

Note: cardiac markers may also be elevated with myocardial strain (e.g. PE), CHF, myocarditis
	CK (CPK) [more]

	not selective / rises at 4-8 hrs, peaks at 16-24 hrs, normal by 2-5 days
Note: if CK goes up in 7-15 hrs, could be early ‘washout’ (reperfusion)

	CK-MB [more]

	very selective / rises at 8 hrs, peaks at 16-24 hrs, normal by 3 days / cannot rule out MI when taken 24-48 hrs later CKMB [0-10] / CK-MB to CK fraction [0-2.5]

increase within 3 hrs – peaks 10-12 hrs (reperfused infarct – later peak if you don’t reperfuse) – descend –

[MM (skeletal > heart), BB (brain), MB (heart >)]



	Troponin C


	up in 3-5 hrs, normal by 10 days / 20 mins rapid test



	Troponin I  [< 0.3]
 
	more specific 6-8 hrs after infarction – remains elevated 7-10 days
Note: troponins can also be elevated (mildly) in renal failure
Note: peak troponin levels 6 hrs after onset of chest pain in unstable angina and non Q MI can predict subsequent more severe MI within 30 days



	Troponin T [< 0.1]



	more specific 6-8 hrs after infarction – remains elevated 10-14 days



	myoglobin

	fast and sensitive (also from skeletal muscle damage) / leaks out within 1 hr / 4-6 hr peak normal by 24 hrs / used to monitor thrombolysis / urine myoglobin underestimates level



	LD1 [30-80]


	not specific, but sensitive / up at 24 hrs / peak at 3 days / normal by 1-2 wks



	LD isozymes


	LD1 > LD2 / LD flip is more selective


Other labs:

high WBC 12-24 hrs to 2 wks

AST up at 12 h, peak at day 2, normal by day 5 (over 200 means liver damage)

CRP mediator/marker of inflammation

cardiac myosin light chains under investigation

Management of LV Infarct

ASA, Plavix, GP IIb/IIIa inhibitors (see below)


Heparin (UFH or LMWH)
to prevent clot propagation / risk of major bleed is 2% (½ with subsequent CABG will bleed, but this can be controlled with transfusions)

Trends: AIM 10/6 current thinking is LMWH better than UFH for reducing risk of reinfarction (has not been shown yet to reduce mortality) at cost of slightly increased risk of bleed

GP IIb/IIIa inhibitors

give with ASA and heparin in pts in whom cath is planned; some cardiologist are more aggressive about giving IIb/IIIa agents (i.e. even if cath not necessarily planned, even if only NSTEMI, still not ruled in, etc)


Nitroglycerin

coronary artery dilation improves blood flow to sub-endocardium
venodilation reduces preload and wall tension
Morphine


Pain, anxiety, decreased work for heart


ACE inhibitors

benefits are seen with early initiation (< 24 hrs) for afterload reduction and to limit ventricular remodeling

B-blockers

shown to decrease mortality (but be careful to make sure patient is hemodynamically stable; overly aggressive b-blockade can worsen acute heart failure)

Statins


may have early benefit on vasodilatory tone (so give in early with ACS) 

 
Other
Pacing: transvenous pacemaker for complete heart block from acute MI

Ca channel blockers are in general ?frowned upon for CAD patients (but I haven’t read the studies)

Avoid: steroids, NSAIDs – which impede healing, increase risk of myocardial rupture, increase size of resulting scar / isoproterenol (increases cardiac demand, ischemia)
Reperfusion

· Thrombolysis (see thrombolytics/contraindications)

benefit declines as one moves to 30-60 mins, 1-3 hours, and 3-6 hours after pain [by 12 hrs, risk of bleed outweighs benefit of thrombolysis]
(RPA + Reapro) slightly better outcome than (RPA alone)

tPA or rPA (increased half-life, action / studies ongoing)

expect idioventricular “reperfusion” rhythm (“accelerated idioventricular” rhythm) ( don’t be alarmed if rate drops to 45~ (often 60-110 bpm; wide-complex escape rhythm)
reperfusion is almost assured with resolution of chest pain / 5% get acute re-occlusion

Prognosis: 30 day mortality only 2% with 60% post-thrombolysis reduction in ST segment  elevation (7% otherwise) / mortality also better with flip T at 2 hrs post-MI

· PCA (with stenting) (cardiac cath)
Indications for cath: recurrent ischemia at rest, elevated troponins, new ST depressions, recurrent angina w/ CHF Sx, high-positive stress test, decreased LV systolic fxn (EF < 40%), hemodynamic instability, sustained VT, PCI w/in last 6 months, prior CABG

Indications for CABG: three vessel disease, significant left main disease, two vessel and diabetes (BARI trial), patients with CAD already needed other intracardiac surgery
Issues: pretreatment with Mucomyst for renal insufficiency, adequate pre-post hydration, stop metformin 48 hrs before, watch for dye allergy, how long to run IIb/IIIa inhibitors after procedure, which sealing method reduces risk of hematoma

Plavix:

CURE ( add plavix along with ASA in pts w/ UA/NSTEMI in whom PTCA planned (duration from 1–9 months)

PCI-CURE ( start plavix x 1 mo s/o PTCA


Note: hold plavix 5-7 d prior to surgery in planned CABG

SIRIUS study showing dramatic reduction in restenosis rates using drug-eluting stents (especially for DM patients)

General outcomes for elective stenting: 1% mortality, 2-5% incidence of nonfatal MI, 1-3% need for emergency CABG / clinical restenosis rate of 10-20% in discrete lesions

low-risk ( ASA before, heparin during

mod-risk ( ?

high-risk ( 2b3a inhibitors before, during, after

TIMI risk score (0 to 14)

one point each for: ( 3 CAD risk factors; prior angiographic evidence; ST 

changes; ( 2 anginal events last 24 hrs; use of ASA in last 7 days; increased 

troponins, time to reperfusion therapy > 4 hrs

two points: age > 65, HR > 100, Killip class II to IV

three points: SBP < 100 mm Hg, age > 75 yrs

Risk of event increases linearly for TIMI 0/1 to 6/7 (4 to 41%)

30-day mortality (1 to 36%) / 1 yr mortality (those surviving 1st 30 days) (1 to 17%)

Implications: 

· TACTICS-TIMI 18 ( TIMI ( 3 benefited from early invasive 

· PRISM-PLUS ( TIMI ( 4 benefited from 2b3a in addition to heparin 

· TIMI 11B, ESSENCE ( benefit of Lovenox over heparin for ( 4 and ( 5 respectively

Treatment of Right Ventricle Infarct

key is not to lose LV preload 

give IVF as needed

avoid NTG, morphine (use with caution)

still give antiplatelet and anticoagulation agents

Complications of MI
· Arrhythmias (1st COD post-MI; most often < 1 hr post-MI; must monitor closely first 24 hrs)

Atrial arrhythmias: sinus tachycardia, AF, paroxysmal SVT, junctional (inferior)

Ventricular arrhythmias (NSVT, sustained VT (> 30s requires treatment), VF)

Note: females with MI more likely to develop cardiac arrest or shock (males ( VT)

Bradycardia/heart block



1st degree AV block – every P followed by QRS



2nd degree AV block 

Mobitz I (inferior MI)

Mobitz II (large anterior MI, needs pacer)



3rd degree AV block (needs pacer)

Indications for temporary AV pacing



Asystole, 3rd degree block, Mobitz II AV block, sinus brady or Mobitz II w/ 

hypotension and refractory to atropine, new trifascicular block, alternating 

BBB, 3rd degree block w/ inferior MI complicated by RV infarction, incessant VT

· CHF w/ pulmonary edema

Killip classification (pulmonary associations with MI)

I - no rales; clear – 90% survival

II - bibasilar rales – 80% survival

III - rales, low BP – 60% 

IV - rales, low BP, poor perfusion – 20% (cardiogenic shock)

· Shock

· Acute pericarditis (3-5 days) vs. Dressler’s autoimmune pericarditis (weeks to months)

· Mural thrombosis

· Rupture of papillary muscle (1%; 2-7 days)
· VSD (1 to 4%; 3-7 days)
· Cardiac tamponade
· Ventricular aneurysm (rupture of infarct) (5-10 days)

Other treatment concerns

Tight glucose control (see DIGI-AMI)

Prognosis

· Increased Risk of subsequent MI
post-MI angina, non-Q wave MI, CHF, EF < 40%, failed stress test by ECG or 
scintigraphy, ventricular ectopy (> 10 PVCs/min)

Note: females have higher mortality in 30 days after MI (various theories)

Follow-up Care

· measure left ventricle EF / submaximal stress test before discharge (> 2 days post MI) / 
maximal stress test 4-6 wks later

· return to work and resume sexual activity from 6-8 wks
· cardiac rehab improves functional status, exercise/activity tolerance / aerobic activity 20-30 
mins 3 x week at 60-80% peak capacity or rate of perceived exertion of 13-15 on Borg Scale (can gradually build up if pt cannot start at this level)

Other Causes of MI (besides coronary artery disease)

Coronary emboli

aortic or mitral valve lesions, left atrial or ventricular thrombi, prosthetic valves, fat emboli, intracardiac neoplasms, infective endocarditis, and paradoxical emboli
Thrombotic coronary artery disease
oral contraceptive use, sickle cell anemia and other hemoglobinopathies, polycythemia vera, thrombocytosis, thrombotic thrombocytopenic purpura, disseminated intravascular coagulation, antithrombin III deficiency and other hypercoagulable states, macroglobulinemia and other hyperviscosity 

states, multiple myeloma, leukemia, malaria, and fibrinolytic system shutdown secondary to impaired 

plasminogen activation or excessive inhibition

Coronary vasculitis

Takayasu’s disease, Kawasaki’s disease, polyarteritis nodosa, lupus erythematosus, scleroderma, rheumatoid arthritis, and immune-mediated vascular degeneration in cardiac allografts

Coronary vasospasm

May be associated with variant angina, nitrate withdrawal, cocaine or amphetamine abuse, and angina with "normal" coronary arteries

Infiltrative and degenerative coronary vascular disease

amyloidosis, connective tissue disorders (such as pseudoxanthoma elasticum), lipid storage disorders and mucopolysaccharidoses, homocystinuria, diabetes mellitus, collagen vascular disease, muscular dystrophies, and Friedreich’s ataxia

Coronary ostial occlusion

aortic dissection, luetic aortitis, aortic stenosis, and ankylosing spondylitis syndromes

Congenital coronary anomalies

Bland-White-Garland syndrome of anomalous origin of the left coronary artery from the pulmonary artery, left coronary artery origin from the anterior sinus of Valsalva, coronary arteriovenous fistula or aneurysms, and myocardial bridging with secondary vascular degeneration

Trauma

coronary dissection, laceration, or thrombosis (with endothelial cell injury secondary to trauma such as angioplasty); radiation; and cardiac contusion

Augmented myocardial oxygen requirements exceeding oxygen delivery
aortic stenosis, aortic insufficiency, hypertension with severe left ventricular hypertrophy, pheochromocytoma, thyrotoxicosis, methemoglobinemia, carbon monoxide poisoning, shock, and hyperviscosity syndromes
Valvular Disease [NEJM]
Note: prophylactic antibiotics not needed for orthopedic procedures (board question) exceptions?

	
	AORTIC STENOSIS
	MITRAL STENOSIS
	MITRAL REGURGITATION
	AORTIC REGURGITATION

	
	Idiopathic calcification of a bicuspid or tricuspid valve
Congenital
Rheumatic
	Rheumatic fever
Annular calcification
	MVP
Ruptured chordae
Endocarditis
Ischemic papillary muscle dysfunction or rupture
CTD

LV myocardial diseases
	Annuloaortic ectasia
Hypertension
Endocarditis
Marfan syndrome
Ankylosing spondylitis

Aortic dissection
Syphilis
CTD

	Mechanism
	Pressure overload upon the LV with compensation by LV hypertrophy.
As disease advances, reduced coronary flow reserve causes angina.
Hypertrophy and afterload excess lead to both systolic and diastolic LV dysfunction.
	Obstruction to LV inflow increases left atrial pressure and limits cardiac output mimicking LV failure. Mitral valve obstruction increases the pressure work of the right ventricle.
Right ventricular pressure overload is augmented further when pulmonary hypertension develops.
	Places volume overload on the LV. Ventricle responds with eccentric hypertrophy and dilatation, which allow for increased ventricular stroke volume.
Eventually, however, LV dysfunction develops if volume overload is uncorrected.
	Chronic
increased SV (  hyperdynamic circulation, systolic HTN (pressure and volume overload) Compensation (concentric and eccentric hypertrophy)

Acute
Because cardiac dilation has not developed, hyperdynamic findings are absent. High diastolic LV pressure causes mitral valve preclosure and potentiates LV ischemia and failure.

	Symptoms


	Angina
Syncope
Heart failure
	Dyspnea
Orthopnea
PND
Hemoptysis

Hoarseness
Edema
Ascites

	Dyspnea
Orthopnea
PND
	Dyspnea
Orthopnea
PND
Angina
Syncope

	Findings
	Systolic ejection murmur radiating to neck
Delayed carotid upstroke
S4 , soft or paradoxic S2
	Diastolic rumble following an opening snap
Loud S1 
RV lift
Loud P2
	Holosystolic apical murmur radiates to axilla, S3 
Displaced PMI
	Chronic
Diastolic blowing

Hyperdynamic circulation
Displaced PMI
Quincke et al

Acute
Short diastolic blowing
Soft S1

	ECG
	LAA
LVH
	LAA
RVH
	LAA
LVH
	LAA
LVH

	CXR
	Boot-shaped heart
Aortic valve calcification on lateral view
	Straightening of left heart border
Double density at right heart border
Kerley B lines
Enlarged pulmonary arteries
	Cardiac enlargement
	Chronic
Cardiac enlargement
Uncoiling of the aorta

Acute
Pulmonary congestion with normal heart size



	Echo 
	Concentric LVH
Reduced aortic valve cusp separation
Doppler shows mean gradient > 50 mm Hg in most severe cases
	Restricted mitral leaflet motion
Valve area [image: image1.png]


1.0 cm2 in most severe cases
Tricuspid Doppler may reveal pulmonary hypertension
	LV and left atrial enlargement in chronic severe disease
Doppler: large regurgitant jet
	Chronic
LV enlargement
Large Doppler jet
PHT < 400 msec

Acute
Small LV, mitral valve preclosure

	Cath 
	Increased LVEDP
Transaortic gradient 50 mm Hg
AVA < 0.7 in most severe cases
	Elevated pulmonary capillary wedge pressure
Transmitral gradient usually >10 mm Hg in severe cases
MVA < 1.0 cm2
	Elevated pulmonary capillary wedge pressure
Ventriculography shows regurgitation of dye into left ventricle
	Wide pulse pressure
Aortography shows regurgitation of dye into LV
Usually unnecessary

	Medical Treatment
	Avoid vasodilators
Digitalis, diuretics, and nitroglycerin in inoperable cases
	Diuretics for mild symptoms
Anticoagulation in atrial fibrillation
Digitalis, beta-blockers, verapamil or diltiazem for rate control
	Vasodilators in acute disease
No proven therapy in chronic disease (but vasodilators commonly used)
	Chronic
Vasodilators in chronic asymptomatic disease with normal left ventricular function

Acute
Vasodilators

	Indications for Surgery
	Appearance of symptoms in patients with severe disease (see text)
	Appearance of more than mild symptoms
Development of pulmonary hypertension
Appearance of persistent atrial fibrillation
	Appearance of symptoms
EF < 0.60
ESD > 45 min
	Chronic
Appearance of symptoms
EF < 0.55
ESD > 55 min

Acute
Even mild heart failure
Mitral valve preclosure


· Cardiac Maneuvers
· valsalva: decreases preload / ↑ HCM, ↓ AS
· sustained handgrip: increases afterload (but may enlarge LV cavity) / variable effect on HCM, AS / ↑ AR, MR, MS

· squatting: increases venous return and afterload / ↓ HCM / ↑ most murmurs
· inspiration: increases flow through right side of heart / ↑ TR
· leg raise (decreases HCM, increases AS)
Aortic Stenosis

Etiology:

· congenital AS (pediatrics/young adults)

· senile calcific AS (50s and older) – most common cause of AS in Western world
· bicuspid AS (30-40s)

· rheumatic AS (always associated with mitral valve disease) / 20% w/ mitral injury also

Pathology: concentric LVH, large pressure gradient (LV to aortic outflow) / > 50 mm Hg / AVA < 1.0 cm2 / < 0.75 cm2 is critical (can still have a soft murmur that is hard to hear)

Clinical symptoms: (up to 80% of patients with symptomatic AS are male)
Angina occurs in 35-50% / ½ die within 5 years without valve replacement / LVH impairs cardiac blood flow

Syncope: due to decreased TPR in exercise / due to A/V arrhythmias or heart block (conduction system calcification) / survival is 2-3 years without valve replacement

Heart failure: 1-2 year survival without correction

Physical signs: 

Delayed carotid upstroke: most reliable for gauging severity of disease (except under 7?)

Systolic ejection murmur: harsh, late-peaking (crescendo, decrescendo) / heard in aortic area, transmitted to carotids / murmur decreases with valsalva / may be reflected in mitral area, producing false impression of mitral regurge (Gallavardin’s phenomenon)

Soft, single S2: aortic component is absent

S4 results from reduced LV compliance

Sustained, forceful apex beat (not displaced until heart failure occurs)

Labs: ECG shows LVH / fluoroscopy (absence of calcium indicates less severe AS) / echocardiography can rule out severe AS if valve motion is normal, but doppler more precisely measures pressure gradient / cardiac catheterization can be used

Treatment:

Note: DO NOT give too much afterload reducers at one, which can create a severe pressure gradient (serious hypotension) as the cardiac output cannot compensate for afterload reduction

Palliative:
Medical therapy useful but temporary improvement of heart failure / statins may actually slow progression of valve leaflet calcification
Balloon valvuloplasty only moderate, temporary improvement (used in children)

Aortic valve replacement: 


May or may not be able to correct any resultant heart failure

Homograft: no anticoagulation required / donors hard to get

Heterograft (porcine): only lasts about 10 yrs

Mechanical: more durable, coagulation therapy required

Bicuspid Aortic Valve

1-5% overall incidence

Present with AR in 30-40s or AS in 50-70s / ejection click

Mitral Stenosis

Etiology: almost always due to rheumatic heart disease (mostly in women; over ⅔), thrombus, myxoma [similar to endocarditis with fever, chills, embolisms, but negative cultures]

Pathology: elevated LAP leads to pulmonary congestion / 3-5 fold elevated pulmonary arterial pressure leads to RH failure / jet lesions 

Symptoms:

· Left heart failure: due to mitral stenosis itself, dyspnea on exertion, orthopnea, paroxysmal nocturnal dyspnea

· Right heart failure: edema, ascites, anorexia, fatigue

· High risk of pulmonary hypertension during pregnancy

· Hemoptysis: rupture of small bronchial veins

· Hoarseness: enlarged left atrium impinges on left recurrent laryngeal nerve [pic]

Physical signs:

Atrial fibrillation usually irregularly irregular (may be present)

Carotid pulse is brisk but diminished

Pulmonary rales due to pulmonary hypertension

Increased S1: may become reduced late due to incomplete closure

Increased P2 component of S2: due to pulmonary hypertension

Opening snap follows S2: shorter interval from S2 ( < 0.1 sec) means higher LAP and more severe MS [very calcified MS may not have opening snap]

Diastolic rumble: low-pitched apical rumble begins after opening snap (pre-systolic accentuation occurs with atrial contraction when in NSR)

Sternal lift (enlargement of RV due to pulmonary hypertension)

Neck vein distension, edema, hepatic enlargement, ascites (if right heart failure occurs)

Data:

ECG shows atrial fibrillation, left atrial enlargement, RVH

CXR: straightened left heart border, double density of right heart border / Kerley B lines / loss of retrosternal space when RVH is present

Echocardiography: reduced excursion, thickened valve leaflets / can measure residual orifice, left atrial enlargement always present

Cardiac catheterization: used frequently for coronary arteriography in susceptible patients
Treatment: < 1.0 cm2 is severe
· diuretics to control pulmonary congestion (but be careful because MS patients can be very preload dependent and hypovolemia can lead to cardiac collapse) 
· B-blockers to decrease rate and increase LV filling

· if atrial fibrillation present, can use digitalis to control ventricular rate and anticoagulation (warfarin) to prevent systemic embolism

Balloon valvuloplasty: may be as effective as surgery for mild cases

Surgical: should be performed prior to pulmonary hypertension (usually regresses if surgery is successful)

Mitral commissurotomy: young patients without significant calcification or MR

Mitral valve replacement: 

Aortic Regurge

Acute:

· infective endocarditis (see causes)

· aortic dissections (retrograde), aneurysm

· congenital bicuspid valve

Sub-Acute:

Idiopathic aortic root dilatation: frequently associated with hypertension and correlates with increasing age

Rheumatic heart disease: most severe manifestation

Secondary Syphilis

Collagen vascular diseases such as SLE, ankylosing spondylitis, relapsing polychondritis

Myxomatous degeneration / weight loss

Congenital: Marfan syndrome (proximal root dilatation or aortic root dissection), Ehlers-Danlos, osteogenesis imperfecta, elastica? something

AS: things that cause AS can also cause AR (e.g. bicuspid aortic valve)

Course: eccentric dilatation (ESV 40-50, normal 10-15), LVH, decreased ejection fraction, systemic blood pressure ↑↓

Symptoms:

· Left ventricular failure:

· Syncope:

· Angina:

Physical signs:

Left ventricular impulse displaced left and downward 

Diastolic murmur (high pitched, blowing) (increased with squatting and handgrip)
S3 due to rapid filling – okay in young people /  suggests surgical correction in older pts

Austin flint murmur – heard best with bell over PMI

Increased total stroke volume and pulse pressure (may be absent in acute AR)

Corrigan’s pulse

Hill’s sign

Pistol-shot femoral pulse

Durozier’s sign

De Musset’s sign

Quincke’s pulse

Labs:

ECG

CXR – enlarged LV (pic?)

Echocardiography

Cardiac catheterization

Treatment:

· afterload reduction if LV dilatation is present: ACE inhibitors / nifedipine

· periodic echo to evaluate LV function

· mildly elevated BP may be due to widened pulse pressure (may not need specific therapy)

· antibiotics as needed to prevent endocarditis

· valvuloplasty or valve replacement surgery

Mitral Regurge 

Etiology: 

CAD - myocardial infarction of LAD (see ruptured papillary muscle)

Dilated cardiomyopathy

MVP click-murmur syndrome
Rheumatic heart disease

Ruptured chordae tendinae – spontaneous (Marfan’s)

Endocarditis

myxomatous degeneration (including MVP)

Mechanism:  LV initially remodels and enlarges eccentrically to compensate, but eventually muscle gives out

Physical signs:

· Murmur: holosystolic, apical, radiates to axilla, frequently has a thrill / increased with squatting (increase venous return and afterload) / high pitch, blowing SEM / murmur may be absent with severe MR / mid-systolic click with MVP / can have diastolic rumble from blood flowing? Shorter duration?

· S3 from rapid filling of LV by large volume of blood in LA

· PMI displaced down and to left, carotid upstroke brisk but diminished

Diagnosis: ECG w/ LVH/LAE, CXR w/ cardiac enlargement, cath w/ large V wave (full LA)

Treatment: 

· afterload reduction (ACE, nitroprusside)

· digoxin for EF and Afib
· diuretics for volume overload

· anticoagulants for Afib and very low EF

Surgery: valve replacement best if done before EF too low (symptomatic or EF <60% or end-systolic cavity dimension > 45 mm; once EF < 30%, results less favorable); valve repair is better if possible (if chordal continuity can be preserved)
Rupture of (posterior) papillary muscle (must have high index of suspicion) [NEJM]
· new murmur after MI (acute MR is result of ischemia of posteromedial papillary muscle in 80% of cases; likely from PDA infarct)
· murmur peaks in mid-late systole, but usually not holosystolic or short ejection

Treatment: aortic balloon pump; nitroprusside; urgent surgical valve replacement / avoid dobutamine (often makes worse)

Mitral valve prolapse (MVP) and click-murmur syndrome (Barlow’s Syndrome)

redundant valve leaflets prolapse into left atrium during systole / most common cause of isolated severe MR in U.S. / females (14-30 yrs) / familial inheritance (could be AD)

Pathology:

· can be from connective tissue disorders such as OI, ED, Marfan’s) / redundant leaflets (post>ant) and chordae tendinae, calcifications and annular dilation can cause MR
· Others: rheumatic valve disease, cardiomyopathy, CAD, 20% of ostium secundum ASD pts

Presentation: variable chest pain (substernal, prolonged, atypical), palpitations / ?personality changes

Physical Exam: can have click w/ or w/o murmur or murmur w/ or w/o click

increasing LV size (squatting, B-blockers) delays click-murmur, decreasing LV size (valsalva, hand-grip), advances murmur (and also increases intensity of late systolic component)
EKG: usu. normal but can have biphasic or inverted T in II, III and aVF

Treatment: reassurance  +/- B-blockers (empirical relief of CP), abx (for endocarditis prevention), anti-arrhythmics (if this is an issue)

Arrhythmias: VT, PVC and PSVT / can get ventricular arrhythmias from regional defects from papillary stress / very rarely causes sudden death

Endocarditis: may need abx prophylaxis if very thickened valves or MR present on echo
TIA: can occur in some pts as a result of endothelial defects (?) / treat accordingly

Tricuspid/Pulmonic



associated w/ other valve disease / drug use and infections of valve

Tricuspid Regurge


Infective endocarditis, RV failure, rheumatic heart disease, RV infarction


Presentation: similar as RV failure


Physical exam: RV lift, holosystolic murmur at LSB (increases with inspiration), large V wave in 

JVP [diagram], pulsatile liver

Acute Rheumatic Fever (ARF)


Epidemiology: overcrowded, undernourished areas / occurs 3-4 weeks after Strep A 

pharyngitis in a small percentage of untreated cases 3 yrs and up (average age ~8 yrs) / 20% of 

patients have 1st attack in adulthood (50% of 1st attack involves heart)

Etiology: Strep (A-T) / Strep A has 80 types of M protein (determines if it causes ARF or PSGN) 

Mechanism: molecular mimicry (autoimmune reaction) / familial predisposition: alloantigen on b cell (75% vs. 16% controls)

Note: impetigo causing strep do not cause rheumatic fever, but can cause renal disease

Valvular Involvement: (mitral >> aortic > tricuspid) / mitral only (65-70%) / mitral + aortic 

(25%) / mitral – regurge then stenosis later / aortic – regurge but no stenosis

Presentation:

· Arthritis: transient migratory polyarthritis / large joints, hot, red, tender, limitation of movement – no residual deformity / symmetric

· Chorea (Sydeham’s): purposeless, involuntary, rapid, emotional lability / can happen 6 months later (as isolated symptom) and is usually transient
· Skin Lesions

· erythema marginatum: pea-sized, extensor surfaces, pink with clear centers, serpiginous margins change from morning to evening – trunk and proximal extremities (never on face)

· subcutaneous nodules: firm, painless, freely moving, extensor surfaces of elbows, knees, spine, occiput

· Acute Rheumatic Carditis (treat with steroids), focal interstitial, diffuse interstitial, direct injury / migratory polyarthritis, erythema marginatum

· Aschoff nodule: exudative, granulomatous with Aschoff (multinuclear) and 

· caterpillar/owl-eye cells, (mononuclear), fibrous scar

· Verrucae – vegetations along lines of closure

· MacCallum’s plaques – sub-endocardial lesions, usually in left atrium

· Prolapse: myxoid replacement of leaflets, chordae tendinae may rupture ( severe MR, apical systolic murmur MR, apical mid-diastolic murmur (?Corey-Coombs), basal diastolic murmur aortic regurge, change in previous murmur


Diagnosis: must have documented Strep A infection / must have 2 major / 1 major, 2 minor

Major criteria: carditis, arthritis, chorea, erythema marginatum, subcutaneous nodules
Minor criteria: arthralgia, fever, elevated acute phase reactants, ESR, prolonged PR, erythema nodosum other findings:  malaise, anemia, epistaxis, precordial pain

Labs: high ESR, leukocytosis, prolonged PR interval, acute phase reactants / ASO positive in 80% (95% by 2 levels) / > 250 for adults / > 333 for children / positive throat culture (may give false positives due to colonization)

Treatment:

Initial: rest until afebrile (up to 2-3 months)

Heart failure: repair/replace valve once activity level impaired from MS; also put patients on coumadin because they are likely to have paroxysmal atrial fibrillation

Chorea: protect from injury / haldol (1st), chlorpromazine, diazepam, barbiturates

Antibiotics: prophylaxis for 5 years (after 5 yrs secondary prevention on individual basis; indication for ongoing prevention are recurrence, rheumatic heart disease, occupation exposure) / benzathine penicillin G 1.2 IM every 3-4 weeks or penicillin V 250 mg bid / others: sulfadiazine, erythromycin, amoxicillin, cephalosporin, clindamycin

Suppression therapy:

aspirin 100 mg/kg/day QID (taper down with no heart symptoms)

prednisone 2 mg/kg/day for 2 weeks (taper for 2 weeks), then switch to aspirin with 

good response (changes clinical course, but not long-term outcome)

Aortic Aneurysm

Causes (same list of causes for aortic dissection): HTN, hereditary fibrillinopathies (Marfan’s, Ehler’s Danlos), hereditary vascular (bicuspid, coarctation), vascular inflammation (GCA, Takayasu’s, RA, Behçet’s, Reiter’s, psoriasis, ankylosing spondylitis, syphilis, Tb, mycotic, Ormond’s), trauma (MVA, fall), iatrogenic (catheterization, aortic surgery)

Cystic medial necrosis: degeneration of collagen and elastic fibers in tunica media and medial layer of aorta / occurs in congenital syndromes (above) / also occurs in pregnant women, HTN, patients with valvular heart disease / predisposes to aortic dissection

Aortic Dissection

Presentation (based on location of dissection): 
· sharp or tearing pain (often confused for MI), may radiate to back, may persist for long period of time
· may have unequal pulses in extremities: involves brachiocephalic artery

· AR: involves aortic root and/or pericardial tamponade: 

· neurological deficits from cerebral compromise (type A ( CVA) or acute peripheral neuropathies (type B ( peripheral ischemia)
· hypotension from pericardial tamponade or exsanguination

· MI from coronary occlusion, bowel ischemia (SMA/IMA), ARF (renal arteries)

· Horner’s syndrome: compression of superior cervical ganglion

· SVC syndrome: compression of SVC

Findings: wide pulse pressure (aortic regurge, also seen with sepsis)

Mechanism: may occlude brachiocephalic trunk (right!), common carotid or subclavian (left!), renal arteries, celiac, SMA, IMA, etc [pic]

Classification: Debaky I (both), II (only ascending), III (descending +/- ascending) / Sanford A 

(involves ascending), B (does not involve ascending) 

Radiography: 

CXR: widened aorta (mediastinum) 

CT chest with contrast (85% are true medial and are visualized by CT)

MRI
TTE or TEE very important when type A suspected (15% are intimal (non-communicating) and are best diagnosed by TEE

Treatment: must reduce flow velocity as well as BP ( 100-120 systolic or as tolerated (must avoid a reflex ↑ HR and flow increase)

· B-blocker then vasodilator (NP or even Ca blocker)

· Labetalol (as single agent)

· Trimethaphan camsylate (can be used without B-blocker ( bad for COPD, bradycardia, CHF) 

Ascending aorta ( emergent surgical repair (90% mortality without surgery)
Descending aorta ( observe, control BP (75% survival with medical then surgical management; some conditions like the congenital and inflammatory cases may be more likely to require surgical correction and more aggressive observation; also, if major artery branch occluded or impending occlusion such as spinal or renal arteries)

Ventricular aneurysm

Diskinetics ( persistent ST elevation (indefinitely)
Heart failure

Clot ( 10-40% of anterior MI develop clot (risk of embolism)
Sustained VT/VF
True aneurysm: rupture not the problem

False aneurysm: partial rupture of heart, lined by pericardium / echo, LV angiogram, MRI –show narrow discrete communication

Abdominal Aortic Aneurysm (AAA)

major cause of death / present in 1.5-3% of adults (5-10% of higher risk pts)
Presentation: abdominal pain, hemodynamic instability from rupture/bleed


Diagnosis: abdominal ultrasound, CT, MRI

Treatment: watch (scan at 3-12 mo intervals) if < 5.5 cm; if > 5.5 cm (or expanding > 0.5 cm/year), can do endovascular or surgical repair (risk of rupture is 5-10%/year > 6 cm but only 1-2% <5 cm)
Prognosis: mortality for elective repair 1-2% / emergent repair 50%
Screening: TNT and IDEAL suggest screening with abdominal all men between 65+ who have ever smoked (even briefly) or others considered at high risk (HTN, CAD/PVD, smoking)
Non -Bacterial Thrombotic Endocarditis (NBTE)


usually secondary to cancer, DIC, renal failure, sepsis / fibrin deposition, nidus / marantic

Infective Endocarditis [NEJM] [NEJM] 
Incidence: 1 in 1000 hospital admissions / leading overall ( S. aureus (½ of all cases are health-care related now 9/06)
Organisms:

Sub-acute: S. viridans (66%, indolent), HACEK (GNR’s, 5% in children), Candida non-albicans, Coxiella (Q fever), Brucella, Bartonella

Acute: S. aureus (20%), Enterococcus (15%), Pneumococcus (1-3%)

Post-surgical: S. epidermidis, S. aureus, pseudomonas, Candida (5-10%)
Neonates: Group B Strep
Elderly: Streptococcus bovis (5-10%) (clue to underlying GI disease, malignancy), Enterococcus (GU disease or instrumentation)

Immunocompromised, IV drug users (usually involves tricuspid): GNR’s
Others: E. rhusiopathae, Legionella, aspergillus, T. whippelii 
Culture-negative endocarditis [table]

Mechanism: time from seeding to endocarditis < 2 wks in 80% of cases

Presentation: fever (90%), new or changing murmur (85%), chest pain, dyspnea, arthralgia, myalgia, headache, malaise

Other Findings: may have hematuria or TIA / commonly presents with acute renal failure from immune complex deposition / Osler nodes (vasculitis in fingers, toe pads) [pic][pic][pic][pic], Roth’s spots (flame shaped with white center, seen in retina [pic]; not directly in blood vessel), Janeway lesions (erythema of palms, soles), splinter hemorrhages, petechiae [pic], splenomegaly (sequestration) and hepatomegaly (congestion) after 2-3 weeks of infection / erythema nodosum is painful (different from rheumatic fever)

Complications: seeding of various organs (e.g., brain, kidney, eyes), vascular occlusion (e.g. myocardial infarction, CVA) 

Presentation in children: fever (1st), Osler and Janeway are rare in children
Diagnosis: [table]
Duke’s major criteria:  
1. endocardial involvement: new murmur (not change in murmur) / positive echo 
2. isolation of typical organisms from 2 separate cultures or persistently positive

Duke’s minor criteria: these are just some
1. predisposing valvular lesion or IVDA

2. fever

3. vascular or immune-mediated phenomenon (see above)

4. positive blood cultures (not meeting major criteria)

Echocardiography:

· TTE (50% sensitivity, but aorta often not seen well by TTE (you should always speak with the cardiologist who actually read the echo)

· TEE (95% sensitivity) (must not have ongoing upper GI problems, bleeding)

Large vegetations suggests Staph or fungus

Note: please consider TEE (as 1st test) with high-suspicion of IE with fulminant-type organisms / also TEE can r/o abscesses

Blood cultures (3 in 24 hrs is 95% sensitive; best if each culture is > 2-3 hrs apart; but in interest of getting antibiotics started after cultures, can take 3 cultures over four hours)

Note: 50% of fungal cultures will be negative; lysis centrifugation blood tubes will increase yield with HACEK (usu. grow within 5 days), nutritionally deficient Strep, Histoplasma, Fusobacterium (Candida does not need the help), Bartonella and Proprionibacterium are very slow growing
Labs: elevated ESR, hematuria and anemia are most often seen

Elevated WBC with left shift may or may not be present

CBC, ESR, UA, 4 blood cultures over 48 hrs

Tends to cause false positive RPR, SLE and immune reactants in general

Treatment: always use high-dose antibiotics given IV (see below)
Duration: 4-6 weeks (6 if prolonged illness, relapse, prosthetic valve, other)
Long-term prophylaxis: PO amoxicillin or IV ampicillin/gentamicin

Procedural prophylaxis: PO amoxicillin or IV ampicillin/gentamicin or vanc/gent

Indications for surgery: severe heart failure (failed valve), abscess, fungus, multiple embolic phenomenon, uncontrolled infection (>7 days), prosthetic valve

Note: anticoagulation shown to increase mortality due to hemorrhagic stroke) / use only if necessary for PE/mechanical valve

Note: serial echo’s not helpful because vegetations organize and persists for months/years without late embolization

	
	
	Empiric Rx
	Definitive Rx

	Community
	Strep viridans

Enterococcus

S. aureus

S. pneumonia (1-3%)
	amp

nafcillin

nafcillin/AG

	Penicillin/ceftriaxone

ampicillin/gentamicin

nafcillin +  5 days gentamicin

	IVDA
	S. aureus (95%)

S. non-aureus (5%)

Pseudomonas
	nafcillin/AG

nafcillin/AG?

nafcillin/AG +/- ceftazidime
	

	Prosthetic valve (early)





	S. epidermidis (50%) S. aureus (50%) Pseudomonas (10%)

Fungal (5%)
	vancomycin + ceftazidime 

or

anti-pseudomonal AG
	

	Prosthetic valve (late)
	S. aureus or MRSA

Enterococcus

S. epidermidis

GNR
	vancomycin + gentamicin
	

	Crohn’s
	S. milleri
	
	

	Colon Cancer
	S. bovis
	
	


Austrian syndrome ( pneumococcal pneumonia, meningitis, endocarditis (rapidly progressive)

Antibiotic prophylaxis for endocarditis (also see bone surgery)

Give prophylaxis for the following conditions (all are high-risk unless otherwise stated)
· all prosthetic cardiac valves

· previous endocarditis

· surgical systemic pulmonary shunts 

· most congenital heart defects (including ductus arteriosis, coarctation, Marfan’s, others; complex defects are at high risk; except isolated secundum ASD and many of those which have been well surgically corrected) 

· acquired valve dysfunction (moderate risk)

· hypertrophic cardiomyopathy (HCM) (moderate risk)

· mitral valve prolapse with regurgitation or thickened leaflets (moderate risk)

 

Low-risk: ASD, post-CABG, AICD or pacemakers, MVP without MR, (surgically repaired ASD, VSD, PDA)
Any procedure with high chance of transient bacteremia

· GI surgeries, biliary tract, ERCP, esophageal sclerotherapy or dilatation 

· surgery involving respiratory mucosa or rigid bronchoscopy 

· prostate surgery or cystoscopy 

· any dental procedure likely to cause bleeding (e.g. dental extraction) 

· tonsillectomy & adenoidectomy

Dental and upper respiratory tract:

· amoxicillin 2 g PO or cephalexin 2 g PO or clindamycin 600 mg PO or clarithromycin 500 mg PO 1 hour prior to procedure or ampicillin 2 g IV or clindamycin 600 mg IV (make sure infusion ends 30 minutes prior to procedure)

GI/GU: 

· moderate risk (  amoxicillin or ampicillin as above / vancomycin 1 g IV if PCN allergic

· high risk (  give ampicillin 2 g IV + gentamicin 1.5 mg/kg (up to 120 mg) 30 minutes prior to procedure, followed in 6 hours by ampicillin 2 g IV or amoxicillin 2 g PO / if PCN allergic, give vancomycin 1 g IV + gentamicin 1.5 mg/kg (up to 120 mg)

Other Causes of Cardiac Damage

Tertiary Syphilis



tree barking vessels, aneurysms / valves

SLE


pericarditis, endocarditis / resembles rheumatoid type / Libman-Sachs 

RA


valves, granulomas

Ankylosing Spondylitis

fibrotic lesions of aorta

Carcinoid Heart Disease
caused by carcinoid tumors / endocardial thickening impairs tricuspid/pulmonic valves

Calcification of Mitral Ring


common over 70 yrs / may cause insufficiency

Cardiomyopathy
 [Dilated / Restrictive]

Dilated Cardiomyopathy


Alcohol (most common, reversible)

Coxsackie B

Cocaine (irreversible)

Doxorubicin (irreversible, perhaps glutathione might prevent)

CHF from garden-variety CAD

Post-partum cardiomyopathy (more)
Exposure: cobalt, mercury, lead 

Endocrine: thyrotoxicosis, hypothyroid, acromegaly (usually reversible)

Metabolic: Fabry’s (hemi), hypophosphatemia, hypocalcemia, thiamine deficiency (wet Beri-beri),

Hemoglobinopathies: sickle cell, thalassemia
CXR: cardiothoracic ratio ( > 0.6 is abnormal) / heart looks wider on expiration (largest effect) and diastole (max 2 cm change)

Obliterative Cardiomyopathy

calcification, thrombi, macrophages

Restrictive Cardiomyopathy [see restrictive pericarditis]
sarcoidosis, amyloidosis, hemochromatosis, carcinoid, idiopathic eosinophilia, endocardial fibroelastosis, endomyocardial fibrosis  (Loeffler’s) / also obliterative agents

Hypertrophic Obstructive (HOCM)

AD defect in contractile proteins leads to concentric hypertrophy of septum

Presentation: sudden death, dyspnea on exertion, syncope (usually occurs after exercise when venous return due to leg muscle contraction abates in the face of continued low TPR leading to woefully inadequate cardiac output)

Findings: bisferiens pulse, systolic ejection murmur

Maneuvers: conditions that shrink the size of the ventricle (valsalva) increase intensity of murmur; handgrip increases afterload and may increase LV volume which has variable effect (usu. decreases intensity of murmur)

Diagnosis: echo 

Treatment: 

· ß-blocker, Ca-blocker (to relax ventricle, slow HR and allow more filling)

· avoid afterload reducers (similar to AS)

· indications for AICD (multiple trials looked at this and decision is not really based on EP study)

· check all 1st degree relatives with echo

Post-partum cardiomyopathy

may occur during last trimester or within 6 months of delivery (most often in 1 month before or after) / African-American, age > 30 / 50% will recovery completely (10-20% mortality)

Treatment: same as other cardiomyopathies (except avoid ACE in pregnancy) / avoid future pregnancy due to increased risk of recurrence

Cardiac tumors


Most are mets 10:1 from  lung, breast, lymphoma, melanoma
Myxoma
ball valve obstruction of left atrium (tumor plop sound) / most common adult cardiac

tumor / can mimic PAN / can cause syncope

Rhabdomyoma 


hamartoma / vacuolated myocytes / spider cells / most common childhood 

Sarcoma


malignant / very poor prognosis
Arrhythmias
Bradycardia
Heart block

LBBB, RBBB, Hemiblocks
Atrial


atrial fibrillation, atrial flutter, SVT, MAT
Ventricular

VT,  prolonged QT, torsades de pointes
Bradycardia


Sinoatrial node dysfunction or SA nodal dysfunction

Intrinsic

Idiopathic degeneration (most common)
Infarction/ischemia

Infiltrative – sarcoid, amyloid, hemochromatosis

Connective tissue diseases – SLE, RA, scleroderma

Surgical, trauma

Infectious/infiltrative – Chagas, endocarditis

Extrinsic

Autonomic syndromes – neurocardiogenic, carotid sinus hypersensitivity, situational disturbances

Acute HTN

Drugs: B-blockers, ca-blockers, clonidine, digoxin, anti-arrhythmics

Hypothyroidism

Hypothermia (look for J-point elevation or Osborn waves)
Hypercapnia 

Acidemia

Electrolyte disturbances

Advanced liver disease

Infectious/bradycariogenic – brucellosis, typhoid fever

Heart Block

Causes (most common) [Ddx]: drugs, CAD, degenerative process / congenital (in children) / others: increased vagal tone, surgery, electrolyte disturbances, myoendocarditis, tumors, rheumatoid nodules, calcific aortic stenosis, myxedema, polymyositis, infiltrative processes (such as amyloid, sarcoid, scleroderma), Chagas disease, lyme disease, many others

Note: there is type I and II for each of the 3 degrees of heart block

type I – above His / more likely to be inferior MI, transient, edema of AVN

type II – His and below / more likely to be anterior MI, permanent,  QRS > 0.10

1st degree heart block – PR interval > 0.21 seconds

Note: can have 1st degree type II (Lev’s and ?Lenegre’s, which are degenerative diseases of His/Purkinje system that require pacing)

2nd degree heart block – not all P waves followed by QRS complex

· Type I (Wencheback’s) – cycle (2 to 8) of PR lengthening until beat is dropped / can mimic group beating

· Type II – 2:1 (or 3:1 or 4:1) conduction block / here, the problem is in the bundle of His or branches, and therefore, type II is more likely to progress to 3rd degree block

Note: new onset Mobitz II or BBB may signal impending MI (probably PDA from RCA)
3rd degree heart block – complete block / severe bradycardia

not compatible with life in long term / don’t confuse with a non-conducted p wave / will get  IJ (40-60) or IV (20-40) pacing / syncope from this is called Stokes-Adams syndrome

Ddx: ischemia, hyperkalemia, hypokalemia, Ca channel blockers, digitalis, B-blockers (rarely), a-blockers (SA node), sick sinus syndrome
Treatment: medication/pacemakers / asymptomatic, intermittent 3rd degree heart black is class III indication of pacemaker (Lyme disease often reversible, some elderly have >3 sec pauses which are asymptomatic)
Pacemakers (treatment of heart block)
Atropine (½ amp is ½ mg) ( start with 0.6 mg atropine

Epinephrine ( 0.25 mg (do not give too much)

DA / isoproterenol (avoid with recent or ongoing ischemia)
Transthoracic pacing (A/P pads)

· Synchronous demand ( sends pulse if no R wave is seen in time – may need to change sensitivity to avoid background impulses (big P waves)

· Asynchronous ( do not do this if they have any inherent pacing (could give you R on T)

Start with rate < intrinsic rate

If no capture ( increase current

Get capture then reduce to threshold and then go up to MA of 3 x threshold 

DDD senses atrial/ventricular contraction and waits for set PR interval before firing

AV conduction delay 

Hypervagotonia (often associated with sinus bradycardia or sinus arrhythmia)

Digitalis

B-Blockers

Ca Channel blockers

Class III antiarrhythmics

CAD

Lenegre’s disease (diffuse fibrosis of the conduction system)

Infiltrative heart disease

Aortic root disease (syphilis, spondylitis)

Calcification of the mitral and/or aortic annulus

Acute infectious disease

Myocarditis

LBBB or Left Bundle Branch Block
^^ in V5 and V6

· check limb leads / QRS > 0.12 / r/o artifactual QRS widening

· cannot rule out MI or LVH in presence of LBBB 
· can rule in MI if ST changes > than 5 mm in synchronous leads (meaning T wave going same direction as R)

V1
broad R wave (>30 msec) / onset of R wave to nadir of S wave > 60 msec / notched downstroke in lead V1

V6
QR or QS complex

RBBB or Right Bundle Branch Block

^-^ in V1 and V2

V1
monophasic R wave / biphasic (qR or RS) / triphasic with R > R

V6
R/S ratio < 1

Common causes of BBB

Clinically normal individual

Lenegre’s disease (idiopathic fibrosis of the conduction tissue)

Lev’s disease (calcification of the cardiac skeleton)

Cardiomyopathy

Dilated, Hypertrophic (concentric or asymmetric)

Infiltrative

Tumor, Chagas’ disease, Myxedema, Amyloidosis

Ischemic heart disease

MI (acute/old), CAD

Aortic Stenosis (AS)

Infective endocarditis

Cardiac trauma

Hyperkalemia

Ventricular hypertrophy

Rapid heart rates

Massive PE

Hemiblocks
Watch for intermittent change in QRS axis and/or pattern

½ of LAD infarctions cause ant. hemiblock (also can get RBBB)

Anterior hemiblock

· QRS usu. 0.1 to 0.12

· Q1S3
· LAD from late depolarization (r/o inferior MI, LVH, horizontal heart)

Posterior hemiblock

· RAD (r/o lateral MI, RVH, lung disease)

· Normal or wide QRS

· S1Q3
Other slow (or no) rhythms

Asystole

PEA (pulseless electrical activity – many causes)

SSS (sick sinus syndrome)

BTS (SSS with intermittent tachycardia)

Tachyarrhythmias 

Normal

Atrial foci 
  ( 60-80

Junctional foci   ( 40-60

Ventricular foci ( 20-40

Atrial tachycardia ( 150-250

Atrial flutter 
     ( 250-350

Atrial fibrillation   ( 350-450

Atrial flutter

Ventricular flutter – rapidly becomes V fib

Ventricular parasystole – simultaneous pacing of A and V

Types of Tachycardias

Regular narrow complex

Sinus, atrial, AV-reentrant, WPW, atrial flutter, junctional tachycardia

Irregular narrow complex

Atrial fibrillation, multifocal atrial tachycardia, atrial flutter with variable block

Wide complex

QRS > 0.12 with normal conduction or > 0.14 with RBB or > 0.16 with LBB

Ventricular tachycardia (VT), Torsades de Pointes (drugs that cause), supraventricular (SVT) with aberrant conduction, hyperkalemia, TCA toxicity


Note: hyperkalemia can cause complete AV block even without widened QRS

Diagnosis and Treatment

Synchronized countershock

Vagal maneuvers

Adenosine 
P1 receptors in AV node / given as 6 then 12 mg IV / chest discomfort, transient hypotension / may terminate reentrant tachycardia / SVT may stop then recur / preexcitation tachycardia should not be affected
AV nodal agents

Lidocaine 
1 mg/kg bolus, 1-4 mg/min / SE: confusion, seizures

Magnesium 
torsades (especially drug-induced) / 1 g MgSO4 given IV

Calcium

membrane stabilization

Atrial Arrhythmias

Atrial Tachycardias (follow links for specifics)
Sinus tachycardia
Sinus node re-entry

Atrial tachycardia

Unifocal / Multifocal
Atrial flutter
Atrial fibrillation
AV Junctional Tachycardia

AV re-entry (WPW)

orthodromic / antidromic

AV nodal re-entry (common)
Non-paroxysmal Junctional (uncommon)
Automatic Junctional Tachycardia (uncommon)
General points

Causes of atrial/junctional irritability
epinephrine

caffeine, amphetamines, cocaine, other B1 agonists

digitalis, toxins, EtOH

hyperthyroidism (direct and sensitization to above)

low O2 (to some extent)

Atrioventricular Relationship
atrioventricular dissociation
sinus capture beats

fusion beats

Regular atrial arrhythmias

sinus tachyarrhythmia
paroxysmal atrial tachycardia (PAT) (see other)
atrial flutter with constant conduction (see other)
Supraventricular Tachycardia (SVT)

Tachyarrhythmia originating above ventricle (includes PAT, AT, JT, etc.)

may have widened QRS (resembling PVT) – BBB or aberrancy 

can try vagal maneuvers 1st, then meds // Note: do not attempt carotid massage if there is a bruit!!!
Brugada’s Criteria (VT versus SVT with aberrancy)
· absence of RS complex in all precordial leads?

· interval from R to nadir of S > 100 msec in any precordial lead?

· AV dissociation?

· Are there morphology criteria for VT in both V1 & V6? (suggesting BBB)
If yes to any → VT 
If no to all → SVT w/ aberrancy 

Premature atrial beat (PAB)

P1 looks different / can merge with T-wave

SA pacing will be reset to P1
Non-conducted PAB may resemble 3rd degree heart block

Paroxysmal atrial tachycardia (PAT)


PAT with block is typical for digitalis toxicity

Note: Must have AV blocking when controlling SVT’s / do not use only a single class IC agent (e.g. flecainide) to control an atrial  tachycardia because you might convert a 240 (A) 120 (V) to a 200/200

Atrial Fibrillation (AF) - Irregular
5% over 60 yrs / 10-15% over 80 yrs

Causes: mitral valve disease, thyrotoxicosis, HTN, CAD, MI, pulmonary embolism, pericarditis / stress, fever, excessive alcohol intake, volume depletion, idiopathic

Prognosis: 60% of new onset AF convert spontaneously within 24 hrs / atrium greater than 4.5 cm and long duration of Afib are more likely to have chronic/relapsing AF 

Work-up: TSH, consider PE w/u, more…

Treatment:

Control ventricular response

Rate control: Digoxin, B-blockers, Amiodarone vs. His ablation and pacemaker

· B-blockers reduce relapse (60% ( 40%) and when they do relapse, the HR will be lower (may also increase chance of conversion)

· Digoxin – good for rate control (not conversion) / peak action at 90 mins

· Ca channel blockers (verapamil, diltiazem) – for rate control (not conversion)

Cardioversion - immediate DC conversion if hemodynamically unstable
AFFIRM trial suggest no need to cardiovert most patients with chronic Afib; benefit may be seen more with younger, healthier women as well as patients whose heart failure is so severe that NSR would be of major benefit; some studies (PIAF/STAF/RACE) show that rhythm control may actually have worse outcome for elderly, CAD or non-CHF patients / for CHF patients, sometimes amiodarone is the best option (in spite of many side effects) [NEJM]
AF present > 48 hrs or unknown duration

· Plan 1: 10 days (some say 21) anticoagulation therapy ( cardioversion ( 4 weeks post-anticoagulation

· Plan 2: if no thrombus seen on TEE (85% of cases) ( cardioversion 24-48 hrs later ( 4 weeks post-anticoagulation [plan 2 has higher initial success rate and lower bleeding events due to shorter duration of anticoagulation, but chance of long-term NSR is same]

Spontaneous cardioversion (50% within 24 hrs)

Direct current (DC) conversion – success rate 90%, low rate of ventricular arrhythmia, premedication before DV conversion has no effect on short term maintenance of NSR

Chemical Cardioversion – variable success (ventricular arrhythmia rate 0-10%)

· Class III/Ia are more dangerous for hypertrophied hearts (prolonged QT and torsades)

· Class I are more dangerous for functionally (ischemic) and anatomically (fibrosis, infiltration) challenged hearts (ventricular tachyarrhythmias)
Examples of efficacy: amiodarone (30%/1 hr, 80%/24 hrs), procainamide (65%/1 hr), quinidine (?), propafenone (90%/1hr), digoxin (50%/1 hr)

If thrombus present (15% of cases): LA appendage > LA cavity (6:1) / 80% will resolve on repeat TEE within 2 months of anticoagulation
Anticoagulation: heparin in short term then coumadin long-term; by 2003, Lovenox still not officially recommended; older patients with chronic or paroxysmal AF without contraindications should receive long-term warfarin (INR 2 to 3).  ASA 325 mg/day (20% risk reduction)

Risk of stroke: increased with diabetes, > 65 yrs, HTN, CHF, rheumatic heart disease, prior CVA or TIA, TEE showing spontaneous echo contrast in LA, left atrial atheroma, left atrial appendage velocity < 20 cm/s
Investigational: focal atrial ablation, atrial pacing/defibrillators

Atrial Flutter

saw tooth appearing p waves (look in V1) with rate 200-350 / usually with 2:1 or 3:1 AV block / similar (but not identical) treatment as atrial fibrillation / atrial flutter is often curable with ablation / 40% with some tachyarrhythmia  / also causes thrombus (needs to be anticoagulated like atrial fibrillation)

Wandering Pacemaker – benign 
usually benign, mostly in young persons (athletes) / will have more than one p wave morphology 

Multifocal atrial tachycardia (MAT)


Associated with COPD, digitalis, theophylline, severe hypokalemia, hypomagnesemia
Must have at least 3 different P wave morphologies on ECG / rate 100-130
can use adenosine to attempt to distinguish from coarse atrial fibrillation

Premature junctional beat (PJB)

May produce aberrant conduction

May produce retrograde (inverted) P1 (SA pacing will be reset to P1)


Can get junctional bigeminy/trigeminy 

Paroxysmal junctional tachycardia (PJT) 

may have aberrant conduction (150-250)

Nonparoxysmal junctional tachycardia (NPJT)


may be treated with AV nodal agents, possibly including adenosine

AV nodal re-entrant tachycardia (AVNRT)

circus re-entry (normal impulse goes through AV node, but instead of terminating in ventricle, it goes back up into AV node and loops back around to stimulate ventricle again; hard to distinguish from JT)

Treatment: catheter ablation in young patients (90% success) / drug therapy: ß-blockers, Ca channel blockers, digoxin (be careful in WPW)

Wolf Parkinson White

AV muscle bridge (accessory pathway or Bundle of Kent)

Findings: short PR interval ( < .12 sec) and delta waves

· atrial arrhythmias may carry over to ventricles (loss of AV protection mechanism)

· ventricular tachyarrhythmias from re-entry 

Treatment: for sustained VT or VT with hypotension, use DC cardioversion 1st / avoid AV blocking agents like adenosine, ß-blockers, Ca channel blockers, digoxin which may only worsen arrhythmias by increasing conduction through accessory pathway / can use procainamide, lidocaine, some say ibutilide
Ventricular Arrhythmias

Causes of ventricular irritability
Low O2
Low K

Adrenergic stimulation (to a lesser extent)

PVC or Premature Ventricular Contraction
· 6/min is pathological / > 3 PVC’s in a row is VT / > 30 seconds is sustained VT
· usually opposite polarity of QRS / enormous complex with QRS much longer than > .14 ms / long pause (does not disrupt sinus pacing, thus there is a punctual, but ineffective P wave) 
· may occur in normal, healthy individuals (women > men) (usually disappear after exercise) in which case reassurance is treatment of choice and if needed, can try B-blockers / studies have shown reduction of PVCs (even in post-MI) patients cannot be used as an endpoint on its own (does not improve mortality)
R on T

During vulnerable period (after peak or during downslope of T) / vulnerable period extended by hypoxia / PVCs with R on T are more worrisome for triggering VT

Criteria for wide complex tachycardia

1. AV dissociation (may see fusion or capture beats)

2. QRS width > 0.14 s w/ RBBB, > 0.16 s w/ LBB

3. QRS axis: LAD w/ RBB morphology

4. concordance of QRS in precordial leads

SVT vs. VT

	
	
	
	fusion/capture
	extreme RAD
	Q in V6

	VT
	CAD
	QRS > 0.14
	yes
	yes
	yes

	SVT
	uncommon
	QRS < 0.14
	rare 
	rare
	rare 


Note: canon a waves in jugular venous pulsations occur from atria contracting against closed tricuspid valve (only seen with VT/AV dissociation)
Non-sustained ventricular tachycardia (NSVT)
Duration < 30 seconds / yes, it is a signal that something is not right

Treatment: B-blockers and type III drugs (lidocaine)
Ventricular tachycardia (VT)

150-250 bpm


Causes: ischemia, HOCM, AS, long QT

Treatment: ACLS measures (shock, medication), refractory cases (consider LVAD)
Polymorphic VT
Treatment: magnesium + other ACLS measures
Torsades de Pointes (twisting of the points)

ventricular arrhythmia associated with prolonged QT and characteristic EKG pattern / described by Dessertenne in 1966, related to 2 competing ventricular foci and abnormal electrolytes / whites > blacks / females > males

Causes: hypomagnesemia, hypocalcemia, intracranial events, bradyarrhythmias, many drugs (see below)

Course: TdP may either revert to normal or evolve into ventricular fibrillation

Treatment: give magnesium; cardioversion insufficient (must do external ventricular pacing; overdrive pacing will shorten QT interval)

Drugs associated with Torsades de Pointes: 

Anti/Pro arrhythmics: amiodarone, sotalol, bretylium, procainamide, propafenone, flecainide, encainide, disopyramide

Antibiotics: fluoroquinolones, ganciclovir, pentamidine, macrolides (e.g. erythromycin, clarithromycin), amphotericin B, itraconazole, ketoconazole, ? fluconazole, co-trimoxazole, indapamide

Protease Inhibitors: amprenavir, indinavir, nelfinavir, ritonavir, saquinavir

Antipsychotics: droperidol, phenothiazines, chlorpromazine, thioridazine, moricizine, haldol

Antidepressants: doxepin, amitriptyline, imipramine

Other: tacrolimus, quinidine, quinine

drugs that I can’t remember what they are: terfenadine, terodiline, astemizole, bepridil, , maprotiline, ibutilide, ketanserin, perhexiline, prenylamine, probucol, sultopride

drugs not commonly prescribed: cocaine, arsenic

Prolonged QT syndromes
Jervell-Lange-Nielsen (JLN)


hereditary deafness and prolonged QT interval / syncope, sudden death 
Treatment: B-blockers 

Romano-Ward 

prolonged QT interval / syncope, sudden death

Leopard syndrome [dermis]
ACLS Guidelines (will supply pic of algorithm here)
· For VF or hypotensive VT shock at 200 then 300 then 360 then 360 then amiodarone 150 mg IV x 1 or lidocaine 1-1.5 mg/kg/IV x 1 / may also be indications for magnesium sulfate or procainamide
Hypothermia 

· EKG: J-point elevation or Osborn waves [pic] and QT prolongation
· occurs at temperatures below 30C
Pericardial Disease

[restrictive pericarditis] [cardiac tamponade]
Pericardial effusions
Acute pericarditis
Infectious pericarditis (viral, TB)

Dressler’s syndrome 

Uremic pericarditis
Pericardial effusion
serous


non-bacterial / some WBCs


fibrinous

uremia, rheumatic heart disease


serofibrinous


purulent/suppurative
infection


hemorrhagic

blood, fibrin, pus, neoplasm


cholesterol

rare

chronic adhesive
result of fibrinous


constrictive

result of purulent or hemorrhagic


Acute Pericarditis

Causes: 

Infectious: (see below)

Cardiac: acute MI, post-radiation, postcardiac injury (postpericardiotomy, trauma, Dressler’s, chylopericardium), aortic dissection

Immune: sarcoidosis, SLE, RA, scleroderma (less), rheumatic fever, IBD

Other: uremia, myxedema

Drug induced: procainamide, hydralazine, INH, etc

Malignancy: primary (mesothelioma), metastatic malignancy (lung, breast, melanoma, lymphoma)

Presentation: fever (implies infection) occurs before pain (unlike MI where fever is after pain), 1-2 wks after viral illness / pain may resemble MI, radiate to back, shoulders, arms (less), pain may be pleuritic, altered by postural changes

Physical Exam:

· Pericardial friction rub (50%): monophasic, triphasic (early, late, diastolic) < biphasic / may decrease with onset and increased size of pericardial effusion (but can co-exist with effusion) / distinguish from pleural friction rub by having patient hold breath / rub changes w/ position

· Pericardial Effusion: elevated JVD, pulsus paradoxus, prominent x descent, reduced y descent, peripheral edema, and disproportionate ascites, Kussmaul’s sign (constrictive pericarditis)

Diagnosis:
· ECG: PR ↓, J-point ↑, characteristic ST ↑ ( restated: diffuse ST elevation (concave) with T wave inversion occurring temporally after ST resolution (unlike MI), PR depression / also ST-elevation to T-wave amplitude in V6 > 0.24 is very suggestive [pic]

· Radiographic: pleural effusion [pic] in constrictive pericarditis, calcified pericardium (50%), enlargement of cardiac silhouette (with pericardial effusion > 250 ml) [pic] / CT or MRI may reveal thickened pericardium / other studies include left/right heart catheterization and fluid challenge 

Labs: mild elevated WBC, ESR

Complications: cardiac tamponade, arrhythmias (resting tachycardia, atrial fibrillation)

Treatment: avoid anticoagulation!!! (may bleed causing hemopericardium/tamponade) / NSAIDs 1st line (e.g. indocin 25-50 tid until 1 week after Sx resolve) / steroids 2nd line (20-60 mg P qd) / prolonged/relapse may require colchicine 1 mg/d and/or pericardiectomy to prevent constrictive pericarditis / some argue for colchicine as first line (2009)
Prognosis: most cases improve in 2-3 weeks

Infectious Pericarditis:

Viral: coxsackie A/B, echovirus, adenovirus, mumps, influenza, EBV, VZV, CMV, HSV, 

HBV(really?)
Bacterial: 30% mortality / antibiotics and drainage, not steroids

Organisms: S. pneumo and other strep, S. aureus, N. meningitidis and gonorrhea, H. 

influenzae, Enterobacteriaceae, Campylobacter, Brucella, Actinomyces, Nocardia, Listeria, M. pneumoniae, Legionella, Chlamydia, Borrelia, M. tuberculosis, MAI

1. contiguous spread from chest infection (outside heart or endocarditis) or (peri or post) trauma/surgery

2. bacterial pericarditis from contiguous pneumonia usually occurs only after prolonged, untreated infection 

Fungus (most of them)

Parasites: Toxoplasma, E. histolytica, Schistosomes

Viral pericarditis
friction rub – LLS border / more w/ leaning forward / pain come and goes / diffuse ST elevation / normalized by 1-2 days, then T inversion

TB pericarditis

5 to 10% of acute pericarditis / 1% of pulmonary Tb / serous (20%) or serosanguinous (80%)

hematogenous or contiguous / granulomatous (Langerhans cells)

Effusate: high protein, high PMNs early, high lymphocytes later

Complications: constrictive pericarditis (may be predicted by elevated adenosine deaminase), pericardial calcification, myocarditis, dissemination 

Treatment: HRZE for 8 weeks then INH/rifampin / some evidence favors steroids / pericardiectomy recommended for pericardial thickening (over ½ will have some procedure) 

Note: 2.6:1 odds that patient will have AIDS, 6:1 if disseminated Tb

Dressler’s syndrome
Presentation: pleuritis, malaise, CP occurring 1-4 weeks to months after MI

Findings: pleural/pericardial effusions, fever (up to 40c), leukocytosis, elevated ESR

Note: may consider biopsy of heart muscle to rule out ongoing inflammation

Treatment: NSAIDs (1st) / steroids (2nd)

Course: autoimmune process which may relapse up to 2 yrs later

Uremic pericarditis


often hemorrhagic / avoid anticoagulation
Constrictive pericarditis

thickened, fibrotic adherent sac, impaired diastolic filling

Causes: radiation-induced pericarditis > cardiac surgery, any other acute pericarditis
Presentation: progressive weakness, fatigue, exertional dyspnea (all signs of right-sided heart failure, liver congestion) / often presents long after initial insult (~10 yrs)
Exam: Kussmaul’s sign (increase in JVP during inspiration; rather than decreased), pericardial knock (high-pitched early diastolic just after aortic valve closure), no pulsus paradoxus

Diagnosis:

· MRI is test of choice: show pericardial thickening (> 4 mm), to moderate biatrial enlargement, normal ventricular dimensions, dilated venae cavae

· CXR may show cardiomegaly and calcified pericardium

· cardiac catheterization confirms hemodynamic constriction

· echo with doppler may show constrictive flow pattern

· TEE may show pericardial thickening (not 1st line test)

Treatment: pericardiotomy (outcome based on pericardial substrate and severity of heart failure)

Restrictive pericarditis

Presentation: similar to constrictive only now we’re talking about infiltration: amyloidosis > cardiac surgery, radiation therapy (in Africa, endomyocardial fibrosis with eosinophilia much more common)

Exam: Kussmaul’s sign absent (why?)
Diagnosis: as with constrictive, but MRI and/or endomyocardial biopsy may be needed to distinguish

Treatment: treat underlying disorder (as much as possible)
Cardiac Tamponade – life-threatening emergency
Definition: pericardial pressure ≥ RA pressure / equalization of pressure in the four chambers during diastole / pericardium can accommodate from 200 to 2000 mL depending on acuteness of situation
Presentation: SOB from reduced cardiac output, pleuritic CP from stretch of pericardium

· Beck’s Triad: hypotension, elevated JVP, small quiet heart

Exam: narrow pulse pressures, pulsus paradoxus (drop > 10 mmHg in systolic BP on inspiration; some is physiologic, but not > 10 mmHg) (LA unable to expand so blood pools in lungs as opposed to going into aorta where it would maintain BP), tachycardia, ↑ JVP (but Kussmaul’s sign usu. absent), ↓ carotid volume 2o ↓ CO, lung exam clear (E( A L mid lung 2o compression of lung by heart), cannot palpate PMI, distant heart sounds

EKG: electrical alternans 2o swinging heart during respiration

Treatment: relieve tamponade with paracardiocentesis

Note: preload is badly needed ( preload reducers are contraindicated (diuretics, nitrates, etc.) 

Myocarditis [NEJM] [NEJM]
Infections: [table]
Viral (10-30%) (Enterovirus > Adenovirus, HIV?)

Chagas disease (Trypanosoma cruzi) (20% develop CHF)

Drugs: Doxorubicin, Anthracyclines + anti-HER2, Cocaine

Autoimmune:

Idiopathic giant cell myocarditis (affects healthy, young people)

Allergic myocarditis (eosinophilia)

Other autoimmune: polymyositis, scleroderma, SLE

Diagnosis: EKG likely same as pericarditis (diffuse ST elevations) / Dallas criteria, endomyocardial biopsy (gold standard, but often inconclusive and carries 0.25% mortality) / cardiac MRI probably most helpful (90% specificity in diagnosing lymphocytic myocarditis) / echo DIP / cardiac markers non-specific and levels do not correlate with severity of inflammation
Treatment: 
· Arrhythmias: probably good idea to push low dose b-block or stronger as needed / be careful with digoxin (only use low doses, may worsen inflammation)

· consider transfer to hospital equipped with LV assist devices in case of rapid heart failure
· bed rest (exercise shown to increase viral replication and worsen outcomes; rest for at least a week? 3rd leading cause of sudden cardiac death in athletes), eliminate unnecessary meds (esp. with eosinophilia)
· avoid anticoagulation (as much as can in case of hemorrhage into pericardium)

· treat underlying cause / immunosuppression for autoimmune diseases (including giant cell myocarditis) but not helpful for infectious or post-infectious / INF-a currently under investigation for viral myocarditis

Fiedler’s (young adults)
Vascular Diseases (see other)

Berry aneurysms

A/V fistula (circoid aneurysm)


Subclavian steal syndrome

Occluded subclavian artery (usually on the left) leads to collateral perfusion of shoulder joint from vertebral artery / symptoms are intermittent arm claudication and syncope and/or ataxia, confusion, vertigo, dysarthria from exercise-induced decreased vertebrobasilar perfusion leading to Treatment: bypass


Cervical rib



May impair blood flow through subclavian artery / Treatment is resection of rib

Heart Transplant

survival 76% at 3 yrs / transplant half-life ~9.3 yrs / chronic cardiac transplant rejection manifests as CAD with characteristic long, diffuse, concentric stenosis / only definitive therapy is retransplant

Oncology

General: markers, associations, tumor biology, patterns of spread, BMT, neutropenic fever
Leukemia / Lymphoma
Lung 

Liver 

GI 
Endocrine
Skin

Renal 

Brain
Male (Prostate) / Female (Breast, Ovary)

· Huge list of chemotherapy protocols
Tumor markers 

CA-125
ovarian

CA-15-3

CEA 

colon, pancreas, gastric, breast

CA-19-9
pancreas

Bombesin
neuroblastoma, small cell carcinoma, gastric, pancreas

S-100

melanoma, neural tumors

A-FP

HCC, yolk sac tumor (NSGCT) / also B-hCG, a1-AT


B-hCG

choriocarcinoma

PSA

prostate

Tumor Associations

Visceral malignancy [dermis]
acanthosis nigricans, dermatomyositis, flushing, acquired icthyosis, thrombophlebitis migrans

Intrathoracic tumors (lung cancer)

clubbing of fingers

Hamartomas

Cowden’s, breast, intestinal, TS, skin, cardiac

Lymphoma

minimal change disease, HSP, GCA, granulomatous angiitis of CNS

HBV, HCV – HCC

PAN – hairy cell leukemia

Wegener’s – Hodgkin’s disease

Specific Syndromes

Tuberous sclerosis


astrocytoma, cardiac rhabdomyoma (facial angiofibroma, SZ, retardation)

Plummer-Vinson Syndrome
SCC of esophagus (atrophic glossitis, upper esophageal webs, iron deficiency anemia, women)

Muir-Torre syndrome

Sebaceous tumors associated with visceral neoplasms

AD / Colon CA / Increased risk for breast/thyroid CA

Cowden Disease (Multiple Hamartoma Syndrome) [pic][pic]
AD / cobblestoning of oral mucosa (trichilemmomas) / breast, thyroid, uterine, brain tumors / also have multiple small hamartomatous polyps in GI tract (not considered premalignant)

Peutz-Jeghers, FAP
Paraneoplastic Pemphigus Syndrome (see derm)

Lynch syndrome
includes hereditary nonpolyposis colon cancer syndrome
Tumor Biology 
invasion/growth factors, tumor suppressors, carcinogens, radiation, viral
Tumor Invasion

use plasmin, type IV collagenase, etc. 

growth factors, angiogenics


cleavage products 

 PDGF, V-sis, EGF, CSF-1

protein kinases



membrane receptors

c-erb-B2 (breast, ovarian, gastric), c-neu, c-fms 


cytoplasmic receptors

c-src, v-src / tyrosine kinase P-vinculin


G-proteins


h-ras, k-ras, n-ras

nuclear proteins
c-jun, c-fos, c-myb (transcription factors), c-myc (many cancers), l-myc (SCC lung), bcl-2 (lymphomas), ret (MEN)



BM
type IV collagen, laminin / bind to and secrete laminin


ECM
type I collagen, fibronectin / bind to fibronectin


platelet covered tumor thrombi / NK cells may destroy tumor cells

activation

point mutation (ras) / translocation (c-myc) 


gene amplification (n-myc - neuroblastoma, c-neu - breast cancer)

Tumor Suppressors


Rb

retinoblastoma

p53 

colon, liver, breast

Wt

Wilm’s tumor (children)

VHL 

 renal cell carcinoma

APC 

colon

BRCA-2 
breast

BRCA-1
breast, ovarian

NF-1

neurofibroma

NF-2

neurofibroma type II (acoustic)

DCC

colon, stomach

DPC 

pancreatic

Carcinogens
alkylating agents

polycyclic aromatic hydrocarbons (tobacco combustion, smoked meats)

· Tobacco increases risk of lung, bladder, esophageal and head and neck cancer (studies have shown passive cigarette smoke imparts 25% increase risks of all associated mortality including cancer, heart, respiratory illness)
aromatic amines, azo dyes (butter, cherries)

natural (aspergillus flavus in grains, peanuts)

nitrosamines, amides (GI cancer)

asbestos, vinyl chloride, arsenic, insecticides

Radiation

UV

UVB (xeroderma pigmentosum)

ionizing
leukemia, thyroid, breast, lung, salivary (NOT skin, bone, GI) / ataxia telangiectasia


DNA repair
XP, AT, Fanconi’s anemia, Bloom’s syndrome


Viral
HPV, EBV (nasopharyngeal, Burkitt’s), HBV (HCC), HTLV-1 (RNA gives T-cell leukemia), HHV-8 (Kaposi’s sarcoma)

Patterns of Tumor Spread

· Elevated LDH or B2-microglobulin levels in lymphomas increase likelihood of CNS mets

Solid Tumors that spread to bone (including spinal mets)
thyroid, prostate, breast, melanoma, lung / (multiple myeloma, leukemias, etc.)

Solid Tumors that spread to brain 



bronchogenic carcinoma > breast > melanoma > renal cell carcinoma > colon, lymphoma

Tumors associated with hypercoagulability
lung, pancreas, stomach, colon > prostate, ovary >>> breast, brain, kidney, lymphoma



Trousseau’s syndrome 

usu. pancreatic or other GI



Hepatic or portal vein thrombosis 
myeloproliferative disorders (PNH, PRV, essential 

thrombocythemia)
Tumors of fibrous tissue

Fibroma


most common in ovaries

Fibrosarcoma

lower extremities (45%) > upper extremities (15%) > trunk > head, 
neck

benign fibrous 

histiocytoma cutis or subcutis / extremities
malignant fibrous histiocytoma 

storiform/pleomorphic (worse) > myxoid, inflammatory / mets mostly to lungs (hematogenously)


Treatment: surgical +/- chemotherapy/radiation adjuvant or palliative



Fibromatoses


relapse but do not metastasize / palmer pattern causes Depuytren’s contracture (50% bilateral) / penile fibromatosis causes Peyronie’s disease (Bill Clinton) 

Fibromuscular Dysplasia [pic]

can compress vasculature mimicking various vasculitides or vaso-occlusive diseases
Tumors of adipose tissue

lipoma
most common soft tissue tumor / mostly subcutaneous, upper half of body

liposarcoma
2nd most common adult soft tissue sarcoma / well-differentiated, myxoid (low grade) / round cell, pleomorphic, dedifferentiated (high grade) / retroperitoneum, thigh, perirenal, mesenteric fat, shoulder

Tumors of smooth muscle

leiomyoma

female genital tract / can occur elsewhere, can be painful

leiomyosarcoma
larger, softer, hemorrhage, necrosis, metastases

Other tumors

synovial sarcoma
may recur and metastasize

granular cell tumor
benign

Cancer with Unknown Primary

· Usu. > 60 yrs / median survival 4-11 months (best hope is for cancer to be a nearby met from treatable solitary tumor)
· CUPS syndrome (biopsy proven malignancy with path not c/w primary tumor + unrevealing workup)
· adenocarcinoma > poorly differentiated carcinoma
· pancreas, breast, colon, prostate, lung
· 2% of all cancer diagnoses / 5% of newly diagnosed mets are unknown primary
· work-up based on findings, consideration of patient’s life-expectancy (usually 6 months), and then consider whether certain tests will change management / abdominal CT, CXR, occult blood (why do colonoscopy or ERCP if no symptoms), PSA (very different treatment), aFP, B-HCG

· extragonadal germ cell syndrome: < 50 yrs, midline structures, parenchymal lymph nodes, lung, elevated aFP or B-HCG, rapid growth / cisplatin-based chemotherapy offers 20% chance of cure

· PET scans may identify primary site but have not been shown to increase survival

Tumor Fever

can try NSAID’s (thought to reduce fever caused by many ?solid tumors) / often used as a diagnostic/therapeutic tool

Cancer Chemotherapy Theory 
· Gompertzian kinetics suggests benefits of adjuvant chemotherapy to treat micromets
· Combination chemotherapy for maximum cell kill, broader range of kill, slows emergence of resistance
· Choose – some action as single agent / non-overlapping / optimal dose and schedule 

NOTE: up to 25% of patients treated with chemotherapy will develop secondary chemo-related tumor by 25 years
alkylating agents 
leukemias with deletions of chromosome 5 or 7 (peak 4 to 6 years)
topoisomerase II
leukemias with deletions (e.g. 11q23) (peak 1 to 3 years)

Irradiation

Many uses (find listed under various diseases)

Mediastinal irradiation: acute or chronic pericarditis (mean onset 9 months; can manifest years later), myocardial fibrosis, accelerated atherosclerosis
Renal












Renal Studies / Proteinuria / Hematuria



 
[Electrolytes]



Acute Renal Failure (ARF)











           drug-Induced, TLS, rhabdomyolysis, hepatorenal






Chronic Renal Failure (CRF)







Nephritic Glomerulopathies











           PSGN, IgA nephropathy, RPGN, ANCA, GBM, Cryoglobulinemia





Nephrotic Glomerulopathies










minimal change, FSGS, MGN, MPGN








Renal-Systemic

HTN, DM, amyloidosis, MM, Gout, SLE, PAN, Wegener’s, scleroderma
             
Tubular Disease

ATN, RTA, Bartter’s







Renal Thromboembolic 
DIC, HUS, TTP, HSP, Endocarditis, CES, Alport’s



Interstitial Nephritis

analgesic, acute, Balkan, xanthogranulomatis





Renal Other 
renal stones, hydronephrosis, mechanical, hypertension, RAS, nephrogenic systemic fibrosis
Renal Malformations 
anomalies of position, differentiation, APKD





Renal Transplantation











Renal Neoplasms











Dialysis












Renal Physiology Tidbits [nephron]
Clearance and GFR
normal kidney can clear 20 L/day

FeNa – UNa x SerCr / SerNa x UCr
GFR = (UCr x Ur vol) / (PCr x time)

BUN can rise much faster than Cr [40/2 is pre-renal / 20/4 is renal] 

Note: decreased flow in tubules allows back diffusion of urea (but not creatinine)

GFR = [(140 – Age)(Wt)] / [(Cr)(72) x 0.85 (for women)]


ATII constricts efferent arteriole ( increases GFR and glomerular pressure

Afferent constriction (influx of extracellular Ca – affected by Ca channel blockers)

Efferent constriction (influx intracellular Ca – not affected by Ca channel blockers)

Normal protein loss:

Men – 15-20 mg/kg/day lean body mass – 50 +/- 2.3 x inches over/under 60

Women – 10-15 mg/kg/day lean body mass – 45.5 +/- inches over/under 60

Renal Studies

Renal Ultrasound

ARF: number, size, shape, hydronephrosis/hydroureter (10%-20% smaller by U/S than IVP), can sometimes detect renal stones, abdominal aneurysms, and renal vein thrombosis

· Large kidneys: multiple myeloma, amyloidosis, early DM, HIV nephropathy, pyelonephritis

Evaluation of renal artery flow (can also get MRI/MRA of renal arteries)

Abdominal CT

Can diagnose hydronephrosis, 1st line (after KUB) for evaluation of renal stones, determine if cystic masses (benign or malignant)

Intravenous Pyelography (IVP)

Can provide information about kidney ultrastructure (size, shape, mass) and function (obstruction) / CT can do most of the same things

Retrograde pyelography

inject contrast during cystoscopy (only perform after intravenous urography) / used when urography does not visualize  kidneys and collecting system and obstruction is suspected

Isotopic flow scans (eh…)

ARF: marginally useful for renal perfusion (DTPA) and obstructive uropathy / hippurate for assessing tubular function

Useful for evaluating renal allograft function

Renal Biopsy

When cause of nephrotic syndrome is sought

acute inflammatory lesion requiring cytotoxic therapy 

Note: wire-loop lesions or sub-endothelial deposits are not disease specific / huge sub-endothelial deposit may resemble a thrombus

Cystoscopy
For urethral obstruction (always) and ureteral obstruction (sometimes)

Urinalysis
Color

Blood

Glucose

Ketones

Protein

Bilirubin

Urine pH

Concentration

Sediment

Crystals

Cells [pic]
Bacteria

Casts
RBC casts – glomerulonephritis [pic]
WBC casts – glomerulonephritis [pic]

Muddy brown casts – ATN 

Hyaline casts [pic]

Fatty casts [pic]

24 Hr Urine

· average daily Cr production in men is 16 to 25 mg/kg (women 15 to 20 mg/kg) / 24 hr sample should have this amount of creatinine (otherwise it is an inadequate sample)

Drugs that alter serum creatinine reading

· Interfere with tubular secretion

Trimethoprim, cimetidine, probenecid, triamterene, amiloride, spironolactone

· Interfere with lab measurement
ascorbic acid, cephalosporins, flucytosine, levodopa, methyldopa

Non-renal causes of elevated BUN

GI bleeding

catabolic effect: tetracycline, steroids

Proteinuria

· > 30 mg/24 hrs albumin excretion is considered abnormal (microalbuminuria)

· > 300 mg/24 hrs is nephrotic range proteinuria
· urine dipstick can detect if more than 500 mg/day / > 90% sensitivity/specificity but doesn’t account for variations in urine creatinine

· spot albumin/creatinine ratio > 30 mg/g creatinine is considered microalbuminuria  / > 95% sensitive, specific 

· Transient increased proteinuria (albuminuria):  exercise, short-term hyperglycemia, urinary tract infections, marked hypertension, heart failure, and acute febrile illness
· False positive: menstrual bleeding in women

· Note: dietary protein intake does not cause microalbuminuria, but patients with diabetic nephropathy are advised to take low protein diet (0.6g/kg/d)
Nephrotic Syndrome

Primary: ⅓
Secondary: ⅔ of cases

· Proteinuria (normally prevented by large size, net negative charge)
· Edema (from salt retention)

· Hypoalbuminemia
· Hyperlipidemia (decreased oncotic pressures triggers liver to produce lipoproteins)
↑ LDL, lipoprotein-A / causes atherosclerosis 
· Hypercoagulable state (↓ATIII, protein C/S) 

· Vitamin D deficiency (loss of Vitamin D binding protein)
· Iron deficiency anemia (loss of transferring)

· Hypogammaglobulinemia (increased susceptibility to bacterial infection)
Diagnosis:

· Urinalysis: urine dipsticks (albumin only) and sulfosalicylic acid precipitation (albumin, paraproteins, immunoglobulins, and amyloid)

· 24-hour urine for protein (better for low urine output) / urine protein electrophoresis / serum lipids / lipiduria is suggested by oval fat bodies on microscopic study

· Biopsy (if no obvious cause and significant proteinuria) / EM, IF, special stains (e.g., Congo red for amyloid)

Treatment: 

· Control blood pressure: this is the most important thing, more than ACE even, goal is to use MAP of 80-100? (too low is also bad)

· ACE inhibitors or ARB’s (decrease proteinuria, reduce progression; also, low protein diet helps reduce amount and toxicity of proteinuria)

· Diuretics (for overload): reasonable goal is 0.5 – 1 L/day (usually need Lasix (+) to achieve; go slowly; do not volume deplete; note: because HCTZ and Lasix are highly protein bound, there is reduced delivery to kidneys and large doses are often required to get same effect)

· Control hyperlipidemia: dietary changes + statins / this is not optional, these patients must be on statins (note: lipoprotein-a elevations unresponsive to statins)
· Note: calcium channel blockers worsen proteinuria by decreasing afferent > efferent thus raising intraglomerular pressure

Prognosis: usually takes 5-10 to go from microalbuminuria to overt nephropathy; then 5-15 years to reach ESRD; once ESRD, dialysis patient have average life expectancy of 2 years.
Orthostatic proteinuria

Only happens when patient has been standing (so use nocturnal urine collection in patients who exercise vigorously) / remain constant at about 0.5-2.5 g/24 hr

Treatment: none required / excellent prognosis
Tubulointerstitial nephritis
Albumin, Tamm-Horsfall protein and B2-microglobulin

drug-induced disease, chronic inflammatory disease (e.g., sarcoidosis), analgesic nephropathy

Treatment: remove offending agent / treat underlying disease 

Renal Vein Thrombosis (RVT) (lots of proteinuria)

Causes:

· Nephrotic syndrome

· Renal cell carcinoma with renal vein invasion

· Pregnancy or estrogen therapy

· Volume depletion (especially in infants)

· Extrinsic compression (lymph nodes, tumor, retroperitoneal fibrosis, aortic aneurysm)

Presentation: nausea, vomiting, flank pain, hematuria, leukocytosis, renal function compromise, and an increase in renal size

Note: adult nephrotic patients (chronic RVT) can be more subtle (big increase in proteinuria or tubular dysfunction such as glycosuria, aminoaciduria, phosphaturia, and impaired urinary acidification)

Diagnosis: MRI/MRV (1st) or CT or selective renal venography (U/S and IVP are sometimes okay)

Treatment: 1 yr anticoagulation (some advocate thrombolysis if very acute)

Hematuria
Normal excretion of 500,000-2,000,000 RBC/24 hr (< 3 RBC per HPF)

Isolated Hematuria ( stones, trauma, prostate > tumor (15%), Tb

Causes and microscopic findings:

Intrarenal
trauma, renal stones, GN, infection (pyelonephritis), neoplasia (RCC), vascular (renal thrombosis)

Extrarenal
trauma (Foley), infection (urethritis, prostatitis, cystitis), ureteral stones, neoplasia (prostate, bladder)
	Glomerulonephritis
 
	Gross or microscopic hematuria, abnormal proteinuria, red blood cell casts / dysmorphic red cells on phase-contrast LM



	Diffuse (SLE, vasculitis)

Focal (IgA nephritis)
	gross or microscopic hematuria without proteinuria, thin basement membrane / dysmorphic red cells 



	Vascular disease
	Gross or microscopic hematuria without proteinuria

isomorphic red cells 



	Tumors (hypernephroma)
	Isomorphic red cells



	Trauma, kidney stones, systemic coagulopathies
	Isomorphic red cells 


Diagnosis:

· Dipstick (hemoglobinuria vs. myoglobinuria) / positive heme (orthotolidine test)  and no RBC’s suggests pigmenturia / red urine without hemoglobin or RBC’s is rare (beeturia, porphyria)
· Urine culture
· IVP for renal masses, cysts, AVM, papillary necrosis, ureteral stricture or obstruction by calculus, bladder tumor, and ureteral deviation / other: angiography and nuclear scans (rarely used to delineate mass lesions)

· MRI/CT (mass effects, surrounding structures)

· Cystoscopy (when other tests non revealing) 

· Biopsy (sometimes needed)

Complications: iron deficiency anemia (only with chronic, significant hematuria) / obstruction from lower urinary tract clots 

Treatment: identify/treat underlying disorder / maintain urine volume to prevent clots/obstructions in the lower urinary tract

Acute Renal Failure (ARF)
(see drug-induced ARF) (ARF in AIDS)
Incidence: 5% of all hospitalized patients / 10-30% in patients in critical care units

General: sudden, rapid, potentially reversible renal failure causing nitrogenous waste accumulation 

GFR of 10-15% /Cr not always reliable marker for GFR / usually 0.5 to 1.0 mg/dl/day increase in Ser Cr,  > 1 mg/dl/day suggests obstruction or rhabdo/tumor lysis syndrome
Pre-Renal (30-60%)

volume depletion, ↓ perfusion, renal artery obstruction
· FeNa <1%, UNa <20 mEq/L (this is the most useful of these in that if elevated, pre-renal is unlikely)
Renal Parenchyma (20-40%)

ATN: ischemia, toxins, pigments

Nephrotoxicity

Intrinsic: GN, TIN, vasculitis (HUS/TTP)

Systemic: atheroembolic syndrome, scleroderma, malignant HTN

· ATN, TIN ( FeNa >1%, UNa >20 mEq/L (tubules broken, so can’t retain Na)
· GN ( FeNa <1% (unreliable), UNa variable (kidneys try to retain Na)
Post Renal (1-10%)

Obstruction: tubular, pelvic, ureteropelvic, ureteral, bladder

Drugs: antihistamines, TCA

· Early ( FeNa <1%, UNa <20 mEq/L (due to intense vasoconstriction)
· Late ( / FeNa >1%, UNa >20 mEq/L
Diagnosis: 

Azotemia
Rising BUN and serum creatinine (can be asymptomatic) / BUN reflects dietary intake, protein breakdown and resorption of GI or soft-tissue hemorrhage / creatinine reflects muscle breakdown (rhabdomyolysis, steroids, tetracycline), renal secretion (blocked by drugs like cimetidine and trimethoprim), chromogens (usually drugs) can cause measurement errors. 

Urine Output 

Anuria (< 100 ml/day) usually worse prognosis

Oliguria (< 400 ml/day) (most ARF patients)

Polyuria (> 800 ml/day) (25%-50%) (common with partial obstruction) 

H/P

surgical, IV contrast, meds, allergies, chronic disease, FHx, signs of volume depletion, CHF

acute allergic interstitial nephritis: periorbital edema, eosinophilia, maculopapular rash, and wheezing

obstruction: suprapubic or flank mass, symptoms of bladder dysfunction 

Uremic syndrome: nausea, lethargy, pruritis, pericarditis, uremic frost (skin), asterixis, uremic fetor (breath), platelet dysfunction

Note: uremic pruritis responds well to UVB radiation

Urinalysis
Only hyaline casts: pre-renal or post-renal

RBC: calculi, trauma, infection, or tumor

WBC: infection, immune-mediated inflammation, or allergic reaction

Eosinophiluria: 95% of acute allergic interstitial nephritis (Hansel’s stain tells E from PMN)

Pigmented casts and > tubular epithelial cells in 75% of ATN (casts without RBC’s ( hemoglobinuria or myoglobinuria)

RBC casts: acute glomerulonephritis

Urine culture

Chemistries: FeNa < 1 suggests not ATN more than it actually proves pre-renal (exceptions: ARF from rhabdomyolysis and IV contrast are notably associated with FeNa < 1) / BUN/Cr > 20

Radiography:

Most useful: renal U/S >> AXR, cystoscopy

Less useful: isotopic flow scans, abdominal CT, biopsy

Course: azotemic, diuretic, recovery

Oliguric (50% mortality): more GI bleeds, sepsis, metabolic acidosis and CNS abnormalities

Nonoliguric: 26% mortality

Prognosis

60% mortality when surgery/trauma, 30% when medical illness, 10%-15% when pregnancy

Ischemic ATN has two times higher mortality over nephrotoxic ATN

Complete recovery in 90% if no complications 

Treatment:

Correct: obstruction, nephrotoxic drugs, infections, electrolytes 

Optimize intravascular volume and cardiac performance (can maintain output with Lasix)

Note: mannitol does not help, Lasix may increase urine output (but is more likely to decrease renal perfusion than help kidney recovery, it merely indicates less severe ARF)

Investigational: selective D1 agonists (renal dose dopamine is BS), Ca channel blockers (to increase renal perfusion), IGF-1 (may speed recovery of renal function)

Fluid/Electrolytes 

I/O’s sensible losses (urine, stool, NG, other tubes) and insensible (400-500 ml/day)

sodium and potassium 

Sodium bicarbonate if serum bicarbonate < 16 mEq/L

Oral phosphate-binding antacids (Al3+OH3) if serum phosphate > 6.0 mg/dl

No Mg containing drugs

Diet: lose 300 mg body weight daily with ARF, wt gain or stability usually means Na and water retention / give 40-60 g/day total protein and 35-50 kcal/kg lean body weight / up to 1.25 g of protein/kg with severe catabolism 

Drugs: careful adjustment of drug doses (serum creatinine cannot be used to calculate doses because ARF causes a 1.0 mg/dl/day increase in serum creatinine, so cannot calculate appropriate drug doses)

Dialysis, CAVH, CVVH

Complications: 

volume overload

hyperkalemia  ( > 6.5 or EKG changes is an emergency)

hyponatremia, hyperphosphatemia, acidemia, hyperuricemia

hypocalcemia (decreased D-1,25, hyperphosphatemia, hypoalbuminemia)

hypercalcemia (rarely follows rhabdomyolysis)

bleeding (uremia/DIC), seizures (uremia)

chronic renal failure (10% show decreased renal function for months, pre-existing renal disease will likely progress to CRF)

ARF in AIDS patients (one study)

Causes: ATN/Sepsis, HUS/TTP (TMA-like)  > HIV meds (indinavir) > rhabdomyolysis (from IVDA) > lymphoma > HIVAN (13:1 M:F, avg. 8 months of HIV) > HBV/HCV > SLE-like

Tumor Lysis Syndrome

esp. important with lymphoproliferative malignancies; usually 1-3 after starting chemo but may occur spontaneously (Burkitt’s, acute B-cell lymphoblastic leukemia)

Risk factors: large tumor burden, high LDH, not being on allopurinol

Mechanism: CaPO4 deposition (see rhabdomyolysis) / uric acid damages renal tubules

Labs: 
· urinary uric acid:urinary creatinine ratio > 1 (normal < 0.60-0.75) supports uric acid nephropathy (higher than in rhabdo where urate is elevated but itself does not cause nephropathy) 
· PO4 usu. elevated but may not be in spontaneous TLS (because tumor cells can incorporate it)

· ↑ lactic acid, ↑K, ↓Ca

Treatment:  volume repletion / consider dialysis when uric acid reaches 15-20 / can also give uricase to metabolize uric acid to allantoins (should have already given allopurinol) / phosphate binders can be given / alkalinization of urine not proven to prevent tubular damage from urate crystals (may increase CaPO4 precipitation as well and further decrease Ca levels)

Rhabdomyolysis  (see other)

Atheroembolic Syndrome (see cardiac)

cause of renal failure

Hepatorenal failure (see liver)

Note: almost never see without CNS signs

Drug-Induced Nephrotoxicity

Prerenal
Renal
Postrenal
Drug-induced acid/base abnormalities
· 20% of ARF is drug-related

Prerenal (due to drug effect)
↑ serum Cr at least 0.5 mg/dL over 24 hours / FeNa < 1%, Uosm > 500, benign sediment 

Causes:

diuretics, NSAIDs, ACE inhibitors, IV contrast, tacrolimus ( vasoconstriction
IL-2 ( volume depletion from capillary leak
cyclosporine ( vasoconstriction of afferent/efferent arterioles decreases GFR
mannitol > 300 g can cause prerenal failure

Treatment: discontinuing offending agents often returns renal function to baseline

General Renal Toxicity

FENA >2%, Uosm < 350, urinary sediment shows granular/dark brown casts and tubular epithelial cells / nonoliguric renal failure / hypomagnesemia (urinary magnesium wasting and ADH resistance) / can occur despite appropriate serum levels and after drug discontinuation 

IV contrast 

Antibiotics: aminoglycosides, amphotericin B, cephaloridine, streptozocin, pentamidine, mithramycin, quinolones, foscarnet, tetracyclines (made before 1950?)

Chemo: cisplatin, ifosfamide, mithramycin, vincristine, methotrexate, cyclophosphamide (rare)

Other: methoxyflurane, tacrolimus, carbamazepine, IVIG 

IV contrast

CRF, DM, volume depletion, and MM predispose to IV contrast toxicity

Renal protection protocol: Mucomyst (600 mg bid prior to administration) and IV fluids plus aminophylline 5 mg/kg during contrast administration

Aminoglycosides

reabsorption by pinocytosis can increase half-life over 100 hours (normal 3 hours) / Treatment is primarily supportive

Amphotericin B

1) decreases renal blood flow because of acute renal vasoconstriction in a dose-dependent manner (causes ATN)

2) direct tubular injury in cumulative doses exceeding 2 to 3 g / classic distal RTA, concentrating defects (it punches holes in the membrane), and potassium wasting / usually nonoliguric and reversible on discontinuation

Cisplatin
up to 50% get enzymuria, Mg and K wasting (Medstudy says only K, not Mg), and ATN / 

urine output of at least 100 mL/hr decreases risk

Rhabdomyolysis


lovastatin, ethanol, codeine, barbiturates, diazepam (elevated CPK, brown casts)

Severe hemolysis 

quinine, quinidine, sulfonamides, hydralazine, triamterene, nitrofurantoin, mephenytoin

Acute interstitial nephritis (AIN)
penicillins, cephalosporins, rifampin, sulfonamides, thiazide, cimetidine, phenytoin, allopurinol, cytosine arabinoside, furosemide, interferon, NSAIDs, ciprofloxacin

Findings: fever, rash, arthralgias, eosinophilia, renal failure (may be absent in 30%)
UA shows pyuria, WBC casts, eosinophiluria / nephrotic range/proteinuria with NSAIDs

Note: above findings Treatment: steroids may* speed recovery in aggressive AIN

NSAID nephritis

(esp. fenoprofen and mefenamate) / nephrotic range proteinuria (80%), minimal change disease (10%), membranous nephropathy (rare) / signs of hypersensitivity often absent due to anti-inflammatory action, FeNa often < 1%, *steroids are not beneficial for NSAID nephritis (and some say not for other AIN either)

HUS (see other) 

afferent arteriolar thrombosis

Cyclosporine, mitomycin C, cocaine, tacrolimus, conjugated estrogens, quinine, 5-fluorouracil

Note: plasmapheresis less useful HUS from mitomycin C

Glomerulopathy (membranous)


Causes: gold, penicillamine, captopril, NSAIDs, mercury

Findings: edema, moderate to severe proteinuria, hematuria, RBC casts (sometimes) / nephrotic range proteinuria esp. in penicillamine, gold and captopril (rare) / complete resolution may take up to several years (esp. gold)

Intratubular obstruction due to precipitation 

Acyclovir ( > 500 mg/m2), MTX, sulfonamides (only at super high doses), ethylene glycol, high-dose vitamin C

Findings: urine sediment can be benign, or if severe can cause an ATN-like sediment

Chronic interstitial fibrosis with or without papillary necrosis (see other)

Phenacetin, NSAIDs, acetaminophen, aspirin, cyclosporine, FK-506, lithium

Findings: history of long-term medication use

Postrenal Causes

Ureteral obstruction due to retroperitoneal fibrosis

B-blockers (pindolol, atenolol), migraine meds (ergotamine, dihydroergotamine), methysergide, hydralazine, methyldopa

Findings: usually benign urine sediment, ultrasound reveals hydronephrosis

Chronic Renal Failure (CRF)

substantial ( < 20% normal) and irreversible reduction in renal function

Major causes: DM >> HTN (20%), tubulointerstitial (7%), APKD (5%)

Prerenal: severe, long-standing renal artery stenosis and bilateral renal arterial embolism

Renal: chronic glomerulonephritis, chronic TIN, Alport’s, SLE, diabetes, amyloidosis, HTN, cystic diseases, neoplasia, and radiation nephritis

Postrenal: chronic urinary obstruction

Complications: normochromic normocytic anemia, renal osteodystrophy (via PTH), metabolic acidosis, malnutrition, decreased immunity, HTN, dyslipidemia, LVH, neuropathy 

· Electrolyte imbalances (hypocalcemia, hyperkalemia, hyperphosphatemia)

Treatment: provide supplemental 1,25-D3, CaCO3 (binds intestinal phosphate and provides Ca)
· Uremia

CNS: lethargy, somnolence, confusion, and neuromuscular irritability (gradual or abrupt)

CVS:  HTN, CHF, pericarditis (can be abrupt) 

GI: anorexia, N/V (very common)

Bones: pain from secondary hyperparathyroidism

Other: fatigue, pruritis, and sleep disturbances
· Uremic Immunodeficiency


T-cell abnormalities (lymphopenia), reduced response to vaccination
· Other Complications:

Hematologic: chronic anemia (from reduction in erythropoietin and mildly reduced red cell half-life) and bleeding 

CVS: HTN, pericarditis, cardiomyopathy, arrhythmias, and CHF 

CNS: generalized seizures, confusion, lethargy, emotional lability, myopathy, peripheral neuropathy, and syndromes related to nerve compression (carpal tunnel)

GI: ulcers, gastroduodenitis, colitis, angiomas

Endocrine: secondary hyperparathyroidism, euthyroid hypothyoxinemia, hyperprolactinemia, bad GnRH axis (amenorrhea, impotence), gynecomastia

Immune: lymphocytopenia, anergy, increased anticomplement activity, abnormal monocyte motility

Metabolic: renal osteodystrophy (osteitis fibrosa and osteomalacia) and altered drug-metabolism

Treatment:

· Meds

· ACE inhibitors: cause mild (10 ml/min) decrease in GFR but overwhelmingly proven effective by multiple mechanisms
· avoid peripheral calcium blockers: used alone may speed progression of renal failure

· Blood pressure control: MAP of 92 (not too low, too low actually does harm) / MDRD 

study showed this is only helpful if proteinuria is 0.5 to 1 g/day

· restrict protein < 0.6 g/kg lean body weight

· restrict dietary sodium < 4 g/day (unless residual urine obligates greater daily losses)

· restrict K+, Mg2+, PO43+ and fluid intake to match daily losses

· pregnancy can accelerate pre-existing renal disease

· give vitamin D early on to decrease PTH levels (which if unchecked, speed renal damage)

· correct acidosis (which also contributes to renal damage)

· correct lipid abnormalities (for usual reasons)

· correct anemia with erythropoietin (ideal target level still not determined; some evidence suggests overly aggressive correction can worsen heart failure; mechanisms not completely worked out 11/06)

Dialysis or transplant for clinical uremia, severe azotemia (GFR < 10 ml/min), intractable hyperkalemia or acidemia, intravascular volume overload
Nephritic Glomerulopathies
Findings: hematuria and/or RBC casts, variable proteinuria, oliguria, hypertension (fluid retention and disturbed renal homeostasis), azotemia, edema (salt and water retention)
Immune complex diseases (some of these overlap with nephrotic section)
· Primary: IgA nephropathy, Anti-GBM (C3), membranoproliferative I and II (MPGN) (C4), membranous (C3) / mesangioproliferative (MSGN) / fibrillary glomerulonephritis
· Systemic: SLE, HCV/HBV-related cryoglobulinemia (C4), post-infectious glomerulonephritis: PSGN (C3), infective endocarditis, vasculitides (W, C-S, PAN, mPAN, HSP (IgA),)
Acute Poststreptococcal GN (PSGN)

follows Strep A infection (pharyngitis or skin) by 10 days (different strains from those causing RF;  renal involvement not impacted by antibiotic)

Presentation: hematuria, edema, proteinuria, decreased urine output, possible HTN

Labs: acute phase with decreased complement (C3 more than C4) / may have (+) ASO titres

Pathology: diffuse proliferation / exudative PMN’s / crescents / coarse granular immune deposits by IF/EM (sub-epithelial > sub-endothelial > intramembranous)

Course: usually self-limiting / occasionally progress to RPGN or chronic latent stage (more common and less likely to produce chronic renal disease in younger patients)

Treatment: B-lactam, diuretics and antihypertensives as needed, rarely steroids

IgA Nephropathy or Mesangial Glomerulopathy or (Berger’s Disease) - good prognosis
most common GN in the world / 15-30 yrs

Presentation: similar to HSP / sore throat followed shortly with nephritic syndrome, hematuria 

micro (older), macro (younger) / synpharyngitic

Pathology: mesangial proliferation / IgA and other deposition by IF / dense deposits in 

mesangium by EM

Labs: elevated IgA (50%)

Prognosis: good in 80% cases, more proteinuria is worse
Treatment: fish oil, IVIG, CSA 

Goodpasture’s Syndrome (Anti-GBM) (see other) – poor prognosis  

Occurs in two forms

· young men, hemoptysis and hematuria
· older people (male=female) / RPGN with no lung involvement

Labs: C-ANCA (+) in up to 40%, this may improve prognosis / complement usually normal 

Pathology: linear deposition of C3 and IgG by IF / no dense deposits by EM

Treatment: immunosuppressives, plasmapheresis

Cryoglobulinemia
Type I - usually asymptomatic
monoclonal Ig’s (usually IgM)

Causes: hematologic cancers (Waldenstrom’s, myeloma, lymphoma)

 
Manifestations: may cause MPGN

Type II
monoclonal IgM against polyclonal IgG (causes precipitation) / immune-complex 

vasculitides (50% renal involvement)

Causes: HCV (most common), HBV, bacterial, parasite lymphoproliferative, 

autoimmune (collagen), skin (PAN, PCT), essential mixed monoclonal/polyclonal

cryoglobulinemia

Manifestations: 



Skin:
raynaud’s – 40% mono / 25% poly

vascular purpura (almost always involves lower extremities)

leg ulcers – up to 8% mono / 30% poly

acrocyanosis/necrosis – 15-40%

urticaria – complement, mast cell 

livedo reticularis (1% mono / < 5% poly)

Arthritis 

60% poly,  < 10% mono

Renal disease
monoclonal ( endomembranous deposits of precipitate
polyclonal ( proliferative glomerulonephritis

immune complex

azotemia (late)

Hemorrhagic 

Liver 
poly (esp. AP)

GI 
5-20% poly (acute abdominal pain)

CNS 
vasculitis of vasa vasorum – up to 40% symmetric, peripheral neuropathy secondary to associated disease (amyloid, vasculitis)

Sjögren’s (80% have cryoglobulinemia)

Diagnosis: quantitative cryoglobulins < 2 normal / cryocrit (% cryoIg’s/serum) / SPEP / low serum complement (C4 more than C3)

Treatment: avoid cold / bed rest – for ulcers / low-dose corticosteroids / IFN-alpha (60-70% response, 30% sustained) / cytotoxic agents

Type III - usually no clinical significance
mixed polyclonal (no monoclonal component)

Causes: infections, autoimmune (SLE), liver disease (HBV, HCV), renal disease 

(proliferative GN), essential mixed polyclonal cryoglobulinemia
Crescentic Glomerulopathy (RPGN)

Immune Complex Deposition

Goodpasture’s

collagen vascular diseases

as a potential evolution of most any other forms of GN

Pauci-immune (ANCA) glomerulonephritis

Wegener’s (C-ANCA, proteinase 3)

microscopic polyangiitis (P-ANCA, MPO)

Churg-Strauss (asthma and eosinophilia)

Idiopathic RPGN (renal limited vasculitis)

50% of glomeruli involved / over weeks to months / non-specific symptoms

Pathology: epithelial proliferation and capillary necrosis / IF and EM depend on etiology

Course: rapidly fatal

Treatment: massive IV steroids, Cytoxan
Nephrotic Glomerulopathies
(MCD, FSGS, MGN, MPGN)

· Nephrotic syndrome (see proteinuria)

Minimal Change Disease (lipoid nephrosis, Nil disease)
most common cause of nephrotic syndrome in children peak at 2-3 yrs, 10-12 yrs

Pathology: effacement of podocytes / usually not hypertensive

Cause: usu. idiopathic

Drugs: NSAIDS, rifampin, IFN-a, heroin, iron dextran

Other: lymphoma, HIV, IgA, diabetes, Fabry’s, sialidosis

Treatment: if needed, steroids, cyclosporin, others / ?ACE inhibitors

Focal Segmental Glomerulosclerosis (FSGS)

25% of adult nephropathies / common in children, young black men, association with 

obesity / HTN / most common idiopathic nephrotic GN in blacks

Primary: typical > collapsing (blacks) > glomerular tip

Secondary causes/associations: HIV, IVDA, obesity, sickle cell, congenital heart disease

Presentation: mild to massive proteinuria, hematuria (50%), HTN (33%), renal insufficiency 

(33%) / collapsing variant: more proteinuria, more ARF, viral/URI Sx from days to weeks before nephrosis

Labs: low albumin (can be < 2), decreased immunoglobulins, increased lipids, normal compliment
Ultrasound:  normal to large echogenic kidneys

Renal biopsy: shows FSGS / can be confused with hereditary nephritis, IgA nephropathy, Wegener’s / EM can diagnose these other causes 

Treatment: 

· steroids 60-80 4 wks then 40-60 mg 3d/wk 4 wks then taper / alternate steroid regimens used / late relapse, more steroids / early relapse, cyclosporine or Cytoxan
· ACE inhibitors (yes, yes and yes) / works by inhibition of TGF-B


Prognosis: variable (more proteinuria is worse), often refractory to therapy

HIV nephropathy – poor prognosis

20% of hospitalized AIDS patients develop ARF / often collapsing variant with same characteristics / black males with IVDA / more on East coast / no HTN (maybe)

Treatment: similar to idiopathic, ACE inhibitors may help, HIV meds ?

Note: HIV patients also get RF from idiopathic, HCV, heroin, drugs, prerenal

C1Q nephropathy

Rare mimic of FSGS occurring mostly in young, black men

Membranous Glomerulopathy (MGN) – poor prognosis
most common adult idiopathic nephrotic syndrome in whites / 40-60 yrs/ men > women

Pathology: thickened BM matrix and vessel walls / more mesangial proliferation with systemic causes / sub-epithelial IgG and C3 granular deposits by IF (Heyman model) / spikes alternate with deposits

Secondary causes: HBV, syphilis, SLE, solid tumors (20% of MGN), thyroiditis, malaria, gold, d-penicillamine, PCN, captopril

Course: focal then global sclerosis / fairly responsive to steroids, cytoxic therapy / left untreated: ⅓ spontaneously regress, ⅓ stabilize, ⅓ slow progression to ESRD (women, children have better prognosis)

Membranoproliferative Glomerulopathy (MPGN) (nephrotic/nephritic) – very poor prognosis
primary or secondary forms / more in children, teenagers
Pathology: increased cellularity and mesangial matrix / mesangial proliferation with duplication of the glomerular basement membrane, splitting of capillary BM (silver stain) / immune deposits and low serum compliment (C3 more than C4)

types I

subendothelial immune complexes (C3 and IgG)

type II 

dense deposit disease (alternate pathway of complement)

type III 
Burkholder subtype and Strife and Anders subtype

Hepatitis C Glomerulopathy
Findings: cryoglobulinemia, MPGN on biopsy, systemic manifestations (50%), abnormal LFT (70%), low complement (C4 more than C3) (80%), RF (70%) 

Treatment: plasma exchange, treat the HCV (IFN-a, etc), cytotoxic agents

General Characterizations

Systemic diseases with secondary immune-mediated glomerulonephritis

· infection-related (including HBV, HCV, cryoglobulinemia types II or III, endocarditis, schistosomiasis, HIV-associated)

· autoimmune diseases (such as class IV lupus nephritis),

· dysproteinemia-associated (including light chain deposition disease, amyloidosis, cryoglobulinemia types I or II, fibrillary, and immunotactoid GN)

Membranoproliferative pattern but lack immune deposits
· diabetic nephropathy, hepatic glomerulopathy, and chronic TMA’s (HUS, TTP, APA), radiation nephritis, sickle cell nephropathy, eclampsia, and transplant glomerulopathy 
Renal Other


· hydronephrosis, mechanical, hypertension, renal artery stenosis, acid-base, RTA
Acute Hydronephrosis

takes 24 hrs to develop / 24 hrs to resolve

Diagnosis: decreased urine output, FeNa, ultrasound – not IVP (may see ascites)
Psychogenic polydipsia

Fluid builds up in bladder, it can’t keep up

Mechanical obstruction
Note: if one ureter is blocked, the other may go into spasm or intermittent spasm causing oliguria (10-20% of cases) [is this really true?]

Renal disease causing hypertension

Chronic Renal Failure (see other)

Renal Artery Stenosis (RAS) 

Causes systemic HTN via renin-angiotensin pathway

Causes: idiopathic, fibromuscular dysplasia in young women

Diagnosis: U/S doppler renal artery, lab measurement of renin-angiotensin, captopril-based renal study

Treatment: ACE inhibitors useful to counter hyper-renin state seen in unilateral renal artery stenosis (this occurs at the expense of the GFR in the stenotic kidney).  Obviously, this can be a problem with bilateral renal artery stenosis as the GFR in both kidneys may be too low.

Hypertension causing renal disease


benign nephrosclerosis  
hyaline arteriolosclerosis and focal atrophy


malignant nephrosclerosis  
tiny hemorrhages (flea-bitten) /infarcts / fibrinoid necrosis and 

onion skin proliferation

Nephrogenic systemic fibrosis (NSF) or Nephrogenic fibrosing dermopathy (NFD)

rare but rapidly progressive, serious, can be fatal / clinically resembles systemic scleroderma / believed to be caused by gadolinium MRI contrast dye) given in patients with moderate to severe kidney disease

Systemic Diseases Affecting Kidney

Diabetes Mellitus (see other)
most common cause of adult nephrotic syndrome

ACE inhibitors are beneficial even in normoalbuminuric patients (current thinking is that they should be used up to a Cr of ~ 4.5, at which point it’s too late)



Amyloidosis [NEJM]

primary or secondary (tumors, chronic skin disease such as ‘skin poppers’ or IVDA)

20% of cases are localized amyloidosis (½ involve lungs, benign course)

Presentation: weakness/fatigue, weight loss, autonomic disturbance (including GI tract), nerve dysfunction, hoarseness, tongue (macroglossia, tooth indentations, waxy deposits), edema, skin (bruising, waxy deposits)
· Lymphadenopathy (> 33%): may present with stable pulmonary nodules


· Neuropathy (35%), retinopathy [pic] 
· slowly progressive, distal, symmetric, dysautonomia, mechanisms unclear / may occur early, up to 4 yrs before diagnosis

· mononeuritis multiplex
· carpal tunnel syndrome (25%) (palmar cutaneous n. does not go through the tunnel)

· Heart constrictive cardiomyopathy

· Renal failure: deposits found anywhere in kidney / r/o fibrillary GN / kidneys first enlarge, then shrink / proteinuria and/or nephrotic syndrome

Diagnosis: SPEP (IgG kappa monoclonal protein (usu. < 2000), may have elevated ESR, EMG, MRI might reveal thickening in areas / echocardiogram may shows starry sky pattern

Biopsy of sural nerve, fat pad biopsy, lymph node, bone marrow

Pathology: acellular increase, sub-epi, sub-endo or spikes in BM, 8-10 nm fibrils by EM (random distribution) / stain with Congo red (apple-green birefringence), Gomori’s trichrome for myelin, crystal violet, thioflavin T / eosinophilic, glossy

Treatment: high-dose melphalan with autologous stem cell rescue may delay progression of disease / measure response at 3 months then yearly

Multiple Myeloma (see leukemias)
Gout (see rheum)


tophi deposition in kidney is relatively infrequent complication

Bacterial Endocarditis (see other)


embolic or immune complex deposits / MGN or MPGN

Systemic Lupus Erythematosis (see rheum)


anti-nuclear Ab (against snRPS) / anti-dsDNA factor 

Membranoproliferative
good prognosis

Focal GN 


okay, but may become diffuse later


Diffuse proliferative

most common, bad prognosis, wire loop capillaries

Vasculitis

Interstitial nephritis


Membranous


C3, Ig, C1q / indolent course

childhood lupus: prognosis determined by extent of renal involvement / immunosuppressive treatments often lead to opportunistic infection as the other major cause of death

Polyarteritis Nodosa (see vasculitides)
hypersensitivity angiitis (microscopic form) has glomerular involvement (focal or proliferative) classic PAN (infarcts in kidney)

Wegener’s Granulomatosis (see vasculitides)

most-common cause of RPGN / cANCA / similar to microscopic PAN

Scleroderma (see connective)


hyaluronic acid accumulation in medium and small arteries


similar lesions as malignant HT (may have normal BP)

Thrombotic Disease  [hypercoagulability] [Ddx for hypercoagulable state]

Focal

PE, DVT, PVT, fat embolism
Systemic 
DIC, HELLP, TTP, HUS, HSP
Focal Thrombosis [risk of thromboembolism]

Acute Arterial Occlusion (see other)

Superficial thrombophlebitis [pic]

Treatment: does not cause PE, so no anticoagulation; can do bedside thrombectomy or simply NSAIDS, applied heat; usually pain goes away within a few days

DVT
Cancers associated with DVT: lung, pancreas (Trousseau’s), stomach, colon > prostate, ovary >>> breast, brain, kidney, lymphoma

Other risk factors: late pregnancy (milk leg), OTC, smoking

Treatment: see PE / if confined to calf, consider withholding anticoagulation and re-imaging / treatment duration highly individualized (depends on cause and patient profile) / 1/07 current recommendations [annals][annals]
Pulmonary Embolism (see lungs)

Prosthetic Valve Thrombosis (PVT)

4% risk per patient/year without anticoagulation (0.016%/day), 2% with anti-platelet drugs, 1% with warfarin / mitral, caged-ball and multiple prostheses increases risk / known thrombus carries high risk of stroke (~10%) / consider operation for mobile thrombi or non-responders to medical therapy / consider thrombolysis (repeat TEE every few hours, continue 24-72 hrs) in high-risk surgical candidates with left-sided PVT / medical therapy is heparin ( warfarin ( ASA

Fat Embolism

Multiple cholesterol embolization (atheroembolic syndrome)

Risk Factors: vascular disease, catheterization, grafting, repair procedures, warfarin (mechanism unclear)
Findings: ecchymoses and necrosis similar to vasculitis: livedo reticularis (skin) [pic][dermis], Hollenhorst plaques (eyes), renal failure (progressive, step-wise) / note: peripheral pulses are preserved, despite marked peripheral ischemia

Bergman’s Triad: mental status changes, petechiae, dyspnea / complications: ARDS, DIC

Diagnosis: eosinophilia/eosinophiluria, renal biopsy is immediately diagnostic as ethanol preparation washes out cholesterol emboli leaving empty spaces

Treatment: steroid therapy may be harmful (unlike true vasculitides), if necessary, PEEP, treat any DIC

Prognosis: usu. severe but a significant number of patients have some recovery of renal function
Neutral Fat Embolism

12-36 h after bone trauma or fracture 

Systemic Thrombosis

Disseminated Intravascular Coagulation (DIC) [NEJM]
Fulminant DIC

Intravascular hemolysis: hemolytic transfusion reaction, autoimmune diseases

Infection: sepsis (gram positive or gram negative), meningococcemia, viremia

Malignancy: mets, leukemia, other

Ob/Gyn: pre-eclampsia, amniotic fluid emboli, retained products of conception, HELLP
Burns/Crush/Trauma

Acute liver disease: obstructive jaundice, acute hepatic failure

Vascular disorders: giant hemangiomas, other
Prosthetic devices: LeVeen or Denver shunts, aortic balloon assist devices

Drugs: lamotrigine, penicillamine?

Low-grade DIC

cardiovascular, peripheral vascular, renal vascular, autoimmune disorders, hematologic disorders, inflammatory disorders

Labs: increased D-dimers, fibrinogen split products, decreased fibrinogen 

· Peripheral smear: RBC fragments [pic], schizocytes [pic] 
Treatment: 

· remove trigger / treat underlying problem
· Stop intravascular clotting process (this is complicated)
· activated protein C (promising new agent)
· use of heparin (early on) is debated

· ATIII concentrates / dose (given q 8 hrs) = (desired - initial level) × 0.6 × total body weight (kg)

· Other choices: IV heparin, LMWH, Hirudin, antiplatelet agents (less effective but sometimes a safer choice)

Note: ~75% will respond to above therapeutic steps / failure is probably component depletion / replace factors (try to leave out fibrinogen)

Components (as indicated): platelet concentrates, packed red cells (washed), ATIII concentrate, FFP, prothrombin complex, cryoprecipitate

Relatively Safe to Give: washed PRBC’s, platelets, ATIII concentrates (if available), and nonclotting protein containing volume expanders (plasma protein fraction, albumin, and hydroxyethyl starch)

Inhibit residual fibrinogenolysis  

· Aminocaproic acid
given as initial 5 to 10 g by slow IV push then 2 to 4 g/hr for 24 hrs or until bleeding stops / may cause ventricular arrhythmias, severe hypotension, and severe hypokalemia
· Tranexamic acid (newer)
given as 1 to 2 g IV q 8 to 12 hrs / more potent, may have fewer side effects

HELLP (hemolysis, elevated LFT’s, low platelets) (see pre-eclampsia)

occurs in late 3rd trimester in pregnancy (70% antepartum, 30% post-partum, usually < 48 hrs, almost always < 7 days)

Presentation: +/- elevated BP, fever (less common), may have proteinuria, severe renal failure, thrombocytopenia / 5-30% with DIC
Ddx: appendicitis, diabetes, gallbladder disease, gastroenteritis, PUD, glomerulonephritis, hepatic encephalopathy, ITP, renal stones, pyelonephritis, SLE, HUS, TTP, viral hepatitis
Course: delivery alone is not always curative, consider plasma exchange with FFP if not resolved by 72 hrs / recurrence risk for HELLP is 5-30%, for preeclampsia (40%)

Treatment: anti-platelet agents recommended by many for treatment and some say for prevention of recurrence

Thrombotic Thrombocytopenic Purpura (TTP)
1 in 1000 / female:male 10:1
Malignancy: gastric >> breast, colon, small cell lung

Drugs: tacrolimus, mitomycin C, cyclosporin, gemcitabine, bleomycin, cisplatin, plavix (rare, would happen in first 2 weeks of plavix therapy)

Infections: HIV, others

Presentation: fever, viral prodrome hemorrhage, pallor, CNS signs, jaundice, pulmonary edema / young women

Pentad: thrombocytopenia, microangiopathic hemolytic anemia, CNS, renal, fever 

CNS (confusion, mental status, seizures et al)

Renal is often mild, but in 80-90% (proteinuria, hematuria, azotemia)

GI (N/V/diarrhea)

Heart: classically not, but may create subclinical damage

Prognosis: involvement of brain and kidney (50%) / mortality is 90% (10% with treatment but long-term problems arise from heavy use of blood products)

Labs: coagulation tests usually normal (unlike DIC), proteinuria, elevated BUN, elevated LDH (out of proportion), Coomb’s negative, fibrin split products (but not DIC levels), bone marrow Bx ( megakaryocyte hyperplasia, schistocytes (should be plentiful)
Diagnosis: sometimes difficult, use labs, skin/gingival biopsy of petechiae, renal biopsy

Pathology: extra large forms of vWF circulate due to decreased activity of vWF degrading enzyme ADAMTS 13 (probably due to IgG inhibitors) / platelets stick too much ( microangiopathic thrombi and  hemolytic anemia (schistocytes from RBC’s being sheared in thrombi)

Treatment: 
· plasmapheresis – follow platelet count and LDH
· high dose steroids (possibly other immunosuppressives
· antiplatelet drugs: ASA 325-1500 / dyprimamidole 
· avoid giving platelets (only aggravates the problem)

· 2nd line: splenectomy (controversial), chemotherapy, IVIG

Prognosis: up to 85% remission with proper treatment
TTP-like syndrome (TMA) in HIV patients (~10% < 50CD4, ~3% < 100) (same treatment)

Association (50%) with CMV viremia

Evans’ syndrome

autoimmune hemolytic anemia and thrombocytopenia / positive Coombs’ test and by microspherocytes rather than schistocytes on peripheral smear / more common in children / idiopathic or related to hematologic malignancy
Hemolytic Uremic Syndrome (HUS)
similar findings as TTP but without neurological involvement / more severe renal disease

Mechanism: probably different than TTP

acute renal failure (mostly in children) associated with microangiopathic hemolytic anemia, thrombocytopenia and thrombosis, can lead to brain edema, seizures (give BZ or Dilantin) / some or all findings may be present / usually occurs after gastroenteritis, but can occur with just UTI / idiopathic form (AR and AD)

Other bacteria: has been associated with Pneumococcus, aeromonas, HIV

Drugs: cyclosporin A, tacrolimus, mitomycin C, OCP’s, OKT3, irradiation, gemcitabine, quinine, Ticlid
Children (90%): E. Coli 0157/H7, Shigella (verocytotoxins) cortical necrosis?, 

Adults: HUS from infections, post-partum, systemic disease (cancers, etc) – worse prognosis

Note: in blacks, E. Coli toxin is an uncommon cause of HUS (unlike Shigella)

Treatment: life threatening condition that requires IVIG and/or plasmapheresis, steroids?, transfusions 


as a sequelae of childhood pneumonia?

Henoch-Schönlein-Purpura (HSP) 







Children 5-15 yrs (occasionally adults) / like IgA nephropathy plus GI problems

Presentation: palpable purpura (usu. lower extremities, buttocks) [pic], arthritis, arthralgia, abdominal (GI pain, bleed), renal (glomerulonephritis), CNS, hepatic are rare

Note: regular erythema blanches whereas true purpura does not

Complications: 

· abdominal intussusception (large > small); barium enema may be curative

· renal: more in adults, nephritis (30%), may require hemodialysis (20%), chronic renal failure (2%)

Associations: lymphoma

Diagnosis: urinalysis, abdominal ultrasound, 

Pathology: skin biopsy - IM shows around blood vessels and dermal zones / neutrophilic predominance around blood vessels / IgG deposition and some C3 

Treatment: steroids may help GI manifestations but not renal / severe cases may require other immunosuppressives, plasma exchange, IVIG / dapsone can help skin, joints, GI manifestations / antihistamines for pruritis / follow up with urinalysis

Pyelonephritis
Acute pyelonephritis (see UTI)
50% have ureteric valve regurge / damage often localized to upper, lower poles (blunt calices), papillary necrosis, pyonephrosis, perinephric abscesses

coarse granular casts become fine granular casts 

Chronic pyelonephritis


VUR / adherent capsule / U-shaped scar (late) / hyaline casts or thyroidization of tubules 

 
glomerular fibrosis, atrophy (focal segmental) / account for 15% of renal transplants

Interstitial Nephritis 
higher risk of transitional cell carcinoma
Acute interstitial nephritis

Drugs: B-lactams, NSAIDS (nephrotic picture), diuretics, phenytoin, phenobarbital, cimetidine, sulfinpyrazone, methyl-dopa

Labs: eosinophils in urine (early in morning)

Chronic interstitial nephritis

Drugs: NSAIDs (nephrotic, decreased GFR, papillary necrosis, edema), analgesics, lithium (many mechanisms, also causes interstitial fibrosis and nephrogenic diabetes insipidus), gold

Toxins: cadmium, lead (Pb), copper (Cu), mercury (Hg)

Crystalline: uric acid, oxalate (primary, ethylene glycol, methoxyflurane)

Amyloid (nephrotic 75%) 

Sarcoid (hypercalcemia from 1,25-OH +/- hyperglobulinemia causing distal RTA)

Analgesic abuse nephropathy 

prolonged analgesic use including NSAIDs, acetaminophen, ASA (especially in combination)

2% of ESRD in US / > 2 to 3 kg cumulative dose

Pathology: 
chronic interstitial nephritis

bilateral papillary necrosis (25 to 40%) seen on IVP

patchy necrosis of the loop of Henle and medullary interstitium


Diagnosis: 
biopsy ( tubular atrophy and interstitial fibrosis with occasional histiocytes

U/S ( small-sized kidneys (50% to 65%) / middle-aged women

Balkan nephritis

causes fever, skin rash, renal failure 

Xanthogranulomatous pyelonephritis

rare / foam cells / Proteus sp. / resembles renal cell carcinoma
Renal papillary necrosis


sort of like ATN on macroscopic scale / papillae can slough off causing obstruction 

Causes: DM, obstruction, pyelonephritis, analgesic abuse, sickle cell (and sickle cell trait), hypoxia and volume depletion in infants, graft rejection

Renal Tubular Disease

· ATN, RTA, DI, Fanconi’s, etc.

Acute Tubular Necrosis (ATN)


most common pre-renal / decreased GFR / high recovery rate  with proper management / 50% may not have oliguria

Causes: NSAIDS, aminoglycosides, IV contrast, rhabdomyolysis, thrombus
Diagnosis: FeNa (results are altered by diuretic use), muddy brown casts

Treatment: dialysis, fluid, diuretics, DOPA (increases output, but not GFR, will not lower creatinine level) / future: anti-endothelins, GF?
toxic nephrosis


continuous damage in proximal tubule

ischemic tubular necrosis

patchy damage

focal tubular necrosis

hydropic change

fatty change

hypokalemic nephropathy

chronic tubular disease

myeloma kidney (see mm)
Bence-Jones light chain fragments combine with Tamm-Horsfall proteins, create tubular casts causing obstruction/inflammation

Acid-Base Metabolism

Anion gap 


Anion Gap = [Na] – [Cl +HCO3] 
normal: 8-12
MUDPILES

(methanol, uremia, DKA, Paraldehyde, isopropyl, lactate, ethano/ethelyne glycol,  salicylates/starvation)
Increased acid production (noncarbonic acid) 

Increased β-hydroxybutyric acid and acetoacetic acid production 

Insulin deficiency (diabetic ketoacidosis). 

Starvation or fasting. 

Ethanol intoxication. 

Increased lactic acid production 

tissue hypoxia, sepsis, exercise, ethanol ingestion

Systemic diseases (e.g., leukemia, diabetes mellitus, cirrhosis, pancreatitis)

Inborn errors of metabolism (IEMs) (carbohydrates, urea cycle, amino acids, organic acids). 

Increased short-chain fatty acids (acetate, propionate, butyrate, d-lactate) from colonic 

fermentation

viral gastroenteritis

Other causes of carbohydrate malabsorption 

Intoxications: methanol, ethylene glycol, paraldehyde, salicylate/NSAID, 

Increased sulfuric acid 

Decreased acid excretion: acute and chronic renal failure


Anion Gap
Ethanol – no

Methanol – yes

Isopropyl – yes
Respiratory compensation for primary metabolic acidosis

· For every 1 mEq decrease in HCO3  the PCO2  should decrease by 1-1.5 mmHg

Osmolality 
Plasma osmolality (mOsm/kg) = 2([Na+] + [K+]) + [BUN]/2.8 + [glucose]/18 + ethanol/4.6 [pic]


Normal Osmolar Gap < 10 mOsm/kg

HCO3 metabolism

kidney increases serum bicarbonate via reabsorption and addition of new bicarbonate into serum via excretion of titratable acids and the formation of ammonia formation

HCO3 Deficit 

HCO3 to replace (mEq) = Wt (kg) x (0.4)(15-measured HCO3)



or = (base deficit )(wt in kg)(0.4) / 2

Note: elevated AG may result from alkalosis freeing up negative charges on proteins (albumin), however, this cannot increase AG > 22

Lactic acidosis (see sepsis)
Severe metabolic and respiratory acidosis

pancreatitis, vomiting, hypokalemia, tissue necrosis, hypovolemia

Treatment: THAM (unproven) 
Renal Tubular Acidosis (RTA)
· All RTA’s associated with increased renal stones (calcium oxalate) from increased pH

Urine anion gap
[Na + K] – Cl – ?HCO3
If renal function intact, Ur AG will be negative due to excretion of ammonium chloride salts (high Cl) / Note: must consider unmeasured anions and cations (like Ca)

Urine – MM, hypoalbuminemia

TTKG   (UrK / PlaK) / (UrOsm / PlaOsm) 

> 8 ( kidney is wasting K ( suggests RTA 

< 3 ( kidney is not wasting K ( suggest other cause for hypokalemia

 Classic Distal RTA (Type I RTA)

(hypokalemia)
Mechanism: H+ back leak, negative Urine AG

Drugs: cyclosporine, amphotericin B, vitamin D intoxication, lithium, analgesics, toluene, 

cyclamate

Proximal RTA (Type II RTA) 

(normal or hypokalemia)

Mechanism: profound HCO3 wasting from kidney / normal to low K (volume contraction causes increased aldosterone)

Drugs: carbonic anhydrase inhibitors (acetazolamide, sulfanilamide), mafenamide acetate, and 6-mercaptopurine, sulfanilamide, heavy metals

Note: difficult to correct with HCO3, because you simply can’t give it fast enough

Type 4 RTA 

(hyperkalemia)

Mechanism: hypoaldosteronism, anti-aldosterone, or anti-adrenergic, or blocking Na+ channels (voltage effect)

Decreased aldosterone effect ( hyperkalemia and acidosis1 ( more acidosis from hyperkalemia2
1aldosterone also helps HTPase H+ secretion (requires luminal electronegativity)

2hyperkalemia also inhibits NH3 secretion (proximal kidney), which reduces titratable acidity [thus promoting acidosis]

Findings: decreased urinary excretion of K+ despite high serum levels (low TTKG)

Drugs: NSAIDs (via PG inhibition)

ACE inhibitors, K-sparing diuretics (amiloride, triamterene)

Heparin (blocks production of aldosterone)

B-blockers, cyclosporine, pentamidine

Trimethoprim (bactrim) (block Na+ transporter, decreased tubular electronegativity ( less K+ efflux)

Systemic diseases: Addison’s, SLE, sickle cell, amyloid, chronic partial obstruction, diabetes (especially older males with CHF; hyporeninemic hypoaldosteronism)
Treatment: 

· Eliminate cause if possible 

· Bicarbonate (rather than NaCl) – as the extra bicarbonate will help keep the tubule electronegative and help eliminate potassium

· Lasix may be used (↑ K washout and/or delivery of more Na to ↑ K excretion)

Drug-Induced Electrolyte and Acid/Base Abnormalities

hypokalemia/hypomagnesemia (increased urinary excretion)

gentamicin, cisplatin, diuretics, carboplatin

Findings: increased urinary excretion of K+ and Mg++ despite low serum levels

hypomagnesemia or hypokalemia (increased urinary excretion)
aminoglycoside and cisplatin 

hypomagnesemia, hypokalemia, metabolic alkalosis (increased K+ and H+ secretion)

thiazide and loop diuretics

hypokalemia and metabolic alkalosis 

hypovolemia ( hyperaldosteronism (increased K excretion) / volume depletion also causes increased HCO3 reabsorption and prolongs metabolic alkalosis (e.g. NG suction)

hyponatremia (see lytes)

increased ADH secretion/sensitivity with decreased water excretion

NSAIDs potentiate ADH action (reduction of prostaglandins that inhibit ADH)

Findings: Uosm is less than maximally dilute in the face of low serum Na+
Thiazide diuretics (see below), chlorpropamide, vincristine, IV cyclophosphamide, Cytoxan, clofibrate, narcotics, haloperidol, thioridazine, amitriptyline, fluphenazine, NSAIDs, acetaminophen

Thiazide diuretics – no medullary washout (allows ADH-water resorption

Loop diuretics – medullary washout ( less ADH-water resorption

Note: any diuretic can cause significant NaCl loss with hyponatremia from combination of volume depletion, salt restriction, continued free water intake

Cyclophosphamide and vincristine

direct antidiuretic effect in the distal tubule - impaired free water excretion

Nephrogenic diabetes insipidus (anti-ADH) (see central DI)



Mechanism: impaired response to ADH

Causes: lithium, cyclophosphamide, ifosfamide, vincristine, demeclocycline / ?hypokalemia and hypercalcemia >12 causes mild nephrogenic DI / rare congenital XLR form / metastatic breast cancer
Treatment: thiazides to prevent kidney from diluting urine too much, increase water intake, decreased salt intake

Meliturias, amino acidurias

Fanconi’s syndrome
inherited or acquired (see ARF drugs)

Mechanism: proximal RTA with tubular glucosuria (despite euglycemia), phosphaturia, aminoaciduria, bicarbonaturia, saluresis, kaliuresis, and decreased ammonium excretion
Presentation: rickets, short stature, uremia

Renal Stones
Presentation: unilateral flank pain, colicky, may radiate to groin

Ddx: appendicitis, PID, diverticulitis, abdominal aortic aneurysm, bladder cancer
Diagnosis: clinical and radiological

Radiography:

KUB ( 75-90% of stones are radiopaque (non-opaque: cysteine, struvite, uric acid)

CT ( sensitivity (96%) specificity (100%) [best study; non-contrast CT]

IVP ( sensitivity (87%) specificity (96%)

U/S ( sensitivity (15%) specificity (90%) [better for pregnancy]
Note: CT shows both opaque and non-opaque stones; can sometimes distinguish urate vs. struvite vs. calcium oxalate but get both studies because KUB will separate opaque from non-opaque

Types of stones: calcium oxalate (60%), calcium PO43- (20%), NH4+Mg2+ PO43- or NH4+/Urate (Struvite) (10%), uric acid (5-10%), cysteine (1%)

Treatment: hydration (~2L/day urine output), pain control, strain urine to catch stone (can analyze to make specific diagnosis), intervention (see below)

Note: some advocate NSAIDs over narcotics in patients who are not obstructed and with normal renal function (avoid overhydration as NSAIDs reduce GFR)


Intervention: shock wave lithotripsy vs. surgical removal (e.g. endoscopic) 

Urgent Intervention: obstructed, infected upper urinary tract, impending renal deterioration, intractable pain or vomiting, anuria, high-grade obstruction of solitary or transplant kidney

Course: most stones < 4-5 mm will pass w/out surgical intervention, if not passed after 4 weeks (complication rate 20%)

Note: infected renal stones must be considered as complicated UTI with regard to antibiotic treatment (duration)

Calcium stones

· hypercalcemia (hyper PTH, malignancy, other)

· GI diseases (small bowel bypass, inflammatory bowel diseases) often cause increased resorption of oxalate and increased CaOx stones

· renal tubular acidosis (increased urine pH, alkalinization of urine increases formation of CaPO4 stones)

Struvite Stones (Staghorn calculi) – not opaque
often from UTI with Proteus, staph causing NH4+Mg2+ PO43- stones / often gigantic (will not pass into ureter) / pH > 8
Urate Stones – not opaque
hyperuricemia (gout, leukemia, other malignancy), gout present in 20% of patients with urate stones, Lesch-Nyhan
Treatment: alkalization of urine helps prevent crystallization of urate stones (takes about 9 days to dissolve 2 cm urate stones) / urate is underexcreted in acid urine
· matrix stones (other urease-producing bacteria)

· indinavir stones (organic stones seen in pts taking indinavir)

Cysteine Stones (see other) – lucent or opaque
1/7000 (rare) / hereditary defect in tubular amino acid transport of cysteine, ornithine, lysine, arginine (COLA) ( homocystinuria ( hexagonal-shaped stones

Treatment: diuresis (3L/day) and alkalization of urine (pH > 7) +/- D-penicillamine or tiopronin / moderate salt/protein restriction? / 50% may still require intervention

Course: start early in life and if untreated progress to ESRD
Renal malformations

Anomalies of urethra and bladder

ureteral valves 

kinks in dilated ureter / obstruction

vesicoureteral reflux 

common / serious / pyelonephritis

diverticulum 


congenital or acquired

exstrophy of the bladder
very rare / abdominal wall defect

posterior urethral valves
obstruction - oligohydramnios - pulmonary hypoplasia / males

Anomalies of position and formation
Renal agenesis


unilateral - always check before nephrectomy
bilateral (Potter’s) - facial, lower extremity deformations / not compatible w/ life

Renal hypoplasia


oligomeganephronia (Doll’s kidney) - small, reduced number of pyramids


Ask-Upmark kidney - transverse, linear scar from failed lobule

Duplication of renal pelvis, ureter

80% unilateral / common / asymptomatic or obstructive, infection

Simple ectopia



Crossed ectopia
ureter crosses midline

Renal fusion

horseshoe kidney / may lead to compression / 1/500

Anomalies of differentiation

Simple cysts


½ of population > 50 yrs

Acquired cystic disease


adults / hemodialysis / association with adenoma, carcinoma
Microcystic disease (with nephrotic syndrome)


~ maternal antibodies / rare / early death in infants
Dysplasia (cystic renal dysplasia) 


most common cystic dysplasia in children / failure of differentiation of mesenchyme

Infantile PKD 

rare AR, fatal, bilateral / many small cysts / hepatic fibrosis, bile duct proliferation

Adult Polycystic Kidney Disease (APKD)

age 40 / AD, APKD-1 (chromosome 16 del) / 70% have renal disease by 70 yrs (may have false negative or poorly recognized FH or sporadic mutation)

Presentation: flank pain, hematuria, low-grade proteinuria, systemic HTN (can have even with normal UA and serum creatinine), renal failure

Complications:  hepatic cysts (33%), Berry aneurysms (12%, do MRI if  FH of ICH), mitral valve prolapse (25%) or aortic/tricuspid insufficiency, colonic diverticulosis (most common extra-renal finding, more likely to perforate)

Medullary cystic disease (sponge kidney) – 2 types

1) non-uremic - normal renal function (normal urine sediment)

2) uremic - earlier onset, renal failure

Alport’s Syndrome

AD or XLR / defective GBM synthesis / onset age 5-20 yrs

progressive renal failure, CN VIII deafness and eye lesions / get a biopsy


Pathology: biochemical changes in BM, variation/layering, IF not useful

Renal Transplant

Hyperacute rejection – preformed cytotoxic antibodies destroy kidney within hours

Acute rejection – T cell mediated occurs over months / treat with steroids, antithymocyte antibodies and/or immunosuppression 

Chronic rejection – gradual kidney decline, proteinuria, HTN / graft may survive several years

Immunosuppression: steroids, cyclosporine, azathioprine, ATG, OKT3, MMF

Note: 100x risk of malignancy due to chronic immunosuppression (often lymphoma), also increased risk of infection

Transplant glomerulopathy

most common cause of renal failure in transplant patients

Treatment:  ACE inhibitors for chronic allograft nephropathy [article1] [article2] / post-transplant erythrocytosis (occurs in 10-20%) ( consider using ACE inhibitors / 10-40% of patients with unilateral renal artery stenosis develop ARF (usu. 10-14 d and usu. reversible) 

Membranous GN most common glomerulopathy
cyclosporin toxicity, tubular vacuolization (not specific), arteriolar hyalinization (may occur) Note: long-term cyclosporin and tacrolimus may induce chronic interstitial fibrosis / diagnosis can be confused with rejection / renal biopsy to distinguish interstitial fibrosis from acute or chronic rejection

Renal Cancer

Benign
· angiomyolipoma

· adenoma - from renal tubule

· oncocytoma -epithelial tumor

Renal Cell Carcinoma – poor prognosis
Males 2x > female; 50-70 yrs
Types: granular cell, tubular adenocarcinoma, Wilm’s, sarcoma

Pathology: clear cells rich in lipid or glycogen, distinct vascular pattern by arteriography

Presentation: hematuria, flank pain, palpable mass (classic triad occurs only in 10-20%)
Paraneoplastic syndromes: erythrocytosis, hypercalcemia, hepatic dysfunction, fever of unknown origin, amyloidosis

Diagnosis: IVP, CT

Treatment: nephrectomy (only potentially curative option); Il-2 and IFN-alpha is helpful in 10-20%; radiation can have some effect; metastatic disease carries dismal prognosis
Prognosis: poor / metastases ¼ have mets at presentation: lungs, bones, lymph nodes

Von-Hippel-Lindau (VHL deletion)
hemangioblastoma, pancreatic cysts or pancreatic cancer, cerebellum, medulla, multiple bilateral renal cysts or renal cell carcinoma / Hatfields and McCoys
Dialysis

Indications for: electrolytes (K, Mg), uremia, acidosis, volume overload, ingestions, severe ↑urate

Hemodialysis

Acute Complications
· risk of cardiac arrhythmias can last up to 5 hrs after HD (risk may be predicted by larger QTc dispersions > 65 ms bad (normal 40-50 ms) / typical pre-post HD values are 60 ( 90

· Avoid overly aggressive dialysis – get relative hyperosmotic CNS (brain swelling)

· volume shifts may result in cardiac problems

· post-dialysis state of confusion, HA, nausea

· Increased Infections
UTI most common (Candida, Enterococci for HD / Staph for non-HD patients)

Chronic Complications
· line sepsis from dialysis catheters, and infection of grafts >> fistulas

· dialysis amyloidosis occurs after many yrs of dialysis (50% by 13 yrs) due to buildup of amyloid protein (11-kDa b2-microglobulin molecules too large to pass through membranes) / Only effective treatment is renal transplant
· Calciphylaxis [pic]
Presentation: plaque-like with dusky or purple discoloration / extremely painful / progression to ulceration and formation of eschars / occur in up to 4% of dialysis patients (male:female 1:3) / must distinguish from more common arterial, ocular, periarticular, soft-tissue calcifications / hyperparathyroidism (80%), hyperphosphatemia (70%), elevated calcium-phosphate product (30%) / note: lab abnormalities may not be present later on when disease presents

Diagnosis: biopsy (may want to avoid) / bone scan (can be useful)

Ddx: calcinosis cutis, dystrophic calcification (sites of injured tissue), medial calcific sclerosis (larger vessels)

Treatment: avoid vitamin D and calcium (use non-calcium aluminum binders; may give calcimetic agents (Cinacalcet) to help keep PTH levels down) / bisphosphonates, sodium thiosulfate, tPA, hyperbaric oxygen all have shown some success / role of parathyroidectomy debated

· Nephrogenic fibrosing dermopathy (NFD)

rare condition described in 90’s / may be caused by use of gadolinium dye in MRI
Hemofiltration – 12-16 L

Hemodialysis – 2 L

Peritoneal dialysis

May decrease risk of bleed/hypotension with CNS trauma and MI

1 infection per 30-40 patient months, is PD adequate?

Ultrafiltration (e.g. CVVH or continuous venovenous hemofiltration)

highly permeable membranes allow low hydrostatic pressures and flows so patient’s own BP is the driving force / advantage is can do in patients with very low blood pressures (who could not tolerate fluid fluids of regular HD) / best way to remove large amounts of volume in shortest time possible (much faster than regular HD)

Renal Physiology II

Acid/Base

Increase proximal tubule H+ secretion and HCO3 reabsorption (and vice versa)

Acidosis





Increased PCO2

Hypokalemia (decreased intracellular K favors HCO3 reabsorption)

Cl depletion as with volume depletion (H+ is exchanged for Na instead of Cl, this effect is NOT due to aldosterone)

The distal tubule and collecting duct sees the same influences with the addition of aldosterone effects

ABG
Renal response to respiratory acidosis

.1 acute  (still takes 24-48 hrs)

.5 chronic

Renal response to respiratory alkalosis

.25 acute

.5 chronic

CO2 falls 1.25 mmHg per 1 mmol/L drop in HCO3

CO2 rises between .2 to .9 mmHg per 1 mmol/L drop in HCO3

Base excess – will be normal in acute situation – but changed in chronic?

Note: always check for combinations of respiratory and metabolic perturbations.

Electrolytes or Lytes

Sodium
Potassium
Calcium
Magnesium
Phosphate
Hyper Na+
Hyper K+
Hyper Ca2+
Hyper Mg2+
Hyper PO43+
Hypo Na+
Hypo K+
Hypo Ca2+
Hypo Mg2+
Hypo PO43+
· hypoglycemia
POTASSIUM [K+] 

Normal range: 3.5 to 5.0 mmol/L (extracellular) and 150 mmol/L (intracellular)

Total body stores run 50 to 55 mEq/kg (3000-4000 mmol intracellular; 300-400 mmol extracellular)

Normal intake is ~100 mEq/day

Normal output is 50 to150 mEq/day (95% renal, 5% stool, sweat)

Increased cellular uptake: insulin, B2 agonists, alkalosis, alpha antagonists

Decreased cellular uptake: acidosis, hyperglycemia, increase in osmolality, exercise, B2 antagonists, alpha agonists

When aldosterone is constant, acidosis decreases K secretion and alkalosis increases K secretion (direct effects on tubular cells – of course, 

alkalosis enhances potassium excretion in exchange for resorption of H+ and Na+ ions in the distal renal tubule

Acidosis enhances renal conservation of K+ in the distal tubule

High concentrations of H+ ion also may displace intracellular K+, causing an apparent hyperkalemia

Renal Physiology

increased tubular Na+ delivery and subsequent reabsorption favors secretion K+, increased flow decreases luminal [K+] and favors secretion

Hypokalemia

Renal losses (UK+ > 20 mEq/day)

Diuretics, osmotic diuresis (DKA, other)

antibiotics (AG, amphotericin, penicillins), type I classic distal RTA, hyperaldosteronism (Conn’s), glucocorticoid excess, magnesium deficiency, chronic metabolic alkalosis, Bartter’s, Fanconi’s, ureterosigmoidostomy 

Extrarenal losses (UK+ < 20 mEq/day)

Diarrhea, intestinal fistulas, inadequate potassium intake, strenuous exercise (shift out of cells and urinary loss)

Cellular shift

Acute alkalosis (hyperventilation, GI losses, intestinal fistulas), insulin, vitamin B12 therapy, hypokalemic periodic paralysis, medications (lithium and salbutamol)

Note: GI losses (vomiting and NG suctioning) is due acutely to alkalosis from H+ loss, but then from increased Tm for HCO3 with volume contraction (increased resorption of HCO3 in proximal tubule)


Findings:
CVS: PACs, PVCs, digoxin toxicity 

ECG: [hypokalemia ECG] [potassium ECG]

prolonged QT interval 

T wave flattening or inversion

prominent U waves
ST depression

MS: cramps, pain

Abd: paralytic ileus 

Neuro: weakness, paresthesias, and depressed DTRs 

ABG: Metabolic alkalosis 

Serum Ca2+: hypokalemia and hypocalcemia may coexist 

Serum Mg2+: hypokalemia and hypomagnesemia may coexist 

Treatment:

think of 10 mEq for every 0.1 deficit (unless significant deficit exists)

be careful not to give more than 40 mEq IV at one time

DKA: careful not to drop the K too fast by giving insulin/fluids

Hyperkalemia
Excessive intake 

Iatrogenic supplementation (IV or PO)

Salt substitutes 

High-dose potassium penicillin

Blood transfusions 

Decreased excretion 

Renal failure (acute or chronic) (GFR < 10 to 15)

Drugs: spironolactone, amiloride, triamterene / lithium, cyclosporin, heparin, trimethoprim

Addison’s disease 

Hypoaldosteronism 

Distal tubular dysfunction 

Cellular shift
(0.6 mmol/L for each 0.1 decrease in pH)

Acidemia [except (ketones, lactic acid) because they cross membrane and do not create voltage gradient]

Insulin deficiency 

Tissue destruction (hemolysis, crush injuries, rhabdomyolysis, burns, and tumor lysis)

Medications (arginine, B-blockers, digoxin, and succinylcholine) 

Hyperkalemic familial periodic paralysis (rare)

Factitious 

Prolonged tourniquet application before blood draw

Hemolysis of blood sample

Leukocytosis 

Thrombocytosis 

Findings:
CVS: Fatal arrhythmias 

Neuro: Weakness, paresthesias, depressed DTRs

ECG: 
ECG changes progress relative to severity of hyperkalemia [potassium ECG]

First( Peaked T waves 

Shortened QT intervals

Depressed ST segments 

Decreased R wave amplitude

Prolonged PR interval 

Small or absent P waves (flattened P waves)
Widened QRS complexes

Last( 
Sine wave pattern 

Complications:

Pancreatitis

More-rhabdo?

Transfusion, inflammatory - 

Acidosis (b/c K+ decreases ability of tri-transporter to pump NH3 into tubule thus restricting NH4 excretion)

Iatrogenic

Renal failure

Hypomagnesemia

Hypoaldosteronism

Treatment:
start getting worried > 6.0, super worried > 7.0 / lack of EKG changes is reassuring 
but does not mean you ignore it / [some renal patients are allowed to get into the 6’s prior to next dialysis treatment if you know you will be able to get dialysis soon]

· calcium (to stabilize cardiac membrane)

· kayexylate resin PO/enema (enema works faster)
· insulin/D50 (drives K into cells)
· β-agonists (drives K into cells)
bicarbonate (especially with Type 4 RTA)

CALCIUM [Ca2+]
Increased renal Ca reabsorption: metabolic alkalosis, volume contraction

Decreased renal Ca reabsorption: phosphate depletion, metabolic acidosis, ECF volume expansion, loop diuretics

Note: ionized calcium decreases with dialysis due to decrease in acidity. Ionized calcium increases with increased acidity. Therefore, patients in renal failure might maintain normal Cai although the total calcium stores are decreased.

Hypercalcemia 

Corrected calcium level: add 0.8 mg/dL for every 1 g/dL of albumin below 4 g/dL. [normal 8.8 to 10.4 mg/dL]


Younger, asymptomatic ( hyperparathyroidism from parathyroid adenoma


Older, sicker ( malignancy

Causes:

Increased intake or absorption of Ca2+
milk-alkali syndrome (taking twice normal dose for osteoporosis)
Vitamin D or A intoxication 

sarcoidosis or other granulomatous disease (in addition to increased absorption from the GI tract, sarcoidosis increases conversion of 25-(OH) vitamin D to 1,25-(OH)2 vitamin D 

Increased mobilization from bone


Primary hyperparathyroidism (likely parathyroid adenoma)

Primary hyperthyroidism (increased bone turnover)

Secondary hyperthyroidism associated with renal failure 

Paget’s disease 

Long-term immobilization 

Malignancy (often when Ca level very high)
with bone invasion: 
lung, breast, prostate total 80% / others: multiple myeloma, renal, thyroid, colon, lymphoma, bladder
· most combination blastic/lytic (lytic causes more ↑Ca, better seen on XR; prostate mostly blastic, better seen by bone scan)

without bone mets: 

· PTHrp secreted by tumor (squamous cell carcinoma of lung, kidney, pancreatic, cervix, ovary, colon, head and neck tumors, esophagus, hypernephroma)

· lymphomas ( 1,25-(OH)2 vitamin D

· increased bony resorption via prostaglandin E2

· osteoclast-stimulating factor (lymphoproliferative disorders)

Drugs: lithium, HCTZ, phosphate

Adrenal insufficiency
Acromegaly 

Recovery from ARF following rhabdomyolysis  

Decreased excretion

Familial hypocalciuric hypercalcemia 

SLE

Findings:
< 12 g/dL (polyuria, dehydration)
> 13 (more symptoms: stones, bones, groans, moans, psychiatric overtones)
CVS: bradycardia, complete heart block, hypertension, and digoxin sensitivity 

ECG:
shortened QTc interval

short or absent ST segment

prolonged PR interval

MS: insomnia, restlessness, delirium, dementia, lethargy , and coma 

HEENT: corneal calcification

Abd: GI upset, anorexia, nausea, vomiting, constipation, ulcers, pancreatitis 

GU: polyuria, polydipsia (nephrogenic DI) and nephrolithiasis

Neuro: muscle weakness, hyporeflexia, bone pain and pathologic fractures

Other:

ABG: may show hyperchlorhydric metabolic acidosis 

PTH: If no known malignancy is found, a serum PTH should be drawn. A high PTH is indicative of hyperparathyroidism; a low PTH requires workup for occult malignancy

Diagnosis:

Ca2+ < 12 ( real hyperparathyroid (elevated iPTH and urine cAMP) vs. paraneoplastic (iPLP and decreased iPTH)

band keratinopathy (corneal lesions)

Treatment:

moderate (2.9-3.2 mmol/L)  ( volume expansion and diuresis (UO > 2500 mL/day)

IV Fluids 500 ml NS bolus IV (careful with CHF)

Lasix 20 to 40 mg IV q 2 to 4 hrs to ensure UO > 2500 mL/day and increase renal calcium wasting (i.e. no thiazides)

severe (> 13 mg/dL or > 3.2 mmol/L or symptomatic) 
· calcitonin [short-lived effect; can cause tachyphylaxis]
· bisphosphonates: disodium etidronate (EHDP) or pamidronate (5 to 10 mg/kg/day IV over 2 hours for 3 days; careful with renal insufficiency as rapid infusion of pamidronate may exacerbate renal failure), repeat in 7 days if needed; longer term (20 mg/kg/day PO for 30 days) [onset: 1-2 days; may cause ↓ PO4, ↓ Mg, ↓ Ca, fever]
· hemodialysis for hypercalcemia ( > 4.5 mmol/L)

· plicamycin (Mithracin) inhibits bone resorption of Ca2+ (15 to 25 /kg in 1 L NS over 3 to 6 hours) (onset ~ 48 hrs) [only use in emergency situation, many side effects]

chronic: steroids, oral PO4, NSAIDs (only in PG-induced hypercalcemia)

· prednisone decreases Ca2+ absorption in malignancy and may have antitumor effects (10 to 25 mg PO q 6 hrs) [onset: 2 to 3 days]
· PO4 causes Ca2+  causes CaPO4 deposition / give if serum PO4 < 1 mmol/L (with working kidneys (5 ml PO 3 to 4 times daily until serum PO4- is 1.6 mmol/L)

Hypocalcemia

Causes:

Decreased intake or absorption 

Malabsorption, intestinal bypass, short bowel syndrome

Vitamin D deficiency or chronic renal failure 

(decreased production of 25-(OH) vitamin D or 1,25-(OH)2 vitamin Dl)

Increased excretion 

Medications (aminoglycosides, loop diuretics, renal failure) 

Decreased production or mobilization from bone 

Hypoparathyroidism (after subtotal thyroidectomy or parathyroidectomy) 

Pseudohypoparathyroidism 

Acute hyperphosphatemia (tumor lysis syndrome, ARF, and rhabdomyolysis) 

Acute pancreatitis (deposition) and other necrosis

Sepsis (mechanism unclear)

Hypomagnesemia (see Mg2+)

Alkalosis (hyperventilation, GI losses, and intestinal fistulas) 

Neoplasm 

Paradoxical hypocalcemia from osteoblastic mets from lung, breast, or prostate 

Medullary carcinoma of the thyroid ( calcitonin

Tumor lysis syndrome

Drugs: protamine, heparin, glucagons, transfusions

Transient: hypoalbuminemia (0.8 mgCa/g albumin), alkalotic state, pancreatitis, sepsis, burns, ARF

Findings:
Cardiac: arrhythmias and dilated cardiomyopathy

ECG: 
prolonged QT interval without U waves 


T wave flattening or inversion

MS: confusion, irritability, and depression 

HEENT: papilledema and diplopia, stridor (laryngospasm)

Abd: abdominal cramping 

Neuro: paresthesias of the fingers/toes, increased DTRs, carpopedal spasm, tetany, and seizures

Chvostek’s sign: facial muscle spasm elicited by light tapping on the facial nerve at the angle of the jaw; may be present in ~10% of the population with normal [Ca2+] 

Trousseau’s sign: carpal spasm elicited by placement of a blood pressure cuff on the arm and inflation to above SBP for 3 to 5 minutes (often painful for the patient) 

Chronic hypocalcemia: eye (increased ICP and papilledema), CNS (spasms of hand, face, respiratory muscles), mental status changes  (irritability, depression, psychosis), cardiac arrhythmias, intestinal cramps, malabsorption
Treatment:

Replace calcium (calcitriol and oral calcium) (monitor quantity of Ca2+consumed, watch for symptoms of circumoral or fingertip tingling)

Long-term calcium supplementation rarely required

PHOSPHATE [PO43-]

Hyperphosphatemia

Causes: CaPO4 deposition (conduction problems, calcification of blood vessels)

Findings:
hypocalcemia

CaPO4 deposition in tissues (can occur when Ca2+ x PO4 index > 60) / see tumor-lysis syndrome

Treatment: what can you do about it? HD doesn’t take off PO4 very well – 

Hypophosphatemia

Causes: 


Decreased intake, excess GI PO43+ binders, vitamin D deficiency

Hyperventilation or sudden alkalinization of serum

Mechanism: increased intracellular pH ( increased PFK action/glycolysis ( shift of PO43+ into cells (this effect can persist for a brief period even after normal 
ventilation) / refeeding stage of severe malnutrition with administration of carbohydrate

Findings:
Presentation: confusion, weakness, anorexia, malaise, paresthesias

Severe hypophosphataemia (< 1)

respiratory muscle weakness, CNS dysfunction (EEG and EMG changes), rhabdomyolysis, dilated cardiomyopathy, hemolytic anemia

Mechanism: decreased intracellular ATP, decreased 2-3 DPG and altered hemoglobin O2 affinity ( tissue ischemia

MAGNESIUM [Mg2+]

Normal range: 1.3 to 2.1 mEq/L

Reabsorption: 25% proximal / 50-60% Loop of Henle / passive and active reabsorption (mechanism unclear) / Mg2+ competes with Ca2+ for reabsorption in TAL

· Magnesium is required for proper function of many cellular mechanisms including the Na+ / K+-


ATPase pump. Derangements in magnesium levels should be sought in conditions associated 


with abnormalities in potassium or calcium concentrations.

· Mg2+, K+, PO43+ usually simultaneously decreased with poor dietary intake

· PO43+ deficiency causes K and Mg deficiency via catabolic state

Hypermagnesemia

Causes:

Medications: lithium 

Magnesium-containing drugs in settings of renal failure

Tumor metastases to bone

Hypothyroidism

Viral hepatitis

Acidosis 

Findings: symptoms generally not apparent until the level is > 4 mEq/L

VS: Bradycardia

CVS: Hypotension

ECG: 
shortened QT


Shortened PR interval


Heart block

Peaked T waves

Increased QRS duration

Lung: respiratory depression
Abd: nausea and vomiting

Skin: flushing 

Neuro: loss of DTRs, and muscular paralysis 

Treatment:
Identify and eliminate source

calcium gluconate  (100-200 mg IV over 5-10 minutes) effects are immediate but transient

Dialysis for severe hypermagnesemia (esp. with renal failure)

Hypomagnesemia

· Hypomagnesemia is most commonly due to urinary or GI losses

· RBC Mg2+ content decreases earlier than muscle Mg2+/N ratio 

· Effects on Ca2+ metabolism

· 1.2-1.6 mg/dl increased PTH ( ↑ Ca2+
· < 1 mg/dl decreased PTH (blocks release and action) ( ↓ Ca2+
· reduced renal synthesis of 1,25(OH)2D ( ↓ Ca2+
· Effects on K+ metabolism (mechanism less well understood)

Difficult to correct K+ without correcting Mg2+ (somehow causes renal wasting of K+)

Causes:

Diminished PO intake

Malabsorption 

Malnutrition (prolonged IV therapy, and alcoholism)

GI losses

Diarrhea (laxative abuse, gastroenteritis, and inflammatory bowel disease) 

Fistulas and NG drainage

Vomiting 

Renal: renal wasting syndromes, recovery from ATN

Drugs: cisplatin, cyclosporin A, G-CSF, digoxin, aminoglycosides, amphotericin B, diuretics 

Endocrine

Cell uptake/redistribution (including alcohol intake and withdrawal)

Insensible losses 

Findings: (early ( GI, late ( neuro)

Psych: confusion, mood alteration, psychosis, and coma

Neuro: nystagmus, paresthesias, tremors, weakness, vertigo, ataxia, and seizures 

CVS: 
ventricular arrhythmias, increased digoxin toxicity 


ECG:  Atrial fibrillation
Prolonged PR interval

Prolonged QT / Torsades de pointes

T wave flattening

Abd: anorexia, vomiting, and difficulty swallowing

Treatment:

· Severe/acute magnesium deficiencies

MgSO4 2 g (8 mEq/g as a 20% solution) IV over 2 to 5 minutes, followed by 10 g IV over next 24 hrs, followed by 4-6 /day IV/PO x –5/d (if normal renal function)

Note: may take > 1 day to correct / may take 2-7 days to correct hypocalcemia

· Treat chronic magnesium deficiencies. 

MgSO4 3 to 6 g/day IV or PO for 3 days (assuming normal renal function) 

· Prevention

MgSO4 1 to 2 g/day may be added to IV fluids (assuming normal renal function)  

SODIUM [Na+]
Pseudohyponatremia

100 glucose lowers Na by 1.4 to 1.6 (effects become apparent with glucose > 300)

Hypernatremia
Causes:

Diabetes insipidus (UNa variable) 

central/renal 

Osmotic diuresis (UNa > 20 mEq/L)
hyperglycemia, urea, and mannitol administration 

Extrarenal water loss (UNa < 10 mEq/L)

 
vomiting, NG suction, diarrhea, insensible losses 

Excessive sodium gain (UNa > 20 mEq/L)

iatrogenic (excessive sodium administration), primary hyperaldosteronism, Cushing’s, hypertonic dialysis 

Findings: (from brain dehydration and volume depletion)

MS: lethargy, apathy, confusion (< 125), restlessness, irritability/agitation ( obtundation/coma

Respiratory : respiratory paralysis 

GU: polyuria, polydipsia 

Neuro: muscular irritability, hyperreflexia, ataxia, and seizures ( usu. < 120)

Labs: SerNa, SerOsm, UNa,

Hyponatremia 

Hypovolemic
Renal (UNa > 20 mmol/L): diuretics, hypoaldosteronism (also type IV RTA), type II RTA with metabolic acidosis, salt-losing nephritis, osmotic diuresis, (esp.), ketonuria, Bartter’s syndrome, diuretic phase of ATN

Extrarenal (UNa < 20 mmol/L): GI losses (vomiting, diarrhea, NG), sequestration (pancreatitis, peritonitis), burns, damaged muscle, sweating 

Hypervolemic
acute/chronic renal failure (UNa > 20 mmol/L)

cirrhosis, CHF (UNa < 20 mmol/L)

Euvolemic

SIADH
Tumors above diaphragm + pancreatic, duodenal, GI/GU
CNS disorders (tumor, trauma, meningitis, encephalitis) 

Hypopituitary (loss of negative feedback exerted by cortisol on ADH release)

pulmonary (pneumonia, neoplasms) 

Drugs (chlorpropamide, clofibrate, narcotics, neuroleptics, carbamazepine, TCAs, SSRIs, oral hypoglycemics, cyclophosphamide, vincristine, vinblastine) / NSAIDs and somatostatin potentiate ADH
normal response to surgery 

increased SIADH usually lasts up to 3-5 days / resolves without any specific therapy along with a physiologic diuresis

Pseudohyponatremia
normal serum Osm: hyperlipidemia, hyperproteinemia

increased serum Osm: hyperglycemia (/18), urea (/2.8), mannitol, alcohol (ethanol, methanol, and isopropyl alcohol), ethylene glycol 

Hypothyroidism
Pain, emotional stress 

Addison’s or inadequate cortisol replacement (UNa > 20 mmol/L)

Findings:
MS: lethargy, apathy, disorientation, agitation, coma 

Neuro: weakness, ?decreased DTRs, seizures 

Labs:
ser Na, ser Osm, serum protein, lipids, glucose (each 100 mg/dl above normal decreases ser Na by 0.4 mEq/L), urine Na 

Treatment:
do not correct faster than 2 mEq/L/hr (cellular dehydration in CNS may cause central pontine myelinolysis and other brain damage)

Beer potomania, tea and toast syndrome

· Typical Na excretion ~ 100 mEq/day (2 L/day urine x 50 mEq/L of Na assuming a maximally dilute urine)
· Typical dietary Na intake is about 150 mEq/day

Normal kidneys can dilute urine to 50 mEq/L, thus 18 L (if you drank that much) would necessitate a 900 mEq loss / The patient becomes hyponatremic when the volume of fluid intake necessitates the excretion of more sodium than the dietary intake / But someone who takes in a low sodium diet need only drink say 5-6 L/day to become hyponatremic

Pulmonary 

[PFTs / Pulmonary Procedures / ABGs / PEEP]
Pulmonary Embolism, Lung AbscessPneumothorax

, , Alveolar Hemorrhage, ARDS
Pleurisy, Pleural Effusion, Pleural Fibrosis
Bronchitis, Bronchiectasis, Atelectasis,

Obstructive (COPD, EmphysemaAsthma

 HYPERLINK  \l "rad" 
, ), Restrictive Lung Disease
Sleep Apnea (OSA, CSA)

Lung Cancer
Pneumonia
Typical: Pneumococcus, Staphylococcus, Group A Strep, H influenza
Atypical: Mycoplasma, Chlamydia, Psittacosis, Legionella
Other: GNR, PCP, Compromised, Post-Op, Aspiration, Tuberculosis, fungus/parasites

Viral, Fungal, AIDS-related
ILD
Idiopathic Pulmonary Fibrosis (UIP, DIP, AIP, NSIP)

Lymphocytic IP, Histiocytoses (Langerhans IP)

RBAIL, BOOP, IPH
Occupational
Inorganic Dust, Organic Dust, Other chemicals
Other
Goodpasture’s, Hypersensitivity Pneumonitis, Eosinophilic Pneumonias, Allergic Aspergillus Pneumonia, Pulmonary Alveolar Proteinosis
Pulmonary Physiology

Upright paO2 = 104 – (0.27 x age)

Supine paO2 = 104 – (0.4 x age) [shunting of blood to apical lobes]

PO2 from 60-80 – mild hypoxemia (lower than normal, but still may have O2 of 90%)

PO2 from 40-60 – hypoxemia (O2 rapidly falls from 90% to 70%)

Increase T, CO2, acidity – all shift hemoglobin dissociation curve to right – allows oxygen to be released to tissues

Arterial Blood Gases 

Acid-Base Tricks

Acute: 0.08 pH for each deviation by 10 in CO2 (from ABG) 

Chronic: 0.03 pH rule for chronic compensation


Note: a pH of 7.60 can lead to arrhythmias, seizures

Base Excess

HCO3 changes with respiration, so BE is the measured HCO3 compared to the normal HCO3 corrected for CO2
PAO2 = FiO2 (760 – PH20) – PaCO2/RQ [usu. 0.8]

· A-a gradient is usually 10-20 in normal, young adult

· A-a gradient in normal person is caused by VQ mismatch / bronchial and left ventricular venous drainage

Pathological A-a gradient

· Shunting (R to L) – AV shunt (anywhere), PE (shunt in lungs)

· VQ mismatch – asthma, chronic bronchitis, emphysema, PE

· Diffusion defect – sarcoidosis, chronic interstitial pneumonia, fibrosis

ARDS
PaO2/FiO2 < 200 (corresponds to PaO2 < 40), PWP < 18 mm Hg



Treatment: can give 0.6 FiO2 for up to 24 hrs (too much O2 can increase Atelectasis) / nasal cannula usually equates to  .25 FiO2 + 0.25 for each Liter

oxygen delivery = cardiac output x oxygen carrying capacity

oxygen carrying capacity = Hgb x O2 x 1.34 + PaO2 (0.003)

PFTs [diagram]

· spirometry, flow-volume loops, lung capacity, DLCO
General
ventilation respiratory center in the brain stem – influenced by input from carotid (PaO2) and central (PaCO2, [H+]) chemoreceptors; proprioceptive receptors in muscles, tendons, and joints; and impulses from the cerebral cortex. 

Static Lung Volumes and Capacities 

· body plethysomography is preferred method (patient sitting in box)
· helium dilution (easier to do but underestimates lung volumes in emphysema, CF)

Vital capacity
(VC or "slow VC") is the maximum volume of air that can be expired slowly after a full inspiratory effort / decreases as a restrictive lung disorder (e.g., pulmonary edema, interstitial fibrosis) / VC also reflects the strength of the respiratory muscles and is often used to monitor the course of neuromuscular disorders

Forced vital capacity (FVC)
similar to VC, is the volume of air expired with maximal force. It is usually measured along with expiratory flow rates in simple spirometry 

The VC can be considerably greater than the FVC in patients with airway obstruction. During the FVC maneuver, terminal airways can close prematurely (i.e., before the true residual volume is reached), trapping gas distally and preventing its measurement by the spirometer.

Total lung capacity (TLC) 
total volume of air within the chest after a maximum inspiration.

Functional residual capacity (FRC) 

volume of air in the lungs at the end of a normal expiration when all respiratory muscles are relaxed. Physiologically, it is the most important lung volume because it approximates the normal tidal breathing range. Outward elastic recoil forces of the chest wall tend to increase lung volume but are balanced by the inward elastic recoil of the lungs, which tends to reduce it; these forces are normally equal and opposite at about 40% of TLC. Loss of lung elastic recoil in emphysema increases FRC. Conversely, the increased lung stiffness in pulmonary edema, interstitial fibrosis, and other restrictive disorders decreases FRC. Kyphoscoliosis leads to a decrease in FRC (in 3%) and in other lung volumes because a stiff, noncompliant chest wall restricts lung expansion.

 
Inspiratory capacity (IC) 

difference between TLC and FRC

The FRC has two components: residual volume (RV), the volume of air remaining in the lungs at the end of a maximal expiration, and expiratory reserve volume (ERV); ERV = FRC - RV. The RV normally accounts for about 25% of TLC). Changes in RV parallel those in the FRC with two exceptions: In restrictive lung and chest wall disorders, RV decreases less than do the FRC and TLC and in small airways disease, premature closure during expiration leads to air trapping, so that the RV is elevated while the FRC and FEV1 remain close to normal. In COPD and asthma, the RV increases more than the TLC does, resulting in some decrease in the VC 

The characteristic abnormality seen in obesity is a decreased ERV, caused by a markedly decreased FRC with a relatively well-preserved RV.

Dynamic Lung Volumes and Flow Rates 

Forced expiratory volume in 1 sec (FEV1) is the volume of air forcefully expired during the first second after a full breath and normally accounts for > 75% of the FVC

FEF25-75% is less effort-dependent than the FEV1 and is a more sensitive indicator of early airway obstruction.

FEV1 ↓ by bronchospasm (asthma), impacted secretions (bronchitis), loss of elastic recoil 

(emphysema)

Fixed obstruction of upper airway ( equal reduction of inspiratory and expiratory flow rates

FEV1↑ in restrictive lung disorders

Maximal voluntary ventilation (MVV) 

Diffusing capacity (DLco) 
Increased by ↑ contact with blood/red cells: CHF, polycythemia, alveolar hemorrhage 

Decreased by: anemia, parenchymal lung disease, removal of lung tissue

often used to distinguish asthma (normal DLco) from COPD (abnormal DLco)

Note: VQ mismatch does not affect DLco because trapped air will not see the CO gas anyway

Use of positive pressure
· optimal Hb for most acutely ill patients with severe hypoxemia ~10-12 g/dL

· correcting acute alkalemia improves Hb performance

Note: for assessing hyperventilation, use CO2 as a guide (not just air movement)

PEEP

can increase 2.5 every couple hours / must decrease more slowly (to avoid alveolar collapse, no more than 2.5 every 6-8 hrs and check)



PEEP helps get blood out of lungs (useful for pulmonary edema)



PEEP makes it easier for the heart to pump (useful for heart failure)



CPAP (continuous positive airway pressure) 
useful for acute Atelectasis or pulmonary edema

BIPAP 
indications: RR > 25, pH < 7.35, acute increase in pCO2

Pulmonary Procedures

Thoracentesis

Thoracoscopy

Tube Thoracostomy

 Thoracotomy
Bronchoscopy

Mediastinoscopy
Mediastinotomy
Percutaneous Needle Biopsy Of Pleura
Percutaneous Transthoracic Needle Aspiration
Thoracentesis – diagnostic (see pleural effusion) / therapeutic [video]
Contraindications include lack of patient cooperation; an uncorrected coagulopathy; respiratory insufficiency or instability (unless therapeutic thoracentesis is being performed to correct it); cardiac hemodynamic or rhythm instability; and unstable angina. Relative contraindications include mechanical ventilation and bullous lung disease. Local chest wall infection must be excluded before passing a needle into the pleural space.

Complications are uncommon, although the exact incidence is unknown. They include pneumothorax due to air leaking through the needle or due to trauma to underlying lung; hemorrhage into the pleural space or chest wall due to needle damage to the subcostal vessels; vasovagal or simple syncope; air embolism (rare but catastrophic); introduction of infection; puncture of the spleen or liver due to low or unusually deep needle insertion; and reexpansion pulmonary edema, usually associated with rapid removal of > 1 L of pleural fluid. Death is extremely rare.

Percutaneous Needle Biopsy Of Pleura  

A needle biopsy of the pleura is performed when thoracentesis with pleural fluid cytology does not yield a specific diagnosis, usually for exudative effusions when TB, other granulomatous infections, or malignancy is suspected. The diagnostic yield of pleural biopsy depends on the cause of the effusion. In patients with TB, pleural biopsy is much more sensitive than thoracentesis and pleural fluid culture alone; 80% of cases are diagnosed with the first biopsy, and 10% more with a second biopsy. Of patients with pleural malignancy, 90% can be diagnosed with a combination of pleural fluid cytology and needle biopsy of the pleura. 

Contraindications are the same as those of thoracentesis

Complications are similar to those of thoracentesis, but the incidence of pneumothorax and hemorrhage is slightly higher.

Thoracoscopy
Endoscopic examination of the pleural space after induced pneumothorax.
Note: Thoracoscopy must be distinguished from video-assisted thoracic surgery (VATS). Thoracoscopy is primarily used for diagnosis of pleural disease and for pleurodesis. It is most often performed by surgeons but may be performed by other trained physicians. In contrast, VATS is used exclusively by surgeons to perform minimally invasive thoracic surgery. 

Contraindications are the same as those for thoracentesis. In addition, thoracoscopy cannot be used if a patient is unable to tolerate a general anesthetic or the unilateral lung collapse that occurs during the procedure. Extensive pleural adhesions greatly increase the risk of complications.

Complications are similar to those of thoracentesis plus those of a general anesthetic. Pleural tears, with bleeding and/or prolonged air leakage, can occur.

Tube Thoracostomy

Complications include hemorrhage from intercostal vessel injury, subcutaneous emphysema, injury due to a malpositioned tube (e.g., into the major fissure, and occasionally into the lung), and local infection or pain. Reexpansion pulmonary edema due to increased capillary permeability may occur in the reexpanded lung, especially after prolonged lung collapse and rapid reinflation. Tube insertion may be difficult because of adhesions or a very thick pleura. Other problems include inadequate drainage of the pleural space due to clots or gelatinous inflammatory material and plugging or kinking of the tube.

Bronchoscopy
Contraindications include lack of cooperation or combativeness in a patient; unstable cardiovascular status due to hypotension, low cardiac output, arrhythmias, or ischemic heart diseases; an uncorrected bleeding diathesis (thrombasthenia of uremia is especially troublesome); severe anemia; and hypersensitivity to lidocaine. Elective bronchoscopy should be deferred 6 wk in patients who have had an acute MI. If a patient who has unstable gas exchange, inadequate systemic O2 transport, or active bronchospasm needs bronchoscopy, the patient can be intubated and ventilated to perform it safely.

Complications include morbidity in 8 to 15 and death in 1 to 4 of 10,000 patients. Patients at greatest risk include the elderly and patients with severe COPD, coronary artery disease, pneumonia with hypoxemia, advanced neoplasia, or mental dysfunction. Many of the complications--such as respiratory depression and, rarely, CNS toxicity or seizures due to lidocaine absorption--are related to the use of sedation or anesthetics. Other complications include pneumothorax (5% overall, with higher rates after transbronchial lung biopsy); hemorrhage (rare unless a biopsy is performed); cardiac arrhythmias (premature atrial contractions in 32% and premature ventricular contractions in 20%); postbronchoscopy fever (16%), with pneumonia rarely and no bacteremia; bronchospasm (unusual unless the patient has poorly controlled asthma); and laryngospasm (rare).

Bronchoalveolar lavage (BAL) accomplishes a "liquid biopsy" of the distal airways and alveoli. The tip of the bronchoscope is wedged in a 3rd- or 4th-generation bronchus; sterile saline is infused, then suctioned back, thus retrieving cells, protein, and microorganisms. Supernatant fluid and cell pellets obtained in this procedure are useful in the diagnosis of neoplastic diseases, infections (especially in immunocompromised hosts), and interstitial lung diseases. Yields are very high, and risks minimal. 
Transbronchial lung biopsy, performed with forceps through a flexible bronchoscope, provides small specimens of alveolar tissue and other tissue outside the airways. It is used mainly in patients with pulmonary infections, diffuse interstitial lung disease, lymphangitic carcinomatosis, or undiagnosed peripheral lung masses > 2 cm in diameter and in immunocompromised hosts with infiltrates, fever, and gas exchange defects. It can be performed without fluoroscopy, but use of fluoroscopy may reduce the risk of pneumothorax. Although transbronchial biopsy increases mortality to 12 of 10,000 patients and morbidity to 27 of 1000, it has a very high yield so that it often obviates the need for open thoracotomy, especially when combined with bronchoalveolar lavage. Major contraindications include uncorrectable clotting defects, pulmonary hypertension, cardiopulmonary instability, and poor patient cooperation.

Submucosal and transbronchial needle aspiration provides tissue from endobronchial neoplasms, extrabronchial masses, and subcarinal, paratracheal, and mediastinal nodes for cytology and culture. It adds no detectable risk to basic bronchoscopy. Complications are related primarily to general anesthesia

Percutaneous Transthoracic Needle Aspiration  

This procedure is used to obtain cytologic specimens from lung and mediastinal lesions, especially peripheral nodules in the lung parenchyma and pleural space. Less frequently, it is used to obtain specimens from infected areas of lung for direct smear and culture for identification of specific pathogens. A diagnosis is usually made in > 90% of patients with malignancy and in > 85% of those with benign disease.

Contraindications include lack of cooperation or combativeness in a patient, cardiovascular instability, ventilatory support, contralateral pneumonectomy, suspected vascular lesion, hydatid cyst, pulmonary arterial or venous hypertension, intractable coughing, and clotting defects. Bullous lung disease is a relative contraindication, especially if areas of emphysematous lung would be traversed to access the lesion.

Complications include hemoptysis, usually of < 50 mL (in 10 to 25% of patients); pneumothorax (in 20 to 30%); and air embolism (occasionally). Mortality is < 1%.

Percutaneous large-bore cutting needle biopsy to obtain a core of lung tissue can be performed if peripheral lung lesions obliterate the pleural space. In this setting, the procedure is safe and has a very high diagnostic yield. Lung biopsy with a percutaneous trephine drill needle is rarely performed.

Mediastinoscopy

Endoscopic examination of the mediastinum.
Mediastinoscopy is used to stage lung cancer, especially when enlarged nodes are seen on chest x-ray or CT scan. Some physicians believe that all patients with lung cancer should have invasive staging procedures; others use staging procedures only in patients with abnormal nodes seen on imaging. Mediastinoscopy may be used to diagnose mediastinal masses or to sample nodes in patients who might have lymphoma or granulomatous diseases.

Contraindications include inability to tolerate a general anesthetic; superior vena cava syndrome; previous mediastinal irradiation, mediastinoscopy, median sternotomy, or tracheostomy; and aneurysm of the aortic arch.

Mediastinoscopy is performed using a general anesthetic in an operating room. A mediastinoscope is passed through a suprasternal notch incision, allowing access to some carinal and hilar nodes, to peribronchial and paratracheal nodes, and to the superior posterior mediastinum.

Complications occur in < 1% of patients. They include bleeding, vocal cord paralysis secondary to recurrent laryngeal nerve damage, and chylothorax due to thoracic duct injury.

Mediastinotomy 

Anterior mediastinotomy (Chamberlain procedure) is surgical entry of the mediastinum via an incision made through the 2nd left intercostal space adjacent to the sternum. It gives direct access to the aortopulmonary window nodes, which are inaccessible to mediastinoscopy. The aortopulmonary window nodes are a common site of metastases from left upper lobe cancers. Complications are related to the surgical procedure and include pneumothorax, wound infection, and, rarely, damage to the great vessels.

Thoracotomy
Contraindications include unstable systemic status (e.g., cardiopulmonary, nutritional, metabolic, renal), i.e., inability to tolerate the injury of major surgery.

Complications are greater than those for any other pulmonary biopsy procedure because of the risks of general anesthesia, surgical trauma, and a longer hospitalization with more postoperative discomfort. Hemorrhage, infection, pneumothorax, bronchopleural fistula, and reactions to anesthetics are the greatest hazards.

Tracheal aspiration

Complications: laryngospasm, bronchospasm, respiratory arrest, cardiac arrhythmias or arrest, erosion of the respiratory epithelium with bleeding, and introduction of infection

Transtracheal aspiration: bleeding (in 10% of patients), subcutaneous air (in 7%), air embolism, posterior wall puncture, uncontrolled cough, decreased gas exchange, and hypotension

Pulmonary Embolism
Incidence: 3rd leading cause of acute death / 1 in 1000 / 150,000 to 200,000 deaths/year in the United States / males > females / increased age, most occur < 1 month after delivery / probably underdiagnosed by 170,000/yr

Recurrence: 5% recurrence if DVT (even treated; 10% recur if initial PE)

Mechanisms: Virchow’s Triad: local trauma, hypercoagulable state, venous stasis / small clot causes disproportional increase in pulmonary MAP due to vasoconstriction from inflammatory mediators (serotonin, thromboxane, PAF) and vagus nerve / saddle embolus (massive) / paradoxical embolism (R to L shunt)

Pathology: pulmonary hypertension, hypoxia, RVF, mortality

Presentation:  5-10% present with normal O2 saturation and Aa gradient / some hemoptysis (usually not massive) / massive PE causes tachycardia, loud P2, RHF signs, pulsus paradoxus / chest pain and hemoptysis usually takes a few hours to develop

Symptoms: dyspnea (80%), pleuritic pain (70%), apprehension (60%), cough (50%), hemoptysis (30%), diaphoresis (40%), syncope (10%, > elderly) 

Physical findings: tachypnea (90%), rales (60%), accentuated P2 (50%), tachycardia (40%), mild fever (40%), phlebitis (30%), cyanosis (20%), right-sided S3 (large emboli with acute pulmonary hypertension)
Causes: DVT, air (usually iatrogenic), cholesterol, tumor, amniotic fluid (mimics sepsis), foreign body (arthroplasty cement, talc) / 40% trauma/surgery, 40% idiopathic/undiagnosed,  20% genetic predisposition, 10% heart disease (e.g. arrhythmias) / 10-20% hypercoagulable state (factor V Leiden most common) / 10% will have malignancy [more]  (lung, pancreas, stomach, colon > prostate, ovary, other > gallbladder, breast, kidney)

Risk factors: surgery/trauma, obesity / oral contraceptives, pregnancy, post-partum / cancer or cancer-chemotherapy / immobilization / central venous catheter / diabetic ketoacidosis

Differential Diagnosis: MI (75% of PE misdiagnosed as MI), unstable angina, pneumonia, bronchitis, COPD exacerbation, CHF, asthma, pericarditis, primary pulmonary hypertension, rib fracture, pneumothorax, costochondritis, musculoskeletal pain, anxiety

Work-up: [algorithm]

· EKG: sinus tachycardia, new-onset Afib/flutter, non-specific ST changes are most common finding / classical finding (S1Q3T3): I deep S, III Q wave, inverted T III / V1-4 inverted T waves (only 15%) [pic]

· CXR: r/o pneumothorax et al / Westermark’s oligemia (15%) [pic] / raised hemi-diaphragm / pleural-based parenchymal radiodensity with rounded profile toward hilus (Hampton’s lump or hump) / pleural effusion (transudate or exudates) / Palla sign (enlargement of right descending pulmonary artery)
· ABG on RA (expect respiratory alkalosis, PaO2 < 80 / PaCO2 < 30)

· VQ scan: [pic] [pic2] [normal: stop / high: treat / low-intermediate (up to 40% have PE) / most PE have moderate to low probability VQ scans / often want to go directly to CT for 2 reasons 1) pre-existing lung disease usually causes non-informative study 2) CT is much faster to get (especially during off-hours) / T-99 [pic] / 60% of COPD patients have indeterminate scans
· CT angiogram [pic]: better for central pulmonary arteries, not peripheral / not so good for diagnosing  sub-segmental PE / Note: if not PE, CT reveals the alternate diagnosis > 30% of cases / some choose pulmonary angiogram 1st if patient’s renal function only allows one test / false negatives (patient hemodynamics, motion artifact, oblique running arteries, note: interlobar artery in r. lung not well seen) / false positives (hilar, bronchopulmonary lymph nodes, artifacts, reduced pulmonary perfusion) / Note: differing opinions (obstruction, PE, etc.) is the rule if reviewed by > 1 radiologist, you’ll see

· Pulmonary angiogram [pic]: gold standard / 1% morbidity/mortality of test / rarely done unless equivocal or negative VQ/CT and high suspicion for PE

· Ultrasound: looking for DVT in lower extremities (most come from pelvis however) / more than ½ will have leg vein clot (sensitivity is high if study done properly), which means ⅓ will have no DVT
· Echocardiogram: may see RV dilation/strain/failure (which is leading cause of death from PE, and which may provide support for use of thrombolytics) / depressed RV function with apical sparing is McConnell’s sign (does not always mean PE) / this is an adjuvant test used to determine RV function (and may also provide alternative explanations for patient’s symptoms) but is NOT a diagnostic test for PE

· D-dimers: if lab does proper assay, can have 90% sensitivity with lower specificity (cannot rule in, but does have high negative predictive value)
Prevention: any medical or surgical patient at high risk for venous thrombosis (older than 40, limited mobility, one risk factor; there are many [NEJM]) should receive sc heparin 5000 U bid/tid or sc Lovenox 30 mg qd or Fragmin / for high bleeding risk, compression stockings or (better) pneumatic compression device 

Treatment: [annals][annals]
· Anticoagulation (heparin or LMWH then coumadin as soon as PTT is therapeutic, same day with LMWH) / 5% overall recurrence rate / 2% overall risk of major bleed / Duration: 6 months if risk-factor associated, indefinite if no identifiable risk-factors. [annals] / recent studies suggest once-daily LMWH may be as good as twice-daily (2009) and measure factor-Xa levels (best way to ensure therapeutic and safe range (esp. with renal insufficiency)
· Thrombolysis – controversial when to use. [NEJM] says use alteplase + heparin when concern for RV failure is high. [NEJM] / accepted risk of ICH about 3% 
· Thrombectomy – for pts who have RHF and cannot tolerate or fail thrombolysis

· IVC filters (vena cava interruption) with known DVT’s, poor cardiopulmonary reserve, PE in spite of anti-coagulation or contraindications to anti-coagulation (recent CVA or CNS surgery, CNS malignancy, GI bleed) / many complications of filters (overall 10-20%) [pic]

Note: expect rapid changes here with onslaught of new methods of anti-coagulation (11/00)

Lemierre’s syndrome 

Classical organisms: fusobacterium, Prevotela, Peptostreptococcus, Eikenella
involvement of posterior compartment of the lateral pharyngeal space, bacteremia, septic IJ thrombophlebitis

Contiguous spread: carotid artery rupture, hoarseness, CN IX – XII involvement, Horner’s syndrome
Septic embolization: pulmonary, suppurative arthritis, osteomyelitis, abscesses, skin lesions, hepatic abscesses +/- cholestasis

Diagnosis: CT/MRI/ultrasound, high degree of clinical suspicion

Treatment: 
· prolonged IV antibiotics against anaerobes / 1st metronidazole, 2nd clindamycin, chloramphenicol (often produce B-lactamases)
· surgical ligation or IJ excision may be necessary
· some feel heparin is useful

Pulmonary Edema

Causes: CHF, diastolic dysfunction (with arrhythmias or HTN), ARDS, volume overload, 

others not yet listed

CXR clues: perihilar hazing, peribronchial cuffing, sub-pulmonic effusions (cannot see vessels 

overlying diaphragm), increased size of cardiac silhouette

Treatment: oxygen, furosemide, morphine (reduce pain/anxiety and arterial/venodilation), nitroglycerine/nitroprusside, intubation/positive pressure ventilation (CPAP), HD/CVVH if renal failure

Flash pulmonary edema from super-high HTN or restrictive pericarditis

Pulmonary hypertension

Causes: left-sided heart failure, idiopathic, restrictive lung disease (sarcoidosis, ILD, scleroderma), chronic PE, high-altitude, kyphoscoliosis

Treatment: correction of underlying cause can sometimes reverse HTN, decrease RVH

· O2 to minimize ongoing hypoxemia ( vasoconstriction ( more pulmonary HTN

· correct acid-base problems

· high-dose Ca channel blockers (25% response)

· IV epoprostenol (Flolan) can help in very select group of patients

· consider lifelong anticoagulation +/- IVC if chronic PE 

· cardiopulmonary or pulmonary transplantation

· careful diuresis to relieve symptoms of right sided failure

Primary pulmonary hypertension (PPHT)

Causes: mitral stenosis, recurrent PE, sickle cell, collagen vascular diseases, congenital cardiac problems, cor triatriatum

Low pressure pulmonary edema

Uremia causes release of fluid into airspace / butterfly wing distribution on CXR

Pneumonia

[pediatric pneumonia] [see cavitary lung lesions] [age breakdown] 

2 million per year /  40-70K deaths/yr / 6th leading cause of death overall / most common fatal nosocomial infection

Presentation: cough, fever, sputum, pleurisy / elderly report fewer symptoms (even though they are there)

Findings: tachypnea, crackles, bronchial breath sounds 

Types: lobar pneumonia, segmental pneumonia, bronchopneumonia, interstitial pneumonia, pneumonitis

Organisms:
Typical: S. Pneumo (1st), H. influenza, S. aureus, Moraxella

Atypical: Mycoplasma, Klebsiella, Legionella, Chlamydia, Coxiella
Virus: RSV, parainfluenza, influenza A/B, VZV

Other: Tuberculosis, Pseudomonas, fungus (Cocci, Histo, etc), Nocardia, Actinomyces, PCP, parasites, Tularemia, Yersinia, RMSF, U. urealyticum (neonates), Prevotela (aspiration), Fusobacterium (aspiration), S. agalactiae
Note: Enterobacter, Citrobacter and Flavobacterium almost never cause pneumonia, even on ventilator)
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Diagnosis: 30-50% with no identified pathogen and bacterial picture

· CXR (60% with parapneumonic effusion; 5-10% develop empyema)
· Thoracentesis (if pleural effusion > 10mm on lateral decubitus film, loculated, evidence of pleural thickening on CT)
· Sputum: helpful if minimally contaminated (>25 PMN, <10 epithelials/LPF)
· Blood cultures: positive in 30-40% S. pneumo
· Serology: useful for Legionella, Mycoplasma, Chlamydia

Ddx: aspiration pneumonitis, sarcoidosis, lymphoma, many other non-infectious lung diseases

Labs: elevated ALT/AST: Q fever, psittacosis, Legionella (these are the only ones that do this) / elevated total bilirubin suggests S. pneumo or Legionella

Treatment

· respiratory supportive care / PORT study addresses whether to hospitalize or not (based on demographics and exam findings)

· antibiotics: 3rd generation cephalosporin + macrolides or quinolone (Levaquin, Tequin)

· consider need for vancomycin (staph), cefepime +/- AG (pseudomonas), clindamycin (anaerobes), anti-fungal, more

Course: pneumonia severity index or PSI (age, gender, comorbid disease, exam findings—O2 sat, lab data—BUN, Na) gives prognosis and helps determine if patient should be admitted

Radiographic resolution: directly correlated with patient age / 80% of pts < 40 yrs have complete resolution by 6 wks / 20% of pts > 80 yrs / CXR resolution: may take several weeks / lack of at least partial radiographic resolution by 6 weeks (even asymptomatic) ( consider alternative causes (e.g., obstructing lesions/noninfectious causes) / bronchoscopy with BAL and TBBs (minimal morbidity, preferred initial invasive procedure)

Tidbits:
· diffuse interstitial infiltrates: PCP, viral

· pleural effusions almost never in PCP

· cavitations & abscess ( necrotizing (staph, Tb, klebsiella, fungus)
· bronchopneumonia - low virulence organisms

· GI symptoms suggest Legionella

· relative bradycardia: subtract one from last digit of fever, multiple by 10 and add to 100 (105 degrees predicts HR of 140, anything less, even 120 is relative bradycardia) / seen in Legionella, Q fever, psittacosis, Salmonella (CAD only in HIV), others

· COPD/smoking ( ↑ H. influenza
· 80% of childhood pneumonia is viral

Bacterial Pneumonia (More)
U. urealyticum


neonatal pneumonia

Prevotela


aspiration pneumonia

Fusobacterium


aspiration pneumonia

Actinomyces


chronic pneumonia

MAI



most common AFB 

MTb



AFB

rhodococcus equi

AFB 

echinococcus

S. agalactiae

Klebsiella



Legionella


2nd-3rd most common

Francisella tularemia
Yersinia pestis

Pseudomonas aeruginosa
AIDS / nosocomial

AIDS 

PCP



look in exudate for cysts with central dot

Kaposi’s sarcoma

most common neoplasm

Mucormycosis


underlying disease

Viral Pneumonia

CMV

large cells with eosinophilic inclusions / immunocompromised

HSV
multinucleate / ground-glass change in nucleus / cowdry A inclusions 

VZV

looks like HSV

Measles
multinucleate and giant cells

Adenovirus
basophilic nuclear smudges / smaller cowdry A inclusions / uncommon but bad

Influenza
often with bacterial superinfection

RSV

small cowdry type A

Parainfluenza
immunocompromised / eosinophilic inclusions

Hantavirus
interstitial pneumonia / edema and effusion

Fungal Pneumonia

Cryptococcus


most common fungal 

Aspergillosis


associate with asthmatics

Histoplasma


central US / oval budding yeasts

Coccidioides


SW US / no budding

Cryptococcus


pigeon droppings

Blastomyces


Candidiasis


immunocompromised  / yeasts

Malassezia furfur

parenteral alimentation (TPN)

Torulopsis glabrata

immunocompromised  / smaller yeasts

Pseudoallescheria boydii
immunocompromised / hyphae

Parasite: ascariasis, filariasis, VLM, paragonimiasis / transient infiltrates, moderate eosinophilia

Nosocomial Pneumonia

Incidence with mechanical ventilation 10-60% (mortality 30-70%)

Prevention: semirecumbent position / continuous aspiration ventilator mechanism

Use lower threshold of positive PCB culture 10e2 (not 10e3)

Usual organisms: Pseudomonas, Acinetobacter, gram positives 

Treatment:

· piperacillin/tazobactam +/- cipro

· ceftazidime/tobramycin

· meropenem

· may need to add vancomycin if MRSA suspected

Aspiration pneumonia

Community acquired: anaerobes (necrosis, abscess, empyema, pyopneumothorax)

Nosocomial: GNR, S. aureus
CXR: infiltrate in dependent lung segment (often superior segment of a lower lobe R > L; or posterior segment of an upper lobe)

Treatment: 

Community acquired: clindamycin or metronidazole + b-lactam

Nosocomial: aminoglycoside or ciprofloxacin + antipseudomonal B-lactam or

clindamycin + aztreonam 

Pneumococcus (see micro)
⅔ of bacteremic community-acquired pneumonias / sporadic (most in Winter) / 5 to 25% of healthy persons are carriers / > 80 serotypes (type 3 is worst) / stages: congestion ( red hepatization ( gray hepatization ( resolution

Presentation: often preceded by a URI / sudden onset, single shaking chill; persistent chills suggest another diagnosis / fever (38-40.5° C / 100.4-105° F), pain with breathing on the affected side (pleurisy), cough, dyspnea, and sputum / pain may be referred and, with lower lobe involvement, may suggest intra-abdominal sepsis, such as appendicitis / HR 100-140 / nausea, vomiting, malaise, and myalgias / dry cough ( purulent, blood-streaked or rusty sputum

Complications :

· progressive pneumonia, ARDS, sepsis

· contiguous infection (e.g., empyema or purulent pericarditis)

· pleural effusions are found in about 25% of patients by chest x-ray, but < 1% have empyema.

· Bacteremia ( septic arthritis, endocarditis, meningitis, and peritonitis (in patients with ascites)

· pulmonary superinfections

Diagnosis: clinical, CXR, sputum Cx / definitive diagnosis ( Cx of pleural fluid, blood, BAL

CXR often with dense consolidation of single lobe (lobar pneumonia) with typical air bronchograms 

Prognosis: overall mortality rate is about 10%, and treatment has minimal effect on mortality during the first 5 days of illness / poor prognosis ( age extremes, especially < 1 yr or > 60 yr; positive blood cultures; involvement of > 1 lobe; a peripheral WBC count < 5000/µL; presence of associated disorders (e.g., cirrhosis, heart failure, immunosuppression, agammaglobulinemia, anatomic or functional asplenia, and uremia); involvement of certain serotypes (especially 3 and 8); and development of extrapulmonary complications (e.g., meningitis or endocarditis).

· mildly ill usu. defervesce in 24-48 h; however, seriously ill patients, particularly those with the poor prognostic features noted above, often require ≥ 4 days to become afebrile. Therapy should not be modified if there is gradual clinical improvement and the etiology is confirmed.

· when patients do not improve, these factors should be considered: wrong etiologic diagnosis, adverse drug reaction, far-advanced disease (most common), superinfection, inadequate host defenses due to associated conditions, noncompliance with the drug regimen by outpatients, antibiotic resistance of the involved strain of S. pneumoniae, and complications, such as empyema requiring drainage or metastatic foci of infection requiring a higher dosage of penicillin (e.g., meningitis, endocarditis, or septic arthritis).

Treatment respiratory supportive care, blood culture, antibiotics

· ceftriaxone or cefotaxime or cefepime

· levofloxacin or gatifloxicin or moxifloxicin
· vancomycin +/- rifampin 

Note: macrolides actually are active against pneumococcus, the issues is that they may be more active in tissue, and not provide adequate blood/CSF coverage (given high propensity of Pneumococcus toward bacteremia)

Prevention: pneumovax
Staphylococcus

2% of community-acquired pneumonias, 10-15% of nosocomial pneumonias

Infants, elderly, hospitalized, debilitated patients, children, CF,  bacterial superinfection (esp., influenza A and B, IVDA (Staph. tricuspid valve endocarditis ( embolic pneumonia)

Presentation: usually fulminant, can be indolent (chronic pneumonia or chronic abscess)

Like S. pneumo plus rigors, necrosis/abscess, pneumatoceles (esp. infants/children), a fulminant course / empyema is common, esp. postthoracotomy, chest tubes after trauma


Diagnosis: positive sputum, blood cultures, empyema fluid, BAL

CXR: bronchopneumonia (+/- abscess, effusion); lobar consolidation is uncommon / pneumatoceles strongly suggest staphylococcus / embolic staphylococcal pneumonia is characterized by multiple infiltrates that occur at discontiguous sites and tend to cavitate; this pattern suggests an endovascular source (e.g., right-sided endocarditis or septic thrombophlebitis).

Treatment: MRSA occurs in 30-40% of nosocomially acquired (and community-acquired MRSA is on the rise) / consider vancomycin / otherwise, use bacteriocidal agents: oxacillin or nafcillin or cephalothin or cefamandole / clindamycin and some quinolones have activity

Prognosis: mortality generally 30 to 40%, in part due to the serious associated conditions most patients have / sometimes even in normal adults / response to antibiotics slow; convalescence is prolonged

Group A Strep

relatively rare cause of pneumonia / epidemic > sporadic / sometimes in associations with measles, chickenpox, pertussis, influenza, streptococcal pharyngitis, scarlet fever, or toxic shock syndrome

Presentation: similar to S. pneumo, but maybe less bacteremic symptoms

CXR: bronchopneumonia with  large pleural effusion / lobular pneumonia / abscess

Labs: may see significant increase in the ASO titer with serial tests

Prognosis: response to therapy tends to be slow, but overall mortality is very low

Treatment: Penicillin G or cephalosporins, erythromycin, clindamycin / large pleural effusions are usually managed with repeated thoracentesis or closed catheter drainage / purulent collections and loculated effusions should be drained by tube thoracostomy

GNR

Only 2% of CAP but most nosocomial pneumonias / infants, the elderly, alcoholics, and debilitated or immunocompromised hosts (esp. neutropenia) / happens because sick patients’ oropharynx are colonized with GNR and then all they have to do is microaspirate

Organisms: Klebsiella 1st, Pseudomonas, E. coli, Enterobacter, Proteus, Serratia, Acinetobacter

Presentation: similar to other pneumonias except more rapid decline, abscess formation 
Diagnosis: clinical context (neutropenia, nosocomial pneumonia) / false positives from upper airway colonizers a problem (esp. if already received antibiotics then “sputum superinfection” must be distinguished from “patient superinfection”) / positive cultures from blood, pleural fluid, or BAL
Treatment: cephalosporin (cefepime, Fortaz?) or imipenem or ciprofloxacin (or levaquin?) or Zosyn or Timentin +/- AG

H Influenza

Treatment: 30% of H. influenzae strains produce ß-lactamase and are resistant to ampicillin

Bactrim 1 or 2 DS 160/800 mg bid or cefuroxime 0.25 to 1 g IV q 6 h or cefaclor 500 mg po q 6 h for adults or doxycycline 100 mg po bid / fluoroquinolones and azithromycin also active

Vaccine: H. influenzae type b (Hib) conjugate

Chlamydia (see micro)
Presentation: similar to mycoplasmal pneumonia (pharyngitis, bronchitis, pneumonitis, cough, fever, sputum production but are not seriously ill)

· C. pneumoniae has been found in 5 to 10% of older adults with community-acquired pneumonia and often produces disease severe enough to require hospitalization. This organism has also been implicated in 5 to 10% of cases of nosocomial pneumonia, but relatively little is known about its epidemiology.

· C. trachomatis is a common cause of pneumonia in infants aged 3 to 8 wk but is not an important cause of pneumonia in older children or adults.

Diagnosis: clinical but can culture, direct IF, PCR, serological

Treatment: macrolide or tetracycline x 10-21 days

Course: response is slower than mycoplasmal pneumonia; symptoms recur if therapy is discontinued prematurely; young adults do well, but mortality in the elderly is 5-10%
Psittacosis (micro)
Viral Pneumonia

· Children: RSV, parainfluenza virus, influenza A and B

· Adult: influenza A and B > adenovirus > VZV, EBV< coxsackievirus, Hantavirus

· Elderly: influenza, parainfluenza, RSV
Immunocompromised: same as above plus CMV

Presentation: bronchitis, bronchiolitis, pneumonia; usu. headache, fever, myalgia, cough, may have mucopurulent sputum
Diagnosis: clinical and/or epidemiological (during flu season, associated exanthems, etc.)

· CXR: interstitial pneumonia or peribronchial thickening; lobar consolidation and pleural effusions uncommon (unless  bacterial superinfection)

Labs: WBC can be low or elevated

Treatment: depends on suspected cause (anti-HSV meds, VZV, CMV (?add CMV-Ig), influenza); also must cover if suspected superimposed bacterial (usu. staph and strep)
Pneumocystis carinii (PCP) (see micro)
Compromised Host

Ddx for non-infectious causes: pulmonary hemorrhage, pulmonary edema, radiation injury, pulmonary toxicity due to cytotoxic drugs, and tumor infiltrates

Localized: bacteria, mycobacteria, fungi, or Nocardia sp

Diffuse interstitial: viral, PCP, drug or radiation injury, pulmonary edema

Diffuse nodular lesions: mycobacteria, Nocardia sp, fungi, or tumor

Cavitary: mycobacteria, Nocardia sp, fungi, bacteria

Transplant recipients with bilateral interstitial pneumonia: CMV 

Pleura-based consolidation: aspergillosis

Post-Op Pneumonia

More with thoracic or abdominal surgery / usual pathogen in empyema after chest surgery is Staphylococcus aureus. About 40% of posttraumatic pneumonias are complications of fractured ribs or chest trauma; the rest are divided about equally among skull fractures or other head injuries, other fractures, burns, and major contusions / only about 10% of such infections follow operations performed under local or IV anesthesia

Causes: GNR, S. aureus, pneumococci, Haemophilus influenzae, or combinations of these.
Lung Cancer

Presentation: fever, chest pain, weight loss, fatigue, weakness, decreased activity, worsening cough, dyspnea, decreased appetite, weight loss, and pain / malignant serosanguineous pleural effusions are common and are often large and recurrent.
Diagnosis (also see SPN below) [NEJM]
· CXR (mass, effusion) bronchial narrowing and irregularity, parenchymal infiltration, or atelectasis. Cavitation may be visible in an obstructed area or within a peripheral tumor. Pleural effusions are often associated with infiltrating or peripheral tumors
· thoracentesis (60% yield in NSCLC; would be IIIB T4) / pH usu. > 7.3 (<  7.2 worse prognosis) / WBC < 4000 cells/mm3 (< 25% neutrophils; more suggests infection)
· CT (chest, head, liver)

· bronchoscopy 

· MRI (its role is evolving)

· CT (still debated whether screening is beneficial or cost-effective 3/07)
· bone scan
· LFT
· bronchial biopsy, washings
· mediastinoscopy with lymph node biopsy
· exploratory thoracotomy required in < 10% of cases to establish the diagnosis (if any evidence of mets, probably no benefit; such as lymph nodes, skin, liver, pleura)

· Ddx: foreign bodies, nonsegmental pneumonia, endobronchial and focal pulmonary manifestations of TB, systemic mycoses, autoimmune disease, metastatic disease caused by an extrathoracic primary cancer. Solitary pulmonary nodules are difficult to differentiate.

Metastases to the lungs are common from primary cancers of the breast, colon, prostate, kidney, thyroid, stomach, cervix, rectum, testis, bone and melanoma

Treatment: radiation / chemotherapy (see other sources)

Primary Lung Cancer

Staging: 
T - location (3 cm cutoff)



N - nodes involved

M - metastases (brain, bone, liver)

CXR: concave (good), convex (bad)


Smokers (85%)

squamous, small cell, adenocarcinoma, large cell

Non-smokers (15%)

⅔ are adenocarcinoma (even most adenocarcinomas are from smoking), bronchoalveolar adenoma, other

Central ( squamous, small cell, adenocarcinoma (↓)

Peripheral ( large cell, adenocarcinoma (↑)

Pattern of spread

all types also commonly spread via the lymphatics / large cell also more through bloodstream
Bronchogenic Carcinomas (SCLC vs. NSCLC)

divided into small cell and non-small cell (adenocarcinoma, large cell, squamous cell)

Note: treatment is chemotherapy and/or radiation for SLCL (rarely surgery) and resection (if possible) and/or chemo for NSCLC / 10% of NSCLC develop some form of HOA (Pierre-Marie-Bamberger syndrome) [pic] 

Small Cell Carcinoma (SCC) (20%) – central
oat cell / metastases / smoking / often secrete ectopic hormones (SIADH, ACTH) causing symptoms of hypokalemia (ACTH) or hyponatremia (ADH) / hemoptysis uncommon
Associations: Lambert-Eaton syndrome
Treatment: chemotherapy (not resectable) / 20% can be cured if caught very early
Squamous Cell Carcinoma (30%) – central
metastasis uncommon / smoking / PTH-related (PTHrP) ( hypercalcemia / HOA with clubbing

Adenocarcinoma (35%) – peripheral > central
characteristic HOA w/ clubbing / makes up 70% of lung cancers in non-smokers

Large Cell (10%) – peripheral
smoking / usually spreading through the bloodstream
Bronchoalveolar adenoma – peripheral
not associated with smoking / multifocal origin but often does not extend beyond the lungs / watery, profuse, blood-streaked hemoptysis

Bronchial carcinoid (5%)

benign or malignant / male = female

Complications: may obstruct lumen, frequent bleeding, recurrent pneumonia, pleural pain / carcinoid syndrome (3%)
Course: prolonged / mets (uncommonly) to regional lymph nodes
Pancoast tumor 

refers to an apical carcinoma causing pancoast syndrome
Other Lung Tumors

Lymphoma – usually solitary, can be multifocal

Sarcoma – malignant 

Carcinosarcoma

Kaposi’s sarcoma (see HIV)

Adenoid cystic .5%

Mucoepidermoid carcinoma .2%

Malignant fibrous histiocytoma

Melanoma

Blastoma

Mucoepidermal 

Angiomas – may regress

Squamous papillomatosis – often recur

Benign Tumors

Chondromatous hamartoma

“popcorn” or “bull’s eye” pattern of calcification /  cartilage, connective tissue, epithelium

Sclerosing hemangioma 

80% female / calcification on X-ray / blood spaces

Horner’s syndrome 

invasion of the cervical thoracic sympathetic nerves (paravertebral stellate ganglion) (often by lung cancer)

Findings: enophthalmos, miosis, ptosis, ipsilateral facial anhidrosis, narrowing of palpedral fissure [pic][pic][pic]
Ddx: brainstem or posterior circulation CVA, carotid artery dissection, cavernous sinus thrombosis, trauma, metastatic disease
Pancoast syndrome 

infiltration of brachial plexus and neighboring ribs and vertebrae, may involve phrenic nerve / Findings: pain, numbness, and weakness of the affected arm and/or Horner’s syndrome (see above)

Superior vena cava syndrome (SVC syndrome or SVCS)

obstruction of venous drainage ( dilation of collateral veins in upper chest, neck ( edema and plethora of face, neck, upper part of the torso, including the breasts; suffusion and edema of the conjunctiva; breathlessness when supine; CNS symptoms (headache, visual distortion, ΔMS, dizziness, syncope); dysphagia, hoarseness
Causes: lung cancer (small cell, squamous cell), other malignant neoplasms (lymphoma, Hodgkin’s disease, small cell carcinoma, squamous cell carcinoma, germ cell tumors, and breast cancer), TB, fungal infections, retrosternal thyroid, aortic aneurysms, fibrosing mediastinitis, benign tumors
Treatment: if airway impaired, may need urgent bronchoscopy with stenting, surgical consultation / if lymphoma strongly suspected, may begin steroids even before tissue diagnosis
Hematogenous metastatic spread to the liver, brain, adrenals, and bone 

Paraneoplastic syndromes 

hypertrophic pulmonary osteoarthropathy (the best known), clubbing of the fingers and toes and periosteal elevation of the distal parts of long bones occur. All levels of the nervous system may be affected--principally causing encephalopathy, subacute cerebellar degeneration, encephalomyelitis, the 

CNS paraneoplastic

· 60% become symptomatic (CNS-wise) wise before any symptoms from primary tumor occur

· can test for variety of antibodies [table]; no specific antibodies are found in 40% (that may change)

· may use PET scan or MRI to locate mets or primary [MRI] (note can have false positive on axilla of side of injection of tracer material)
Eaton-Lambert syndrome (see other) and peripheral neuropathy
Paraneoplastic cerebellar degeneration [NEJM] 
may present as progressive cerebellar ataxia [table] / 20% have mild memory and cognitive impairment (paraneoplastic limbic encephalitis), new onset seizures (complex partial)

Associated malignancies: small cell lung cancer > breast, ovarian, testicular, Hodgkin’s

MRI: patchy increased T2 without enhancement on T1 distinguishes from brain tumor, other / 
Purkinje cell dropout in cerebellum shows as atrophy

EEG: focal temporal sharp waves

Labs: 

· antineuronal nuclear antibody type 1 (ANNA-1, anti-Hu) usu. positive with SCLC

· anti-Yo seen with breast, ovarian tumors

· anti-Tr, anti-glutamate receptor antibodies

Polymyositis and dermatomyositis 
metabolic syndromes due to production of substances with hormonal activity 

Small cell carcinomas may secrete ectopic ACTH, resulting in Cushing’s syndrome, or ADH, causing water retention and hyponatremia, and are also associated with the carcinoid syndrome (flushing, wheezing, diarrhea, and cardiac valvular lesions). 

Squamous cell carcinomas may secrete parathyroid hormone-like substances that produce hypercalcemia. Other endocrine syndromes associated with primary lung carcinomas include gynecomastia, hyperglycemia, thyrotoxicosis, and skin pigmentation. Hematologic disorders, including thrombocytopenic purpura, leukemoid reaction, myelophthisic anemia, polycythemia, and marantic thrombosis, may also occur.


Findings: gynecomastia, skin pigmentation

Other associations: thyrotoxicosis, TTP, leukemoid reaction, polycythemia, myelophthisic anemia

Single Pulmonary Nodule (SPN)

50% (< 3 cm) prove malignant / coin lesion without surrounding atelectasis or adenopathy 
Benign: 80% infectious granulomas, 10% hamartomas, 10% other

Malignant: > 3 cm is probably malignant; most are bronchogenic carcinoma
Ddx: Coccidioides, Histoplasma, Tb, RA, Wegener’s

Bayesian approach ( pre-test risk of malignancy vs. need for early removal / if patient < 35 yrs, non-smoker, can follow radiographically first
Risk factors: age, smoking, hemoptysis, size, edge characteristics on CT, prior malignancy

Other: carcinogens, travel, endemic mycoses, prior lung disease

Guidelines for following: constantly changing; (~4-8 mm seems to be a size parameter below which the optimal frequency of repeat CT is debated)

CXR: 
size / growth rate / margin: corona radiata (80-90% malignant)

calcification: 

laminated or central ( granuloma

popcorn ( hamartoma

diffuse ( benign

eccentric/stippled ( malignant

 

less specific ( cavitations [CXR], satellite lesions

CT: more sensitive for other lesions, calcifications, guiding TNAB

· if thought to be benign ( < 35 yrs, stable for 2 yrs, classic calcification pattern) ( repeat CXR q 3 months for 1st yr, q 4-6 mo for 2nd year

· if thought to be malignant ( VATS ( frozen ( thoracotomy/lobectomy

· indeterminate (usually will prove malignant)

PET (18FDG PET scanning): has 95% sensitivity, 75% specificity (also good for demonstrating positive nodes) / false negatives more likely with tumors < 1 cm, bronchoalveolar carcinomas, carcinoid tumors / false positives from inflammation

Bronchoscopy (better for central): sensitivity 80%  > 3 cm (50% peripheral) / 2-3 cm (40-60% yield) / < 1.5 cm (10% yield)

Transthoracic needle biopsy (better for peripheral): 80-95% sensitivity, 50-85% specificity; better than bronchoscopy for peripheral lesions

Pulmonary Cystic Disease

Real vs. paracysts / < 3 mm in size

emphysema

bronchiectasis

honeycombing


basilar: IPF, RA, scleroderma, asbestosis
apical: Langerhans (20-40 yrs, upper>lower), Sarcoid (peripheral or bronchovascular), LAM (women)

Reactive Airway Disease (Asthma)
[NEJM]
Intrinsic: physical or infections

Extrinsic: inhalants or (rarely) food

Early: 10-20 mins / 1 to 2 hrs / IgE

Late: 3 to 4 hrs / 12 hrs / inflammatory infiltrates / reversible bronchoconstriction / viral, allergens, stress, parasympathetic response to rhinitis, reflux (GERD) or other

Epidemiology:  most common pulmonary disease in children / most common reason for pediatric hospitalization / 90% of RAD present < 6 yrs

Presentation: may have history of wheezing with URI’s and exercise, nighttime, early AM coughing

Common precipitates: cigarette smoke, pet dander, dust, mites, weather changes, and seasonal or food allergies 
Exam (during acute asthma attack):  cough, dyspnea, wheezing, tachypnea, subcostal retractions, nasal flaring, tracheal tugging and a prolonged expiratory phase, pulsus paradoxus, hypoxemia, decreased I/E / mental status changes, hypercarbia indicate impending respiratory arrest

CXR: normal to hyperinflation / lung markings commonly increased (more in chronic) / atelectasis most often affects RML / flattening of the diaphragm / exacerbations may see segmental atelectasis

Diagnosis: clinical +/- confirmatory tests (PFT’s vs. methacholine)

· 12 to 20% ↑ FEV1 w/ bronchodilators considered significant / absence of response to single bronchodilator exposure does not preclude benefit to maintenance therapy

· methacholine challenge causes bronchoconstriction in 95% of patients with RAD (20% decrease in FEV1) / can reverse it faster with B2 agonists / false positives may occur in 7% of general population and also CHF, allergic rhinitis, viral URI, COPD, CF

· Peak flow meter – take level for body size (set at 100%): 80% is significant / 50% is an emergency

PFT: degree of airway obstruction and disturbance in gas exchange, measure response to inhaled allergens and chemicals, quantify response to drugs, follow patients over the long term

Static lung volumes and capacities reveal various abnormalities, although these may not be detected when mild disease is in remission. Total lung capacity, functional residual capacity, and residual volume are usually increased. Vital capacity may be normal or decreased.

Labs: eosinophilia (> 250 to 400 cells/µL) / degree of eosinophilia often correlates with severity of asthma / reduction can reflect adequate treatment with corticosteroids

Ddx (see below for more):  viral pneumonia, bacterial pneumonia. foreign body aspiration, anaphylaxis/angioneurotic edema, bacteremia/sepsis

Treatment:  

Mental
· Education: peak flow monitoring (peak flow decreases to < 80% of personal best ( go to twice-a-day monitoring; diurnal variation > 20% indicates airway instability and need to adjust regimen

· Remove/avoid: environmental triggers, aspirin (esp. with nasal polyposis, can also have this with NSAIDS rarely, tartrazine or yellow no. 5), sulfites (shrimp, red wine, beer), B-blockers

· Anxiety may be extreme in many stages of asthma because of hypoxia and the feeling of asphyxiation. Treatment of the underlying respiratory problems, including judicious use of O2 therapy, is the preferred approach, especially when conducted by calm, attentive, supportive medical personnel. The use of sedatives in nonintubated patients is associated with increased mortality and the need for mechanical ventilation

Medications
· B-agonists relax bronchial smooth muscle, modulate mediator release (by increasing c-AMP), protect from many  bronchoconstrictors, inhibit microvascular leakage, increase mucociliary clearance / side effects more common for oral agents because higher doses required (useful for nocturnal asthma)

· albuterol 2.5 mg in 3cc nebs q 2 hrs (short acting)

· Anticholinergics (ipratropium bromide) competitively inhibiting muscarinic cholinergic receptors / block reflex bronchoconstriction due to irritants or to reflux esophagitis

· Solumedrol 25 mg IV q 6 hrs (long acting)
· Cromolyn to stabilize mast cell membrane (who will take medicine QID besides kids)
· Corticosteroids block late response (not the early response) to inhaled allergens and lead to subsequent bronchial hyperresponsiveness (bronchial hyperresponsiveness gradually decreases with long-term therapy)

· oral

· inhaled corticosteroids – 4-6 hours onset, 5 day course recommended to decrease inflammation and reactivation, long-term use has a 5-10% incidence of oral candidiasis (use of spacer helps, rinse throat with water and spit)

· Theophylline (a methylxanthine) relaxes bronchial smooth muscle and has modest anti-inflammatory activity. Mechanism unclear / inhibits intracellular calcium release decreasing microvascular leakage, inhibits late response, decreases eosinophils and T lymphocyte infiltration, increases myocardial and diaphragmatic contractility. Used for long-term control as adjunct to B-agonists / long-acting theophylline useful for nocturnal asthma / narrow therapeutic index and can cause severe adverse reactions (keel levels 10 - 15 µg/mL (56 and 83 µmol/L).

· Leukotriene modifiers:  montelukast and zafirlukast (Singulair), selective competitive inhibitors of LTD4 and LTE4 receptors, and zileuton, a 5-lipoxygenase inhibitor. Taken PO for long-term control and prevention of symptoms in patients / zileuton may cause a dose-related increase in ALT or AST /  montelukast does not. With zafirlukast, drug interactions mediated by cytochrome P-450 enzymes

Mild intermittent 
short acting B2 agonists/ACh blockers PRN

Mild persistent (> 2/wk) 
long acting B2 agonists (has come under debate) /ACh blockers / add inhaled steroids or cromolyn 

Moderate persistent (daily) 
B2 agonists (short and long) + inhaled steroids 

Severe persistent
B2 agonist + oral steroids

Acute RAD hospitalization 
· 5 day PO steroid course

· nebulized epinephrine (B2 agonist) – immediate bronchodilation

Note: during severe respiratory distress, an elevated and rising PaCO2 would indicate impending respiratory failure.  During tachypnea, a PaCO2 not well below 40 indicates poor ventilation.

Recent Studies
Salmetrol/Fluticasone – combination better than single agent


Fluticasone – meta-analysis of 1377 patients, 7% increased FEV1, no adverse effects

Fluticasone – 4-24 weeks lung function >> nedocromil, theophylline, montelukast, 8% oral candidiasis, no significant HPA suppression

Leukotriene inhibitors – montelukast is good (Zafirkulast is not good)

Differential Diagnosis in Children: 

Foreign-body obstruction (get inspiratory versus expiratory films), congenital malformations of the vascular system (e.g., vascular rings and slings) or of the GI and respiratory tracts (e.g., tracheoesophageal fistula), viral URI (see croup, RSV), bronchiolitis, bronchitis (rule out cystic fibrosis, immunodeficiency disease, ciliary dyskinesia syndrome)

Differential Diagnosis in Adults 

COPD, heart failure, multiple small pulmonary emboli occasionally cause wheezing, hypersensitivity pneumonitis (more constitutional symptoms, not wheeze, except in allergic bronchopulmonary aspergillosis), bronchial obstructions (malignancy, aortic aneurysm, endobronchial TB, or sarcoidosis) occasionally present with wheezing, upper airway obstruction due to vocal cord dysfunction (can be diagnosed w/ bronchoscopy)

More rare( carcinoid syndrome, Churg-Strauss syndrome, and eosinophilic pneumonias such as tropical eosinophilia and other parasitic infestations like Strongyloides stercoralis (steroids can cause hyperinfection syndrome)

Churg-Straus Angiitis (see vasculitides)
Hypersensitivity Lung Diseases

Hypersensitivity pneumonitis / dust from actinomycetes, fungus, avian proteins

· Acute onset: cough, dyspnea, fever, chills, myalgias / 4 to 8 hrs

· Subacute onset: dyspnea on exertion and dry cough over weeks to months

· Chronic: dyspnea, weight loss, anorexia

Complications: chronic hypoxemia, clubbing, pulmonary hypertension, pulmonary fibrosis

Diagnosis:

· CXR may or may not show reticulonodular infiltrates

· HRCT shows ground-glass infiltrates in lower lobes / may see centrilobular infiltrates as well / chronic disease may have patchy emphysema

Labs: IgG present, but not specific; peripheral eosinophilia not a feature; may see lymphopenia and neutrophilia / tissue histology with loose, noncaseating granulomas
Treatment: remove from exposure / bronchodilators and antihistamines are not effective; steroids may help in severe cases; try moderate dose then rapid taper
Eosinophilic Asthmas

	
	Cause
	Bronchial Asthma
	Peripheral Eosinophilia
	Systemic

Involvement
	Prognosis



	Acute Eosinophilic Pneumonia
	?
	None
	Normal or high
	No


	Good

	Chronic Eosinophilic Pneumonia
	?

drugs

parasites
	Yes
	Usually High

(can be normal)
	Rare
	Good

	Simple eosinophilic pneumonia (Loffler’s)
	?

drugs

parasites
	Rare
	Moderate
	Rare
	Excellent

	Hypereosinophilic syndrome
	?
	None
	High
	Always
	Fair

	Churg-Strauss

(Allergic Granulomatosis)
	?

drugs?
	~always
	High
	Common
	Fair to Poor

	Allergic Bronchopulmonary Aspergillosis
	Aspergillus

 (usu. fumigatus)
	~ always
	High


	No


	Fair

	Eosinophilia myalgia
	Contaminated 

L-tryptophan
	None
	High
	Usual
	Good

	Tropical eosinophilia
	Parasites
	Occasional
	High
	Occasional
	Good


Chronic Obstructive Pulmonary Disease (COPD) 

Emphysema: abnormal permanent enlargement of the airspaces distal to the terminal bronchioles with destruction of their walls and without obvious fibrosis
Risk factors: cigarette smoking, air pollution, hyperresponsive airways, [image: image2.png]


1-Antitrypsin deficiency 

Classification (not much clinical utility):
· panacinar emphysema (PAE) – increased compliance
· centrilobular emphysema (CLE) – most common form in smokers / affects upper, posterior > bases / decreased compliance
· distal acinar emphysema (paraseptal or subpleural emphysema) 
subpleural or along fibrous interlobular septa / rest of the lung often spared, so lung function may be well preserved despite many foci of locally severe disease / often in apices / can cause spontaneous pneumothorax in young persons and may produce giant bullae (bullae = airspaces ≥ 1 cm, may become huge, rarely large enough to compress lung tissue and severely impair lung function)

Findings: barrel chest (increased AP diameter (TLC), but VC drops because RV increases) 

dyspnea, decreased breath sounds, hyperresonance, pink puffers / tachycardia / decreased I/E 

ratio / smoking (centroacinar, usually upper lobes) / increased risk for mucoid strain of Pseudomonas (fluoroquinolones for outpatient) / hemoptysis: first rule out lung cancer, but simple mucosal erosion more common 

Complications 

· acute bronchitis (see below)
· acute respiratory failure in COPD is defined as an exacerbation accompanied by a PaO2 < 50 mm Hg or a PaCO2 > 50 mm Hg. PaCO2 rarely rises above 80 mm Hg unless patient has received O2 therapy. Mental state ranges from alert, anxious, agitated, and distressed to somnolent, stuporous, or comatose. Cyanosis is usually present unless the patient is receiving O2 therapy. Diaphoresis and a hyperdynamic circulation are typical. Breathing is labored, and the accessory respiratory muscles are in full use.

· pneumothorax should be suspected in any patient whose pulmonary status suddenly worsens 
· cor pulmonale (see other)
Diagnosis 

· CXR: exclude Tb, lung cancer / overdistention of the lungs (low, flat diaphragm) / widening of the retrosternal airspace in lateral view, increase in angle formed by the sternum and diaphragm from acute to ≥ 90° / heart shadow tends to be long and narrow / excessively rapid tapering of the vascular shadows is a sign of emphysema but may be difficult to identify unless accompanied by obviously hyperlucent lungs / RVH may or may not be apparent / may see prominent hilar vascular shadows / bullae reflect local severe disease (may not correlate with overall disease) / presence of diffuse (acute) infiltrate makes it easier to see changes of emphysema (air spaces and lack of apical vascularity) 
· HRCT: shows all of these things in more detail [pic]

· PFT: FEV1 and the FEV1/FVC fall progressively as the severity of COPD increases /

· ABG: usually takes FEV1 < 50% predicted or < 1.5 L in order to cause hypercapnea (chronic CO2 retainer)

· EKG may show RAD, echo can estimate PAH
Treatment: 

Specific therapy: eliminate risk factors, smoking cessation
Drugs:

· bronchodilators (long-acting inhaled B-agonists or LABAs)

· anticholinergics (ipratropium; tiotropium) (mostly stays in lungs)
· corticosteroids (can sometimes have a role; no simple guidelines; current trend is inhaled steroids help QOL/fewer exacerbations for FEV1 < 50%)

· B-agonists (with no cardiac problems)

· DO NOT give B-blockers (can cause cor pulmonale) or digitalis (causes problems)

· antibiotics for acute COPD exacerbations (sometimes prophylactically)
Trends: current thinking is to get best QOL (fewer exacerbations, etc.) is to use combination tiotropium + LABA 1/07; GOLD guidelines for FEV1 < 80%)
Immunizations 

Oxygen Supplementation: maintain O2 saturation above 90% (corresponds to p O2 of 60) / be careful not to give too high oxygen (don’t try to correct O2 too rapidly, take several days) / Medicare pays if P02 < 55 on RA

Problems with O2 use:

· removal of respiratory drive in pts with baseline C O2 retention

· too high O2 messes up VQ mismatch

· Haldane effect – ionized to gaseous form of C O2?

Phlebotomy for polycythemia

Lung volume reduction surgery: remove bad areas to relieve good areas

Pulmonary rehabilitation programs
Treatment of [image: image3.png]


1-antitrypsin deficiency (medical and single lung transplant)
Treatment of complications
Prognosis: death usu. caused by  medical complication (acute respiratory failure, severe pneumonia, pneumothorax, cardiac arrhythmia, pulmonary embolism) / survival with severe disease is from several up to 15 yrs
Alpha-1-antitrypsin deficiency (see liver disease)

specific type of emphysema / panacinar versus basilar 

Presentation:  may present as bronchiectasis

Treatment: can give a-1 AT infusions (once weekly; to maintain target level > 80 mg/dL 


Cystic Fibrosis



mutations in cystic fibrosis transmembrane regulator (CFTR) / ΔF508 most common

Presentation: bronchiectasis, chronic airway inflammation, pancreatic insufficiency, male infertility (absence of vas deferens)
Childhood: H influenzae, S. aureus

Adult: Pseudomonas, Aspergillus (50% colonized; occasionally cause disease), Burkholderia (always pathogenic), atypical mycobacteria (usu. colonizers)

Diagnosis: sweat chloride test (chloride > 70 meq/L positive; 1-2% false negative) / biopsies and imaging may show chronic tissue changes but not diagnostic



Treatment: patients do much better when followed by CF specializing centers

Bronchitis
Acute bronchitis (infectious) [NEJM]
Causes: 
· viral URI: influenza A, parainfluenza, adenovirus, RSV, rhinovirus, human metapneumonia virus

· bacterial: Mycoplasma, B. pertussis, Chlamydia, B. dermatitidis
Pathology: hyperemia then desquamation, edema, leukocytic infiltration, production of sticky or mucopurulent exudate / hypertrophy of smooth muscle and secretory epithelium / mucous plugging, resonant breath sounds, VQ mismatch from shunting, periodic exacerbations
Presentation: preceded by URI: coryza, malaise, chilliness, slight fever, back and muscle pain, and sore throat / dry cough, nonproductive or mucopurulent sputum (frankly purulent sputum suggests superimposed bacterial infection) / can have burning substernal chest pain (aggravated by coughing) / fever of 38.3 to 38.8° up to 3-5 days (cough may continue for weeks) / persistent fever suggests complicating pneumonia / dyspnea (from airway obstruction), cyanosis, cor pulmonale and edema (late), blue bloaters
Findings: scattered rhonchi, wheezing,  occasional crackling or moist rales at the bases
Diagnosis: 
· influenza assay if indicated

· sputum culture likely unrevealing or showing underlying pulmonary disease (COPD, etc.)
· CXR if pneumonia suspected 
· multiplex PCR testing being developed (for major causative bacteria)
Treatment: 
· cough suppressants / B2 agonists can be considered with bronchial hyperreactivity and steroids can be considered in patients with persistent cough 

· ABG as needed

· antibiotics when there is concomitant COPD, purulent sputum, or persistent high fever
· PO macrolide or tetracycline or ampicillin 250 mg q 6 h

· trimethoprim-sulfamethoxazole 160/800 mg po bid may be given
· antivirals if influenza A tests positive or if testing unavailable but during epidemic or clinically suspected or children with severe RSV (no antivirals yet effective for other players 11/06)
Acute irritative bronchitis

 may be caused by various mineral and vegetable dusts; fumes from strong acids, ammonia, certain volatile organic solvents, chlorine, hydrogen sulfide, sulfur dioxide, or bromine; the environmental irritants ozone and nitrogen dioxide; and tobacco or other smoke.

Chronic bronchitis 

definition: chronic productive cough at least 3 months in each of 2 successive yrs for which other causes, such as infection with Mycobacterium tuberculosis, carcinoma of the lung, or chronic heart failure, have been excluded

Cough-variant asthma

in which the degree of bronchoconstriction is not sufficient to produce overt wheezing, may be caused by allergen inhalation in an atopic person or chronic exposure to an irritant in a person with relatively mild airway hyperreactivity. Management is similar to that of ordinary asthma.

Restrictive lung disease
decreased VC and TLC
· extrapulmonary 

poor mechanics / chronic enlarged tonsils and adenoids in young children
· pulmonary
alveolar or interstitial fibrosis (FEV1/FVC > 90%, leads to cor pulmonale, bleomycin toxicity, gradual progressive dyspnea, cough)

Note: overbagging can stop circulation 

X-ray may appear normal [pic] 

ARDS – Mendelssohn’s syndrome

Diffuse Alveolar Damage 

exudative stage


proliferative stage - may follow exudative - honeycomb lung - may only take 10 days

UIP - shorter course - fatal

DIP - longer course - amenable to steroid treatment - desquamation is actually histiocytes

Pneumoconiosis

acute silicosis (quartz)
CWP, pulmonary tuberculosis

talcosis 


birefringent talc particles

CWP

dust macules

coal nodules 


palpable

Caplan’s syndrome 

fibrotic nodules

Asbestosis



ferruginous body - amphibole fiber (big) / chrysotile fiber (small) / hemosiderin accretions


associated with malignant mesothelioma of pleural surface

Obstructive Sleep Apnea (OSA)

Epidemiology:  18 million Americans / EDS in 4% of men 2% women (30-65) / 82% of men and 93% of women with moderate to severe OSA are undiagnosed / 90% of men and 98% of women with mild to severe OSA and EDS are undiagnosed

prevalence comparable to asthma

Symptoms: daytime sleepiness (accidents, problems at work, etc.) / stentorian (loud) snoring / personality changes, impotence

Mechanism: 87.5% - arousal threshold in NREM sleep / 79.5% - arousal threshold in REM sleep / other causes of REM apnea – loss of tone in tongue and pharynx, loss of coordinated intercostal function, relative bradycardia

Causes:

· HTN, change in voice, nasal obstruction, micrognathia, 

· retrognathia, macroglossia (cleft palate), tonsillar hypertrophy, uvulopalatal enlargement/elongation, submucosal infiltration

Note: tonsillar hypertrophy is most common cause of OSA in normal children (often misdiagnosed as ADHD) / snoring may increase risk of OSA (not proven)

· Obesity-hypoventilation syndrome (Pickwickian syndrome): obesity causes decreased compliance of chest wall /  O2 decreased all the time (not just when sleeping) (OSA may or may not be concurrently present) / screen for hypothyroid / usefulness of progesterone debated
· Allergic rhinitis: 40% present (20% incidence in general population)

· Hypothyroidism: 5% present (decreased response to CO2, deposition of material increases obstruction)

Diagnosis: polysomnography > 5 episodes/hour + daytime sleepiness / hypopnea (mild/sub apnea) / 1/07 current trend is to just begin therapy with positive ambulatory nighttime pulse oximetry testing (90% likely to achieve correct diagnosis; recheck in 2 weeks for clinical improvement and then get full sleep study if uncertain)
Complications:

· HTN, LVH and heart failure, dilated cardiomyopathy and CHF, MI

· nocturnal cardiac disrhythmias (usu. bradycardia), sudden nocturnal death

· nocturnal pulmonary HTN, early sustained pulmonary HTN and RV failure with diurnal decreased paO2 and increased paCO2 (10% incidence) / Note: rarely causes RV dysfunction without underlying COPD

· association with renal disorders

Treatment: 

· CPAP (continuous positive airway pressure) [80% effective, eliminates mortality: treatment of choice; BIPAP is more expensive, doesn’t improve compliance, not shown to be more efficacious]

· uvulopalatopharyngoplasty, tonsillectomy, other nasal and airway surgeries (40-50% effective), protriptyline 20-30 mg qhs, tracheostomy

Central Sleep Apnea (CSA)


Presentation: frequent awakenings, daytime sleepiness

Causes:

· defect in respiratory muscle or metabolic control mechanism

· decreased respiratory drive: sleep onset, hyperventilation  (idiopathic, hypoxic, pulmonary edema of CHF, CNS), prolonged circulation time of heart failure [CNS over-corrects before chemoreceptors appreciate signals]

· upper airway reflex inhibition: esophageal reflux, aspiration, upper airway collapse

Diagnosis: polysomnography
Treatment: 

· nocturnal supplemental oxygen

· acidification with acetazolamide

· CPAP (under investigation, effective in CSA secondary to CHF, may increase paCO2)

Bronchiectasis
Acquired bronchiectasis

Presentation: any age / starts early (childhood), symptomatic later  / chronic cough/sputum production or sometimes asymptomatic / worsens over years / coughing boughts occur several times a day / sputum like bronchitis or more multi-layered / hemoptysis from capillary erosion (sometimes bronchial/pulmonary anastomoses) / recurrent fever or pleuritic pain (+/- pneumonia) / wheezing, SOB, etc and cor pulmonale with advanced cases (with bronchitis/emphysema)

Specifics:

severe pneumonia: Klebsiella, Staphylococci, influenza A virus, fungi, mycobacteria, mycoplasma (rarely) / pneumonia complicating measles, pertussis, or certain adenovirus

bronchial obstruction from any cause (foreign body, adenopathy, mucus inspissations, lung tumors)

chronic fibrosing lung diseases (e.g., aspiration pneumonia, injurious gases or particles (e.g., silica, talc, or bakelite) 

AIDS and other immunocompromised (less common cause)

Aspergillus fumigatus has more central pattern 

Associations: RA, Sjögren’s, Hashimoto’s, and UC is unexplained

Pathophysiology: may be unilateral or bilateral / lower lobes >> right middle lobe and lingula > others / reduced lung volumes and airflow rates, VQ mismatch, hypoxemia / extensive anastomoses and enlargement of  bronchial/pulmonary a. and v. can cause R to L shunt ( PHTN ( cor pulmonale

Mechanism: bacterial endotoxins,  proteases (bacterial/host), increased elastase, cathepsin G, and neutrophil matrix metalloproteinase (MMP-8), superoxide radicals, immune-complexes / IL-1B, IL-8, TNF-a and NO / depressed [image: image4.png]


1-antitrypsin and antichymotrypsin 

· direct bronchial wall destruction

infection, inhalation of noxious chemicals, immunologic, vascular abnormalities interfere with bronchial nutrition

· mechanical alterations



atelectasis or loss of parenchyma with increased traction on airways, leading to bronchial dilation and secondary infection) / Note: post-obstructive decrease in mucociliary clearance (poor ciliary motility) often promotes infection (does not require complete obstruction)

Exam: persistent crackles, airflow obstruction (decreased breath sounds, prolonged expiration, or wheezing) / more pronounced in smokers / clubbing in severe, long-standing cases

Diagnosis 

· CXR: may show increased bronchovascular markings from peribronchial fibrosis and intrabronchial secretions, crowding from an atelectatic lung, tram lines (parallel lines outlining dilated bronchi due to peribronchial inflammation and fibrosis), areas of honeycombing, or cystic areas with or without fluid levels, but occasionally x-rays are normal

· HRCT (with or without contrast): dilated airways, indicated by tram lines, by a signet ring appearance with a luminal diameter > 1.5 times that of the adjacent vessel in cross section, or by grapelike clusters in more severely affected areas. These dilated medium-sized bronchi may extend almost to the pleura because of the destruction of lung parenchyma. Thickening of the bronchial walls, obstruction of airways (evidenced by opacification--e.g., from a mucus plug--or by air trapping), and, sometimes, consolidation are other findings.

· Bronchoscopy: rule out tumor, foreign body, or other localized endobronchial abnormality.

Ddx: cystic fibrosis, immune deficiencies, bronchitis, mycobacterial, fungal, Mycobacterium avium-intracellulare, Young syndrome (men, sinopulmonary symptoms and infertility), PCD syndromes,  immunoglobulin deficiencies (even when total levels of IgG or IgA are normal, some IgG subclass deficiencies have been associated with sinopulmonary infections), [image: image5.png]


1-Antitrypsin ([image: image6.png]


1-antiprotease inhibitor) deficiency, other congenital syndromes, yellow nail syndrome, allergic bronchopulmonary aspergillosis 

Treatment:
· treat active infections or underlying disorders / prophylactic or suppressive antimicrobial regimens (talk to pulmonologist)

· avoid smoking and irritants

· surgical resection – rarely necessary but can be considered 
Congenital bronchiectasis 

failure to develop proper bronchi is a rare disease / Mounier-Kuhn syndrome, Williams-Campbell syndrome
Kartagener’s syndrome

bronchiectasis, situs inversus and sinusitis / accounts for 50% of a subgroup of primary ciliary dyskinesia (PCD) syndromes (defective mucociliary clearance) / chronic rhinitis, serous otitis media, male sterility, corneal abnormalities, sinus headaches, and a poor sense of smell

Young syndrome

obstructive azoospermia, chronic sinopulmonary infections, normal spermatogenesis, a dilated epididymal head filled with spermatozoa, and amorphous material without spermatozoa in the region of the corpus / does not have ciliary defect as in PCD

Atelectasis
usually basilar, acute or chronic
Causes: O2, drug, or chemical toxicity; pulmonary edema; the adult or neonatal respiratory distress syndrome, pulmonary embolism, general anesthesia, mechanical ventilation, intraluminal bronchial obstruction, often due to plugs of tenacious bronchial exudate, endobronchial tumors, granulomas, or foreign bodies, bronchial strictures, distortion, or kinking; external bronchial compression by enlarged lymph nodes, a tumor, or an aneurysm; external pulmonary compression by pleural fluid or gas (e.g., due to pleural effusion or pneumothorax); and surfactant deficiency
· Diffuse microatelectasis (seen with early ARDS)
not visible initially on CXR ( progresses to a patchy or diffuse reticular granular pattern, then to a pulmonary edema-like pattern, and finally to bilateral opacification in severe cases
· Rounded atelectasis (folded lung syndrome) 
often mistaken for a tumor / "comet tail"

complication of asbestos-induced or other pleuropulmonary disease.
Ddx: large effusion, pneumothorax 

Treatment (for acute):
CPAP at 5 to 15 cm H2O 

PEEP

bronchoscopy

patients with established atelectasis should lie with the affected side uppermost to promote drainage (postural drainage)
chest physical therapy – encouraged to cough –IPPB or an incentive spirometer 
Aspiration
Chemical pneumonitis (aspiration pneumonitis) (Mendelson’s syndrome)

Presentation: acute dyspnea, tachypnea, tachycardia usu. 4-6 hours after aspiration of (usu.) gastric content (required sizeable aspiration)
Findings: cyanosis, bronchospasm, fever, sputum often pink and frothy
CXR: infiltrates (one or both (usu.) lower lobes)

Treatment: 
Course: rapid recovery ( < 48hrs) or progression to ARDS or bacterial superinfection / mortality 30-50%
Aspiration pneumonia (see other)
Mechanical obstruction 
aspiration of inert fluids or particulate matter 
children: vegetal (e.g., peanuts) esp. in 

adults: meat

high obstruction is obvious, but more distal can present more insidiously, clues to diagnosis:

· CXR (taken during exhalation)  may show atelectasis or hyperinflation of the affected lung partial obstruction with air trapping causes the cardiac shadow to shift away from the abnormal lung during this phase of respiration
· recurrent parenchymal infections in the same segment of lung

Treatment: extract object, usually by bronchoscopy
Lung Abscess

Lung abscess: A localized cavity (usu. < 2 cm) with pus, resulting from necrosis of lung tissue, with surrounding pneumonitis 
putrid (due to anaerobic bacteria) or nonputrid (due to anaerobes or aerobes). 

Single > multiple (usu. unilateral; S. aureus becoming more common, esp. IVDA; suppurative venous thrombophlebitis due to aerobic or anaerobic bacteria)

Causes:

· aspiration (alcohol, other drugs, CNS disease, general anesthesia, coma, or excessive sedation)

· usually anaerobes (esp. if periodontal disease) but can be variety of organisms (Klebsiella,  Staphylococcus aureus, Actinomyces israelii, B-hemolytic strep, S. milleri (and other aerobic or microaerophilic streptococci), Legionella, or H. influenzae is sometimes complicated by abscess formation)

· immunocompromised (Nocardia, Cryptococcus, Aspergillus, Phycomycetes, atypical mycobacteria (primarily Mycobacterium avium-intracellulare or M. kansasii), or gram-negative bacilli, blastomycosis, histoplasmosis, coccidioidomycosis)

· septic pulmonary emboli, secondary infection of pulmonary infarcts, and direct extension of amebic or bacterial abscesses from the liver through the diaphragm into the lower lobe of the lung

· bronchogenic carcinoma 
· cavitary TB 

Complications: bronchopleural fistula, ARDS
Diagnosis 

· CXR, CT, sputum (usu. only useful if transtracheal aspiration, transthoracic aspiration, or bronchoscopy with a protected brush)

Ddx: cavitating bronchogenic carcinoma, bronchiectasis, empyema secondary to a bronchopleural fistula, TB, coccidioidomycosis and other mycotic lung infections, infected pulmonary bulla or air cyst, pulmonary sequestration, silicotic nodule with central necrosis, subphrenic or hepatic (amebic or hydatid) abscess with perforation into bronchus, Wegener’s
Treatment 

· antibiotics (clindamycin or metronidazole) and/or as per suspected organisms / continue until pneumonitis has resolved and cavity has disappeared, leaving only a small stable residual lesion, a thin-walled cyst, or clear lung fields (usu. requires several weeks or months of treatment, much of which is given oral/outpatient)
· postural drainage, bronchoscopy and/or surgical drainage as indicated (always drain if empyema suspected)

· pulmonary resection if resistant to drugs, particularly if bronchogenic carcinoma is suspected / lobectomy versus segmental resection versus pneumonectomy (if really needed; mortality 5-10%)

Pleurisy
mechanism: underlying lung process (e.g., pneumonia, infarction, TB) / direct entry of infectious agent or irritating substance into the pleural space (e.g., with a ruptured esophagus, amebic empyema, or pancreatic pleurisy) / entry of infectious, noxious agent or neoplastic cells via the bloodstream or lymphatics / parietal pleural injury (e.g., trauma, especially rib fracture, or epidemic pleurodynia [due to coxsackievirus B]) / asbestos-related pleural disease / pleural effusion related to drug ingestion (rarely)

Presentation: 

· sudden pain is dominant symptom (usu. only when patient breathes deeply or coughs) / visceral pleura is insensitive (pain from inflammation of the parietal pleura innervated by intercostal nerves; usu. felt over pleuritic site but may be referred to distant regions; irritation of posterior and peripheral portions of the diaphragmatic pleura, supplied by the lower six intercostal nerves, may cause pain referred to the lower chest wall or abdomen and may simulate intra-abdominal disease; irritation of the central portion of the diaphragmatic pleura, innervated by the phrenic nerves, causes pain referred to the neck and shoulder)
· respiration is usually rapid and shallow / motion of the affected side may be limited / breath sounds may be diminished 

· pleural friction rub, although infrequent, is characteristic sign (varies from a few intermittent sounds that may simulate crackles to a fully developed harsh grating, creaking, or leathery sound synchronous with respiration, heard on inspiration and expiration. Friction sounds due to pleuritis adjacent to the heart (pleuropericardial rub) may vary with the heartbeat as well
· pleural effusion (usu. occurs along with decrease in pleuritic pain) / larger effusion with all attendant clinical implications
Diagnosis: 

· clinical findings and picture (may get relief by pressure on chest wall by mechanical factors) / rule out other causes (many)

· CXR: cannot show pleurisy but may elucidate any underlying pulmonary infection, process

Treatment: treat underlying process (antibiotics, etc) / try to avoid impairing respiration in patient with limited pulmonary function or mental status; encourage deep breathing and cough, but balance with desire to reduce pain with pain medication and/or if appropriate, wrapping chest in elastic bandages to reduce motion / bronchodilators may help

Pleural Effusion

Pleural fluid

normal volume 10-20 mL

50 mL ( visible on lateral decubitus CXR

500 mL ( obscures entire diaphragm

Physiology: similar composition to plasma (less protein, < 1.5 g/dL) / fluid enters from the pleural capillaries and exits via parietal pleural stomas and the lymphatics (obstruction of which causes pleural effusion)

Note: etiology of an effusion is not established in about 20% of cases (in spite of efforts)


CXR: duh.
CT scan: lung abscess may be differentiated from an empyema with a bronchopleural fistula and an air-fluid level. Pleural plaques, mesothelioma readily identified / loculated pleural effusions clearly seen with CT

MRI is not indicated.

Ultrasonography: can identify and localize loculated pleural effusions

Bronchoscopy: good
VATS: needed to diagnosis pleural-based malignancies

Thoracentesis (see other)
Indications:

· uneven/unilateral, evidence of infection, no cardiac disease, red flags for malignancy, need to evaluate parenchyma

· If you think you should do it, then do it (you lazy bastard) / what is the highest safe INR?
Note: may remove up to 1500 cc without worrying about “reexpansion pulmonary edema”

Visual

clear yellow (serous)

milky (chylous)

blood-tinged (serosanguineous)

grossly bloody (sanguineous)

translucent or opaque and thick (purulent)

LAB

send for gram stain, chemical (pH, protein, LD), cell count, culture (bacteria/fungal/AFB), and cytology (the last uses tubes with heparin, 3 U/mL fluid, added) / pH must be sent on ice (pH < 7.2 or WBC > 100,000 = empyema), amylase, eosinophils (rarely in Tb or malignancy)

Light’s Criteria (exudate must have at least one of following):

1. pleural fluid/serum protein ratio > 0.5, with pleural fluid protein usually > 3.0 g/dL

2. pleural fluid/serum LDH ratio > 0.6

3. pleural fluid LDH > ⅔ of the upper normal limit for serum

Transudates (causes)
elevations in microvascular pressure or to decreases in oncotic pressure

Exudates (causes) 

inflammation (pleurisy) with an increased permeability of the pleural surface 

Glucose

< 60 mg/dL ( parapneumonic, malignancy, Tb, hemothorax, Churg-Strauss, paragonimiasis, RA (usu. < 30, will have high RF too)

< 40 mg/dL ( tube thoracostomy indicated

Pleural fluid pH

< 7.00 ( complicated parapneumonic effusion ( tube thoracostomy indicated

> 7.20 ( may not need tube thoracostomy
Other possible causes: systemic acidosis (normal glucose), esophageal rupture, RA, Tb, malignancy, hemothorax, paragonimiasis, Churg-Strauss, urinothorax (normal glucose)

Note: must treat pH sample as ABG (heparinized tube, place in ice, transfer to lab immediately)

Hemothorax 

> 15% of pleural transudates and > 40% of exudates are blood-tinged with RBC counts between 5,000 and 100,000/µL (of little diagnostic significance)

traumatic tap (Hct < 1%) > cancer, Tb, PE (Hct 1-20%) >> real hemothorax (Hct > 50%) (malignancy, PE, rupture of aortic aneurysm, rupture of vessel associated with spontaneous pneumothorax, coagulation defects) / pleural blood usually does not clot



Treatment: water-sealed tube drainage / thoracotomy and decortication 

Chylothorax (a milky or chylous pleural effusion)

traumatic or neoplastic (most often lymphomatous) injury to the thoracic duct (high TG content; sudanophilic fat droplets often seen microscopically; low cholesterol content)

Labs:  triglycerides > 110 mg/dL (1.24 mmol/L)

Treatment: treat underlying cause

Cholesterol effusion (chyliform or pseudochylous effusion) 

rare / golden and iridescent (light-reflecting cholesterol crystals, can be seen microscopically)

Labs: high cholesterol up to 1 g/dL [26 mmol/L] / low neutral fat and FA

follows long-standing chronic pleural effusion (i.e. Tb pleurisy or RA pleural effusion)

cholesterol pleural effusion (not complete diagnosis, must seek cause)


Eosinophilic effusions (<10%)

often occur when there is air or blood in the pleural space / causes: drug reactions, benign asbestos-related effusions, collagen vascular diseases, pulmonary embolism, parasitic infections (paragonimiasis, echinococcosis, filariasis, and toxocariasis) or idiopathic

Conditions Causing Transudates 

Heart failure

most common / right sided 1st, then bilateral

Hypoalbuminemia
usually bilateral / associated with whole body edema

Ascites

diaphragmatic defects or lymphatic channels

70% right-sided, 15% left-sided, and 15% bilateral

occur in about 5% of patients with cirrhosis and ascites / Meigs’ syndrome (more exudative, similar mechanism as pleural effusion with peritoneal dialysis, acute Pancreatitis)

Myxedema



usually transudates, may be exudates

Post-parturition
small effusions that clear within 1st 24 h

Iatrogenic

subclavian vein / misplaced feeding tubes (perforated bronchus)


PE


may be transudate or exudate / rarely large / often bloody


Malignancy


secondary to decrease drainage from obstructed lymphatics

Conditions Causing Exudates

PE

Pneumonia


Fungal


Viral


Parasitic

Neoplasia

Mesothelioma

Drug-induced

RA

Acute pancreatitis

Post-cardiac

Pulmonary embolism (see other)
30 to 50% of cases / 80% of PE effusions are exudates (often blood-tinged) / increased permeability of visceral pleura over infarcted lung (1/3 w/out evidence of infarction on CXR)

Pleural effusions and pneumonia

· textbook says bilateral effusions (other than PCP) are almost never from pneumonia, but I have seen a lot of patients with bilateral effusions and pneumonia (in some cases the effusions were probably from another source, but sometimes it appeared as though they were from the infection itself)

· effusions are not an indicator of severity of infection (unless via compromise of respiratory function)

· outpouring of serous exudative fluid accompanies acute pleurisy 

· usually bacterial, but small effusions can occur with mycoplasmal and viral pneumonia (virus can cause effusion without evidence of pneumonia)
· Organisms prone to cause empyema (rather than effusion) are S. pneumo, S. aureus and Klebsiella

Specific examples

Group A strep ( large, unilateral pleural effusions

Pneumococcus ( smaller node infusions

H. influenza ( 2/3 have mild-moderate pleural effusions

Tularemia ( hemorrhagic effusions (other organisms generally do not do this)

Tb ( usu. self-limited (see Tb), many small mature lymphocytes (few mesothelial cells)


Empyema



Treatment: 

· high doses of IV antibiotics and chest tube drainage (see below)

· water-sealed tube thoracostomy usually preferable

· if lined by a thick, organizing, fibrinous exudate or cortex, surgical decortication by is the best way to expand the lung and obliterate the space (fibrinolytics only recommended in poor surgical candidates or if surgery must be delayed)
· decortication for a loculated empyema is best performed within the first 3 to 6 wk of the illness using thoracotomy or VATS (may also be needed for bronchopleural fistula)

Chest Tube

Indications: empyema, positive gram stain, loculations, pH < 7.10, glucose < 40, LDH > 1000





Course: keep drain until drainage < 50 ml/day

Fungal pleurisy - exudate 

Diagnosis: geographic history, skin and serologic tests, sputum cultures, biopsy may show granulomas, histology of other tissues are useful in establishing a diagnosis

· Blastomycosis ( ~10% of cases, usually with extensive underlying parenchymal disease

· Primary coccidioidomycosis ( usually large, unilateral, ~7% of cases, 50% with parenchymal lesion / EM or EN is common / can also occur at a later stage when coccidioidal cavity ruptures (serious complication)

· rare in primary histoplasmosis and cryptococcosis (occurs with dissemination or massive lung involvement)

Metastatic neoplasms

most common in > 60 yrs

primary: lung >> breast >> any carcinoma / lymphatic obstruction 

findings: large, cause DOE, small or large amount of blood, mostly exudates / 10% of malignant pleural effusions have slightly to moderately elevated amylase

may take 2 or 3 samples to get diagnosis by cytology / pleural biopsy less sensitive (but can be positive when cytology is negative)

Diagnosis: pleural biopsy rarely positive / fluid cytology or needle biopsy sometimes positive

· Hodgkin’s ( lymphatic obstruction

· NHL ( pleural infiltration / may be presenting sign
Treatment: pleurodesis (using sclerosing agent, asbestos-free talc, doxycycline, tetracycline derivative) to reduce reaccumulation of fluid.

Malignant mesothelioma

asbestos exposure / 2000 cases/yr / smoking makes worse

Presentation: insidious nonpleuritic CP and dyspnea, pleural effusion in 75% of cases

CT ( irregular thickening of pleura 

Diagnosis: cytology may reveal malignant cells not easily differentiated from adenocarcinoma (any unexplained pleural effusion calls for pleuroscopy with biopsy even with negative cytology)/ needle biopsies usually equivocal (often must do VATS) / IF and EM  differentiates from adenocarcinoma

Pleural fluid: serous or blood-tinged exudate, glucose < 50 mg/dL, pH < 7.2 in ~1/3 

Prognosis: horrible (< 2 yrs), poor response to radical surgery, chemotherapy, XRT, or combination therapy

Benign fibrous mesothelioma 

rare solid tumor / CP, dyspnea, fever, HOA (50%) / exudate may be viscid (hyaluronic acid)

Diagnosis and cure are by thoracotomy and excision

SLE or drug-induced lupus syndromes (see SLE)
Drugs: hydralazine, procainamide, INH, phenytoin, and chlorpromazine produce pleural effusions in up to 40% of patients / usually long usage, symptoms decrease < 10 days after discontinuation

Presentation: fever, pleuritic pain, and some systemic manifestations of SLE / rarely with isolated pleural disease / parenchymal lesion usually but not always present / exudative, with neutrophils predominating early and monocytes late

Pleural Fluid: glucose > 80 mg/dL, pH is > 7.35, LDH is < 500 IU/L, C3/C4 low, ANA high ( > 1:320 homogeneous or fluid/serum ratio > 1 is very suggestive) / LE cells may be found and are thought to be diagnostic (but very expensive and not really necessary)

Note: unlike classic SLE, Ab to histones and ssDNA often occur in the blood

Drug-induced pleural effusions (uncommon)

Nitrofurantoin 

occasionally causes acute fever,  pulmonary infiltrates, pleural effusion, peripheral eosinophilia / even less often (with long-term use), can cause chronic interstitial pneumonia with fibrosis causing pleural effusions

Dantrolene 

occasionally causes unilateral pleural effusion, blood/pleural fluid eosinophilia (but without parenchymal infiltration

Others: dopamine agonists (Bromocriptine), amiodarone, and IL-2 infrequently cause pleural effusions, usually with pulmonary infiltrates

Rheumatoid disease
More in males (older with long standing RA) / small to moderate in size / exudates / cholesterol crystals are common

Labs: low glucose (< 40 mg/dL), high LDH (> 700 IU/L), low pH (< 7.2), low C3/C4, high RF ( > 1:320) 

Subdiaphragmatic abscess
sympathetic pleural effusion / sterile exudate mostly neutrophils / rarely becomes infected / ¾ occur weeks/months after abdominal surgery / Diagnose with US or abdominal CT

Acute Pancreatitis (see other)
para-ascitic pleural effusion in ~10% of cases

exudates / usually small in size /  ~60% left, 30% right, 10% bilateral

many neutrophils, high amylase 

Pancreatic pseudocysts 

may enter mediastinum through aortic/esophageal hiatus and rupture into one/both pleural spaces

Labs: very high amylase (up to 100,000 IU/L), even though serum amylase may be normal

Abdominal US and CT are useful / must drain pseudocyst as fluid reaccumulates rapidly after thoracentesis

Postcardiac injury syndrome 

Presentation: fever, pleuropericarditis, and parenchymal infiltrates beginning weeks after injury to the pericardium or myocardium occurs in 1% of patients who have had MI, cardiac surgery, blunt chest trauma, pacemaker implantation, or angioplasty

generally small, bilateral (50% of cases), often bloody, exudate / glucose and pH are normal

Treatment: NSAIDs and (if needed) corticosteroids

Uremia

generalized serositis, exudative pleural effusion with fibrinous pleurisy

grossly bloody, usually with few cells (mononuclear)

effusion:serum creatinine < 1 (unlike with urinary tract obstruction and retroperitoneal accumulation of urine)

Asbestos exposure

produces benign pleural effusion in about 3% of asbestos workers after a latent period ranging from 5 yr to > 30 yr. Patients may be asymptomatic or have chest pain. Effusions are usually unilateral and small to moderate. Pleural plaques, generally without calcification, are common, and about half the patients have evidence of parenchymal disease / exudate, may be blood-tinged, WBC may be as high as 25,000/µL, with variable differential, many eosinophils / usually in the lower ⅔ of the thorax

AIDS

causes pleural effusion (usually an exudate) in < 2% of patients

Etiology: parapneumonic effusion, empyema, TB, PCP, Kaposi’s sarcoma

Treatment: treat causative infection 1st then HIV

Pleural Fibrosis

healed inflammatory reactions 

Complications: severe fibrosis limits chest wall motion, retracts mediastinum toward affected side, impairs lung function

Diagnosis: localized pleural thickening vs. loculated pleural fluid ( may require thoracentesis (if ultrasound/CT inconclusive)

Pleural  Calcification 

focal, usually fenestrated, irregular plaques on costal surfaces after intrapleural hemorrhage, infection and exposure (ex. Fibrosis 20 + yrs after asbestos, mostly diaphragmatic pleura, even with low-dose, brief exposure)

Pneumothorax
Open

Tension
emergency treatment: needle (MCL/2nd ICS) then tube 

Spontaneous
young, thin males (often smokers) / ventilation, emphysema, Tb, PCP, tumors, central line (1%), needle biopsy, trauma

Treatment: < 20%, try O2 and observation 1st then if needed, aspiration, if that doesn’t work (get CT surgery consult to) insert chest tube / ½ will have recurrence; requires thorascopy with sapling of blebs and/or mechanical abrasions (almost 100% successful)
Traumatic pneumothorax

Spontaneous pneumothorax

Tension (positive pressure) pneumothorax

Induced pneumothorax

OTHER CONDITIONS

ARDS (adult respiratory distress syndrome)
Causes: sepsis, primary bacterial or viral pneumonias, aspiration of gastric contents, direct chest trauma, prolonged or profound shock, burns, fat embolism, near drowning, massive blood transfusion, cardiopulmonary bypass, O2 toxicity, acute hemorrhagic pancreatitis, inhalation of smoke or other toxic gas, and ingestion of certain drugs. 

Mechanisms: usually develops within 24 to 48 h after the initial injury or illness / extremely low PaO2 often persists despite high concentrations of inspired O2 (FIO2), indicating pulmonary right-to-left shunting through atelectatic and consolidated lung units that are not ventilated / PaO2/FIO2< 200 (regardless of positive end-expiratory pressure), bilateral infiltration on frontal chest x-rays, and PAWP <= 18 mm Hg when measured or no clinical evidence of left atrial hypertension.

Diagnosis: Swan-Ganz catheter / pulmonary arterial wedge pressure (PAWP) is low (< 18 mm Hg) in ARDS and high (> 20 mm Hg) in heart failure / pulmonary angiography may be needed to rule out PE / lung biopsy or bronchoscopy-guided bronchoalveolar lavage may be helpful to rule out certain pulmonary conditions (e.g. PCP)

Complications: 
· secondary bacterial superinfection: GNR (Klebsiella, Pseudomonas, Proteus) and S. aureus

· Tension pneumothorax 

· multiple organ system failure

· lung fibrosis (may resolve later)

Prognosis: overall survival 60% with appropriate treatment 

Treatment: 

· oxygenation

· prevent complications (above)

· use of steroids (debated)

Goodpasture’s

Progressive pulmonary and renal failure

General: men in 20s (60-80%) / in older patients ( men = women

Risk factors: infections, inhalation injury, HLA-DRw2, smoking (diffuse alveolar hemorrhage develops in ~100% smokers and 20% of non-smokers)

Presentation: severe hemoptysis (80%), dyspnea (up to 70%), and rapidly progressive renal failure. Pulmonary disease can precede renal disease by weeks/months.  

Findings: active urine sediment (80%), azotemia (50%), hematuria, proteinuria, iron deficiency anemia, positive anti-GBM (90%)

CXR (90% sensitivity): progressive, migratory, asymmetric, bilateral, fluffy densities

Ddx for pulmonary hemorrhage and renal failure

· collagen vascular diseases, idiopathic RPGN, essential mixed cryoglobulinemia / microscopic PAN and Wegener’s >> Goodpasture’s

· sepsis/ARDS ( ATN of kidney

Pathology: like RPGN, linear deposition of IG and complement in basement membrane (lupus and DM glomerulosclerosis do not have anti-GBM)

Course: rapidly fatal from pulmonary hemorrhage if untreated

Treatment: high-dose steroids, cyclophosphamide, plasmapheresis up to 12 to 18 months

Diffuse Alveolar Hemorrhage [table][table]
Presentation: may not present with hemoptysis (usu. does occur at some point), +/- anemia

· small amount pink sputum ( most of the systemic causes

· minor amount hemoptysis ( infected bronchiectasis (most common)
· large amount red blood ( erosion of pulmonary artery (high pressure)
Causes:
Common: bronchitis, bronchiectasis, cancer

pneumonia (Tb, PCP/AIDS, Mycoplasma, Legionella, CMV)

any inflammation + bleeding state (low platelets, etc)

Autoimmune: MPA, SLE, RA, Goodpasture’s, Wegener’s, alveolar proteinosis

Drugs: cytoxic agents, nitrofurantoin, opiates (heroin)

Insults: trauma, shock, oxygen toxicity, acid, smoke

Note: recurrent hemorrhages can cause ILD

Bronchoscopy: usu. takes 50 hrs for appearance of hemosiderin laden macrophages

Treatment: 

· respiratory support / intubation / what about methyl-prednisolone 80mg q 8 hrs?

· bronchial artery embolization (diagnosis and treatment)

· surgical resection if needed

· bronchoscopy and chest CT may help diagnose but offer no treatment

Occupational

Location of Particle Deposition

Nose: rhinitis, hay fever (which may be regarded as occupationally related in an agricultural worker), septal perforation in chrome workers, and nasal cancer in furniture workers
Trachea and bronchi: 

· bronchoconstriction from an antigen-antibody reaction, e.g., in some forms of occupational asthma; from pharmacologic mechanisms (in byssinosis), in which the deposition of particles causes the mast cells of the airways to produce bronchoconstrictors, such as histamine and slow-reacting substance of anaphylaxis (leukotrienes C4, D4, and E4); or from irritation as a reflex mechanism (e.g., in response to sulfites)
· bronchitis or mucous gland hypertrophy may be induced by long-continued deposition of particles, which may lead to a minor chronic airflow obstruction
· lung cancer may result from deposition of asbestos fibers or dusts with adsorbed radon daughters.

Lung parenchyma: hypersensitivity pneumonitis (extrinsic allergic alveolitis), an acute granulomatous process affecting the alveoli and respiratory bronchioles

Inorganic particles may cause a fibrotic response that is focal and nodular, as in typical silicosis, or diffuse and generalized, as in asbestosis and berylliosis. If particles are inert (e.g., tin oxide), a benign pneumoconiosis without fibrosis develops. Inhalation of certain gases and vapors (e.g., Hg, cadmium, nitrogen dioxide) can cause acute pulmonary edema, acute alveolitis, and bronchiolitis fibrosa obliterans

Inorganic Dust

Fibrogenic pneumoconioses: silica, coal, asbestos,  beryllium / rarely, hard metal and aluminum dust

Note: several inert dusts, including iron oxide, barium, and tin, are nonfibrogenic and can produce conditions known as siderosis, baritosis, and stannosis, respectively. The abnormal x-rays in these conditions reflect the radiodense appearance of the deposited materials and do not indicate disease because there are no symptoms or functional impairment.

Silicosis
Causes: metal mining (lead, hard coal, copper, silver, gold), metal casting, pottery making, and sandstone and granite cutting / exposure of 20 to 30 yr is necessary (< 10 yr when the exposure to dust is extremely high)

· simple nodular silicosis: no respiratory symptoms and usually no respiratory impairment. They may cough and raise sputum, but these symptoms are due to industrial bronchitis and occur as often in persons with normal CXR
· conglomerate silicosis: severe shortness of breath, cough, and sputum / nonhypoxemic cor pulmonale eventually causes death
PFT: decreased lung volumes and diffusing capacity, airway obstruction, frequently with pulmonary hypertension and, occasionally, mild hypoxemia / CO2 retention unusual

Associations: increased risk of developing Tb / positive lung autoantibodies and ANA
Diagnosis: characteristic CXR and exposure to free silica
· simple silicosis: multiple, small, rounded or regular opacities on CXR 

· conglomerate silicosis: opacity > 1 cm in diameter / eggshell calcification in the hilar and mediastinal lymph nodes

Ddx: miliary TB, welders’ siderosis, hemosiderosis, sarcoidosis, and coal workers’ pneumoconiosis / silicotuberculosis resembles conglomerate silicosis on CXR (sputum culture distinguishes)
Treatment: lung transplantation / more aggressive treatment and surveillance for Tb

Coal Worker’s Pneumoconiosis or black lung disease, or anthracosis
· simple CWP:  coal dust is widely distributed throughout the lungs, leading to the development of coal macules around the bronchioles. Later, mild dilation, known as focal-dust emphysema, also occurs; however, it does not extend to the alveoli and is not associated with airflow obstruction. Because coal is relatively nonfibrogenic, distortion of lung architecture and functional impairment are minimal. 
· complicated CWP: 1-2% per year of simple CWP ( progressive massive fibrosis (PMF) opacity ≥ 1 cm / rarely, develops after exposure has ceased, may progress without further exposure
Diagnosis: history (> 20 years exposure), CXR with small rounded opacities in both lung fields for simple CWP or a shadow > 1 cm in diameter on a background of simple CWP for PMF / simple CWP is not associated with respiratory symptoms (cough usu. due to emphysema from smoking, other coincident exposures)

Treatment: nonspecific, rarely necessary, mostly futile
Caplan’s syndrome: A coal miner who has or develops RA may develop multiple rounded nodules in the lung over a relatively short time. Such nodules sometimes develop in the absence of simple CWP. Histologically, they resemble rheumatoid nodules but have a peripheral region of more acute inflammation. These nodules represent an immunopathologic response related to the rheumatoid diathesis.

Asbestosis
diffuse interstitial pneumoconiosis / long-term inhalation of asbestos dust (mining, milling, manufacturing, insulation) / risk of cumulative exposure (smoking adds greatly in combination with asbestosis)

Pathology: alveolar and interstitial fibrosis, reduction in lung volumes, compliance (increased stiffness), and gas transfer / uncoated or coated with an iron-protein complex (called asbestos or ferruginous bodies) / diffuse, infiltrates the pleura widely, always with pleural effusion / benign pleural plaques and pleural effusions may develop after asbestos exposure; however, benign pleural mesotheliomas are not related to asbestos exposure.
Presentation: insidious onset of exertional dyspnea and reduced exercise tolerance (cough and bronchitis-like symptoms usu. from concomitant smoking or other related-exposure)
Diagnosis: history of exposure, CXR, restrictive PFT’s and decreased DLco, histology rarely necessary / note: mesothelioma requires biopsy
· CXR: diffusely distributed, small irregular or linear opacities, usually most prominent in the lower lung fields / often, only minimal changes / diffuse or localized pleural thickening, with or without parenchymal disease, may also be visible
· HRCT can show pleural fibrosis or pleural plaques

Course: progresses (but only for 1-5 yrs) in about 5-12% ( can lead to severe restrictive lung disease

Complications:

· Asbestos pleural effusion
exudative pleural effusion 5-20 years after exposure / usu. clear after 3-6 months, 20% develop diffuse pleural fibrosis

· malignant mesotheliomas (pleural and peritoneal)
uncommon / from exposure 15-40 years earlier (even brief, < 12 months) / usu. from crocidolite and/or amosite fibers in asbestos / almost invariably fatal within 2-4 yrs from diagnosis / spread locally by extension and can metastasize widely / bloody effusion, chest wall pain

Treatment: prevention / supportive / avoid smoking (makes it worse)

Berylliosis
Causes: mining and extraction, electronics, chemical plants, manufacture of fluorescent lightbulbs, aerospace industry
Presentation: acute or after 10-20 yrs exposure (even if brief at time), can be similar to sarcoid, differs from most pneumoconioses (hypersensitivity disease, occurs in only ~2% of exposed) / dyspnea, cough, weight loss / can also have dermatitis
· CXR: highly variable, usually diffuse alveolar consolidation / chronic CXR may have diffuse infiltrations, often hilar adenopathy, resembling the pattern seen in sarcoidosis / miliary pattern may occur
Diagnosis: clinical and history, often cannot tell from sarcoid without special stains Tissue levels can be measured

Treatment: acute can be fatal, but survivors have excellent prognosis / chronic is fairly irreversible / if it does, suspect sarcoid

Organic Dusts

Occupational asthma
usu. after at least 18 mo to 5 yr of exposure; it does not occur within a month of starting work unless sensitization has already occurred
Causes: castor bean, grain, proteolytic enzymes used in detergent manufacturing and beer and leather making industries, western red cedar wood, isocyanates, formalin (rarely), antibiotics (e.g., ampicillin, spiramycin), epoxy resins, and tea. (and the lists always is growing)

Diagnosis: differentiation from idiopathic asthma generally based on the pattern of symptoms and exposure

Treatment: treat asthma / avoid triggers
Byssinosis
Causes: cotton, flax, and hemp workers  / cotton trash (i.e., unprocessed, unpurified cotton), especially those who open bales or work in the card room
Presentation: chest tightness develops on the first day of work after a weekend or vacation. In many persons who complain of chest tightness, ventilatory capacity drops during the first work shift. In byssinosis—unlike asthma, symptoms/chest tightness lessens with repeated exposure, and usually by the end of the week, the person is symptom-free. With repeated, prolonged exposure over a period of years, chest tightness tends to return and persist through work week or even permanently.
Other Chemicals

· Acute Exposure: irritant gases (chlorine, phosgene, sulfur dioxide, hydrogen sulfide, nitrogen dioxide, ammonia)

· soluble gases (e.g., chlorine, ammonia) cause mucous membrane irritation of upper tract and distal airways and lung parenchyma only if escape from the gas source is impeded / severe burning and other manifestations of irritation of the eyes, nose, throat, trachea, and major bronchi. Marked cough, hemoptysis, wheezing, retching, and dyspnea are common. Their severity is generally dose-related. After heavy exposure, patchy or confluent alveolar consolidation may be seen on chest x-ray and usually indicates pulmonary edema. Most persons recover fully from a heavy acute exposure / bacterial infections, common during the acute phase, are the most serious complications

· less soluble gases (e.g., nitrogen dioxide) do not produce the warning signs of upper respiratory tract symptoms and are more likely to cause pulmonary edema, severe bronchiolitis, or both 

Treatment: proper avoidance/prevention, gas masks, etc. / mechanical ventilation if needed / steroids are often given but few studies
· Chronic Exposure: chronic bronchitis (confused if patients smokes also) / higher risk of cancer with chronic bis(chloromethyl)ether or certain metals—and in other parts of the body (e.g., liver angiosarcomas after vinyl chloride monomer exposure)
Sick Building Syndrome

occurs in new, “tight” buildings, designed to reduce heat loss, have windows that do not open, and usually have heating and cooling ducts that originate from a common source / elevated CO2 is a frequent cause of sick building syndrome / also trucks and other vehicles idling near the air intakes, resulting in excessive exposure to carbon monoxide and diesel fumes (carbon monoxide, nitrogen oxides, various aldehydes, other noxious substances’0
Presentation: anxious, hyperventilate, may develop tetany, severe breathlessness. 

Air-conditioner lung: same organisms that cause farmer’s lung (Thermoactinomyces vulgaris, Micropolyspora faeni). Thermophilic actinomycetes can contaminate humidifiers and piping of air conditioner ducts. Symptoms of air-conditioner lung same as farmer’s lung (sometimes confused with humidifier fever)

Humidifier fever: acute febrile illness usually develops on first workday / fever, muscle aches, mild shortness of breath / amebas, endotoxins, bacteria, and fungi, can cause various types of humidifier fever / usu. resolves once patient no longer exposed / often evidence often points to attacks of mass anxiety or hysteria as cause
Interstitial Lung Disease (ILD)
Idiopathic: IPF, UIP, DIP, AIP, NSIP (see below)

Other ILD: occupational, hypersensitivity, sarcoidosis / also consider IVDA for chronic, diffuse granulomatous disease (repeated embolization of insoluble crystals, filler-material into lungs)

CXR: normal in up to 10% of patients (esp. hypersensitivity pneumonitis)

HRCT better than CXR in distinguishing airspace disease from ILD / earlier detection and confirmation / better assessment of the extent and distribution of disease / more likely to detect coexisting disease (occult mediastinal adenopathy, carcinoma, emphysema)

BAL can sometimes (but often cannot) help narrow Ddx, define stage, and assess progression or response to therapy

Treatment:

· Hypoxemia: supplemental O2 to reduce pulmonary artery pressures

· Anemia: unlike in garden-variety COPD, some ILD patients have lower Hct due to relative erythropoietin deficiency (< 500 mU/ml).  Should erythropoietin be given to these patients? Probably

· Steroids often helpful in slowing progression of these diseases

Idiopathic Pulmonary Fibrosis (IPF) or Cryptogenic Fibrosing Alveolitis
most common (50-60%) cause of idiopathic ILD / 50-70 yrs old / note: IPF is a specific disease, not just the term for any ILD of unknown etiology

PFT: restrictive pattern

Course: slowly progressive
Treatment: steroids (equivocal results); pirfenidone (under study)
Usual Interstitial Pneumonia (UIP)

Findings: dyspnea on exertion, nonproductive cough, and velcro-type inspiratory crackles

· Late ( cor pulmonale, digital clubbing, and cyanosis

ECG usually normal (unless pulmonary HTN)

CXR: usually diffuse reticular opacities in lower zones / may show diffuse or patchy ground-glass, small cystic lesions (honeycombing), reduced lung volumes, signs of pulmonary hypertension

HRCT: ground-glass opacification; patchy, predominantly peripheral, airspace opacities; and a hazy increase in lung density (does not obscure underlying lung parenchyma) / in lower lungs,  reticular pattern predominates (thickened interlobular septa and lines) / honeycombing, traction bronchiectasis, and subpleural fibrosis may also occur depending on stage

Labs: elevated ESR and hypergammaglobulinemia are common, ANA, RF and circulating immune complexes seen in many patients (may have no connective tissue disease)

ABG: hypoxemia (often exaggerated or elicited by exercise)

PFT: often restrictive pattern / increased coefficient of retraction / DLCO reduced

Pathology: interstitial pneumonia has a classic pattern on lung biopsy (alternating areas of normal lung, interstitial inflammation, fibrosis, and honeycombing) / worst in peripheral subpleural parenchyma / subpleural and paraseptal distribution, patchy character, and temporal heterogeneity are the most helpful features in identifying UIP

Note: identical pattern occurs in (RA, SLE, scleroderma, MCTD, diabetes mellitus), asbestosis, radiation injury, and certain drug-induced lung diseases (nitrofurantoin)

Diagnosis: usually requires VATS lung biopsy (not enough tissue with transbronchial) / biopsy not necessary when CXR shows extensive honeycombing

Course: progressive course; median survival is 4 to 6 yrs

Treatment: Empiric prednisone 1.0 mg/kg PO for 3 mo, then tapered over 3 mo to 0.5 mg/kg and given for another 3 mo / maintenance of 0.25 mg/kg for next 6 mo / 2nd line - cyclophosphamide or azathioprine 1 to 2 mg/kg/day / supportive O2 and antibiotics as needed / lung transplantation has been successful / what about Epogen to increase QOL (if patient is anemic)?

Desquamative IP or (DIP)

General: cigarette smokers in their 30s or 40s / most present with dyspnea

Pathology: diffuse and uniform (unlike UIP) / also has numerous macrophages in most of distal airspaces

PFT: restrictive pattern with reduced DLCO
ABG: hypoxemia

CXR: normal in up to 20% of cases / when present, abnormalities less severe than those in IPF / honeycombing usually not as extensive/prominent as in UIP / DIP reaction may occur as part of UIP (people argue)

HRCT: patchy, subpleural ground-glass opacities

Note: DIP has a better prognosis (survival ~70% after 10 yr) and better response to smoking cessation and steroids than UIP (so it’s important to make proper diagnosis)

Acute IP or (AIP)  or Hamman-Rich syndrome – rare, fulminant course
usually in a previously healthy person / men = women / most > 40 yr (avg. 50 yr range 7-83 yr)

Presentation: similar to ARDS / abrupt onset, although prodromal illness, often 7-14 days before presentation, is common / most common symptoms: fever, cough, shortness of breath

Pathology: organizing diffuse alveolar damage (nonspecific reaction to several causes of lung injury) / key features: nonspecificity, characteristic temporal phases (acute, organizing, healed), each with different histology

Labs: not useful

CXR: similar to ARDS / diffuse bilateral airspace opacification

CT: bilateral patchy symmetric areas of ground-glass attenuation and sometimes bilateral areas of airspace consolidation / distribution may be predominantly subpleural / mild honeycombing, usually affecting < 10% of the lung, may be seen

Diagnosis: when patient has idiopathic ARDS and organizing diffuse alveolar damage confirmed by an open or VATS biopsy

Course: most patients have moderate to severe hypoxemia and develop respiratory failure

Mortality is > 60%; most patients die within 6 mo of presentation / disease usually does not recur, most substantially or completely recover pulmonary function

Treatment: ?steroids / supportive / mechanical ventilation
Non-Specific Interstitial Pneumonia (NSIP)

Chest CT: may show patchy ground-glass opacities central and peripheral or consolidation central and peripheral / honeycombing is actually a rare finding

Diagnosis: biopsy will differentiate from other forms of IP

Course: can improve with treatment or progress in spite of treatment / average survival from 3 to ?10 +yrs

Treatment: same as UIP?

Respiratory Bronchiolitis-Associated Interstitial Lung Disease (RBAIL)

current or former smokers

Mechanism: inflammatory process affecting the membranous and respiratory bronchioles

Presentation: similar to other ILD (cough, dyspnea on exertion)

Exam: rales / Labs: no

CXR:  diffuse, fine reticular or rarely nodular interstitial opacities, usually normal lung volumes / may see bronchial wall thickening, prominence of peribronchovascular interstitium, small regular and irregular opacities, and small peripheral ring shadows

HRCT scanning often shows hazy opacities

PFT:  mixed obstructive-restrictive pattern / can have isolated ↑ RV 

Pathology: tan-brown pigmented macrophages are characteristic, bronchioles may be ectatic with mucus stasis, and their walls are mildly thickened, bronchiolar metaplastic epithelium extending into the adjacent alveoli frequently seen.

Course: unknown

Treatment: smoking cessation important for resolution / steroids reported of benefit

Bronchiolitis Obliterans with Organizing Pneumonia (BOOP)


40s or 50s / insidious course / unresponsive to antibiotics
Presentation: onset in 2/5 ( flu-like (cough, fever, malaise, fatigue, weight loss) / symptoms last < 2 mo; few have symptoms for > 6 mo before diagnosis

Cause: generally unknown; BOOP can be idiopathic or a reaction to various injuries (Cryptococcosis, Wegener’s, lymphoma, hypersensitivity pneumonitis, eosinophilic pneumonia)

Mechanism: foci of organizing pneumonia develops and fibrous granulation tissue obstructs bronchioles and alveolar ducts (an interstitial lung disease)

Labs: nonspecific, 50% with ↑ WBC (without ↑ eosinophils), initial ESR often high

· PFT: restrictive >> obstructive (20%) >> normal / ↓ TLC, ↓ DLCO / resting/exercise hypoxemia common / in contrast to similarly named entities, constrictive bronchiolitis and obliterative bronchiolitis, which cause ↓ FEV1/FVC and ↑ RV

· CXR: bilateral (rarely unilateral), diffuse alveolar opacities with normal lung volumes / can see a peripheral distribution (similar to chronic eosinophilic pneumonia) / recurrent/migratory opacities are common / rarely, irregular linear or nodular interstitial opacities or honeycombing seen at presentation / pleural effusion is uncommon
HRCT: patchy airspace consolidation, ground-glass opacities, small nodular opacities, bronchial wall thickening and dilation / opacities more in periphery , lower lobes

· Note: CT can show much more extensive disease than predicted by CXR

Lung biopsy: excessive proliferation of granulation tissue within small airways and alveolar ducts, with chronic inflammation in the surrounding alveoli

Treatment: steroids successful in 2/3

Lymphocytic Interstitial pneumonitis (LIP)
Adults (rare) / children (more common) / associated with PBC, Sjogren’s, various lymphoproliferative Dz, gammopathies, myasthenia gravis, CTD, chronic active hepatitis, EBV, HIV, HTLV-1

Pathology: cause unknown / polyclonal gammopathy / infiltrates on alveolar septa  (occasionally bronchi and vessels) are polyclonal (B/T cells, plasma cells) [unlike monoclonal lymphoma] / hypogammaglobulinemia (in children)

Findings: serum protein abnormality (up to 75%), Sjögren’s (25%), first symptom in up to 50% of infants and children with HIV)

Presentation: cough and dyspnea (slowly progressive over months/years), +/- crackles / weight loss, fever, arthralgias, and pleuritic chest pain / hepatosplenomegaly, arthritis, and lymphadenopathy 

CXR: basilar linear or nodular interstitial opacities (late --> fibrosis with honeycombing (loss of lung parenchyma) / HRCT may establish extent, define hilar anatomy, identify pleural involvement

ABG: can have marked hypoxemia

PFTs: reduced TLC and DLCO with preserved airflow

BAL: increased lymphocytes

Diagnosis: demonstration of an interstitial infiltrate, formation of germinal centers, and multinucleated giant cells with noncaseating granulomas

Course: pulmonary disease precedes or follows diagnosis / spontaneous resolution or after treatment, progression to lymphoma, or development of pulmonary fibrosis (respiratory failure) 

Treatment: steroids or other are under investigation

Histiocytoses
granulomatous lesions may occur in many organs (esp. lungs and bones) / etiology unknown / progressive proliferation of histiocytes and infiltration with eosinophilic granulocytes, then fibrotic phase with little cellular infiltration / varying degrees of granulomatosis, fibrosis, and honeycombing / histiocytosis X bodies, seen on EM, are characteristic and may be seen within histiocytes or alveolar macrophages from BAL fluid
Letterer-Siwe disease

systemic disease that occurs before age 3 yr. Untreated, it is usually fatal. Skin, lymph nodes, bone, liver, and spleen are frequently affected. Pneumothorax is a common complication.

Hand-Schüller-Christian

multifocal disease that most often begins in early childhood but can appear in late middle age. The lungs and bones are most commonly affected, although other organs may be affected. A triad of bone defects, exophthalmos, and diabetes insipidus occurs rarely. Tissue biopsy, usually performed on skin or bone lesions, is required to confirm the diagnosis. Multisystem disease should be treated with systemic chemotherapy, which includes vinblastine or etoposide. 

Eosinophilic Granuloma (Langerhans’ Cell Granulomatosis) (pulmonary histiocytosis X)

General: rare, smoking-related diffuse lung disease / 20 to 40 yrs / men

Pathology: peribronchiolar inflammation with aggregates of Langerhans’ cells, lymphocytes, plasma cells, neutrophils, and eosinophils.

Presentation: asymptomatic (16%) or persistent or rapidly progressive (most)

Common: cough, dyspnea, chest pain, weight loss, fever, PTX (25%)


Rare: hemoptysis and diabetes insipidus

Diagnosis:

· Exam: usually normal

· Labs: not helpful

· CXR: vary; ill-defined or stellate nodules (2 to 10 mm), small reticulonodular infiltrates in bases, upper zone or apical cysts or honeycombing, preservation of lung volume, and sparing of the costophrenic angle is considered highly specific for eosinophilic granuloma

· HRCT (nodules and thin-walled cysts) differentiates from other fibrosing lung diseases 

· PFTs: markedly reduced DLCO / lung volumes normal or reduced with variable restrictive, obstructive, and decreased exercise capacity
Ddx: miliary Tb (no cysts), PCP (no nodules), alpha-1-antitrypsin (lower lungs)

Treatment: smoking cessation (33% improve, most have progressive interstitial disease, 10% mortality from respiratory complications)

Idiopathic pulmonary hemosiderosis 

rare disease of unknown etiology characterized by episodes of hemoptysis, hemorrhage into the lung, pulmonary infiltration, and secondary iron-deficiency anemia / young children >> adults

Ddx: must be distinguished from Goodpasture’s, pulmonary hemorrhage in SLE or Wegener’s

Pathology: diffuse infiltration with hemosiderin-containing macrophages is characteristic, although hemosiderin deposition occurs in many other disorders / may get pulmonary capillaritis (neutrophilic infiltration of alveolar septa)

Treatment is symptomatic and supportive (death often from massive pulmonary hemorrhage)

Course: pulmonary hemorrhages are most often mild and continuous but can be severe. Blood in interstitial spaces leads to pulmonary fibrosis. Patients may live for several years, developing pulmonary fibrosis and insufficiency with chronic secondary anemia.

Pulmonary alveolar proteinosis (PAP)  [NEJM]
20 to 60 yrs / previously healthy or 2o inorganic dusts / chronic PCP infection, hematologic malignancies, myeloproliferative diseases, or immunosuppression

Pathology: limited to the lungs (diffuse or local) / basal, posterior >> anterior segments / alveoli filled with amorphous PAS-positive granules (serum and nonserum proteins) / alveolar lining and interstitial cells are normal / pleura and mediastinum unaffected / lipid concentration in the alveolar spaces is high, possibly because of abnormal clearance of alveolar phospholipids.

Presentation: asymptomatic to severe / often gradually progressive exertional dyspnea and cough (usually unproductive) / extrapulmonary symptoms unusual / patients who smoke usu. produce sputum (not diagnostic)

Rales: fine inspiratory crackles over affected areas / big rales and persistent fever usually minimal / when present ( think 2o pneumonia (Nocardia, Mycobacteria, Aspergillus, Cryptococcus sp)

Anemia uncommon ( think diffuse alveolar hemorrhage

Complications: interstitial fibrosis (rare) / secondary infections (usu. S. aureus)

Diagnosis: lung biopsy or bronchoscopy with segmental BAL (special staining and characteristic findings by LM or EM)

CXR: butterfly pattern of opacities resembling that in pulmonary edema / normal heart, normal hilar lymph nodes [pic]

HRCT:  ground-glass opacification and thickened intralobular structures and septa in typical polygonal shapes (crazy-paving)

PFT: VC, RV, functional residual capacity, TLC, and single-breath DLCO are usually slightly reduced (from decreased lung volumes)

Obstructive pulmonary disease is not a feature

Labs: polycythemia, hypergammaglobulinemia, increased LDH, increased A-a gradient (intrapulmonary R-L shunt)

Treatment: indicated only with significant symptoms and hypoxemia / general anesthesia ( lungs are lavaged one at a time with 3 to 5 days between lavages most effective is whole-lung lavage via a double-lumen endotracheal tube, with repeated cycles of filling and emptying one lung, using 1 to 2 L of warmed 0.9% NaCl / Some require only one lavage (others require lavage q 6 to 12 mo for many years)

Investigational: potassium iodide and proteolytic enzymes (trypsin, streptokinase-streptodornase)

steroids unsuccessful and may increase possibility of secondary infection / lung transplant has been used for (fibrosis still can recur) / G-CSF has been used in some patients

Course: condition may progress, remain stable, or clear spontaneously / disability common (respiratory insufficiency), death is rare with treatment

Hypersensitivity pneumonitis (extrinsic allergic alveolitis)

diffuse interstitial granulomatous lung disease – allergy  to organic dusts or  simple chemicals

Etiology/Pathogenesis: 

· foreign animal or vegetable protein > simple chemicals (with a lot of exposure)

· mostly type IV or delayed-type hypersensitivity reaction (some features of type III)
· only after weeks to months of exposure

· chronic progressive parenchymal disease may result from continuous or frequent low-level exposure to the antigen
· history of allergic disease (e.g., asthma, hay fever) is uncommon and is not a predisposing factor

Pathology: diffuse granulomatous interstitial pneumonitis characteristic but not definitive or specific
· lymphocyte and plasma cell infiltrates occur along airways and in thickened alveolar septa

· single, nonnecrotizing granulomas randomly scattered in the parenchyma

· fibrosis depends on the stage of the disease (usually mild)

· bronchiolitis in ~50% of patients with farmer’s lung

Presentation (3 sub-forms): 

Acute: fever, chills, cough, dyspnea +/- anorexia, nausea, vomiting in previous sensitized person (4-8 h post-reexposure) / +/- rales, (-) wheezing / symptoms improve within hours after stopping exposure, complete recovery days/weeks.

Subacute: cough, dyspnea over days to weeks can lead to hospitalization
Chronic: progressive exertional dyspnea, productive cough, fatigue, weight loss over months/years (can progress to respiratory failure)

Diagnosis: exposure (challenge), clinical, CXR, PFT / can test for Ab to suspected agents but not necessary (can have present but untelling Ig) / last resort is lung biopsy (differentiate from ILD) / BAL might differentiate from sarcoid / can differentiate from infective pneumonias by diagnosing the infection (serology, culture, PCR) / asthma and allergic bronchopulmonary aspergillosis have obstructive PFT’s and eosinophilia

CXR: range from normal to diffuse interstitial fibrosis / bilateral patchy or nodular infiltrates (usu. upper lobes) increased interstitial markings or picture of mild edema / usu. does not have hilar lymphadenopathy or effusions

HRCT: may help evaluate extent of disease but no pathognomic findings

PFT: restrictive pattern with ↓ lung volumes, a ↓ DLco, abnormal VQ, hypoxemia / airway obstruction unusual in acute disease but may develop in chronic disease / (-) eosinophilia

Ddx: autoimmune (Hamman-Rich syndrome, IPF, UIP, Wegener’s, LAM, C-S), eosinophilic pneumonia, BOOP, psittacosis, viral pneumonia, other infective

Prevention and Treatment 

· stop exposure / acute disease usually self-limiting

· dust control / protective masks / cleaning of wet ventilation systems

· steroids may help in severe acute/subacute cases but have not been shown to alter eventual outcome in chronic disease / prednisone 60 mg/d for 1-2 wk then tapered over the next 2 wks to 20 mg/d, followed by weekly decrements of 2.5 mg until off / antibiotics only if superimposed infection

· bronchodilators and antihistamines not shown to help

Farmer’s lung

repeated inhalation of dusts from hay containing thermophilic actinomycetes / worse in rainy season / delayed type hypersensitivity
Atypical farmer’s lung (pulmonary mycotoxicosis)

fever, chills, cough occurring within hours of massive exposure to moldy silage (e.g., when uncapping a silo) / (+) pulmonary infiltrates 

Note: different from silo filler’s disease (toxic oxides of nitrogen given off by fresh silage)

Organic dust toxic syndrome (e.g., grain fever)
transient fever, muscle aches +/- respiratory symptoms / no sensitization after exposure / ?endotoxin

Humidifier fever 

contaminated heating, cooling, and humidifying / ?endotoxin

Eosinophilic Pneumonias (pulmonary infiltrates with eosinophilia (PIE)
Causes: parasites (e.g., roundworms, Toxocara larvae, filariae), drugs (e.g., penicillin, aminosalicylic acid, hydralazine, nitrofurantoin, chlorpropamide, sulfonamides, thiazides, TCA’s), chemical sensitizers (e.g., nickel carbonyl inhaled as a vapor), and fungi (e.g., Aspergillus fumigatus, which causes allergic bronchopulmonary aspergillosis). Most eosinophilic pneumonias, however, are of unknown etiology, although a hypersensitivity mechanism is suspected. Eosinophilia suggests a type I hypersensitivity reaction; other features of the syndrome (vasculitis, round cell infiltrates) suggest type III and possibly type IV reactions.
· eosinophilic pneumonias associated with bronchial asthma (more common)

· extrinsic bronchial asthma with the PIE syndrome, often is allergic bronchopulmonary aspergillosis
· intrinsic bronchial asthma with the PIE syndrome (chronic eosinophilic pneumonia), characteristic peripheral infiltrates on CXR
· allergic granulomatosis (Churg-Strauss syndrome) or simple eosinophilic pneumonia (Löffler’s syndrome)
· eosinophilic pneumonias NOT associated with asthma
·  Acute eosinophilic pneumonia, a distinct entity of unknown cause, results in acute fever, severe hypoxemia, diffuse pulmonary infiltrates, and > 25% eosinophils in bronchoalveolar lavage fluid; it resolves promptly and completely with corticosteroid therapy

· eosinophilia-myalgia syndrome is associated with ingestion of large doses of contaminated L-tryptophan used as a dietary supplement. Pulmonary infiltrates occasionally occur along with the expected features of myalgia, muscle weakness, skin rash, and soft tissue induration resembling scleroderma
· hypereosinophilic syndrome are persistent eosinophilia > 1500 eosinophils/mm3 for more than 6 mo, lack of evidence for other known causes of eosinophilia, and systemic involvement of the heart, liver, spleen, CNS, or lungs. The heart is commonly affected. Fever, weight loss, and anemia are common. Thromboembolic disease, arterial more commonly than venous, occurs often.

Presentation: mild or life threatening
· Löffler’s syndrome may include low-grade fever, minimal (if any) respiratory symptoms, and prompt recovery
· other forms of the PIE syndrome may produce fever and symptoms of bronchial asthma, including cough, wheezing, and dyspnea at rest

· chronic eosinophilic pneumonia is often progressive and life threatening (if not treated

Diagnosis: parasite workup based on geography and travel / A.. fumigatus may be present in the sputum / complete drug history

· Labs: marked blood eosinophilia (between 20-40% and higher) is usually striking
· CXR: rapidly developing and disappearing infiltrates in various lobes (migratory infiltrates) / chronic EP described as “photographic negative” of pulmonary edema.
Ddx: TB, sarcoidosis, Hodgkin’s disease and other lymphoproliferative disorders, eosinophilic granuloma of lung, desquamative interstitial pneumonitis, and collagen vascular disorders

Note: hypersensitivity pneumonitis and Wegener’s are not commonly associated with eosinophilia
Treatment: may be self-limited and benign, requiring no treatment / if severe, steroids usu. dramatically effective; in acute eosinophilic pneumonia and idiopathic chronic eosinophilic pneumonia (may be lifesaving) / when bronchial asthma is present, usual asthma therapy is indicated / appropriate vermifuges should be used for parasite
Aspergillus


allergic reaction / not same as invasive aspergillosis (see below)
Causes: rarer organisms, such as Penicillium, Candida, Curvularia, or Helminthosporium sp, may cause identical syndromes more accurately termed allergic bronchopulmonary mycoses.

Mechanism: types I, III (and possibly type IV) hypersensitivity reactions

Pathology: alveoli full of eosinophils / granulomatous interstitial pneumonitis / proximal bronchiectasis develops in advanced cases / fibrosis can lead to severe, irreversible airway obstruction
Presentation: exacerbation of bronchial asthma, intermittent low-grade fever and systemic symptoms.

Radiology
CXR (serial) show migratory opacities/shadows and/or atelectasis

Chest CT may show bronchiectasis in proximal airways

Sputum same as typical asthma with Curschmann’s spirals (mucoid casts), Charcot-Leyden crystals (eosinophilic debris), mucus, and eosinophils but may also have A. fumigatus mycelia; sputum culture may or may not be positive

Labs: peripheral eosinophil count usually > 1000/µL and IgE and IgE to A. fumigatus may be very high
Diagnosis: extrinsic (atopic, allergic) asthma (usually long-standing), pulmonary infiltrates, sputum and blood eosinophilia, and hypersensitivity to Aspergillus or another relevant fungus as shown by a wheal and flare skin test, precipitating antibodies in the serum, and high levels of total and specific IgE. The presence of these features makes the diagnosis very likely / unlike hypersensitivity pneumonitis wherein PFT’s show restrictive rather than obstructive pattern and eosinophilia is rare

Bronchocentric granulomatis

Usually targets small airways sparing adjacent pulmonary vasculature; may result in association with allergic aspergillosis or other infections such as Tb, histoplasmosis, blastomycosis, mucormycosis

Invasive aspergillosis
usually occurs as a serious opportunistic pneumonia in immunosuppressed patients / in old cavitary disease (e.g., TB) or, rarely, in rheumatoid spondylitis due to colonization within cystic airspaces of the upper lobes
Treatment: 

· antiasthmatic drugs (theophylline, sympathomimetics) usually successful in allowing expectoration of the mucus plugs and the Aspergillus with them
· prednisone as for hypersensitivity pneumonitis (may require long-term treatment, to prevent progressive, irreversible disease / success for maintenance therapy with inhaled corticosteroids is not established
· immunotherapy and fungicidal or fungistatic drugs are not recommended
Note: sustained fall in serum IgE is sign of successful treatment and favorable prognosis / spirometry and CXR periodically to avoid silent progression
Lung Transplantation


population at highest risk for pneumonia 

· early (first 2 weeks): GNR (Enterobacteriaceae), pseudomonas, S. aureus, aspergillus, candida

· middle (1 to 6 months): primary or reactivation of CMV (hard to distinguish from acute rejection; CMV may be cause of rejection and BOOP) / RSV causes post-transplant pneumonitis
· late (> 6 months): Pneumocystis, nocardia, listeria, other fungi, intracellular pathogens / any transplant patient at risk for EBV-associated lymphomas

Treatment: pre-transplant cultures often guide antibiotics / CMV and PCP prophylaxis

Neurology

CNS injury 


CVA, trauma, ICH, vasculitis
CNS infection
CNS malformations


CNS tumors

Headaches
Seizures
Dementia
Encephalitis
Delirium
Intracranial Pressure
NPH, pseudotumor cerebri
Peripheral Neuropathies
Degenerative Neurological Disease

Alzheimer’s, Pick’s, Huntington’s, Parkinson’s
Multiple System Atrophy
Motor Neuron Disease 
ALS, WHD, KWS
Primary Demyelinating 
MS, ADEM, AHEM, GBS
Systemic Demyelinating 
CPM, MB, PML
Myopathy
Congenital, Mitochondrial
Inflammatory (Myasthenia Gravis, Lambert Eaton, PMR)
Muscular Dystrophies (Duchenne, Becker, ED, others)

[neuro exam] [neuroradiology] [anatomic diagnosis] [low back pain] 

Neuro Exam

Mental status

Cranial Nerves

Motor
proximal weakness implies muscle or spinal cord, distal is everything else / spasticity implies corticospinal / cogwheel implies Parkinson’s or PD-like / paratonic (Gegenhalten, pushing against) implies metabolic, degenerative or drug effect

Gait/Station

· Romberg positive (vestibular or position sense, not cerebellar) when unsteady only with eyes closed and feet together (must be steady with eyes open, of course)

· ataxia ( cerebellum

· apraxia ( delayed initial step (wide-based → NPH and frontal lobe; loss of arm swing and shuffling gait → PD)

Reflexes


briskness more important than amplitude / Hoffman’s (common to have bilateral, symmetrical) / Babinski (always abnormal in adult) / increased with cerebral, brainstem and spinal cord disease (except in anterior horn such as ALS, which is rare), decreased with nerve or never root, variable with muscle and cerebellum

Sensory
vibration lost first with neuropathy, myelopathy and brain stem / position sense lost first only with cerebral pathology (double simultaneous stimulation testing for extinction phenomenon  most effective but not pathognomonic for cerebral disease)

Neck 

rigidity, bruits

Anatomic Diagnosis

Cerebral (encephalopathy, right or left cerebral dysfunction)

aphasia/apraxia, dementia, seizures, homonymous hemianopia / sterognosis, graphesthesia, tactile localization, 2-point discrimination most often cerebral or high cervical cord

Brainstem/cerebellum

Spinal cord (myelopathy)

Spinal root (radiculopathy)


pain, localized weakness, decreased reflexes, sometimes numbness

Nerve (neuropathy)


can be small (pain, temp) or large (position, vibration) fibers / reflexes decreased

NMJ (MG, Eaton-Lambert)

Muscle (myopathy)


usually proximal and head flexion

Meningeal

Note: spinal cord lesions are infrequently vascular, neuropathies unlikely due to tumor unless paraneoplastic / non-localizing findings often misinterpreted include: hemiparesis, dysarthria, dysphagia, hemisensory loss

Neuroradiology Tools

MRI
CT
Ultrasound
Transcranial doppler
Cerebral Angiography

EEG
MRI tidbits


T1 
spinal fluid is dark 

tumor ( dark

edema ( white w/ contrast


T2 
spinal fluid is white [there is no contrast with T2]

Diffusion weighted ( distinguishes new from old stroke

Note: must order additional study of posterior fossa to look at cerebellum and hindbrain structures on MRI (normal MRI will not do this) / only commonly variable ventricle is occipital horn



Caution: risk of NSF in renal failure patients (see other)

CT scan

· non-contrast brain scan is good for CVA unless 1) < 5mm lesion, < 12 hrs old, brainstem

· contrast CT actually worse for evaluation of ICH because vasculature can appear like bleeding

Ultrasound

Good for evaluation of carotid arteries

Transcranial doppler

Cerebral Angiography


Gold standard

EEG


Status epilepticus vs. metabolic encephalopathy


3 spike and wave ( absence seizures

Cranial Nerves

CN palsies by themselves do not indicated brainstem disease / limb ataxia is not only cerebellar disease, but also brainstem (cerebellar peduncles), severe position sense loss and cerebral disease (infrequently)

impaired dysdiadochokinesia (rapid alternating movements) implicates motor, pyramidal, extrapyramidal, cerebellar and is most often early finding of hemiparesis

Oculomotor CN III [pic]
Sympathetic pathway

Hypothalamus ( C8-T2 ( superior cervical ganglion ( sweating (one path) and Muller’s muscles (eyelids) and dilator pupillae / because pathway splits (can have Horner’s without anydrosis)

Parasympathetic pathway

Retina ( optic n. ( chiasm ( tract ( pretectum ( Edinger-Wesphal ( CN III ( ciliary ganglion ( sphincter pupillae

Pupil in coma



Metabolic/diencephalic ( 2-3 mm reactive



Pretectum ( 5-6 mm, round, NR



Midbrain ( 4-5 mm, irregular, NR



Pons ( pinpoint, reactive



Uncal herniation ( ipsilateral, fixed dilated from CN III compression



Narcotic overdose ( pinpoint, reactive



Barbiturate overdose ( 4 mm, NR

Note: if entire CN III destroyed, pupil will be dilated (loss of parasympathetics), if eye is down and out, eyelid closed, and pupil not constricted, consider partial CN III damage (e.g. diabetic neuropathy)


Neuroanatomy of gaze

Horizontal gaze ( Left eye is left PPRF to left 6th and contralateral right MLF and right 3rd  / MLF lesion is an INO (internuclear opthalmoplegia) / left PPRF produces left lateral gaze, lesion causes deviation to right

Upward gaze ( pretectum and posterior commisure

Downward gaze ( riMLF

Pupil ( afferent pupillary defect (APD) ( implies optic nerve problem (symmetric APD may be 

normal variation)

Visual Defects 

· Optic nerve – central scotoma, decreased visual acuity, unilateral altitudinal hemianopia

· Optic chiasm – in pituitary tumor, central scotoma (one or both) precedes bitemporal hemianopia / it may be as subtle as a color problem, also use pinhole to correct acuity

· Optic tract – contralateral homonymous hemianopia (often affecting macula) / incongruent VF defect (uncommon) also implies optic tract lesion

· Optic radiations - homonymous hemianopia or quadrantanopsia, contralateral

· Occipital - homonymous hemianopia or quadrantanopsia, contralateral / homonymous scotomata / bilateral altitudinal hemianopia / temporal crescent (monocular, contralateral and just about the only unilateral VF defect seen with occipital lesions (otherwise it’s the optic n.)

Nystagmus (see vertigo)

mostly of central origin (brainstem) vs. toxic effect

Others: direction fixed seen with CN VIII (contralateral nystagmus with rotary element identical in all directions of gaze), BPPV and congenital nystagmus

Diencephalic syndrome 

Most common – hyperalert, euphoria, FTT (anorexia in children, obesity in adults)

Less common  – vomit, nystagmus, optic atrophy, polyuria (less common)

Spasmus Nutans

early childhood (1st year) / nystagmus, head nodding / complete recovery

Nervous System Neoplasia

childhood tumors of CNS
medulloblastoma - homer-Wright rosettes

ependymoma - perivascular pseudorosettes

choroid plexus papilloma and carcinoma 

craniopharyngiomas (children) 

Adults (supratentorial) 



metastases > glioblastoma multiforme  > meningioma > pituitary
Presentation: 30% with headaches (dull/steady, worse in morning, exacerbated by coughing), nausea, vomiting, focal neurological defects, seizures / symptoms are progressive over time
Diagnosis: focal CNS findings, seizures, lethargy / CT and MRI with contrast

Treatment: radiation therapy [NEJM] or tumor excision / almost all anaplastic astrocytomas and gliomas recur

Brain metastases


25% of cancer patients die with intracranial mets
Presentation: similar to primary CNS tumor / 3-8% involve leptomeninges / multifocal signs (cranial nerve palsies, extremity weakness, paresthesias, loss of DTRs

Diagnosis: CT or MRI / CSF samplings (at least 3) to diagnose leptomeningeal involvement

Treatment: resection or radiotherapy / others depending on specific cancers

bronchogenic carcinoma > breast cancer > melanoma > renal cell carcinoma > colon

Specific CNS Tumors

Astrocytomas

-protoplasmic vs. gemistocytic (may be aggressive)

Astrocytoma - NO vascular proliferation / NO necrosis

Anaplastic astrocytoma - vascular proliferation but NO necrosis 

Glioblastoma multiforme - necrosis with or without pseudopallisading
Pilocytic astrocytoma
compact areas (rosenthal fibers) / loose areas (eosinophilic granular bodies and stellate astrocytes)

Pleomorphic xanthroastrocytoma

Subependymal giant cell astrocytoma

Desmoplastic astrocytoma of infancy

Meningioma 


meningothelial whorl / syncytial, fibrous, transitional (may have psammoma bodies)

Schwannoma (Neurilemmoma)

antoni A (nuclear palisading) / antoni B

MRI better than CT (shows tissue better and evaluates spinal canal involvement)

Neurofibroma

may accompany von Recklinghausen’s

oligodendroglioma - artifactual “fried egg” appearance

anaplastic oligodendroglioma

myxopapillary ependymoma - occurs in cauda equina

subependymoma

colloid cyst of 3rd ventricle

gangliocytoma

ganglioglioma - plus neoplastic glial cells

central neurocytoma - in foramen of Monroe
germinoma - most frequent pineal tumor

pineocytoma

pineoblastoma

Dementia

Incidence: 1% by 60 yrs / 5% by 65 yrs / 20% by 80 yrs / 50% by 85 yrs

Ddx: 1st Alzheimer’s (70%), 2nd Alcoholism, 3rd Vascular (10%)
Neurological: Alzheimer’s, Pick’s, Lewy Body, Parkinson’s, ALS, Huntington’s, CJD, NPH, MS
Drugs: analgesics, diuretics, anticholinergics, antihypertensives, psychotropic, sedative-hypnotics

Others: infectious (HIV, neurosyphilis, lyme), toxic/metabolic (hypothyroid, Wilson’s, B12 deficiency, etc), intracranial tumors, paraneoplastic syndromes
Work-Up


History

· Use of medication (analgesic, anticholinergic, psychotropic, sedative-hypnotic)

· Distinguish from depression (depression usually has poor effort in answering questions whereas dementia has good effort but incorrect answers)

· Reversible causes generally do not present with constellation of findings (aphasia, apraxia, aculculia, agnosia)

· Hypothyroid causes depression, irritability, mental slowing

· Psychiatric, myelopathic and/or neuropathic changes of B12 deficiency may occur in absence of anemia; low B12 levels also may have no clinical manifestations

· HIV-dementia (20% of HIV patients) often shows psychomotor slowing and focal neurological signs, but dementia is rarely the sole presentation

· Cerebral vasculitis presents with progressive cognitive decline or based on area of involvement

Testing

Mini-mental status exam

Labs: 

· CBC, urinalysis, TSH, B12, folate, RPR + non-contrast head CT [~10% yield]

· HIV, Apo E testing (utility debated)

· CSF – reserved for atypical cases

Imaging ( infarction, neoplasm, extracerebral fluid, hydrocephalus
· CXR
· MRI if motor dysfunction (rigidity, abnormal reflexes, asymmetry) [can diagnosis some ischemic changes missed by CT]
· EEG – toxic/metabolic, subclinical seizures, Creutzfeldt-Jakob

Neuropsychological testing – impaired verbal memory and category naming is suggestive

Physical exam: frontal release signs (rooting reflex, Myerson’s sign, palmomental reflex, bilateral grasp reflex)

Vascular Dementia

Urinary dysfunction, gait disturbance / can have Parkinsonian motor features of CVA 

Periventricular white-matter lesions are non-specific (can occur in normal aging)

Vitamin Deficiencies (causing dementia)

Thiamine (see other)

Wernicke’s
horizontal nystagmus, opthalmoplegia, cerebellar ataxia, encephalopathy (psychoses), orthostatic hypotension Treatment: IV thiamine (with glucose otherwise can cause metabolic neuronal death)

Korsakoff’s
confabulation, confusion, memory loss (irreversible)

Vitamin B12 (see other)

subacute combined degeneration (ascending first, then descending track demyelination) 

Folate (see other)

deficiency early in gestation causes neural tube defects 

Niacin (see other)

dermatitis, diarrhea, dementia - degeneration of cortical and BG neurons (rare) 

Metabolic Disturbances

Hypoglycemia - loss of pyramidal hippocampal neurons and cortical III-IV

Hyperglycemia - hyperosmolar coma (type 2) or diabetic ketoacidosis (type 1)

Hepatic Encephalopathy
seizures, rigidity, asterixis (flapping tremor, hyperreflexia)
Alzheimer’s 11 cells / edema / symptoms may resolve only 48-72 hrs after normalization of BUN (although symptoms may not correlate to BUN) / give lactulose +/- flagyl
Toxic Disorders

Carbon monoxide


Headache, nausea, confusion

Mechanism: heme unable to let go of CO molecules, so heme cannot function properly to deliver O2 to body tissues 

Pathology: bilateral globus pallidus necrosis (medial)

Diagnosis: venous or arterial carboxyhemoglobin levels

Treatment: 100% FiO2 (hyperbaric if possible) to displace CO from heme
Methanol 

bilateral putamen and claustrum necrosis (lateral) / retinal ganglion cell death 

Chronic ethanol

ataxia, gait disturbance, nystagmus / degeneration of cerebellar vermis

Rhabdomyolysis (see other)

Serotonin syndrome (see other)

Fetal alcohol syndrome

Marchiafava-Bignami 

acute necrosis/dementia due to cheap red wine

Radiation injury

pattern of vasogenic and coagulative necrosis

Lead 

cortical cell death (demyelination) in children

peripheral neuropathy in adults (wrist and foot drop)

Degenerative Neurological Diseases

Alzheimer’s (dementia Alzheimer’s type or DAT)

70% of dementia / 4 million in US / 15% familial (apoE e4) / survival 8-10 yrs

Presentation: aphasia, agnosia (visual-processing), apraxia (disorder of skilled movement, tools use), personality changes (passivity, stubbornness, hostility, paranoia), delusions (up to 50%, early onset predicts rapid deterioration), depression/anxiety (40%), hallucinations (25%)

Motor ( rigidity and postural instability mimicking Parkinsonism occurs in 30%, usually progresses more rapidly (early extrapyramidal signs suggests atypical variant or other neurological disease)

Pathology: decreased ACh activity (with increased butyrylcholinesterase activity) / neuritic plaques (A,B amyloid, Congo Red, Maltese cross birefringence / neurofibrillary tangles (paired helical fragments of hyperphosphorylated tau protein, intracellular) / Hirano bodies (granulovacuolar degeneration) / loss  of cholinergic neurons in NB Meynert, loss of serotonergic and dopaminergic neurons in brainstem amyloid deposits in CNS vasculature also

Diagnosis: PET with fluorodeoxyglucose (FDG-PET) (93% sensitivity, 76% specificity), MRI only rules out other things (does not diagnose DAT), MMSE and other functional testing  

Ddx (see dementia): depression, multi-infarct dementia, other neurodegenerative dementia (see below), hypothyroidism, drugs, B12 deficiency, NPH, alcoholism, HIV, syphilis

Treatment: 
· Cholinesterase inhibitors (ChEIs) (donepezil, rivastigmine, galantamine) improve cognitive function and global clinical state

· risperidone reduces psychotic symptoms and aggressive behavior (recent studies 10/6 suggest side-effects may outweigh benefits; but Risperdal has been generally shown to be the most tolerated)
· SSRI for depression

· BZ for insomnia

· www.alz.org

DAT Lewy Body Variant

More rapid / early onset of extrapyramidal signs (rigidity or tremor)

Frontotemporal Degeneration (FTD)

Pick’s disease

much less common than DAT (1:20) / earlier onset than DAT / course from 2-10+ yrs

Presentation: disinhibited behavior / +/- cognitive impairment on testing / aphasia and personality changes usually precede memory impairment (opposite of DAT)

Radiology: atrophy of frontal/temporal lobes (sparing of posterior 1/3 of superior temporal gyrus) / can be asymmetric / left > right in 60% of cases

Pathology: classified into three type A, B, C / pick cells (chromatolytic or ballooned neurons) / Pick bodies (argyrophilic, tau-positive inclusions)

Other FTDs: 

Primary progressive aphasia (usually without dementia)

Semantic dementia

Frontal lobe dementia

Corticobasal ganglionic degeneration

FTD with parkinsonism linked to chromosome 17

Huntington’s Chorea
General: onset 35-40 yrs / severe progressive atrophy of caudate and putamen / non-progressive reduction in brain weight in all grades

Genetics: short arm of chromosome 4 / CAG triplet repeat / shows anticipation

Molecular: loss of medium spiny GABAergic, sparing of large aspiny cholinergics in striatum Presentation: small writhing movements (athetosis) > choreoform jerking movements 

Radiology: caudate atrophy on CT scan (very reliable finding)

Labs: triplet repeat test can rule out disease

Parkinson’s Disease
General: 500,000 in US 

Presentation: 1) bradykinia 2) slow thinking 3) rigidity 4) loss of balance 5) tremor

· 30% get dementia (atrophy of brain stem and cortex)

· can cause low back pain, leg pain that is often confused with other entities (treatment is more PD meds)

· central and/or peripheral autonomic insufficiency (see treatment for Shy-Drager’s)

· gait is shuffling, festinating (versus apractic gait of NPH)

· may have small handwriting (micrographia)

Pathology: depigmentation of substantia nigra (pars compacta) and locus ceruleus / Lewy bodies (also in 10% of normal population)

Molecular: MPTP converted to toxic MPP+ by MAO-B (inhibited by seligiline and smoking)

Treatment: 
· L-dopa/carbi-dopa (Synemet): benefits are immediate, do not stop abruptly to avoid risk of NMS)
· Artane and Cogentin: can help restore balance of Ach activity

· psychosis secondary to PD medication seems to respond best to atypical antipsychotics

· Comtan blocks COMT

Diffuse Lewy Body Disease

Hallucinations (more visual), delusions, ?signs of parkinsonism / antipsychotics may actually worsen underlying disease
Parkinsonism-dementia


form of ALS that occurs in Guam and Japan / no amyloid accumulation

Parkinsonism-like syndromes

Post-Encephalitic Parkinsonism 


neurofibrillary tangles / Lewy bodies rare
Striatonigral Degeneration 

no Lewy bodies / pigmental putamenal atrophy (form of MSA) / does not respond to L-dopa

Progressive Supranuclear Palsy (PSP)

akinesia, opthalmoparesis, dementia / globose type of neurofibrillary tangle

Hallervorden-Spatz disease
childhood dystonic syndrome / discoloration of globus pallidus and pars reticulata / axonal spheroids

Multiple System Atrophy

Spinocerebellar ataxia type 1 (olivopontocerebellar atrophy)

most common form of MSA / ataxia, rigidity, oculomotor / CAG triplet expansion / AD

Shy-Drager’s syndrome


nigral disease (Parkinsonism), ANS symptoms (neuronal degeneration)

Treatment: stop BP meds, increase dietary salt , waist-high compression stockings, fludrocortisone 0.1 to 0.5 mg qd, increase water intake, small but frequent meals, avoid excessive heat, avoid Valsalva maneuver, elevate head of bed, correcting anemia / in some cases, L-dopa/carbi-dopa may actually worsen ANS symptoms

Friedreich’s ataxia
most common inherited progressive ataxia / AR / onset before 20s / GAA repeats / loss of frataxin function / Symptoms: cardiomyopathy (arrhythmias, EKG changes), skeletal deformities, DM 

Acute cerebellar ataxia 

viral infection, brief duration / less than ½ of cases show increased WBC’s in CSF

Other Atypical Dementias

Creutzfeldt-Jakob Disease (CJD)
General: prions from infected tissue (cannibalism, cow brains, corneal transplants) / familial form exists / other prion diseases include Gerstmann-Straussler-Scheinker syndrome

Incidence: 1 in 167,000 (maybe growing)

Presentation: personality changes (irritability), somatic sensations, dementia, motor signs (myoclonus, Parkinson’s-like, etc)

Diagnosis: brain biopsy only definitive method

· EEG: slowing and periodic sharp complexes are diagnostic, but may be absent early on

Course: rapidly progressive over 1-2 years; no treatment

Dialysis encephalopathy syndrome 


aluminum-containing phosphate binding gels used in dialysis / usually fatal
Corticobasilar ganglionic degeneration

Parkinsonism, apraxia (alien hand syndrome)

Progressive subcortical gliosis


Personality changes, inappropriate behavior

Progressive supranuclear palsy

Parkinsonism, opthalmoplegia, psychomotor slowing

Cerebellar degeneration


Family history (AD), ataxia, psychomotor slowing, emotional lability

Olivopontocerebellar atrophy

Family history (AD or AR), ataxia, eye-movement disorders, executive dysfunction

Motor Neuron Disease

Amyotrophic lateral sclerosis (ALS) (Lou Gehrig’s Disease) [NEJM]

Affects motor neurons of cortex, brainstem, spinal cord 

Presentation: asymmetrical, slowly progressive / may present with fasciculations

Upper motor neuron: spasticity, increased DTR’s, (+) Babinski

Lower motor neuron: fasciculations, loss of DTR’s, flaccid paralysis, muscle weakness, muscle atrophy, (-) Babinski
Diagnosis: combination of U and L motor neuron findings in 3 or more extremities (after

ruling out other considerations)
· EMG would show widespread denervation, fibrillation potentials with preserved nerve conduction velocity, normal sensory

Ddx: spondylotic cervical myopathy, syringomyelia, neoplasms, demyelinating diseases, benign fasciculations, polio, hypothyroidism, hyperparathyroidism, dysproteinemia, lymphoma, heavy metal poisoning, post-radiation effects, Guillain-Barré syndrome


Course: almost always progresses to respiratory failure/death

Sporadic

60s, more males, 2-7 yr course / variants include progressive muscular atrophy, progressive bulbar palsy, primary lateral sclerosis

Familial

10% of cases / eosinophilic inclusions in anterior horn cells / degeneration of posterior columns / onset in lower limbs with SOD-1 mutations

Treatment: primarily supportive

· Riluzole interferes with glutamate release (100 mg qd shown to prolongs life-expectancy 20%; even more in patients with bulbar onset)

· IGF-1 – studies mixed (may not be approved?)
· Zonaflex relaxes muscles (increases speed, decreases pain)

Spinal muscular atrophy (SMA)

Degeneration of anterior horn cells of spinal cord

MRI may show severe atrophy of entire muscles / may have intermediate form with preservation of adductor longus or mild form with fatty infiltration and increased intermuscular fat planes

MRI of lower extremities for adjuvant in diagnosis and follow-up assessment

Werdnig-Hoffman disease (infantile spinal muscular atrophy)

progressive degeneration of anterior horn cells / pathognomic groups of large type I fibers

floppy baby, frog position, hypotonia, weakness, decreased DTR’s, tongue fasciculations / fatal < 2 yrs (recurrent respiratory infections)

Kugelberg-Welander syndrome 

proximal muscle weakness after initial normal development / slow or no progression over years

Other Motor Disease

Tourette’s (see psyc)

onset < 15 yrs / 1st clonazepam/clonidine, 2nd haloperidol, 3rd pimozide

Benign Essential Tremor

Intention tremor, may have cogwheel-like rigidity / may have finger to nose but without other cerebellar abnormalities / thought to be overactivity of sympathetics

Treatment: B-blockers (propranolol) 1st line or ?mysoline, Klonopin, or Neurontin
Restless Leg Syndrome



Causes: idiopathic or anemia or renal insufficiency
Exam: normal reflexes, motor / possible mild sensory loss

Treatment: DA agonists (pramipexole, pergolide, ropinirole) act directly / BZ or opioids provide indirect relief
Idiopathic Dystonia


Writer’s cramp

Stiff Person Syndrome or Stiff Man Syndrome
rare CNS, systemic disorder / rigidity of truncal and proximal limb muscles with intermittent superimposed spasms / anti-GAD65 or glutamic acid decarboxylase antibodies (same antibodies found in type I DM, associated with autoimmune syndromes) / Ab are produced intrathecally resulting in low GABA levels / sometimes alleviated by high doses of diazepam (some try plasma exchange and IVIG)

Primary demyelinating diseases

acute perivascular myelinoclasis

Acute disseminated encephalomyelitis (ADEM)


children / 3-21 days after infection or immunization / 15% mortality 


cellular immunity (NO Ab’s in CSF)

Acute necrotizing hemorrhagic leukoencephalopathy (AHEM) (Weston-Hurst)


hyperacute / rapidly fatal / Abs’? / resembles EAE animal model


Guillain-Barré syndrome 

acute inflammatory demyelinating polyradiculoneuropathy following Campylobacter jejuni (20-40%), respiratory infection, vaccination
Presentation: distal then proximal (ascending paralysis) / paresis, paralysis, dysesthesia (50% facial diplegia, autonomic nerve abnormalities, CNS abnormalities) / may have chronic form

Ddx: myasthenia gravis, multiple sclerosis, CIDP, ALS, polio, porphyria, heavy metals, botulism, transverse myelitis, diptheric neuropathy, tick paralysis, lyme disease, HIV, meningitis

Diagnosis: EMG shows diffuse demyelination (nonuniform slowing and conduction block) / CSF protein > 55 with little or no WBC / antibodies in CSF (anti-ganglioside Ab’s up to 50%) / EAN / MRI with normal or subtle enhancement of nerve roots
Treatment: 

· always admit to ICU and intubate for FVC < 15-20 ml/kg or MIP < 30 cmH2O or MEP < 40 cmH2O (30% require intubation)
· plasma exchange 200-250 mL plasma/kg body weight over 7 days

· IVIG 0.4 g/kg body weight daily for 5 days

· steroids have NOT been shown to be of benefit

· DVT prophylaxis and intense PT

Course: 5% mortality

Multiple Sclerosis (MS)
Epidemiology: 20s and 30s / female:male 2:1 / 1 in 2000 / 2nd most common non-traumatic disabling neurological disease of young adults / associated with temperate climates

Genetics: HLA DR2, B3, B7 (viral trigger?)  / general population ( 0.1%, parent, uncle, aunt ( 5% / sibling ( 2%

Mechanism: T-cells attacking white matter

Pathology: irregular, patchy distribution / chronic, active plaques vs. shadow plaques (relapse, remit) / lesions occur in brain and spinal cord

Presentation: limb weakness, paresthesias, optic neuritis, diplopia, urinary retention, vertigo  / symptoms can be transient (days) or chronic / other findings include spasticity, incoordination, partial or complete paralysis / chronic cognitive dysfunction may occur / may present as isolated optic neuritis, transverse myelitis, brain stem–cerebellar syndrome

Diagnosis: 4% with both negative CSF and MRI / LP only needed in some cases (can make diagnosis based on clinical and MRI)
CSF – abnormal > 80% / mild lymphocytosis ( > 5 and usu. < 20) / mild protein elevation < 100 / IgG and oligoclonal bands > 90% (during flares) / can measure MBP to follow disease activity

MRI – abnormal > 80% / T2 hyperintense lesions in white matter, T1 contrast reveals active lesions / should find some periventricular lesions [pic] (usu. enhancing, older lesions may appear as “black holes”)

EEG: evoked potentials (not really necessary) – abnormal (60-80%), may help find other areas of involvement

Ddx [table]: B12 deficiency, neoplastic, paraneoplastic, infectious, autoimmune vasculitis, monophasic demyelinating syndrome (which then does not progress to MS), stiff person syndrome
Treatment: current strategy is to treat earlier and aggressively

· High-dose steroids – used for acute attacks / 1 g day for 5 days (less effective later on in course) then slow taper over 2-3 weeks

· IFNß – reduces time between attacks (30%) / can exacerbate symptoms transiently

· IFNß-1b (Betaseron) 

· IFNß-1a (Avonex, Rebif) given once a week
· Glatiramer (Copaxone) – daily SC injection / synthetic amino acid combination

Treat complications:

Baclofen to reduce spasticity

Anti-cholinergics for bladder storage problems

Bethanechol for bladder emptying problems

TCA’s or tegretol for dysesthesias ( ~peripheral neuropathy-like issues)

Course: 30% benign / 50% progress within 10 yrs / 40% classical relapsing-remitting / 30% chronic progressive with superimposed attacks / pregnancy often helps, but 6-9 months post-partum increased risk

· poor prognostic indicators: > 2 exacerbations/yr, motor/cerebellar involvement, older age at onset (> 40), residual motor/cerebellar deficits 6 months s/p attack, moderate disability by 5 yrs

· good prognostic indicators: initial attack is optic neuritis or pure sensory

Primary Multiple Sclerosis Fatigue

· self-management strategies - managing time differently, adjusting activities, naps, minimize heat (cool beverages, cool showers), exercise program

· 1st amantadine 100 mg bid (morning and noon) – mechanism unclear

· 2nd pemoline – may cause irritability, anxiety and need LFT’s checked q 2 wks

· 3rd methylphenidate and dextroamphetamine – potential for abuse

· SSRI have been used successfully (even without any underlying mood disorders)

Non-classic Multiple Sclerosis

Acute (Marburg)


rapid course less than 10 months / no evidence of antecedent infection

Neuromyelitis optica (Devic)


under 10 or over 60 / blindness and paraplegia / more common in Japan

Diffuse cerebral sclerosis (Schilder’s disease)


sporadic, diffuse / variant of MS occurring in children
Concentric sclerosis (Balo)


very rare, occurs in children / death in 3-5 yrs

Demyelinating disorders associated with systemic disease

· central pontine myelinosis

· Marchiafava-Bignami - cheap red wine

· PML from JC virus
Note: blood-nerve-barrier is less effective in dorsal roots and dorsal and autonomic ganglia

Peripheral Neuropathies

· Hereditary 

motor and sensory (CMT), sensory and ANS, tomaculous, giant axonal, amyloid neuropathy

· Acquired




DM, paraneoplastic, systemic inflammatory, drug-induced, infection, carpal tunnel

Predominantly sensory multiple mononeuropathy: sarcoidosis, malignancy, retroviruses, leprosy, hepatitis, lyme, CIDP

Work-up

Basic:  CXR, TSH, FBS/A1C, Other

HIV, Hep Panel, VDRL

ANA, Ro, La

SPEP, cryoglobulins

Anti-MAG ( CIDP (can show up in CSF)

Anti-Hu ( 80% sensitivity with paraneoplastic neuropathies

Anti-GD1b/Anti-GQ1b

EMG

can distinguish congenital neuropathy from other forms

4 typical reasons to get EMG

1. diagnose neuropathy (versus myopathy, other)

2. characterize axonal versus demyelinating

3. define extent

4. rule out other forms of neuropathy in differential

diffuse demyelination: markedly slow sensory nerve conduction velocities and conduction block on nerve conduction studies

Note: examination of flexor hallucis brevis muscle may establish motor involvement which is not otherwise apparent (in larger muscles)


MRI
Congenital neuropathy 

can be minimal for a long time and then cause joint deformity later on (even beginning at an older age) / other types of neuropathy typically do not cause joint deformity

Charcot-Marie-Tooth

most common congenital neuropathy / slow progression over years
Presentation: “numbness” without prickling or tingling, symmetric weakness on dorsiflexion of feet (“steppage” gait), asymptomatic weakness of hands, and pes cavus with hammer toes / has primary demyelinating form CMT Ia (resembles CIDP)

Labs: may have increased CK (non-specific)

Diagnosis: EMG (r/o other motor disease), can also do DNA testing for involved genes (commercially available tests)

CIDP
Labs: anti-MAG (can show up in CSF)

Acquired neuropathy

DM (see other)
· symmetric, ANS, focal, multi-focal, axonal and demyelinating 
· usually distal occurs first (longer nerves)

· cranial and autonomic tends to be more asymmetric and reversible than the distal

Inflammatory, dysglobulinemic

plasma cell dyscrasias or Castleman’s disease

Drug-induced 




amiodarone, chloroquine

Leukodystrophies

Krabbe’s uremic, carcinomatous, small cell carcinoma of lung, leukemias

Vasculitides

PAN, RA, SLE, Sjogren’s, Wegener’s

Infections 

HIV, HCV, HBV, HTLV-1, syphilis, lyme, leprosy

Carpal Tunnel Syndrome

Presentation: numbness/pain in fingers/hands, usually worse w/ wrist flexion (caused by involvement of median nerve) / also very common is compression of lateral femoral cutaneous nerve (from recent wt gain or other), causing numbness in lateral, upper thighs

Causes: can be caused by repetitive trauma/overuse, but also can come from any inflammatory process in wrist (with tissue deposition) such as diabetes, hypothyroidism, RA, amyloidosis

Physical exam:  Tinel’s (tap on palm just distal to flexor retinaculum, elicits numbness/pain if positive), Phalen’s (bend wrists and hold backs of hands together for 1 minute, to check for numbness/pain) 

Diagnosis: can get EMG to confirm diagnosis, evaluate degree of nerve involvement

Treatment:  splint wrists at night, reduce causative activity, surgery if medical management fails

DeQuervrain’s tenosynovitis

focal wrist pain on radial aspect of hand due to inflammation of tendon sheath of abductor pollicis longus / should not have positive Tinel sign or median nerve involvement 


Treatment: conservative to intra-sheath steroid injection
Spinal Cord Injury

Note: increased threshold, low amplitude of compound muscle action potentials, and elongated latency correlated with degree of motor weakness

Spinal cord infarction


T4 and L1 are most vulnerable (boundary zones) / aortic aneurysms, atherosclerosis

Spinal cord injury
fracture is tender to palpation / brisk reflexes below lesion

Treatment: NSGY consult, methylprednisolone may be helpful within 8 hrs / vertebral

Cervical
C6
upper arm, shoulder / index finger and thumb / biceps and brachioradialis

C7
arm and forearm / middle finger / triceps

Lumbar 

sciatic pain in both S1 and L5 / Treatment: NSAIDS and rest or surgery if not better in 2-4 weeks and/or radiography reveals nerve root compression
L5-S1 (70%)
outer aspect of foot / ankle tendon reflex / atrophy of gastrocnemus

L4-L5 (25%)
outer aspect of leg and dorsum of foot / great toe weakness / foot drop 

Extramedullary lesions

Causes: 
· metastatic (breast, prostate, lungs)
· primary (meningioma, neurofibroma)
· hematoma (warfarin)
· infection (Tb, many others)

Cauda equina syndrome

loss of sphincter control / numbness in buttocks/back of thighs / weakness, paralysis of dorsiflexion (L4) and toes (L4/5) and plantar flexion (S1)


Diagnosis: plain films, bone scan, MRI (depends on situation)

Treatment: steroids, urgent neurosurgery consult if cord compromised, urgent radiation-oncology consult if due to tumor effect

Prognosis: 10% of patients with paraplegia from neoplasm recover ability to walk

Intramedullary lesions

Causes: astrocytoma, ependymoma, syringomyelia, vascular infarcts, plaque demyelination (MS)

Syringomyelia 

central canal / loss of pain/temperature bilaterally, sparing of pinprick and proprioception / sacral sparing differentiates from extramedullary

Outer spinal injury

ipsilateral weakness / contralateral loss of pain/temperature below lesion

Myopathy

Congenital
Muscular Dystrophies 
Duchenne, Becker, ED, others

Metabolic 


McArdle’s, Type VII
Mitochondrial
Inflammatory


polymyositis, MG, IBM, EMF, rhabdomyolysis
Other causes of myopathy
hypothyroid/hyperthyroid

hyper PTH

Conn’s
polyneuropathy of DM

steroid myopathy

vitamin D deficiency

uremic polyneuropathy

· Myopathy of systemic disease: heart, lungs, liver 

· Drug-induced myopathy: many

Muscular Dystrophies

· histologic myopathic changes
group atrophy and type grouping / central nuclear migration / hypertrophy / fiber type predominance / split fibers, basophilic fibers, target fibers, interstitial changes (fibrosis)

Duchenne muscular dystrophy


XLR / altered dystrophin protein / progressive debilitation until early death (20s)

Becker’s muscular dystrophy

milder form

Emery-Dreifuss myopathy


early onset / shoulders, calves, heart atrophy

Autosomal dominant dystrophies

AD / atrophy of face, shoulders (but not deltoid), calves / slowly progressive, prolonged survival

Myotonic dystrophy and non-dystonic myotonias


cranial changes, cataracts, small testes, endocrine disturbances (diabetes) / central 

nuclei / may develop slowly progressive respiratory failure (abnormal sleep study may be earliest indicator)

Congenital muscular dystrophy – same as floppy baby?


neonatal hypotonia

Bethlem muscular dystrophy

defective collagen 6 / contractures

Late-onset muscular dystrophies

Oculopharyngeal dystrophy


late onset / opthalmoplegia and dysphagia / rimmed vacuoles
Facioscapularhumeral dystrophy

Congenital myopathies

Nemaline myopathy


intracytoplasmic rods / variable inheritance

Centronuclear myopathy



selective hypertrophy of type I fibers

Central core disease


AD / type one fibers devoid of mitochondrial enzymes centrally / predisposes to 

malignant hyperpyrexia

Mitochondrial myopathies

Oculocraniosomatic syndrome

rare AD inheritance / called Kearns-Sayre syndrome if onset in childhood

Mechanism: myotonia (prolongation of muscle contraction)

Presentation: progressive external opthalmoplegia that is symmetric and develops over many years, ptosis and masseter wasting produce characteristic facial appearance, proximal muscle weakness, myotonia (can’t let go of doorknobs)

Complications: diabetes, retinitis pigmentosa, cataracts, frontal balding, testicular atrophy, epilepsy, hypothyroidism, cardiomyopathy, and heart block

Carnitine deficiency


limb girdle myopathy presenting in 2nd decade

Glycogen storage diseases (see McArdle’s)
Inflammatory myopathies

Prevalence of Antibodies

Anti Jo-1 (20-30%)

Anti-Mi-2 (8%, 20% of DM)

Histone (17%)

U1-RNP (12%)

Ro (10%)

Pm-Scl (8%)

Polymyositis  (see other)


proximal, painful muscle weakness / autoimmune, ANA / biopsy NOT always conclusive

Myasthenia Gravis

1 in 7500 / women: 20-30s, men: 50-60s

Associations: hyperthyroidism (3-8%) and thymomas (~10-15%)
Presentation: weakness and fatigue / early: cranial, facial (ptosis, diplopia, dysarthria, nasal speech) / later: generalized (85%) / proximal limb weakness (may be asymmetrical)

Diagnosis: AChE inhibitor (IV edrophonium) test / repetitive nerve stimulation gives decremental response / ACh receptor antibodies (80%) / thoracic CT or MR to detect thymoma

Treatment: 

Mild ( AChE inhibitors (stigmines)

Severe ( prednisone, plasmapheresis, Cyclosporin A, Immuran, Cellcept

Younger pts ( remove thymus to decrease production of anti-ACh antibodies

Older pts ( thymus often removed prophylactively / always remove if a tumor is present

Note: current thought is to remove thymus automatically in anyone from puberty to 55 yrs

Lambert-Eaton

cranial nerves (ptosis, diplopia) (70%), bulbar (dysphagia, dysarthria), proximal lower limbs (mostly), other muscles (some)

Mechanism: IgG against voltage-gated calcium channel receptors at NMJ prevents ACh release; generally, this is a paraneoplastic syndrome / ~50% of cases have associated cancer (usu. small cell carcinoma of lung); may allow earlier detection of cancer, but cancer is less likely in patients < 40 yrs

Diagnosis: EMG readily distinguishes from MG as well as PM

Treatment: pyridostigmine, guanidine, diaminopyridine, plasmapheresis, immunosuppressive therapy (maybe)

Inclusion body myositis
progressive, painless weakness (distal)

Mechanism: CD8 T-cells involved / exact sequence of events unclear (could be response to primary degeneration of muscle)

Genetics: 2-3 fold prevalence of DR1

Pathology: enzyme tests suggest neurogenic picture / rimmed vacuoles containing amyloid (ability to eliminate amyloid is lost), mononuclear cell invasion of nonnecrotic muscle fibers and/or 15-18 nm tubulofilaments by EM

Malignancy: relative risk 2.4 (no particular type)

Treatment: try steroids because they occasionally help, but not generally / some are trying IVIG

sporadic (SIBM) 

most common inflammatory myopathy in over 50 population / males 2-3x females / more in Caucasians / painless proximal muscle weakness, progresses over yrs, distal involvement in 50% (predominant in 30%) / has characteristic, often asymmetrical pattern that is clinically distinguishable (if you grab the textbook) / CK normal in 20% (usu. does not exceed 12 x normal) / EMG atypical in 30% (i.e. may look like neuropathy or seem normal)

hereditary (HIBM)

20s to 30s / AR and AD forms / slowly progressive / early involvement of distal muscles / absence of inflammation on biopsy

Eosinophilic Fasciitis (Schulman syndrome) – great prognosis
Presentation: edema of lower extremities and taut skin, flexion contractures / no primary muscle involvement (can extend from fascia to muscle)

Acute (short prodrome)  ( low-grade fever, myalgias, and fatigue, thickening of subcutaneous tissues ensues, sparing of face, pitting edema 

Over weeks ( limited ROM in small joints and large joints (less)

Complications (uncommon): untreated could lead to ?compartment syndrome, a lot of unnecessary echocardiograms, aplastic anemia, amegakaryocytic or idiopathic thrombocytopenia, some report delayed lymphoproliferative disorders

Diagnosis: can get MRI to localize involvement (must get fat saturation study)

Labs: eosinophilia, elevated ESR, and hypergammaglobulinemia

Treatment: often improves spontaneously, but resolution faster with steroids / relapses infrequent / can use serum aldolase to follow improvement

Eosinophilic Myositis (worse prognosis)
rare disease, more in men, 30 to 60 years, half with intense exertion prior to the onset

Presentation: low-grade fever, transient maculopapular rash, muscle pains, and cramps and weakness of the extremities +/- paresthesias / can have predominance of fasciitis, myositis, peripheral neuropathy or combination

Note: severity peripheral eosinophilia correlates with level of tissue inflammation
Complications:

Diffuse fasciitis

Proximal muscle weakness and elevated CK (+/- neuropathy)

CNS: neurocognitive deficits and peripheral neuropathy (neurotoxins? MBP?) / can occur 1 to 23 months after onset / less likely to respond to therapy

CVS: heart block, arrhythmias, and pulmonary infiltrates, resulting in death

Esophageal motility

Diagnosis: history, organ involvement, serologic studies

Labs: serum CK (can be normal with EF, usu. normal or minimal elevation with EMS), RF may be present (unlike eosinophilic fasciitis), ESR often moderately elevated (similar to others)

EMG: myopathic pattern with eosinophilic myositis (less common with EF), may show axonal or demyelinative lesions

Biopsy: muscle Bx can aid in the diagnosis of eosinophilic myositis / tissue biopsy shows 

infiltrates of vessels and connective tissues with everything but eosinophils (similar to toxic oil syndrome from rapeseed oil)

Ddx: PAN, RA, allergic granulomatosis, hypersensitivity vasculitis, scleroderma, or parasitic infections

Treatment: high-dose prednisone at 1 mg/kg/d +/- cytoxic agents

Eosinophilia-myalgia syndrome and toxic oil syndrome

Presentation: insidious onset of fatigue, myalgias, peripheral eosinophilia

associated with the chronic ingestion of L-tryptophan or oil products containing bad things like certain aniline derivatives / mostly in white women

Polymyalgia rheumatica (PMR)

1 in 133 of > 50 yrs population (peak 80-90 yrs) / women > men 2:1 / not a true myopathy and no joint erosions (synovitis, bursitis and not so much actual joints), can have swelling of joints/bursa [pic] / 15-20% have giant cell arteritis (r/o if any symptoms present)

Presentation: acute onset ( < 2 wks) of severe myalgias (shoulder > pelvis, neck > torso, proximal arms, thighs) / morning stiffness > 30 mins / 1/3 have fever, malaise, fatigue, anorexia, weight loss
Ddx: RA, PM, fibromyalgia, malignancies, RS3PE, infections, depression

Labs: ESR normal to elevated (> 40) / usu. normal CK and EMG / biopsy normal (not usually performed) 

Treatment: NSAIDS or low-dose steroids (15-20 mg/d) usually rapidly effective (different treatment regimen from GCA) 

RS3PE
seronegative, symmetric synovitis with pitting edema / acute onset bilateral, diffuse, symmetric swelling of wrists/hands with marked, pitting edema of  dorsum of  hands >  feet / persistently seronegative for RF / responds rapidly to small doses of steroids

Other Causes of Myopathy (~weakness)
Hypothyroidism (see endocrine)

cramps, pain, stiffness / proximal muscle weakness (33%), muscle enlargement / elevated CK

Hyperthyroidism (see endocrine)

proximal muscle weakness and atrophy / brisk reflexes / bulbar/proximal or generalized pattern / decreased CK

Hyperparathyroidism (see endocrine)

CK normal or elevated / proximal muscle weakness, wasting, brisk reflexes / Ca and PO4 do not correlate with disease / may be primary or secondary to renal failure

Polyneuropathy of Diabetes Mellitus (see endocrine)
Hyperaldosteronism (Conn’s) (see endocrine)

Addison’s

Acromegaly
Excess steroid (exogenous or Cushing’s)

normal CK / EMG unremarkable / hyperglycemia?

Vitamin D deficiency

Uremic polyneuropathy?

Botulism
dilated pupils / repetitive nerve stimulation gives incremental response

Myopathy of Systemic Disease (lung, heart, liver)

Non-dystrophic myopathies (Channelopathies)

Sodium channel disease (hyperkalemic periodic paralysis, paramyotonia congenital) and chloride channel disease (Thompsen’s, Becker’s)

Treatment: quinine, procainamide, phenytoin

Metabolic myopathies

Disorders of carbohydrate and lipid metabolism

Chronic Drug-Induced Myopathy

Causes: HMGCoA reductase or statins (< 1%, lovastatin is worst, risk increased with elevated drug levels via P450 interactions), gemfibrozil, nicotinic acid, clofibrate (more than statins), alcohol, aminocaproic acid, procainamide, zidovudine, L-tryptophan, colchicine

Rhabdomyolysis (pigment-induced ATN)
Causes: 
Drugs: alcohol, cocaine, amphetamines, LSD, heroin, PCP

Medications: diuretics, narcotics, barbiturates, anesthetics (halothane), Succinylcholine, Aminocaproic acid, terbutaline, quinine, TCA’s, phenothiazides, theophylline, steroids) 
Prolonged immobility (including surgery), strenuous exercise, seizures, crush injury, malignant hyperthermia, heat stroke
Electrolytes: hypokalemia, hypophosphatemia, hyperosmolar states, hyperglycemia, hypernatremia 

Infections (viral): Coxsackie, Echo, Influenza, Measles, 

Infections (bacterial): Clostridium, Staphylococcus, Legionella, Typhoid, Tularemia
Toxins
Mechanism: ARF from myoglobin damaging renal tubules and causing tubular obstruction and all exacerbated by hypovolemia from fluid sequestration into necrotic muscle
Complications (in addition to renal failure): hypercalcemia may occur 2-3 weeks after acute muscle injury as deposited calcium dissociates from deposited CaPO4 salts 

Labs: muscle breakdown directly causes elevated CK, ↑ uric acid, ↑ K, ↑ PO4; low Ca results from binding to PO4 and low vitamin D levels; Cr may rise more than BUN (unlike prerenal); (+) anion gap acidosis; UA shows (+) blood (↑ hemosiderin), myoglobinuria without RBC’s on exam (unless there is an additional reason for RBC’s)

Treatment: aggressive fluid resuscitation, hydration (as much as tolerated by cardiopulmonary status, e.g. 200 cc/hr ½ NS; diuretics may worsen situation) / alkalinization of urine not proven to prevent tubular damage from rhabdomyolysis and pigmenturia and may increase risk of hypocalcemia 9/06

Neuroleptic malignant syndrome (NMS)

Mechanism: effect of using anti-dopamine agents or sudden withdrawal dopaminergic agent (Parkinson’s patients who abruptly stop levodopa)

Usual drugs: haldol, thiothixine but also prochlorperazine, promethazine, droperidol, and metoclopramide

Note: can occur any time during treatment (doesn’t matter how long they’ve been on it) / not result of overdose (serum levels of drug do not correlate with NMS)

Risk factors: prominent psychomotor agitation, higher doses, increased dose in short time (< 5 days), IV administration, organic brain abnormalities (infection, encephalitis, AIDS, tumors, etc.), dehydration, history of increased CK with neuroleptics / Note: NMS less common with atypical antipsychotics than typical

Presentation: 

· altered mental status (confusion, delirium, stupor, coma)

· motor symptoms (rigidity, tremor, akinesia, bradykinesia, dystonia, mutism, dysarthria, involuntary movements)

· hyperthermia (38 to 41oc)

· autonomic instability (respiratory irregularities, incontinence, cardiac arrhythmias, labile blood pressure)

Ddx: non-NMS drug effect, encephalitis, other neurological condition, mood disorder with catatonia

Labs: ↑ WBC (10-40K), elevated CK , ↑ LDH, ↑ AST, ↑ ALT, ↑ alk phos, hypocalcemia (sequestration in muscle), ↓ pH

Course: usually evolves over 24 to 72 hours (rarely, slower onset over a few days may occur), usually lasts 7-10 days / usually MS changes 1st then rigidity ~fever ~ANS findings

Complications: renal failure (from rhabdomyolysis), DVT (stasis, hypercoagulable state), multiple system failure (respiratory, cardiac, SZ, DIC), residual catatonia may last weeks to months
Treatment:

· supportive (needs ICU, IV fluid, temp, alkalinize urine, DVT prophylaxis)

· pharmacologic (believed to reduce duration by a few days)

· bromocriptine – central dopamine agonist / only PO (titrate up to 60mg/d) / dose-limiting hypotension, psychosis, nausea

· dantrolene – skeletal muscle relaxation by inhibition of Ca release from SR / PO (50-200 mg/d) or IV (2-10 mg/kg/d) / hepatotoxicity (esp. > 10 mg/kg/d)

can give either alone or give IV dantrolene followed by PO bromocriptine / must continue treatment at least 10 days after resolution of episode (and then slowly taper off treatment)Other agents used: amantadine, apomorphine (not available in U.S.), PO or IV levodopa, IV clonidine (for BP control)

· ECT – useful in refractory cases (consider if no improvement after 48 hrs of supportive/pharmacotherapy) / also good for ALC or residual psychosis following NMS episode

Note: must distinguish whether caused by stopping neuroleptic or dopaminergic agent (must restart comparable agent following day) or starting/changing neuroleptic (must discontinue offending agent)

Recurrence: 40% risk on rechallenge (much lower if you wait longer before restarting), concomitant lithium increases risk

Malignant hyperthermia

Inhalational anesthetics: halothane, isoflurane, sevoflurane, and desflurane

depolarizing muscle relaxants: succinylcholine

Note: it is safe to use thiopental, etomidate, and propofol

Presentation: masseter spasm often earliest indicator, then tachypnea, tachycardia, increasing end-tidal carbon dioxide levels and acidosis then hyperthermia and cyanosis, rigidity, rhabdomyolysis

Note: can pre-screen with halothane-caffeine contracture test in vitro

Treatment: stop offending agent, supportive measures

Neuroleptic-induced heat stroke

More in elderly and young / impaired sweating / risk increased by concomitant use of anticholinergics (Cogentin) / can produce seizures

Treatment: supportive, rapid cooling, fluids

Acute lethal catatonia

Presentation: posturing, waxy flexibility (cerea flexibilitas), hyperactivity preceded by behavioral changes in weeks leading up to motor deficits, which then may progress to hyperthermia, akinesia, and rigidity and death from respiratory and circulatory failure

Treatment: electroconvulsive therapy (ECT)

Serotonin syndrome

Causes: SSRI, amphetamines, cocaine, dextromethorphan, meperidine, TCA, tramadol, MAO
Presentation: mental status changes, neuromuscular (tremor, rigidity, seizures + shivering, ataxia, hyperreflexia, myoclonus, ankle clonus), autonomic dysfunction (flushing, labile, HTN, fever, though not as high as NMS, salivation, tachycardia), gastrointestinal dysfunction (nausea, vomiting, diarrhea)

Complications: CV collapse, lactic acidosis, multiorgan failure, coma, death are all rare but possible outcomes

Labs: WBC, CK, LFT variably elevated 

Course: recovery in 1-7 days after drug stopped / usually no sequelae

Treatment: can give SSRI antagonists, cyproheptadine, chlorpromazine

Central anticholinergic syndrome

Presentation: altered mental status +/- hyperthermia, decreased sweating, mydriasis, dry mouth, and urinary retention

Treatment: physostigmine (and supportive measures)

CNS injury

· CVA
· intracranial hemorrhage
· venous sinus thrombosis
· CNS vasculitis
Cerebrovascular Accident (CVA, stroke)

Carotid/vertebral artery disease (10-15%)

Cardiac emboli (25-30%)


Intracardiac thrombus or mass

MI (anterior wall, septum, akinetic segment), cardiomyopathy, arrhythmias (Afib), cardiac myxoma


Valvular


rheumatic heart disease, bacterial endocarditis, non-bacterial endocarditis 
(Libman-Sacks, carcinoma), mitral valve prolapse, prosthetic valve


Intracranial (40-50%)

Vasculitides
Primary CNS vasculitis
systemic vasculitis (PAN, allergic angiitis), CTD (RA, scleroderma, Sjögren’s), Wegener’s, Behçet’s, GCA, Takayasu’s, lymphomatoid granulomatosis
Hypersensitivity vasculitis (serum sickness, drug-induced, cutaneous)

Infectious vasculitis (lyme, meningitis, Tb, AIDS, opthalmic zoster, HBV)

Sub-arachnoid hemorrhage or vasospasm
Hematologic 




Hemoglobinopathies (sickle cell, HbSC)

Hyperviscosity syndromes (polycythemia, thrombocytosis, leukocytosis, 

macroglobulinemia, multiple myeloma)

Hypercoagulable states (carcinoma, pregnancy, puerperium, protein C/S 

deficiency, antiphospholipid antibodies)




Drug-related: street drugs (cocaine, amphetamines, lysergic acid, PCP, meth, 

heroin, pentazocine), alcohol, OCPs




Other: lipohyalinosis, fibromuscular dysplasia, arterial dissection, homocystinuria, 

migraine, moyamoya, other embolic (cholesterol, fat, bone, air)
Types of Stroke (see specific syndromes)
MCA: contralateral hemiparesis (hemiplegia), hemianesthesia, homonymous hemianopsia

dominant ( aphasia, 
nondominant ( apraxia, neglect
Lacunar (often MCA territory, internal capsule): pure motor or sensory stroke, dysarthria-clumsy hand syndrome, ataxic hemiparesis

ACA: leg paresis

PCA: homonymous hemianopsia

Basilar: coma, apnea, cranial nerve palsies

TIA: any of above < 24 hrs

Note: only bilateral hemispheric and basilar (RAS) strokes cause loss of consciousness! 

Aphasia


Suggests left hemisphere lesion (most people, even left-handed have language on left)


Wernicke’s – from left inferior MCA – fluid but meaningless speech / hemiparesis mild or absent


Broca’s – from left superior MCA – impaired speech / hemiparesis, hemisensory loss is common

Ddx: brain tumor, hematoma (all kinds), abscess, endocarditis, MS, metabolic (ex. hypoglycemia), neurosyphilis

Work-Up:


CT without contrast (faster to get and good for r/o herniation, bleed)

MRI



CBC, glucose, coagulation, lipid, ESR, VDRL



EKG and echo



Vascular: carotid ultrasound, MRA or CT angiography / transcranial doppler or MRA



Hypercoagulable work-up if relevant

Treatment:

· Thrombolysis (tPA) < 3 hrs (see contraindications); does no higher than 0.9mg/kg over 60 mins / RF for ICH older age, female, black, h/o CVA, HTN > 140/100
· Consider anti-platelets if no hemorrhage

· ASA has been shown to have slight reduction in mortality and risk of recurrence (plavix may be more effective but slightly higher cost and GI bleed risk)
· Consider heparin if no hemorrhage

· no studies (as of 2001) show mortality increase with heparin for acute CVA (some neurologists use it in specific circumstances)

· maintain cerebral perfusion (so-called ischemia penumbra): do not overtreat HTN (SBP goal should be 160 to ?)

· watch for signs of progression/herniation

Long-term


Treat underlying cause (carotid stenosis, Afib, etc)


Carotid Stenosis

NASCET ( in patients with TIA/CVA and ipsilateral carotid artery stenosis > 70%, a carotid endarterectomy reduced stroke rate from 26% to 9% over 2 years

ACAS ( 11% to 5% over 5 years if > 60% stenosis

TIA (Transient Ischemic Attacks)

4 to 20% will have stroke within next 90 days / 50% within 48 hrs / ABCD score used to help risk stratify / Age > 60 = 1, BP > 140/90 = 1, (unilateral weakness = 2; speech only = 1), (duration > 60 mins = 2; 10-59 mins = 1), diabetes = 1

Specific Stroke Syndromes

Lateral medullary syndrome of Wallenberg - vertebral artery or PICA
Clinical: loss of pain and temperature to ipsilateral face (descending spinal tract and nucleus of 5th CN) and contralateral body (spinothalamic tract), ipsilateral ataxia (cerebellar peduncle), ipsilateral Horner’s (descending sympathetic fibers), ipsilateral weakness of the palate and vocal cords (nuclei of 9th and 10th CN) / may present with nausea, vomiting, vertigo from involvement of vestibular system

Mediobasal mesencephalic syndrome of Weber

infarction of one cerebral peduncle / ipsilateral 3rd nerve palsy and contralateral hemiplegia [pic]

Millard-Gubler syndrome – basilar artery 
damage to pons (left corticospinal tract proximal to decussation in medulla)

· 6th and 7th CN affected ( impaired lateral gaze, diplopia, facial weakness (all ipsilateral) [pic]

· contralateral hemiplegia

mid basilar artery occlusion
causes same thing only 5th CN ipsilateral and contralateral hemiplegia

Hypertension


Lenticulostriate arteries ( basal ganglia, pons, cerebellum, lacunes (small focal areas, lacunar infarcts)

· Clinical scenarios: motor hemiplegia, pure sensory stroke, ataxic-hemiparesis syndromes, “clumsy hand” dysarthria (base of pons or internal capsule)

Charcot-Bouchard aneurysm

aneurysms of lenticulostriate arteries

Binswanger’s disease

arteriolosclerotic encephalopathy

Multi-infarct dementia

second leading cause of dementia / step-wise progression (hemiparesis, extensor plantar response, pseudobulbar palsy) / hypoglycemia, vasculitis, infection, compression

Venous and dural sinus thromboses


infectious origin, hemorrhagic, often fatal

Malformation


berry aneurysms (80% single), AVMs (most common congenital, supratentorial)

Perinatal cerebrovascular disease

Germinal matrix hemorrhage


post-hemorrhagic hydrocephalus, sub-ependymal cysts / small blue cell vessels, blood in ventricles

Periventricular leukomalacia


white matter infarct

multicystic encephalomalacia

ischemic lesions of grey matter

pontosubicular karyorhexis (hyperoxemia)

CNS infection
Meningitis (see other)

Brain Abscess
Immunocompetent (from oral spread): peptostreptococcus > fusobacterium, bacteroides

Immunocompetent: zygomyces, staphylococcus (possibly from bacteremia)

glucose normal / increased risk with R-L shunt from congenital cardiac defect (blood skips 

alveolar macrophages in lungs)

Evolution of brain abscess: early cerebritis (3 to 5 d), late cerebritis (5 to 14 d), early 

encapsulization (14 d,  late encapsulization (weeks to months)

· early ( normal or hypodense lesions on noncontrast CT / ill-defined enhancing lesions on contrast CT

· late ( ring-enhancing on contrast CT

Drugs that penetrate CSF:

Empyema 



may lead to superior saggital sinus thrombosis

Congenital



rubella, CMV

Vasculitis



mucor, aspergillus

Amoebiasis


N. fowleri, Acanthamoeba, Leptomyxid amoebae

CNS malformations

· lissencephaly (agyria)

· agenesis of corpus callosum (batwing X-ray)

Arnold-Chiari 


small posterior fossa / herniation of vermis into foramen magnum, hydrocephalus, lumbar myelomeningocoele 

syringomyelia soft cavitation of central canal, loss of pain/temperature bilaterally in upper extremities (light touch preserved)

Dandy-Walker

enlarged posterior fossa / absent cerebellar vermis, cyst protruding from 4th ventricle

CNS trauma - accidents 4th most common COD in all ages
fractures 
diastatic, comminuted, ring

contusions 
plaque jaune

CSF leak (from basilar skull fracture)

CT ( air-fluid levels, opacification of paranasal sinuses, intracranial air

Radioisotope cisternography or HRCT with water-soluble contrast (metrizamide 

cisternography) are the gold standards

Epidural hematoma

middle meningeal, skull fracture, lucid interval, progressive hemiparesis/obtundation and ‘blown pupil’ from herniation

CT: lens-shaped convex hyperdensity

Treatment: emergent neurosurgical evacuation

Subdural hematoma


Causes: bridging veins, head trauma, blood dyscrasias, elderly, alcoholics, child abuse (shaken baby)

Presentation: headache, change in mental status, contralateral hemiparesis or other focal

CT: crescent-shaped concave hyperdensity

Treatment: neurosurgical evacuation if symptomatic / avoid anticoagulation
Venous Sinus Thrombosis

Presentation: headache (often acute, thunderclap), papilledema (increased ICP), focal neurologic symptoms, seizures, and mental status changes
Note: important to distinguish from arterial thrombosis/hemorrhage because of different clinical implications

Ddx: may need to do LP prior to MRI if subarachnoid hemorrhage in Ddx
Diagnosis: CT with contrast only 20% sensitivity / MRI with MR venography is gold standard
Treatment: heparin for cerebral venous thrombosis and cerebral sinus thrombosis (even with hemorrhagic lesions) because it can open vessels and reduce edema and ICP. Then target INR 2.0 to 3.0 with warfarin for ≥ 6 mos. / catheter-guided thrombolysis in severe cases / lateral or transverse sinus thrombosis may require more aggressive treatments and/or stents

Prognosis: with proper treatment, 70% recover fully, 20% with sequelae, 10% mortality < 30 days

Intracranial Hemorrhage

avoid lowering BP with known cerebral ischemia, but if necessary, a reasonable goal would be to reduce a diastolic > 120-130 mm Hg by no more than 20% in the first 24 h / Nitroprusside increases ICP by cerebral vasodilation / 1 in 5 will be related to warfarin use
Subarachnoid hemorrhage (SAH)
Accounts for 4% of patients presenting to ER with severe headache / 1 in 10,000 / females:males 2:1 / 50s and 60s
Causes: ruptured cerebral aneurysm (APKD, fibromuscular dysplasia, Marfan’s, Ehlers-Danlos type IV, AVM, coarctation of aorta, stroke, trauma) / 
Presentation: sudden-onset, intensely painful, often with neck stiffness (other meningeal signs), fever, N/V, fluctuating level of consciousness / may be heralded by milder sentinel headaches / can cause seizure from cortical irritation

Diagnosis:

· CT without contrast (contrast can irritate cortex causing seizures) 95% sensitive if ≥ 12 hrs and  ≤ 24 hrs
· LP may reveal frank RBC’s or xanthochromia (100% sensitive ≥ 12 hrs) or elevated ICP / presence of bilirubin distinguishes xanthochromia from traumatic LP
· 4-vessel MRA is done later and can detect aneurysms ≥ 5 mm
· Angiography has 80-90% success in finding (if negative, can repeat in 1 to 6 weeks)

· ECG (QT prolongation with deep, wide inverted T waves) (25-100% of cases)

Treatment: prevent ICP by raising head of bed, limiting IVF, treating HTN / can give nimodipine (60 mg q 4 x 21 days) and Dilantin / neurosurgery or interventional radiology / for patients with worsening neurological deficits ( triple-H (hypertension (CVP 8-12), hypervolemia, hemodilution (Hct 30)
Course: 
· hydrocephalus occurs in 15-20%
· cerebral vasospasm occurs 3 to 12 days after in ~ 1/3 (detected by transcranial Doppler)

· rebleeding more with aneurysm, same or other aneurysms

· extension into parenchyma (more with AVM)
· LV dysfunction // from “cardiac stun” of catecholamine release/response // these changes usually resolve

Parenchymal hemorrhage


Hypertension, tumor, amyloid angiopathy (elderly)


Lethargy and headache / focal motor and sensory

Dx: same as SAH

Rx: similar to SAH

Seizure Disorders


absence, status epilepticus, febrile seizures, alcoholic seizures 

· Seizure Pharmacology
partial (simple or complex) ( 2o generalized

Note: both types of partial seizures may generalize 

Differential:  CVA (CNS hypoperfusion) or syncope (may have a few spasms prior to passing out)
Work up: CBC, electrolytes, calcium, glucose, ABG’s, LFT’s, renal panel, RPR, ESR and toxicity screen / EEG, CT, MRI

Simple-partial


can have postictal focal deficit lasting 1-2 days (Todd’s paralysis)

Complex-partial (50% or more)

EEG: unilateral or bilateral spikes over temporal lobes (70-80%)

Stereotyped automatisms (frequent) / altered mental status, consciousness or responsiveness, confusion, emotional reactions, déjà vu, feelings of detachment, hallucinations / postictal confusion common

Frequency: every day or every few weeks, months

Treatment: Dilantin, Tegretol, VPA

Jacksonian seizure – rhythmic twitching marches proximally to entire limb

Generalized (absence, tonic, myoclonic, atonic, GTC)

GTC or generalized tonic-clonic almost always under a minute

During seizure: loss of consciousness, neck/back extension then 1-2 minutes of clonic movements / cyanosis, incontinence

Labs: CPK may be elevated, serum prolactin usually elevated afterwards

Treatment: VPA, Dilantin, tegretol

Ataxic – several minutes

Akinetic – brief (type of myoclonic SZ)

Specific Types of Seizures

Absence seizures



Begin in childhood, often subside before adulthood, often familial

EEG: characteristic 3 Hz – S + SWC – during one second

hyperventilation can precipitate absence seizures

usually have 10s to 100s per day / last 5-10 seconds / amnesia before and after

Treatment: ethosuximide or VPA

Status Epilepticus

repetitive seizures without return to baseline > 30 mins / anticonvulsant/alcohol withdrawal, other drug abuse, noncompliance with seizure meds, metabolic, infection, trauma / 20% mortality / all too easy to miss in ICU with patients on ventilator, either actively sedated or with baseline low-consciousness from underlying disease

Treatment: same as seizure but faster and may need to intubate / IV Ativan, load Dilantin, try phenobarbital if that fails / also consider IV sedative like midazolam or pentobarbital

Ictal bradycardia syndrome

epileptic discharges profoundly disrupt normal cardiac rhythm, resulting in cardiogenic syncope during the seizure

Diagnosis: ambulatory EEG/ECG monitoring

Treatment:  cardiac pacemaker + antiepileptics

Juvenile Myoclonic Epilepsy

10% of epilepsy / presents usually at 15-16 yrs

Treatment: VPA, Lamictal, others under study

Course: this type of seizure disorder rarely remits spontaneously

Febrile seizures

Peak 6 months to 3 years (maximum 3 months to 5 years) / cause developmental delay
Treatment: phenobarbital, ACTH / ?treat underlying cause of fever + Tylenol
Infantile spasms (Salaam attacks)

< 2 yrs / poor long term neurological outcome (developmental delay) / massive flexor spasms / no loss of consciousness / occur in clusters upon awakening

EEG: hypsarrhythmias

Treatment: respond to ACTH (unclear if helpful in long term outcome?)

Lennox-Gastaut
frequent, mixed, generalized – refractory to treatment (try a ketogenic diet)

Alcoholic Seizures (and Alcoholic Withdrawal)
Tremulousness

Withdrawal seizures

Alcoholic hallucinosis

Delirium Tremens (DTs)


2-4 days after cessation / lasts a few days / mortality 5%

Treatment: 

· supportive measures

· long-acting benzodiazepines for 42-78 hrs
· B12, thiamine (give thiamine before glucose to avoid acute Wernicke encephalopathy
Headaches
Red flags: change in pattern, progression, first severe or worst ever, abrupt onset, awakening from sleep, symptoms > 1 hr, onset at age < 5 yrs or > 50 yrs, in setting of other serious medical disease, altered consciousness (ICH), triggered by exertion/valsalva

Primary (90%)


tension > migraine >> cluster

Depression
HA often the first sign of depression / treat with TCA (SSRI’s thought less effective with this type of depression/HA)


HTN


usually diastolic > 115 in order to cause HA


Other
meningitis, trauma (CVA, ICH), venous sinus thrombosis, drug side effect, glaucoma
Migraine Headaches

Incidence in US (15-20%), familial (70-80%) / major undiagnosed problem

Presentation:  pulsatile, throbbing, unilateral (usually) / duration 1-2 days 
· nausea (90%), vomiting (60%), diarrhea (15%), photophobia (80%), phonophobia, light-headed (70%), vertigo (30%), paresthesia (30%), scalp tenderness (70%), visual (40%, 10% fortification spectrum), seizure (4%), confused (4%), syncope (10%), may have cranial autonomic features (tearing or nasal congestion)

· migraine aura without headache (20% migraneurs and 40% of aura positives)
· fortification spectrum – central scotoma, migrating scotoma with peripheral scintillation, colored
· Note: migraine often wakes people from sleep (don’t think such HA automatically implies brain tumor)

· Inciting factors: certain smells, foods (10% can identify), stress, falling barometric pressure

Mechanism (proposed): dysfunction of central neurogenic regulation / vascular reactivity / serotonin? / dorsal raphe nucleus / wave of 20-30% hypoperfusion progressing occipito-frontally, usually not  crossing midline at 2-3 mm/min, lasting 4-6 hrs / prevention: type 2 antagonists / abortion: type 1 agonists

Complications: possible cause of lipid abnormalities and early CVA

Menstrual migraines

occur during menses and are often refractory to therapy / Amerge (naratriptan) seems to be most effective (1 mg bid 2-3 days prior to menses and a week after) / pregnancy and menopause may produce remission

Vertebrobasilar migraines (hemiplegic, ophthalmic) 

more rare / post-HA confusion up to 5 days

Transformed migraines – low grade HA that just doesn’t go away (many days) / Treat same as other migraines / toradol IM
Mixed headache syndrome – chronic tension headaches and periodic migraines

Treatment: (see prevention below) ( any one agent should have > 60% efficacy

· Triptans – newer triptans (Maxalt, Zomig) are very effective, but very expensive ($20/pill)
· caffeine, ergot, butalbital (this is addictive)

· Other: biofeedback / acetominophen/dichloralphenazone/isometheptene (2 then 1 or 2 caps an hour later) / ergotamine + caffeine or triptan / rapid acting NSAIDS taken in large doses and repeated a few hours later (meclofenamate, naproxen, ibuprofen) / steroids may provide relief / prochlorperazine IV (sedation may help) / butalbital + ASA or Tylenol (often overused) / metoclopramide (Reglan) given 20 mins before vasoconstrictive agents and NSAIDS to control nausea / consider prevention with several episodes per month

Prevention: 

B-blockers 
1st line / failure does not preclude trying a different B-blocker


Tricyclic antidepressants  
1st line

Anti-epileptics
1st/2nd line

Topamax et al

Divalproex (VPA) low doses and titrate upward

Tegretol

?Gabapentin (Neurontin)
 

NSAIDS
can be given for several weeks and are often effective for prevention / toradol (IM) can often abort refractory migraine

Calcium channel blockers
2nd line may take 6-8 weeks for effective control 

Methysergide


? 3rd line may cause retroperitoneal fibrosis 


Botulinum toxin type A
injections into forehead muscle / studies ongoing

Tension Headaches

Pathology: muscle spasms and/or central neurogenic regulation

Ddx: analgesic and caffeine withdrawal headaches

Presentation: tightness and pressure in entire head / may have associated tightness/spasm in neck and shoulders / may also have nausea and photophobia (non-specific)

Treatment: 

biofeedback/relaxation/physical therapy / tricyclics +/- NSAIDs (amitriptyline, doxepin for increased sedation, cyclobenzaprine for sedation/muscle relaxation / 10-20 mg q hs up to 100 mg) / SSRI’s are less effective directly but may work indirectly by treating causative depression / muscle relaxants (chlorzoxazone, orphenadrine) / carisoprodol (muscle relaxant/sedative which is metabolized to meprobamate, can cause dependency) / aspirin/caffeine/orphenadrine combination (may cause rebound headache) / analgesics such as codeine, propoxyphene, oxycodone, hydrocodone frequently overused but may be the only effective means of relief 

Cluster Headaches

men 8x > women / usually younger men

Pathology: hypothalamus involved?

Ddx: sinusitis, trigeminal neuralgia

Presentation: less than 3 hrs duration (usu. 20 mins to 2 hours) / intensely painful, unilateral, in or behind eye (maybe ½ of cases, pain is somewhere else such as ipsilateral suboccipital area), often occur more at night, can be precipitated by alcohol or vasodilating drugs / patients will usually pace to try to get relief (unlike migraine) / parasympathetic overactivity ( 20% with Horner’s-like syndrome (ipsilateral tearing and conjunctival injection > miosis, ptosis, cheek edema)

Treatment:

100% O2 at 7-8 L/min given only 10 min/h (50% effective)

verapamil 40-60 mg/d for several days, then tapered / prednisone given at the same time at 40-60 mg/d for several days, then tapered / lithium 300-900 mg/d / ?methysergide 4-8 mg/d / prednisone and methysergide work within 2-3 days, while verapamil and lithium work slowly 

Others: NSAIDS / clonidine / ergotamine, SC sumatriptan or DHE may shorten attacks / under investigation: surgery, IV histamine

Cough Headaches

4:1 male to female / 25% with structural anomalies like Arnold-Chiari

Headache from Viral Illness


EBV, influenza,  adenovirus, cold

Post lumbar puncture

bifrontal, occurs 1-2 days after LP / lasts 3-4 days

Trigeminal Neuralgia (Tic Douleureux)

This condition really sucks / irritation of trigeminal (or other) nerve that causes misfiring and sharp pain sensation (in spells)

Treatment:

Acute pain: tegretol 1st, baclofen 2nd, other (acupuncture) 3rd 

Prevention: Trileptal
If medical treatment fails, can do surgery (for young patients, usu. successful) and radiofrequency ablation (for older patients) / these measures usu. work for 1-5 yrs

ICP (Intracranial Pressure)

Causes: NPH, PC, ACM, Chiari I, tonsillar herniation, intracranial AVM, sinus venous thrombosis

Cushing’s triad – bradycardia, hypertension, breathing changes

· ≥ 30 mmHg demands intervention
· 37.5 mmHg causes ischemic damage
· 60 mmHg is fatal
Treatment: mannitol, steroids, carbonic anhydrase inhibitor decreases CSF production (treats ICP) (watch HCO3 levels)

· vasogenic edema (white matter)

· cytotoxic edema (gray matter)


swelling of cells from hypoxia / hypoosmolality / Reye’s syndrome

· interstitial edema


transudation of CSF from ventricles from hydrocephalus

Normal Pressure Hydrocephalus (NPH)

Dementia, incontinence, ataxia / usually ( gait 1st, incontinence 2nd, dementia 3rd

· DAT pathology seen in ⅓
· apraxia ( delayed initial step, wide-based (PD has more shuffling gate)
· NPH can also have bradykinesia and bradyphrenia (slow thought)

Ddx: heavy metal poisoning, chronic ETOH

Diagnosis: radioisotope diffusion studies in CSF and Miller-Fisher test (removal of 30 mL CSF improves gait)

Treatment: decision of when to shunt is a (difficult) clinical decision / Miller-Fisher test is best predictor of successful treatment with VP shunting (works in ⅔) / VP shunting has 40% complication rate (meningitis, shunt malfunction, subdural hematoma) / carbidopa/levodopa helps some patients who do not receive VP shunt

Pseudotumor Cerebri

benign, idiopathic increase in ICP / young, obese females
Presentation: headache, visual disturbance

Findings: papilledema, may have palsy of CN VI

Causes: tetracycline, vitamin A overdose, idiopathic

Note: if sudden onset (r/o saggital sinus thrombosis)

MRI: normal or small ventricles

Treatment: usually self-limited, can use steroids, reduce pressure with spinal taps, osmotic diuretics, oral glycerol?, surgery (rarely)

Arnold-Chiari Malformation 


communicating hydrocephalus

Chiari I

positive Babinski, cerebellar signs (eye signs), spasticity / usually presents at young age (may present at older age occasionally)

Tonsillar herniation 


Duret’s hemorrhages in mid-brain, pons and respiratory arrest (medulla)

Intracranial AVM’s 

convulsions, increased ICP / often present with high-output congestive heart failure

Miscellaneous Neurological Problems

Chronic Pain


Treatment: TCA’s, effexor, avoid narcotics

Transient Global Amnesia

Migraine vs. vascular / 25% recur once, 3% chronic / no treatment other than possibly anti-platelet agents if you like the vascular hypothesis


Concussion [NEJM]
clinical state resembles transient global amnesia / concussion does not cause a loss of autobiographical information (this is more c/w hysteria or malingering); concussion-related amnesiacs do not confabulate
Observation: at least 2 hours, up to overnight in hospital [table]
Imaging: decide whether to obtain CT [table]
post-concussion syndrome: headache (90%), dizziness, trouble concentrating in days-weeks-years following [table]
Vertigo 

· key point is to r/o brainstem/cerebellar stroke
Lasting > 24 hrs

Vestibular Neuritis 

peaks 1st day / resolves from week to months / 50% observe viral illness

Romberg ( usu. fall or tilt toward side of lesion / can often be distinguished from stroke by associated nystagmus (pure vertical almost always means stroke, whereas horizontal and torsional can be both / nystagmus usu. remains in same direction when gaze changes and is suppressed by visual fixation)

Stroke of Brainstem
may remain for days, usually improves within week of infarct / improvement for several months thereafter / can mimic vestibular neuritis by occurring without other symptoms of vertebrobasilar ischemia (diplopia, reduced vision, dysarthria, dysphagia, focal defects) / Romberg is variable

Multiple Sclerosis (see other)

can present with vertigo

Lasting Hours or minutes

Meniere’s

isolated, severe vertigo (may have reduced hearing, tinnitus, pressure) followed by several days of dizziness / audiogram shows low frequency pure-tone hearing loss that fluctuates in severity

Treatment: low salt diet, acetazolamide / antihistamines, anti-emetics, benzodiazepines may help with acute attacks / surgical decompression may be necessary in extreme cases

TIA of vertebrobasilar system

Migraine headaches

Seizures (rarely, ‘tornado epilepsy’ from focal Sz of temporal lobe)

Perilymph fistula (s/p otologic surgery)

Lasting Seconds

BPPV (benign paroxysmal positional vertigo)

from debris in semicircular canal 

Findings: nystagmus or dizziness when quickly moved from sitting to lying position with head turned to one side (Nylen’s maneuver) / there should be no hearing loss, brainstem, cerebellar, or cranial nerve signs except N/V with severe episodes

· Note: similar to vestibular neuritis, nystagmus is mostly unidirectional (horizontal or rotary) and does not change with direction of gaze; if vertical or changing with gaze ( think stroke

Differential: hypothyroidism, AG or Lasix toxicity, stroke, trauma, Meniere’s labyrinthitis, acoustic neuroma
Treatment: Eppley maneuver (takes just a few minutes, patient learns to repeat at home) / fixation on near object sometimes stops episodes

CNS tumors

Glial Cell Tumors

Astrocytoma I

Anaplastic astrocytoma II

Glioblastoma multiforme III – butterfly glioma (spreads across midline) < 1 yr survival
Treatment: radiation therapy with temozolomide
Oligodendrogliomas – adults, slow, frontal lobes, calcifications

Ependymomas – children, 4th ventricles, increased ICP 

Infratentorial – more in children

Cystic cerebellar astrocytomas

Ependymomas
Medulloblastoma – vermis in kids, hemispheres in adults

Meningioma – resection can be curative +/- radiation 

30% of systemic CNS cancer spreads to lung, breast, melanoma, kidney, colon

Increased ICP: N/V, headache (worse in am, diffuse), bilateral papilledema, personality changes, coma, generalized seizures, focal signs (sensory/motor)

Ddx: bleed, neurodegenerative disease, abscess, AVM, meningitis, encephalitis, congenital hydrocephalus, toxic state

Diagnosis: CT/MRI - MRI with gallidium is best for astrocytoma type I

Treatment: +/- resection, +/- radiation, +/- chemotherapy, +/- steroids, +/- shunting


Acoustic neuromas (CN VIII)



usually presents with unilateral tinnitus, progressive hearing loss, not vertigo



Spinal Tumors

Mets from lung, breast, prostate

Multiple myeloma, lymphoma

Meningioma, neurofibromatomas

Astrocytomas, ependymomas

Presentation: dumbbell tumors ( nerve root pain

Diagnosis: plain film, CT with myelography, MRI

Ddx: cervical spondylopathy/myelopathy, acute cervical disc protrusion, spinal angioma, acute transverse myelitis

Treatment: resection (if won’t produce instability), radiation

CNS aneurysms

Hunt & ? I ( mannitol, Dilantin / IV & V ( ventriculostomy (1st), surgery (2nd)

Diagnosis: CT / 4 vessel angio

Epidural Hematoma

Middle meningeal artery / “honeymoon period” / unilateral dilated pupil (herniation), bilateral/fixed/dilated (impending respiratory failure, death)

Treatment: burr hole, then craniotomy

Subdural Hematoma

Elderly, anticoagulation / Presentation: headache, drowsy (not so much seizures and papilledema)
Spondylosis 

more cervical (C6 and C7) / protrusions of bone

Presentation: progressive, glove-like distribution / limited neck extension, diminished reflexes

Ddx: rheumatoid arthritis, ankylosing spondylitis, cervical rib, scalene anticus, carpal tunnel syndrome, ulnar nerve palsy, Pancoast tumor, primary CNS tumor of brachial plexus

Diagnosis: plain film shows canal < 10 mm, decreased normal cervical lordosis / MRI for discs / CT for bones

Treatment: neck immobilization, cervical traction, muscle relaxants / 95% improve without surgery (osteophyte resorption) / surgery: anterior cervical disc fusion, laminectomy (decompression) with progressive spondylotic myelopathy (may still recur)

Disc Protrusion

more lumbar (L5 and S1) / nerve root compression

Presentation: radiating pain (sciatica), pain with straight leg raise (ipsilateral and contralateral), pain with direct palpation of nerve root, decreased ankle reflex, weakness of dorsiflexion

Treatment: elective laminectomy for chronic  pain / urgent laminectomy for foot drop and cauda equina syndrome (urinary retention, perineal numbness, bilateral sciatica) / Opinion: laminectomy is often only a temporizing procedure that may hasten spinal immobility

Psychiatric


Panic Attacks



Incidence: 3% over lifetime

Note: among postmenopausal women, panic attacks are relatively common, and may be an independent risk factor for heart disease and stroke.



Ddx: thyrotoxicosis, hypoglycemia, pheochromocytoma, MVP (arrhythmia)



Treatment: acute ( benzodiazepines, long-term ( TCA, SSRI


Anorexia
< 75% expected body weight / should be hospitalized / complications of refeedings (heart failure, abnormal LFT, low Mg and PO4 (so avoid TCAs with possibility of prolonged QT), no psychiatric medication has yet been shown completely effective in this disorder 1/07

Ophthalmology
Inflammatory Conditions

Conjunctivitis

Discharge [pic][pic]


Viral [pic] (HSV, adenovirus, others)


Bacterial [pic][pic] (Neisseria, others)


Other


Endopthalmitis [pic]
hypopyon (pus in anterior chamber) [pic]

Episcleritis


RA, IBD

Iritis 


Pain, no discharge

IBD, Reiter’s

Keratitis
Causes: vitamin A deficiency (most common worldwide), chlamydia, trachoma, virus (HSV [pic], adenovirus [pic])contact lens wear (more in US)

Presentation: greater visual loss, pain, photophobia, discharge / distinguish from less severe/dangerous keratoconjunctivitis / may develop hypopyon
Diagnosis: slit-lamp exam, corneal scrapings

Treatment: empiric topical fluoroquinolones +/- aminoglycosides / may need subconjunctival (injected) antibiotics / consider fungus with failure to improve [pic]
Keratoconjunctivitis



more superficial infection

Retinitis
Etiology: infectious (e.g. CMV [pic], candida [pic]), mitochondrial myopathies, autoimmune (e.g. Behçet’s), other


HSV retinitis



30% recurrence / branching, dendritic form

Retinitis pigmentosa



Abetalipoproteinemia, neuronal ceroid lipofuscinosis, Usher’s


Uveitis
Presentation: abrupt onset of pain, photophobia / may have iritis, iridocyclitis (constriction of pupil increases pain) / may have hypopyon [pic]
Causes: Sarcoidosis, Still’s disease, Reiter’s, Ankylosing spondylitis, Behçet’s, IBD, HSV, Tb, leprosy, onchocerciasis / most cases are idiopathic
Diagnosis: slit-lamp exam shows keratic precipitates
Treatment: topical steroids, mydriatics (decreases pain but also reduces formation of synechiae)

Scleritis 

Pain, recurs

Treatment: steroids – subconjunctival

Diseases Involving Retina

Macular degeneration

Most common cause of blindness in whites > 50 yrs / loss of central vision (peripheral vision often spared) / may see druzen (yellow clumps or deposits which coalesce over time) around maculae on retinal exam / most common form is dry, non-exudative (in exudative form, neovascularization is prominent and begins in choroid plexus going under retinal pigment epithelium leading to blurred vision)
Treatment: laser therapy, bevacizumab (direct intravitreal injection) / antioxidants (multivitamins) may slow progression (unproven) 
Diabetic Retinopathy


Most common cause of blindness in 20-60 population
Mechanism: macular edema, neovascularization

Presentation: decreased vision, ocular pain, photophobia, circumcorneal redness - ?

Retinal findings:

· flame – nerve layer

· blot and dot – deeper

· cotton-wool spot – microinfarct of nerve fiber layer (soft lesions)

· microaneurysms/hard exudates (lipid, protein material)

chronic disease - lose vision – but don’t go blind

proliferative disease – lose vision & go blind – can get huge bleed 

Treatment: can do laser surgery to create scar in peripheral retina and save central vision / if patient has a lot of bleeding ( vitrectomy and endolaser

Branch or Central Retinal Vein Occlusion (CRVO) 

widespread hemorrhages and edema (wavy, distinct pattern seen on retina) [pic][pic][pic][pic] / usually due to thrombus / painless / non-ischemic vs. ischemic (worse prognosis)

Central Retinal Artery Occlusion (CRAO)
sudden onset, total loss of vision / usu. embolization (may be preceded by amaurosis fugax)

Findings: cherry red spot (there is slightly less edema in the macula allowing the well-perfused choroid to show through creating a small red dot) [pic][pic][pic] / boxcar pattern (stasis in retinal vessels)

Treatment: emergent optho consult, can try things like external ocular pressure (?helps allow flow around occlusion), give carbon dioxide/oxygen mixture to induce vasodilation

Optic Neuritis

Vision impaired, ocular movement usually painful, early on retina appears normal “patient sees nothing, doctor sees nothing” / most likely due to attack of MS
Retinal Vasculitis

Bacterial: endocarditis, Tb, Syphilis, Lyme, Bartonella, Whipple's

Viral: VZV, HSV (1 or 2), CMV, EBV, Rubella, Rubeola, Mumps, Coxsackievirus B4, Rift Valley fever virus, HIV, HTLV

Fungus: candida, cryptococcus

Parasite: malaria, toxoplasma

Presentation: decreased visual acuity, cloudy vision, decreased color perception, photopsias, floaters

Findings: vascular sheathing, vessel attenuation, vessel occlusion, optic disc and macular edema, optic nerve pallor, cystoid bodies, cotton wool spots, hemorrhages, Roth spots [pic], and central scotomata / often an accompanying vitritis

Acute retinal necrosis (HSV, VZV) Big Time!!
vasoocclusive arteritis/phlebitis of retinal/choroid vessels and confluent necrotizing retinitis (+/- peripheral retina/vitreous)

Treatment: empiric acyclovir, systemic corticosteroids, and even antithrombotic therapy / get an ophthalmology consult  
Ocular Trauma

Corneal abrasion

Do NOT use anesthetics with corneal abrasion (slows healing)

Red, tearing, pain, photophobia, decreased visual acuity, small pupil (ciliary spasm, aching pain)

Treatment: cyclopentolate 1-2% / homatropine 2-5% / scopolamine 0.25%

Topical antibiotics / pressure patch 24-48 hrs / oral analgesic

Hyphema = trauma

blood can cause increased IOP, often have 2nd bleeding day 2-5
Treatment: dilate pupil to prevent adhesions of lens and iris / topical steroids? RTC with changes in vision / early: wash out blood / late: forms a dumbbell-shaped clot, must maintain outflow and wait for clot to dissolve

Other Ocular Conditions

Actinic keratosis [pic]

Arcus junenilis [pic]

Chalazion [pic][pic][pic]

Dermoid [pic]

Gerontoxon [pic]

Glaucoma

Screening 

PMH, FH, visual acuity, IOP exam [15-20 normal, 22 mm HG is worrisome]

Few early symptoms of 1o open angle glaucoma (OAG) (only diagnosed by eye exam)

Cup: small, pale / vertical cup-disc ratio changes 

Neural rim: wide, symmetrical, orange-red / color and width of neural rim changes / asymmetry between eyes

Early: ⅓ disc surface / cup extends to rim (always abnormal)

Narrow angle glaucoma (closed angle glaucoma)

Findings: intense pain, mid-dilated pupil, blurred vision, light reflex broken up, eye may appear red, nausea, vomiting

Treatment: pilocarpine 2% gtts q 15 mins (constrict pupil) / acetazolamide 500 mg PO or IV (reduces production) / oral glycerine or isosorbide 1 cc/kg (osmotic agents to reduce pressure) / surgical correction

Congenital glaucoma  (1 in 10,000)

presents with tearing (more likely congenital obstruction of nasolacrimal duct, Rx with little probe)

Chronic (open angle glaucoma) (OAG) 

incidence of 1.5 million (?most common type of glaucoma)


Hordeolum (“stye”) [pic][pic] 
pain, swelling, discomfort / very common / acute inflammatory process usu. limited to 5-7 days, 50% resolve with medical management in < 6 wks
Ddx: acute chalazion

Treatment: initially, medical (warm compresses, eyelid hygiene, topical anti-inflammatories and possibly/probably concomitant topical antibiotic therapy; oral if severe), but if not improving or severe, consult ophthalmologist for possible  surgical incision and curettage under topical anesthesia / may need to treat accompanying blepharitis or meibomianitis


Hyperemia [pic]

Presbycusis
most common cause of sensorineural hearing loss in elderly / damage over time (> 2000 Hz) Ddx: Meniere’s, chronic otitis media (both unilateral) / rule out cerumen impaction

Pterygium

chronic irritation (like wind/dust) causes damage to cornea [pic][pic]

Treatment: removal/radiation 

Other Notes
· Papilledema – HTN/increased ICP

· Ddx for red eye includes acute NAG vs. Adenovirus (with pre-auricular LAD with pink eye)

· Pain ( think cornea or bacteria > viral

· Steroids contraindicated in HSV, fungus, increased IOP (25% with 1-2 wks use), cataracts (long term use)

Eye findings linked with medical diseases

	angioid streaks on fundus
	Pseudoxanthomatous elasticum

	angioid streaks on fundus
	Paget’s disease

	Kayser-Fleicher rings
	Wilson’s Disease

	Blue sclera
	Osteogenesis imperfecta

	cholesterolemia
	Arcus sinilus

	
	?hemochromatosis

	
	

	
	


Female







[postmenopausal bleeding] [amenorrhea] [obstetrics]
Infections

BV, chlamydia, Trichomonas, PID
Female Breast
Breast Cancer (screening)
Vulva, Vagina
Cervix

CIN, cervical Ca
Endometrium
functional disorders, endometriosis, neoplasia, mesenchymal tumors, gestational trophoblastic
Fallopian tube
Ovary

follicular cysts, PCOS, ovarian tumors – epithelial/germ cell
Other

incontinence, women’s health maintenance, menopause, PMOF
Disorders of Sexual Development

Gonadal dysgenesis (Turner’s syndrome)

1 in 2500-10,000 live female births / 45,X / not familial, is not related to the mother’s age

Ovaries fail to develop (bilateral streaks of connective tissue, no germ cells)

Estrogen deficiency ( sexual infantilism (no 2o sexual characteristics) and ↑LH/FSH


Somatic abnormalities

Short stature (48 to 58 in), short, webbed neck, epicanthal folds, low-set ears, a shield- chest with widely spaced nipples, cubitus valgus (wide carrying angle), and renal and cardiac abnormalities (coarctation of aorta)

Treatment: estrogen to promote secondary sexual characteristics (cyclic E/P can cause regular menstruation, but not fertility) / removal of streak ovaries: can have sex chromosome mosaicism (some cells have Y chromosome, can lead to gonadal tumors)

Testicular feminization syndrome

genetic males 46,XY with normal female external genitalia (raised as girls)

Mechanism: resistance of target tissues to androgens
Findings: external genitals female by default / no internal female organs (vagina ends in 

blind pouch) / endogenous E stimulates normal breast development at puberty

Diagnosis: usu. when menarche fails to occur or testes felt in abdomen

Treatment: remove testes, which have malignant potential / give supplemental E to maintain female secondary sex characteristics

Resistant ovary syndrome

ovaries cannot respond to gonadotropins (can result from autoimmune destruction of ovaries or other conditions)

Hypogonadotropic hypogonadism

Panhypopituitarism 

causes primary or secondary amenorrhea (depending on time of onset) / from destructive lesions in HPA regions
Isolated gonadotropin deficiency

usu. from defective GnRH production, Kallman’s is a specific form associated with anosmia)

Delayed menarche

Consider if no periods by age 16 / sometimes delay runs in family / one can prescribe E for 6 months or so even prior to making diagnosis in order to assist sexual/psychological development

Hypothalamic amenorrhea (psychogenic, functional, and idiopathic) 

most common nonphysiologic secondary amenorrhea / LH/FSH is low or normal

Treatment: if GnRH is infused in pulsatile fashion, this may correct all problems

Malnutrition/Anorexia

Menstruation often ceases below critical body weight

Exercise (common in serious athletes)

? Hypothyroidism

“Post-pill amenorrhea”
 
delay > 6 months since stopping pill / only occurs in 1% / must r/o other causes

Primary ovarian failure (premature menopause)

similar to normal menopause but < 40 yrs / some cases have auto-Ab’s

ovarian function declines, estrogen levels decrease with compensatory ↑LH/FSH

Ovarian tumors (e.g. granulosa-theca cell tumors) 

may inhibit normal menstrual cycles with excessive E

Hyperprolactinemia (see other)
excess prolactin is a very common cause of secondary amenorrhea

Androgen excess syndromes

Polycystic Ovary Syndrome (PCOS or Stein-Leventhal)

chronic lack of ovulation, androgen excess, obesity / unknown etiology

3%-7% of reproductive-age women

Mechanism: 

· ovary ( excess androgenic steroids (esp. androstenedione, converted to estrone) 

· increased estrone has (+) feedback on LH and (-) on FSH

· increased LH ( hyperplasia of ovarian theca/stroma ( increased androgen production

· lack of follicle maturation  from decreased FSH and ovarian androstenedione

Note: obesity may increase sex hormone levels by decreasing SHBG and increases peripheral conversion of androstenedione

Pathology: ovaries enlarged with thickened capsules and many small follicular cysts

Theories: HPA axis, with constant LH vs. excess ovarian secretion of androgen vs. adrenal abnormalities

Presentation:

· infertility and menstrual abnormalities (amenorrhea or oligomenorrhea) from chronic anovulation / prolonged, noncyclic, unopposed E may cause functional bleeding and increase risk of endometrial Ca
· androgen excess ( oily skin, acne, hirsutism
· obesity in 40%

· insulin resistance // 30% of girls with PCOS have glucose intolerance; 10% chance of diabetes

Labs:

· ↑ LH to FSH ratio (~2) (LH elevated while FSH low-normal)

· testosterone and androstenedione usually elevated (adrenal androgens, DHEA and DHEA-S, are found less often)

· estrone usually high, estradiol normal

Treatment of androgen excess: use trial and error vs. testing for suppression of androgen levels / usually takes 3-6 months to see improvement in hirsutism

· oral contraceptives (E-P) decrease androgen levels by negative feedback on LH and increased hepatic production of SHBG (although sometimes not high enough levels)

· spironolactone decreases ovarian and adrenal synthesis of androgens and inhibits androgen binding to receptors in hair follicles and other target tissues / 100 mg QD or BID often effective

· steroids decrease adrenal androgen production by suppressing ACTH (may also lower ovarian androgen secretion, although the mechanism is unknown / 0.5 mg dexamethasone q HS (because ACTH peaks in early morning)

· metformin (effective in ½, mechanism thought to be related to finding that  hyperinsulinemia synergizes with LH to increase thecal androgen production and decrease sex hormone-binding globulin) / treatment with metformin can lead to clinical improvement, even in adolescents without overt diabetes mellitus

Infertility 

· Clomiphene citrate stimulates LH/FSH production / given 5th to 9th day following P-induced menstruation / 80% effective

· Human menopausal gonadotropin has both FSH and LH bioactivity / injected daily until increasing serum E and u/s confirm follicle maturation / hCG then injected to induce ovulation / this therapy increases risk of multiple gestation

· GnRH (given IV or SC in pulses q 90-120 mins may induce ovulation without causing ovarian hyperstimulation

· MPA to prevent endometrial CA / 10 mg MPA for 10 days q 1-3 months

Androgen-producing ovarian tumors are rare

Arrhenoblastoma is most common type (see ovarian tumors)

Hyperthecosis (of the ovary)

probably represents severe form PCOS / try meds, but oophorectomy may be necessary

Adrenal tumors

adenomas or carcinomas may produce excess androgens (+ or – cortisol)

Diagnosis: high levels of adrenal androgens (urinary 17-ketosteroids, serum DHEA) that cannot be suppressed by dexamethasone suggest

Labs: 24-hr urinary 17-ketosteroid level > 50-100 mg strongly suggestive

Congenital adrenal hyperplasia (see other)
Idiopathic hirsutism
poorly understood but common / mild hirsutism and sometimes acne, menstrual irregularities

Labs: T high-normal or slightly elevated, or elevated T (with decreased SHBG) and adrenal androgens

Ovaries are otherwise normal

Treatment: E-P combinations, steroids, spironolactone (1st choice), ?metformin sometimes decrease the androgen levels and symptoms

psammoma bodies
epithelial inclusion cysts

serous ovarian tumor

papillary carcinoma of thyroid

meningioma
key point











candida and tuberculosis are NOT sexually transmitted

Infections of Female Genital Tract

Peri-genital

Chancroid (see other)

LGV (see other)

Molluscum contagiosum (see micro)

unclassified poxvirus

Insects: scabies, crab lice

Vulva

Yeast infections (vulvovaginal)

common / not an STD / white patches

Risk Factors: antibiotic use, DM, obesity, oral contraceptives, pregnancy

HSV-1, HSV-2 (vulvovaginal)
ground-glass nuclei or eosinophilic intranuclear inclusions (cowdry A) / fatal infection of neonate

Bartholin’s cyst


abscess associated with gonorrhea
Condyloma acuminatum [pic][dermis]

STD / koilocytosis / HPV 6, 11 / no atypical mitoses

Extramammary Paget’s Disease

20% have underlying adenocarcinoma / velvety-red lesions / local excision if no mets / high recurrence 

Vulvar intraepithelial neoplasia (VIN)

peaks in 50s – 60s / HPV-16 predominates (80-90%), lesions in younger women usually more aggressive

Presentation: pruritis, vulvodynia

Diagnosis: multiple punch biopsies

Treatment: wide local excision or laser vaporization

Follow-up: colposcopy ever 3 months (then every 6 months after 2 years)

precursor to squamous carcinoma (10%)

Vulvar Cancer

5% of gynecological malignancies / epidermoid (85-90%), malignant melanoma (5-10%), basal cell carcinoma (2-3%), sarcomas (<1%), fibrous histiocytomas

associated with diabetes, hypertension, obesity, vulvar dystrophies, granulomatous PID

Staging: I - lower 1/3
II - lower 2/3
III- over 2/3 / 25% with positive nodes will have none on physical exam / 5 yr survival with 1 node (90%), 2 nodes (75%), 3 nodes (15%)

Treatment: surgical resection +/- radiation / lymphadenectomy not helpful for melanoma or required for BCC
Squamous cell carcinoma


most common carcinoma of vulva / usually > 60 yrs / HPV 16 / 5 yr survival 75%

Vagina

Vaginal Infections

Bacterial Vaginitis


Organisms: Gardnerella vaginalis, Ureaplasma hominis > Chlamydia, N. gonorrhea

Diagnosis: 3 of 4 criteria: increased vaginal discharge (fishy odor when mixed with 10% KOH), pH > 4.5, clue cells on wet mount [pic]
Ddx: bacterial (40%) > candida (30%) > T. vaginalis / chemical irritants, HSV

Treatment: oral or vaginal metronidazole or clindamycin
N. Gonorrhea (see micro)
Chlamydia trachomatis

most common STD in W. hemisphere / 20% asymptomatic / infects glandular epithelia / may cause PID and infertility / treat partner / Treatment: azythromycin, doxycycline

Trichomonas vaginalis (see micro)
25% asymptomatic / variable pruritis / strawberry mucosa, frothy, purulent discharge / pear-shaped “wobbling” flagellated organisms + epithelial cells / fishy odor (w/ or w/out addition of 10% KOH) 
Treatment: 500 mg metronidazole PO bid x 7 days / must treat partner, no intercourse during Rx

Candida vaginitis



Lower pH, more itching, fungal elements on KOH

Vaginal Neoplasia

Vaginal intraepithelial neoplasia (VIN)

Peaks in 40s / diagnosed with colposcopy and acetic acid/biopsy

Treatment: CO2 laser or topical 5-FU if not-invasive

Squamous cell carcinoma

Peak in 50s (mean age 55) / most common carcinoma of vagina 

Presentation: discharge, bleeding, pruritis

Spread by direct extension into bladder, rectum and lymphatics (upper 1/3 ( iliac nodes, lower 2/3 ( inguinal nodes)

Stage I and II upper 1/3 ( surgical resection

Stage III and IV and lower 2/3 ( radiation alone (palliative surgery)

Adenocarcinoma
clear cell carcinoma / fetal DES exposure causes adenosis / subset become CA /  young women / Treatment: surgery and radiation

Cervix

Cervical Infection

PID (pelvic inflammatory disease)
Criteria:

all 3 present:

(1) lower abdominal  tenderness 
(2) CMT (cervical motion tenderness)

(3) adnexal tenderness

at least 1 of these: 

temperature > 38 C / WBC > 10.5 / positive culdocentesis / mass on exam or ultrasound / evidence of GC or chlamydia in endocervix

Risk factors: young female, recent menses, multiple partners et al

Diagnosis: 
Non-clotted blood ( ectopic pregnancy

Clotted ( from vessel? or recently ruptured ectopic?

Differential: ovarian torsion, ovarian cysts, fibroids, endometriosis, appendicitis, bowel disease, ectopic pregnancy

Organisms: C. trachomatis (25-45%) / N. gonorrhea (10-40%) / anaerobes (Bacteroides, C. perfringens) (30-60%) / aerobes (Staph, Strep, E. Coli) (30-65%) / Mycoplasma sp. (2-10%)

Treatment: different opinions from OB/GYN vs. ID people
Ceftriaxone 250 mg IM x 1 and doxycycline 100 mg bid x 14d (follow-up 48 hrs) / treat partner, consider in-patient treatment – cefotetan 2 g IV q 12 hrs or cefoxitin plus doxycycline / alternative: Unasyn + doxy, cipro + doxy, ofloxacin, metronidazole

with abscess (TOA) (more likely anaerobic; bacteroides): Unasyn, clindamycin, gentamicin

Complications: peritonitis, GI obstruction, bacteremia, infertility (ectopic pregnancy later on)

Cervical Neoplasia
Endocervical polyp


most common cervical growth / inflammatory cause / may bleed

Cervical Intraepithelial Neoplasia (CIN) – vaccine available!
Incidence: 6th leading COD in women / 5000 deaths/yr

Risk factors: early start, many partners, history of STD, smoking / also an AIDS-defining illness


caused HPV 16,18,31,33 (integration, replication vs. episomal (HPV 6, 11)


more common in anterior / Schiller test (dysplastic EC’s do not stain for glycogen)

Clinical Staging: physical exam, CXR, IVP, barium enema, cystoscopy

Bethesda system 

· Atypical squamous cells of undetermined significance (ASCUS)

10-15% will have significant lesions on colposcopy (80% of them will resolve with repeat PAP in 4-6 months
· Squamous intraepithelial lesions (SIL)

low grade: CIN I (30% or progress in 7 yrs) and HPV changes

high grade: CIN II (4 yrs to progress) and CIN III

· Squamous cell carcinoma

20% of CIN III progress to invasive carcinoma by 10yrs

Treatment: cryotherapy, laser therapy / loop electrosurgical excision procedure (LEEP) for endocervical lesions

Prevention: anti HPV vaccine (effective if given prior to sexual activity)

Invasive squamous cell carcinoma (cervical cancer)

cervical cancers are 90% large cell (keratinizing or non-keratinizing) and 10% small cell / remainder are adenocarcinoma and rarely (sarcoma/lymphoma)

Presentation: post-coital bleeding, abnormal vaginal bleeding, watery discharge, pelvic pain/pressure, rectal or urinary problems

microinvasive SCC refers to <3 mm invasion, no blood vessels, no mets

invasive SCC is the most common cervical cancer / may be fungating, ulcerating, infiltrative

Treatment: cone biopsy for microinvasive/desire for fertility / others require (simple or radical)  hysterectomy / radiation (external beam or intracavitary radiation) can be curative or palliative (pain/bleeding) / chemotherapy is only minimally effective with cisplatin (+/- doxorubicin, bleomycin)

Prognosis: 5 yr survival for IIIA (50%) / death from ureteral obstruction, pyelonephritis, renal failure

Endometrium

Endometrial Inflammatory

acute endometritis 

associated with delivery or abortion

chronic endometritis

non-specific

abortion, PID, IUD, pregnancy / plasma cells / may be asymptomatic / culture for chlamydia and gonococci 

chronic endometritis 
specific

mycoplasm 
subacute focal inflammation (SFI) / lymphocytes, NO germinal centers, NO plasma cells

tuberculosis 


infertility / systemic infection / superficial endometrial granulomas

Functional Disorders of Endometrium

estrogen withdrawal bleeding and anovulation

1st cause of dysfunctional uterine bleeding / asynchronous / proliferative pattern / fibrin thrombi


inadequate luteal phase


luteal phase defect / premature menses / infertility / >2 day lag in endometrium

endometrial polyp (benign)


abnormal uterine bleeding / associated with tamoxifen use 


hyperplastic polyp:  originate in basalis, may have squamous metaplasia


functional polyp:  least common / glandular and respond to hormones


atrophic polyp:  post-menopausal / regressive polyp

Endometrial Neoplasia

Endometriosis

ectopic endometrial glands / chocolate cysts / 1st - ovaries (associated w/ endometrioid 

carcinoma) / 2nd recto-vaginal septum / reproductive age / dysmenorrhea, menometrorrhagia, dyspareunia, infertility / pathogenesis: retrograde menstruation, implantation, coelomic metaplasia, lymphatic, hematogenous dissemination

Endometrial hyperplasia


simple: dilated glands, abundant stroma


complex:  crowded architecture, epithelium may be stratified, reduced stroma

atypical simple or complex: 25% progress to carcinoma

other endometrial CA usually has worse prognosis
adenosquamous, clear cell carcinoma, squamous carcinoma, papillary serous carcinoma

Endometrial Adenocarcinoma


most common invasive neoplasm of female genital tract / 75% of endometrial CA

70% before age of 50 / peak 60 yrs

Presentation: post-menopausal bleeding (90%), abnormal Pap (30%), bone pain

Note: if endometrial biopsy (90% sensitivity) negative, proceed with hysteroscopy
Risk factors:  unopposed estrogen, obesity, nulliparity, low parity, anovulation, menopause > 50 yrs / diabetes, hypertension, breast/ovarian cancer, family history of endometrial cancer

· Type I  pre and peri-menopausal, low grade, hyperplastic, secretory, responds to HRT, whites

· Type II  post- menopausal, high grade, serous clear cell, progressive, does not respond to HRT, blacks


endometrioid:  most common / adenocarcinoma / may have squamous differentiation 

Method of Spread: direct extension, lymphatic (most), direct, peritoneal seeding, hematologic dissemination

Treatment: TAH/BSO with surgical staging +/- postoperative radiation, hormonal therapy, single-agent chemotherapy / hormonal therapy for advanced/recurrent

Prognosis: histological grade is the most important factor, then depth of myometrial invasion (> 1/3 worse), then histological type / pelvic node mets, tumor volume, involvement of cervix/adnexa, positive peritoneal washings

Overall 5 yr survival is 65% / stage I (73%), stage II (56%), stage III (32%), stage IV(10%) / 75% of recurrence in first 2 yrs, 85% in first 3 yrs

FIGO Grading I - III / increases with solid component / FIGO Staging I – IV is most common / abdominal abscesses is most common COD

Follow-up: every 3 months for 2 yrs, then every 6 months for 3 yrs, then once yr

Mesenchymal Tumors of Endometrium

Leiomyoma
most common uterine neoplasm / SMC / blacks > white / usually multiple / hyaline fibrosis / apoplectic leiomyoma: pregnancy, progestins / hemorrhage, edema, myxoid changes, mitoses apoplectic and marantic: hemorrhagic degeneration/necrosis due to hormonal effects

Treatment: OCP’s, NSAIDS, surgery

Malignant Mixed-Mullerian Tumor (MMMT) – poor prognosis
1st uterine sarcoma / associated with pelvic radiation / homologous or heterologous (muscle, cartilage, bone, fat) / rapid spread, poor prognosis for both types

Leiomyosarcoma

2nd uterine sarcoma / mitotic and cellular atypical / not arising from leiomyoma


Treatment: only proven treatment is surgical
Gestational Trophoblastic Tumors

Complete hydatidiform mole (CHM)

homozygous 46 XX (started as one paternal X / RF: young/old, Asian, FH, infertility, smoking large edematous villi (grapes of wrath) / Symptoms: vaginal bleeding, preeclampsia, uterine enlargement, high hCG complications: DIC, infection, choriocarcinoma (2%)

Partial hydatidiform mole (PHM)


fetal tissue often present / triploidy (69XXY) results from dispermy / RF’s same as CHM


w/out maternal age, ace / milder symptoms / does NOT lead to choriocarcinoma
Choriocarcinoma 
poor prognosis

mole, abortion, normal pregnancy / no chorionic villi / Treatment: chemotherapy

Placental site trophoblastic tumor (PSTT)


rare / intermediate trophoblast deeply invades myometrium

Miscellaneous
Endometrial stromal tumors


stromal nodule: benign


low-grade endometrial stromal sarcoma: responds to progestins


high-grade endometrial stromal sarcoma: very poor prognosis
Adenomyosis

diffuse glands in inner myometrium / posterior wall 

Fallopian Tube

Fallopian Tube Infection

Acute salpingitis


TORCH / abortion (Strep, Staph, coliform, anaerobes) / adhesions, hydrosalpinx, infertility

Chronic salpingitis


bilateral / hydrosalpinx, pyosalpinx / ectopic pregnancy

Granulomatous salpingitis


granulomas / epithelial hyperplasia / systemic / MTB or M. bovis

Fallopian Tube Neoplasia

Carcinoma of fallopian tube


rare / similar to serous ovarian carcinoma

Other Fallopian 

Paratubal cysts (hydatid of Morgagni)


common / non-significant / Mullerian origin

Ectopic pregnancy


Cause of 9% of maternal deaths from exsanguinations / commonly rupture by 12th week

Risk factors: prior ectopic, chlamydia (PID), tubal surgery, smoking, increasing age

Diagnosis: absence of IUP (ultrasound) and positive B-hCG (< 6000) / transvaginal ultrasound 85% sensitive for IUP at 6-7 wks or B-hCG over 1500 / confusing factors: multiple gestations, failed IUP, obesity, fibroids, uterine axis

Labs: normal hCG increase is 66% or more per/48 hrs (15% of normal IUP have lower bhCG) / 17% of ectopics have normal hCG doubling time / doubling rate at 6-7 wks is every 3.5 days

Pathology: endometrium may be secretory (Arias-Stella) or normal appearing

Treatment: laparoscopy, laparotomy or methotrexate if small/unruptured / single dose MTX (84% 

success rate) or multiple dosing regimen / with leucovorin rescue

Absolute contraindications: breastfeeding, immunodeficiency, alcoholism, alcoholic liver disease, chronic liver disease, blood dyscrasias (bone marrow hypoplasia, leukopenia, thrombocytopenia, severe anemia), known sensitivity to MTX, active pulmonary disease, peptic ulcer disease, hepatic, renal, hematologic dysfunction

Relative contraindications: gestational sac > 3.5 cm / embryonic cardiac motion

Note: pt must avoid alcohol, folate, NSAIDS, sexual intercourse during treatment

Precautions: get LFT, U/A, transvaginal ultrasound within 48 hrs of treatment, 

Treatment Success: increase in hCG during 1st 1-3 days of treatment, vaginal bleeding/spotting, 2/3 will have increasing abdominal pain

Treatment Failure: severely worsening abdominal pain, hemodynamic instability, hCG does not decline by at least 15% between day 4 to 7 / increase or plateau of B-hCG after 1st week

Ovary

Cystic Ovarian Disease

Follicular cysts

asymptomatic or increased estrogen causing isosexual precocity, menstrual disturbances, endometrial hyperplasia / may rupture with hemoperitoneum / unilocular / serous, blood clot, or mixed contents / probably due to FSH, LH stimulation


Treatment: observe, oral contraceptives, surgery after 6-8wks

Corpus luteum cyst


continued progesterone secretion / large luteinized granulosa cells / smaller theca lutein cells


involution of CLC usually leads to corpus albicans cyst

Polycystic Ovaries (PCOD) (Stein-Leventhal) (merge with other)

present in 20s with oligomenorrhea, menometrorrhagia, infertility (amenorrhea), and hirsutism (androstenedione to testosterone), acanthosis nigricans / bilaterally enlarged ovaries / thick, fibrotic cortical tunica / cystic follicles / hyperplasia and luteinization of theca interna w/out CL formation

Treatment: clomiphene (blocks pituitary ER), MPA, oral contraceptives, wedge resection / metformin (under investigation)

Surface epithelial inclusion cysts


invagination of surface epithelium / post-men. / psammoma bodies


may give rise to epithelial neoplasms

Ovarian Tumors

General: 80% benign / 5th most common CA death in women (from intestinal obstructions); 65% of ovarian tumors and 90% of ovarian cancer is from coelomic epithelial, 10% Krukenberg (mets from GI, breast, endometrium)

Risk factors: nulliparity, family history, BRCA1 gene (history of breast CA ( 2x risk), clomiphene, infertility (10% less risk per childbirth) / oral contraceptives may confer protection

Presentation: abdominal pain/distention (pelvic fullness, vague discomfort), GI complaints (early satiety, constipation, bowel obstruction or “carcinomatous ileus”), urinary symptoms, weight loss, pancytopenia, abnormal uterine bleeding (less than cervical and endometrial CA), ascites (late), cachexia / majority present with stage 3

Diagnosis: difficult to diagnose early, high mortality when malignant / may have peritoneal carcinomatosis on paracentesis, but avoid cyst aspiration (may worsen spread) 

· Ultrasound (malignant): > 8 cm / solid or cystic and solid / multilocular / bilateral / ascites

Ddx: ovarian cysts, renal cysts, adrenal cysts, gall bladder, pancreas

Method of Spread: direct exfoliation, lymphatics, hematogenous (lung, brain)

Tumor markers: CA-125 not very specific, elevated (>35) with all female reproductive tumors plus pancreas, breast, lung, colon and pregnancy, endometriosis, PID and fibroids / AFP and hCG
Staging: TAH/BSO, omentum, washings, appendix, paraaortic lymph nodes, peritoneal biopsy 

Treatment: see below

Prognosis: 5 yr survival 30% (because 80% present at late stage); if caught early, survival is 90%

Epithelial (70%)
% of malignant ovarian
bilateral

prognosis
Serous (fallopian)

40


30-60


good
Endometrioid


20


40


very bad
Mucinous (cervical)

10


10-20


-

Clear (kidney)


6


40


poor
Brenner (bladder)

< 3


- 


excellent
Undifferentiated 

10


-


poor
Germ Cell Tumors (15-20%)


prognosis
Dysgerminoma




good
Endodermal Sinus Tumor (Yolk Sac Tumor)

moderate
Embryonal

Polyembryonal

Choriocarcinoma

Teratoma (Dermoid)
96% benign


good
Sex cord-stromal (5-10%)
Mets to ovaries (5%)


Meig’s syndrome 

benign ovarian tumor, ascites, hydrothorax

Epithelial Tumors

85% of ovarian tumors (usually > 40 yrs / peak in 70s / more in nulliparous or few pregnancies)

50% benign, large, bilateral, cystic

33% malignant

16% borderline (younger women, diagnosis from morphology, not stage)

Stage I - IV (III allows for superficial liver mets)

Prognosis: 5 yr survival (20%) / Stage I (90%), Stage II (50%), Stage III (30%), Stage IV (10%)

Treatment: taxol and cisplatinum x 6 cycles

Serous (fallopian) - good prognosis


most common / unilocular or multilocular / usually bilateral / cystic to solid



benign (60%): simple cystadenoma



borderline (15%): ciliated, stratification, solid buds, psammoma bodies, no invasion

malignant (25%): invasion, fine papillae, irregular lumens, tight nests, solid sheets, psammoma bodies / can have primary peritoneal papillary serous carcinoma (and normal ovaries); treated with debulking and chemotherapy (carboplatin or cisplatin + paclitaxel); 10% remission at 2 yrs
Endometrioid - very poor prognosis

⅓ accompanied by independent endometrial cancer / association with endometriosis


usually
carcinomatous

Mucinous (cervical)

largest ovarian tumors / borderline version may be intestinal (85%) or mullerian origin / mucinous carcinoma exceeds 4 layers / borderline type may display pseudomyxoma peritonei (peritoneum fills with mucin, must be repeat / high association with Peutz-Jeghers syndrome / CA-125 not useful, but CEA is useful (highly associated with appendix tumor)

benign (80%): simple cystadenoma

borderline (10%):

malignant (10%):

Clear cell adenocarcinoma - poor prognosis

unilocular / solid nodules / highly associated with endometriosis

clear, hobnail, flattened pattern contain glycogen / aggressive tumor

Brenner’s tumor - excellent prognosis

98% benign / small, well demarcated nests of epithelial cells / fibrous stroma / may surround eosinophilic material / grooved, “coffee bean” nuclei

Germ Cell Tumors

-15-20% / 0-25+ yrs

-resection and chemotherapy (BEP) is generally treatment of choice

Treatment: BEP (bleomycin, etoposide, cisplatinum)

Dysgerminoma - good prognosis
young age / most common malignant GCT / 10-15% bilateral / primordial germ cells / solid / stroma is fibrous trabecula infiltrated by lymphocytes / granulomas may be present / very radiosensitive (BEP still preferred?) / LDH useful marker

Endodermal sinus tumor (Yolk Sac Tumor) - moderate prognosis
young age / sudden onset abdominal pain / elevated a-FP / large tumor / reticular pattern / Schiller-Duval bodies (papillae, central vessel) / hyaline droplets (contain a-FP, PAS+, eosinophilic) / moderate prognosis with combination chemotherapy

Embryonal – aFP and hCG [may differentiate into endodermal sinus tumor or choriocarcinoma]

Polyembryonal – aFP and hCG

Choriocarcinoma – hCG
Dermoid cyst (Mature Teratoma) - good prognosis

most common GCT / 96% benign / 15% bilateral / usually cystic / 2-3 embryonic layers / sebaceous, hair, teeth (ectodermal mostly) / Rokitansky’s protuberances / torsion may occur / occasionally develop squamous carcinoma (1-2%)

Struma Ovarii (Monodermal Teratoma)

thyroid tissue predominates / 1/3 associated with ascites / rarely associated with Meig’s syndrome / 5-10% malignant

Immature Teratoma - poor prognosis
young age / neuroectodermal elements / large / graded I - III with level of immaturity / 60% survival for all stages

Sex-Cord Stromal Tumors

-affects all ages

-associated with Peutz-Jeghers
Fibroma
most common SCST / middle-age / associated with basal-cell nevus syndrome / 40% w/ ascites / 1% with Meig’s syndrome (ovarian tumor, ascites, hydrothorax) / storiform pattern

Granulosa cell tumors

usually estrogenic / usually post-menopausal (adult vs. juvenile form) / may present with precocious puberty / macro/microfollicular pattern (call-exner bodies) / insular, trabecular, diffuse, luteinized / thecomatous component / size <5cm most important factor

Thecoma

estrogenic / post-menopausal / benign

Sertoli-Leydig cell tumors (Arrhenoblastomas)
< 1% of solid ovarian tumors

Presentation: testosterone/androgen levels higher than PCOS and virilization is much more pronounced

Treatment: chemotherapy? / hormone therapy will not suppress androgens

Metastatic Tumors (mets to ovaries)
Krukenberg Tumor

signet-ring cells / primary stomach, GI tumor / usually bilateral / can cause mild, reactive hypersecretion of androgen 

Female Breast

Estrogen - proliferation of duct cells

Progesterone - proliferation of lobules, stroma and stromal edema

Others: prolactin, human placental lactogen

menstruation - sloughing of EC’s and reduced edema

90% benign (40% fibrocystic) / 10% Ca

ASPIRATION (of lump) has a 70-80% sensitivity


Increased density: younger age, HRT, luteal (versus follicular) phase

Benign Changes

Fibrocystic Changes (FCD)

90% of reproductive women / relative estrogen predominance

Non-proliferative changes


blue-dome cysts / fibrosis, cyst formation, apocrine metaplasia, sclerosing adenosis



microcalcification, (acini with intralobular fibrosis)

Proliferative changes (2x Ca risk)


> 2 duct layers / papillomatosis (project into lumen) / EC hyperplasia (irregular spaces in 



dilated 
ducts bridged by EC’s), regular spaces may be Ca in situ / atypia or FH is 5x risk

breast abscess


unilateral / lactation / staphylococcus

duct ectasia


plasma cell mastitis / inspissation / mistaken for carcinoma

fat necrosis


resembles carcinoma, chalky nodule / foreign body rxn resolves w/ fibrosis

granuloma (foreign substance)


breast implant, self-induced, iatrogenic

gynecomastia (male)


Ddx: cirrhosis, testicular tumors (secreting estrogen), Klinefelter’s
Benign tumors


90% of breast lumps are benign

Fibroadenoma

Most common tumor in < 30 yrs / reproductive age / fibrous, gland element (stroma 

compressed ducts) / upper outer quadrant / increased E sensitivity ~ / occasionally foci for carcinoma / juvenile form is fast-growing


Cystosarcoma phyllodes - worse prognosis
painless / older women / lobulated, enormous / larger stromal cells surround “leaf-like” glands / Phylloides – painless / treated with wide excision along with sarcomas

Intraductal papilloma


Most common cause of bloody nipple discharge / papillary architecture / near large ducts

Treatment: excise duct system

Adenoma of nipple


elderly onset / crusted, ulcerated nodule beneath nipple / Treatment: excision

Others


lipoma, hemangioma, hamartoma

Malignant Changes

Non-invasive

Intraductal carcinoma in situ (DCIS)

most common / 28% become invasive / comedocarcinoma (necrosis)


Treatment: almost as aggressive

Lobular carcinoma in situ (LCIS)

marker for invasive CA (30% develop invasive CA in same or contralateral breast)

Invasive carcinoma (adenocarcinoma)

Scirrhous carcinoma (ductal carcinoma) - poor prognosis

majority / radiating, infiltrating / Black’s nuclear grading I - III (reverse of normal)

Lobular carcinoma - worse

20% bilateral / multicentric / cells smaller than ductal carcinoma / “Indian filing” 


LCIS component / may co-exist with scirrhous (ductal carcinoma)

Medullary carcinoma - good prognosis

pushing borders / solid aggregates of tumor cells / reactive lymphocytes
Colloid carcinoma (mucinous) - good prognosis

clusters of malignant cells in lakes of mucin / infrequent node mets

Paget’s Disease (different from bone disease) - poor prognosis
not too common / form of ductal carcinoma / eczematoid nipple / Paget’s cells surrounded by clear halo / 40% have axillary node mets / poorer prognosis b/c skin involvement

Breast Cancer
Pathology:
Infiltrating ductal carcinoma 70%

Medullary carcinoma 6%

Lobular carcinoma 5%

Colloid, Tubular 19%

Staging:
Stage I 
< 2 cm, no nodes/mets
Stage II 
< 5 cm w/ nodes or > 5 cm

Stage III
direct spread, nodes

Stage IV
disseminated mets

Patient Age:
< 35 
fibrocystic / fibroadenoma / mastitis

35-50
fibrocystic / carcinoma / fibroadenoma

> 50
carcinoma / fibrocystic / fat necrosis

Risk Factors:



Nulliparity (women who are pregnant by age 18 have 30-40% reduced risk)


Menarche (menarche at 16 confers 40-50% reduced risk vs. menarche by 12)



Early menopause (occurring by age 40 reduces risk by 35%)



Duration of maternal nursing (longer nursing decreases risk)
Obesity increases risk
previous h/o breast Ca (2x risk in contralateral breast)

FH of breast CA / BRCA1/BRCA2 confer 10x risk (breast, ovary, colon)
· Suspicion of genetic carrier (can get testing)

early exercise and lower fat during menarche reduces later incidence of breast CA

Note: 75% of breast cancers occur with no family history or other high-risk factors

Prevention/Screening [annals]
< 20 yrs monthly self-exam

20-40 medical exam (physical breast exam) every 3 yrs

35-40 baseline mammogram (30-40 with FH, or 10 yrs ahead of age of 1o relative)

40-50 mammogram every 2 yrs

50 mammogram yearly

· suspicious lump < 35 yrs ( likely need U/S

· if seems like simple cyst on U/S or seems benign on exam, can watch for regression with next menstrual cycle, but if it doesn’t go away ( FNA, core biopsy or excisional biopsy

· if cyst regrows or mass effect does not resolve post FNA, then need to get excisional biopsy
· positive mammogram ( biopsy
· suspicious lump in pt > 35 yrs or more risk factors ( proceed with U/S, FNA, referral to specialist
· during pregnancy (persistent lump NOT normal; seek attention)
Genetics:
BRCA1 higher in A. Jews (60-80% incidence of breast cancer; 33% ovarian)
(DCIS)

BRCA2 women (breast) and men (breast/prostate) / higher in Ashkenazi Jews
Rad 51 tumor suppressor

p53 tumor suppressor

PTEN

Her-2/neu (erbB2) – aggressive behavior of tumor

Therapy


Stage I ( modified radical or lumpectomy + radiation +/- hormonal

Stage II ( surgery + adjuvant (hormonal and/or chemo)
Stage III, inflammatory, poor histological features ( chemo/hormonal before surgery

Advanced, metastatic disease ( ~surgery + chemo (definitely)

· Chemotherapy
FAC (5FU, adriamycin, Cytoxan)

AC (adriamycin, Cytoxan)

CMF (Cytoxan, MTX, 5FC)

Paclitaxel (Taxol)

Docetaxel (Taxotere)

Gemzar* (new)

Xeloda (oral 5FU transformed in liver)

· Herceptin (new agent)

Used only in Her-2/Neu (+) cancers (30%)

Used as single agent in chemo-resistant metastatic disease

Combination with chemotherapy in primary or 1st recurrent cancer

Toxicity: cardiomyopathy (do not use with doxorubicin)

· High-dose chemo + autologous bone-marrow (remains controversial)

Surgery
modified radical or lumpectomy both involve axillary node dissection or sentinel node sampling / extensive lymph node resection (levels I, II and III) can lead to massive/chronic lymphedema (20-30% of patients), which can increase relative risk of angiosarcoma (rare to begin with) [dermis] / decision between lumpectomy versus modified radical also depends on exact tumor location in breast and if patient has access to radiation treatments
Hormonal 
given for 5 years (longer has not shown benefit)
Tamoxifen (Noveldex) – acts as E for bone

Raloxifene (Evista) – similar action to Tamoxifen / large scale studies ongoing

Progesterone (Megase)

Aromidase inhibitors – newer, use increasing (exemestane)
Radiation Therapy – takes 6 wks

Used in certain treatment strategies (e.g. after lumpectomy)

Note: small increase in incidence of contralateral breast CA (in very young pts), also increases risk of lung cancer (esp. in smokers), chest wall sarcoma

Prognosis [keep in mind these statistics do not account for newer treatments so real odds  may be higher]

· overall 10 yr survival 50% / stage I – 80% II – 60% III – 20%
·  Estrogen/progesterone receptors increase survival (E+ and E+/P+ tumors respond to hormonal agents/oophorectomy with 70% regression)

Other Women’s Health Issues

Most common cause of death in females: CAD, lung cancer, breast cancer, CVA

Health maintenance > 65 yrs

Pap, lipid panel, mammogram, TSH, UA, r/o glaucoma, osteoporosis screening
Colon Ca: same as for men

Immunizations: Fluvax q yr (> 55 yrs), pneumovax x 1 (65 yrs)

Cardiovascular: “Women’s Healthy Study 2005” to address use of ASA for low-risk pts in MI prevention (did not decrease MI but did decrease CVA)

Pap Smears

need annual initial but after 3 negative annuals, can consider decreasing to every 3 years in low-risk patients / if suspicious findings, repeat in 3-4 months, check HPV DNA typing or colposcopy depending on patient’s specific clinical/history

Incontinence
Diagnosis: in females with long-standing incontinence, may not need workup, but if male or abrupt onset or pain, do cystometrics and/or other workup (cystoscopy) to rule out stones, tumor, infection)
· Stress incontinence (F) ( surgery

· Detrussor overactivity (M/F) ( behavioral first, then if necessary, meds (oxybutynin, tolterodine) but careful not to cause retention, avoid indwelling catheters

· Urge incontinence (M/F) ( behavioral first
· Functional incontinence (M/F) ( behavioral first
· Overflow incontinence (M: obstruction, prostate, M/F: atonic bladder) ( workup/treat
Menopause

always new trends in hormone replacement therapy [NEJM]
Note: 20% of post-menopausal bleeding is endometrial CA

Note: can stay on OCP for birth control needs until age 50-52 then stop for 7 days and measure FSH, if elevated, pt likely menopausal, then pt can decided whether to start HRT or wait (OCP not recommended if pt has side effects or RF’s such as smoking, DVT, heart disease)

PMOF  < 40 yrs (> 54 yrs is late)

Risk factors: decreased adipose (decreased estrone), abrupt failure

Hot flashes result from daily LH surge (lack of negative feedback)

Obstetrics

Drugs that are teratogenic (see pharm)

Ectopic Pregnancy (see other)

Pregnancy and specific diseases

· Thyroid disease and pregnancy (hypothyroidism)

· Liver disease and pregnancy (see below)

· Renal disease and pregnancy
· Diabetes and pregnancy (see below)

Pregnancy helps


SLE, migraines

Pregnancy hurts

Liver disease unique to pregnancy
· Hyperemesis gravidarum (1st)

· Cholestasis (2nd/3rd)

· HELLP (3rd trimester)

· Acute fatty liver of pregnancy (3rd)

prolonged PT (unlike HELLP, not complicated by DIC)


Chronic renal disease and pregnancy

· increased risk of IUGR, prematurity, preeclampsia

· Cr 1.4 – 2.0 ( 2% chance of worsening renal function with pregnancy (30% if Cr > 2)

Diabetes and pregnancy

macrosomia or IUGR / all organs larger (exc. CNS) / increased sub-cutaneous fat / hyperplastic islets, neonate becomes hypoglycemic / clinically reversible, dilated or obstructive cardiomyopathy / increased liver lipid, glycogen increased fetal adrenal cortex, leydig and theca / increased malformations (congenital heart defects) / fetal death 10-30% 


gestational diabetes
screen everyone / dietary measures usu. sufficient for mild gestational diabetes / if cannot maintain < 105 fasting or < 120 2 h postprandial, should use careful insulin (oral hypoglycemics contraindicated) / after pregnancy, must follow for increased risk of eventually developing diabetes

Cortisol and pregnancy [NEJM]
· cortisol is elevated in pregnancy / cortisol levels in 2nd and 3rd trimester may overlap with Cushing’s syndrome
· use metyrapone to suppress cortisol if needed (ketoconazole is teratogenic)

Arrest of Labor

2 hr no dilatation (with adequate contractions: q 2-3 mins lasting 60 seconds or 200 montevideo units)

placenta previa
bleeding ( C-section

stop bleeding < 36 weeks – amnio FLM ( C-section

Male Reproductive System
Penis

Infections

Prostate
BPH, prostate CA
Testes
testicular infection, testicular cancer
Penis


Note: male circumcision shown to reduce risk incidence of HIV by ½ in studies in Africa
Malformations
hypospadias / epyspadias / phimosis (natural stricture) – physiological adhesions usually resolve on their own at an early age / paraphimosis (follows forcible retraction of phimosis) 

Balanoposthitis

inflammation, infection due to phimosis/paraphimosis

Urethritis

Infectious: Neisseria, C. trachomatis, mycoplasm, ureaplasma, T. vaginalis, HSV, coliforms (in anal intercourse)
Autoimmune: Reiter’s, etc.

Other: chemical

Treatment: with negative Neisseria culture or DNA probe, consider NGU and give single-dose azithromycin or 7 day course of doxycycline / also treat partner
Infections

Acute urethritis (presumed infectious)
ceftriaxone 250 mg IM (in order to achieve high enough systemic levels) / regular penicillin 
won’t cut it

Syphilis (see micro)

1) chancre 2) condyloma lata (highly infectious) 3) gummatous

HSV1,2 (see micro)
Lymphogranuloma venereum (LGV) 

Chlamydia trachomatis / very rare in U.S. / more common in Africa, India, SE Asia, Caribbean 

1) Papule – painless, transient

2) Inguinal syndrome – lymphadenitis with bubo (painful, progresses to abscess, ruptures) / fever, malaise, anorexia [Groove sign between matted groups of lymph nodes]

3) Anogenital syndrome – anal pruritis, proctocolitis, rectal stricture, rectovaginal fistula, genital ulcer, elephantiasis

Treatment: azythromycin, doxycycline 100 mg PO bid for 21 days
Granuloma inguinale (Donavanosis) 


Calymmatobacterium donovani / extremely rare in US / more in Caribbean, Africa, Australia
Micro: GNR, encapsulated, intracellular / cannot be cultured on solid media

Diagnosis: donovan bodies (large histiocytes, dark inclusions) 
Transmission: may be transmitted by fecal-oral as well as sexually

Presentation: firm, clean, painless, papule(s) that ulcerates with pseudo-bubo formation / genital swelling may occur (pseudoelephantiasis)
Treatment: azythromycin, doxycycline, bactrim, chloramphenicol
Chancroid

H. ducreyi / common outside US

Presentation: painful, demarcated, non-indurated ulcer (often multiple, extragenital 
lesions) / often with painful, inguinal lymphadenopathy / can form large ulcer if left 
untreated
Diagnosis: culture difficult (transport swab in Amies, Stuart, chocolate agar) / gram stain:

gram negative “school of fish” 

Treatment: ceftriaxone, azithromycin, erythromycin, ciprofloxacin, bactrim / treat partner
Warts 
Common warts (verruca vulgaris) [pic][dermis]
Condyloma acuminatum (see other)

HPV 6, 11 / benign / koilocytes

Giant condyloma (Buschke-Lowenstein tumor or verrucous carcinoma)


HPV 6, 11 / diagnosis: endophytic (invasive) growth w/ lack of normal vessels


Treatment: excise, (do NOT irradiate)
Carcinoma In Situ (CIS)
Bowen’s disease [pic][dermis]

> 35 both sexes / plaque / 10% progress to squamous carcinoma

Erythroplasia of Queyrat


plaque on glans/foreskin / 10% progress to squamous carcinoma

Bowenoid papulosis

younger / multiple papules / mistaken for condyloma acuminatum

Squamous cell carcinoma of penis


usually glans / lymphatic spread / exophytic (better prognosis)
Risk factors: lack of circumcision / poor hygiene / phimosis / HPV 16,18 / UV light


Treatment:  surgical, radiation, ?chemotherapy 


Squamous cell carcinoma of inguinal lymph nodes


Regional radiation therapy is curative in up to 5% / chemo not generally useful

Prostate

Bacterial prostatitis

(1) ascending urethral infection
(2) reflux of infected urine into prostatic ducts entering into the posterior urethra
(3) invasion of colonic bacteria through direct extension or lymphatic spread
(4) hematogenous seeding 

Organisms: E. coli, GNR, Pseudomonas, Proteus, Klebsiella, S. aureus, coagulase-negative Staphyloccocus

Acute bacterial prostatitis

fever, chills, dysuria / UTI organisms / do not express prostatic secretions (risk of 
bacteremia) / urine culture usu. positive / fast response to IV antibiotics (treat 4 weeks)

Chronic bacterial prostatitis

WBC’s in secretions / diagnosed by quantitative bacterial localization cultures (3 cultures, 
1st 10 ml, 2nd 10 ml, post-DRE 10ml, which it the EPS sample) / may require 1-2 months 
abx / TURPS in refractory cases, but relapse is common if infection not completely cleared

Chronic abacterial prostatitis


most common prostatitis / NO Hx of UTI / high WBC, negative culture / low back pain

chlamydia (current thinking actually is that chlamydia does not play much role in 
prostatitis), ?ureaplasma / fungal, anaerobes, RPR, viral / can get chemical prostatitis from 
urethral spasm and reflux / alpha-adrenergic blockers can sometimes help with voiding

Granulomatous prostatitis



foreign body reaction to extravasated secretions / hard nodule / may resemble carcinoma

Tuberculous prostatitis



systemic Tb / may follow BCG immunotherapy for bladder Ca (PSA will return to normal)

Benign prostatic hyperplasia (BPH) 



NOT PRE-MALIGNANT

occurs 10 yrs earlier in blacks 

Symptoms: urinary retention, control / urinary tract infection, prostatitis 

Complications: may lead to bladder SMC hypertrophy, diverticulum

Pathology: transition zone and periurethral glands / 2 cell layers is a good sign

Treatment: 

· Medical: a-1 blockers reduce smooth muscle contraction (more immediate benefit with smaller 

prostates) / finasteride (Proscar) blocks conversion of testosterone to DHT (prostatic 

hypertrophy and male pattern hair loss)

· Surgical (no longer 1st line): TURP (prostatectomy) / ? laser and cryoablation

Prostate Cancer

most common cancer in males / 2nd leading cause of cancer death in males / incidence increasing in U.S.
Presentation: presents late in its course (elevated PSA + urinary symptoms is 60% chance of

prostate cancer; 16% of cases have elevated PSA as only symptom) / usu. posterior peripheral zone, prominent nucleoli

Course: prostate intra-epithelial neoplasia (PIN) precedes CA by > 10 yrs  / wide-spectrum of aggressivity / secretory (androgen-dependent growth/receptors synthesize PSA)
· Blacks – early, high grade

· White – middle onset, variable aggresivity

· Asian – later onset, less aggressive (more dietary)

Diagnosis: 
· PSA > 3 ng/ml over age 40 (repeat test x 1) / 4.0 to 10.0 ( marginal level (25% chance of malignancy), but must chart over time, because 2 is moving up the curve already / 26-68% newly diagnosed have proven extra-prostate mets / free PSA can help for marginal total PSA (high free fraction is good because it could mean the high total was misleading due to nature of assay)

· Bone scan: osteoblastic activity well seen (unlike myeloma and sometimes thyroid, renal mets which are osteolytic and do not take up tracer)

· MRI if trying to assess resectability

Staging: Gleason’s grading system
sum of 1st and 2nd most predominant architectural pattern / 2-10 (over 5-6, aggressive) 

Stage A (not palpable) 


Stage B (palpable)


note: A2 may have worse prognosis than B1

Stage C (extra-prostatic)

most patients present with stage C or D

Stage D (distant mets)

Prevention
yearly DRE and PSA screening > 50 yrs (blacks > 40 yrs) / if value increased > 20% in 1 yr (considered positive PSA test ( consider biopsy)
Treatment: (A or B) surgery, radiation / (C or D) hormonal manipulation

· radical retropubic prostatectomy (may be curative in early stage; impotence, incontinence may result, but sometimes function returns over 4-6 months)

· radiation therapy another option / PSA levels slowly decline after (side effects occur late)

· LHRH (GnRH) agonist (goserelin, buserelin leuprolide) ( most efficacious (1st line)

· antiandrogen (flutamide) ( not quite as efficacious, does not cause impotence

· combination LHRH + anti-androgen ( more side effects (impotence), only very slight 

increase in 5 yr survival / total blockade used for months before surgery

· orchiectomy ( works but most men don’t want this

· adrenalectomy ( ?

· DES (estrogen) ( efficacious but increased MI, thrombosis 

· chemotherapy ( no increased survival has been shown (this may have changed since ‘06)
Testes 







[Ddx of small testes]

Cryptorchidism

¼ bilateral / contralateral, descended testis may show changes / XXY / seen by age 2 


low germ cell development / hyalinization of seminiferous tubule BM / interstitial fibrosis 

Treatment: scrotal placement < 2 yrs (sterility may ensue if not corrected before age 5) / resection to prevent CA

Leydig cell hyperplasia  


Symptoms: inguinal hernias / orchiopexy may prevent infertility, but not neoplasm risk

Testicular Torsion 

Mechanism: arteries usually patent / hemorrhagic or anemic infarction / structural cause (incomplete descension (high attachment of tunica vaginalis), absence of scrotal ligaments, testicular atrophy)

Presentation: high riding, swollen, painful, horizontal

Diagnosis: U/S to assess doppler flow / CRP/ESR levels
Ddx: advanced epididymitis (torsion of epididymis)

Treatment: orchiopexy (unsalvageable after 6 hrs) / fix other side too (it may happen there)

Tunica vaginalis lesions


hydrocoele (incomplete closure of tunica vaginalis)


hematocoele


chylocoele


varicoele (18% normal males on L or bilateral pampiniphorm plexus issue)

spermatocoele (semen fills duct)

Testicular infectious disease

pediatrics 
GNR associated with malformations

under 35  
C. trachomatis, N. gonorrhea
over 35
E. Coli, Pseudomonas
granulomatous orchitis


rare, unilateral enlargement / acute, fever, tender / autoimmune / plasma cells (occasional
neutrophil) surrounded by rim of lymphocytes, fibroblasts

mumps


20% result in orchitis (may be bilateral) / usu. > 10 yrs old / 70% unilateral / usu. 1wk after


parotitis / mononuclear infiltrate - interstitial, patchy / usually does not cause sterility

tuberculosis


epididymis first, then testis / TB = testicular artery?

syphilis


testis first, then epididymis / sterility occurs secondary to obliterative endarteritis

Testicular cancer

Germ cell tumors (GCT)
Seminomatous (SGCT)


seminoma
spermatocytic seminoma
         
Non-seminomatous (NSGCT) 

embryonal carcinoma
yolk sac tumor
choriocarcinoma
teratoma
Non germ cell tumors



Leydig cell tumor, Sertoli cell tumor
Mixed cell tumors

Testicular lymphoma
General Notes

Presentation: painless mass (most solid testicular masses are malignant), dull ache or active pain (in 10% of cases) from hemorrhage into mass or associated epididymitis
Ddx: hydrocoele, spermatocoele, inguinal hernia, epididymitis, orchitis, trauma, epidermoid cyst, benign tumor

Diagnosis: transillumination (then ultrasound) to distinguish solid from cystic; hCG, aFP are measured only after confirming solid mass; if diagnosed, must assess peri-aortic lymph nodes by CT/MRI (drainage to periaortic nodes and not inguinal nodes) (scan abdomen, pelvis and chest)
Treatment: radiation, chemotherapy, resection

· post-chemotherapy leukemia relative risk at 5 yrs (15-25%), which equals absolute risk of 0.5%

· treatment-related solid tumors are radiation-related occurring in bladder, pancreas, stomach with latency of ~10 yrs 

Germ cell tumors (95%)

- peak incidence 15 - 34 yrs / preceded by intratubal germ cell neoplasia 

Seminomatous (50%)
· seminomas vs. non-seminomatous GCTs

· remain localized

· mets via lymphatics first (?then hematogenous to lung)
· relatively radiosensitive
· usu. have normal tumor markers (hCG and/or aFP elevated in 75% NSGCTs)

Seminoma


most common / 40s / large cells, clear cytoplasm, distinct cell membranes, septated architecture, septal lymphocytic infiltrate


Spermatocytic seminoma ( - worse prognosis
rare / 60s / indolent / smaller cells and larger seminoma cells / lack of 
lymphocytes / more mitoses

Non-seminomatous (NSGCT) (50%)
· typical treatment regimen might include cisplatin, etoposide, bleomycin or VBP (vincristine, bleomycin, cisplatinum)

· decision whether or not to do RPLND (retroperitoneal lymph node dissection to look for mets); depends on stage and other factors [NEJM] 

· high hCG, aFP or LDH > 10x normal confers worse prognosis (still can have 50% cure rate) / half-life of aFP is 6 days, β-HCG is 1 day (both markers should be followed with treatment as levels may decrease differently because of production by different populations of tumor cells)
· relapse for stage I 20-30% (usu. < 2 yrs, rare after 5 yrs) but still 98% eventually cured

Embryonal carcinoma (15%)

20s / aggressive / variable pattern (alveolar, tubular, glandular) / nodules separated 

by slits / most common testicular tumor in infants and children


intra/extracellular globules with aFP and a1-AT (Schiller-Duval bodies)

Choriocarcinoma (<1%)

cyto/syncitiotrophoblastic cells / very aggressive (lymphatic spread) / produce hCG 
Rx: MTX
Teratomas (see other) (3-5%)
Mixed NSGCT (35%)

1st - teratoma, embryonal carcinoma, yolk sac tumor w/ hCG syncitiotrophoblast

2nd - “teratocarcinoma” is a teratoma and embryonal carcinoma

3rd - seminoma, embryonal carcinoma

Non-germ cell tumors  (5-10%) (sex-cord stromal tumors)
usually benign, may elaborate steroids 

Presentation: testicular mass, impotence, gynecomastia, precocious puberty

Leydig cell tumor (interstitial)

/ 10% invade / contain lipochrome pigment, lipid droplets, Reinke crystalloids (needle-like)

Sertoli cell tumor (androblastoma)


recapitulate seminiferous tubules / may secrete hormones (ABP) / 10% invasive

Testicular lymphoma
most common in > 60yrs / diffuse large cell lymphoma

Bladder Cancer

General
90% transitional cell / squamous, adenocarcinoma
Risk factors: males 3x > females / smoking ↑ 2-4x / chronic cyclophosphamide, external beam radiation, aniline dyes, schistosomiasis
Presentation: hematuria, UTI

Diagnosis: urine cytology, cystoscopy

Treatment: resection and chemotherapy (even for local disease!) / BCG vaccine used as intravesicle treatment
Transitional cell carcinoma

invades by extension - many carcinogenic causes - usually papillary

grade - cytology / stage - invasion (inner third of muscle is still safe)

smoking is a risk factor


Treatment: ?resection, chemo

Transitional cell papilloma

seven or fewer layers

Squamous cell carcinoma of the bladder

associated with schistosomiasis (haematobium)

Adenocarcinoma of the bladder

Cystitis glandularis

may resemble adenocarcinoma

Malakoplakia

inflammatory pattern showing michaelis-gutmann bodies (calcified nodules)

Developmental / Pediatrics





[Pediatric Infectious Disease] [vaccination] [Fluid Maintenance]

Teratogenesis
Maternal environment / normal morphogenesis / disrupted development


Pulmonary


lung malformations, neonatal lung

Heme



hyperbilirubinemia, ABO incompatibility
GI 
Liver
Congenital Heart Disease
Bone



Juvenile RA
Derm 



atopic dermatitis, seborrheic dermatitis, miliaria rubra 

Neuro



NEC, PVLM

Childhood Tumors
histiocytoses, renal tumors, neural tumors, other tumors
Genetic Syndromes
Down’s, Turner’s, etc.

Metabolic Disorders 


Amino acids



Homocystinuria, PKU, porphyria
Other enzyme deficiencies
Lysosomal storage disorders
Mucopolysaccharidoses

Hurler, Schei, Hunter
Glycogen storage disorders



hepatic hypoglycemia 
Von Gierke’s, Pompe’s
muscle energy disorders
McArdle’s
Fetal Immune System
Teratogenesis (see pharm) 
1-2% live births have obvious congenital malformations (suspected 10%) / account for 30-40% hospitalizations 

organogenesis 14-56 days, after which teratogens cause deformation, retardation

rubella – 1st trimester

DES - vaginal glands, clear cell carcinoma

AD - Marfan’s / neurofibromatosis

AR - errors of metabolism

XLR - imperforate anus / congenital cataract

multifactorial (gen/env) - cleft lip / pyloric stenosis

Maternal Environment

transplacental - rubella, coxsackie, hepatitis, HSV, CMV, toxoplasmosis, other (malaria, listeria)

delivery - HSV, syphilis, Group B Streptococcus

perinatal:  low virulence (E. Coli, Aerobacter, Alcaligenes, Proteus, Group B strep)

chorioamnionitis: ascending infection

fetus swallows maternal PMN’s

villitis: transplacental (may be asymptomatic)

funisitis: inflammation of umbilical cord

nutrition:  malnutrition, obesity / endocrine: DM, hyperthyroid 

blood dyscrasias: hypochromic anemia (prematurity) / sickle cell / ITP

early abortion:  chromosome anomaly, cytotoxic (UV, methotrexate), implantation error, trauma

placenta previa: low implantation site over cervix

placenta accreta: absent decidua basalis, villi enter myometrium

placenta abruptio: separation of placenta from uterus

bilobate (succenturiate) placenta:

marginal (Battledore) insertion: 1 in 5  / usu. asymptomatic

velamentous insertion: placenta in membranes / bleeding risk at delivery

single umbilical artery: 1/4 to ½ with malformations

placenta extrachorialis: membranes insert on fetus rather than margins

amnion nodosum: oligohydramnios causes squamous cell aggregates on fetal skin

amniotic bands: adhere to fetus / compress, constrict

IUGR:  occurs with > 15% placental infarction

Pre-eclampsia

(see DIC)

twins: 1/80

1/3 are monozygotic, 2/3 are dizygotic

twin transfusion syndrome / fetus papyraceous

Normal Morphogenesis

embryo: up to 8 wks <30 mm

lungs: embryonic 3-6 / pseudoglandular 6 - 16 / canalicular 16 - 24 / terminal sac 24 - / alveolar 40

kidneys: EC “cap” persists over glomeruli for 18-24 months postnatally

liver: extramedullary hematopoeisis up to 14 days after birth

lymph: primary follicles at 24 wks / germinal centers 4-6 wks after birth

adrenals: large fetal cortex involutes at birth (produces DHEA precursor for placental estriol E-3)

full term: 38-43 wks / 48 cm / 3200g

prematurity: <37 wks gestation / <26 wks marginally viable / 7.5% of births / 64% neonatal death 

type 1 IUGR:  symmetric / fetal abnormality

type 2 IUGR:  asymmetrical with CNS sparing / maternal and placental abnormality 

Disrupted Development

highest susceptibility 14 - 56 days

dive reflex - pulmonary artery constriction to preserve brain perfusion

RF: prematurity, DM, twins, C-section

HMD (lack of surfactant) occurs at 4 hours / surfactant by 28 wks

vascular spasm causes underperfusion / ischemia causes transudation / fluid and hyaline block respiration

BPD follows barotrauma and high oxygen therapy results in retrolental fibroplasia 

Pulmonary Disease in Infants/Children

Stages of Neonatal Lung Development

· embryonic 3-6 wks

· pseudoglandular 6 - 16  - cartilage, cilia, goblet cells, glands

· canalicular 16 - 28 - acinae, septa, type I and II pneumocytes

· terminal sac

· saccular 28 - 34 - surfactant
· alveolar 40 - 2 yrs

Respiratory Distress Syndrome

Prematurity


PDA – pulmonary edema – capillary leak (see cardiac)


surfactant deficiency - 


immature lung structure

Surfactant – phosphatidylcholine (lecithin) 70%, phosphatidylglycerol 10%, phosphatidylethanolamine 5%, sphingomyelin 2%, other 3%, proteins 5%, SP A-D 5%

Presentation: tachypnea, nasal flaring, subcostal and intercostal retractions, expiratory grunt, cyanosis, diminished air entry

CXR: symmetric, homogeneous, ground glass appearance (not well aerated) – also decreased pneumothorax mortality

Diagnosis: evidence of prematurity, signs and lab, other causes (group B streptococcus), radiologic evidence of HMD (reticulo-granular pattern, air bronchograms [because collapsed lung tissue allows dark bronchi to be seen])

Complications: ICH, PDA, BPD, ROP, Secondary infection, Rupture of Lungs

Treatment: supportive care: O2 and/or ventilation, intubation

Drug therapy: 

· natural surfactant from cow’s lungs - human amniotic fluid (not practical, requires 10 C-sections to get one therapy), alveolar washing and lung extracts from cows, pigs, etc.

· synthetic surfactant (no protein) used to tremendous success, 30% decrease in mortality, 1% decreased in overall infant mortality in US)

Prevention: distributes better in liquid interface, may treat when not necessary (40%) (one study shows advantage to prevention therapy before 26 weeks gestation)

Congenital Malformations of the Lungs

Hypoplastic lung 


compression, oligohydramnios, obstruction, vascular, CNS

Brachial plexus injury, phrenic nerve injury

One lung is small on CXR because diaphragm is not functional
Pulmonary sequestration

acessory lung



blood supply systemic, not pulmonary artery

extralobar sequestration 
mass of lung separated, systemic blood supply, diaphragmatic  hernia (left)

intralobar sequestration 
more common / systemic blood supply / posterior-basal lung 






cystic or solid inflammation

bronchial connection to foregut 
predisposes to infection

Cystic disease

bronchogenic
lymphangiectasis


may accompany HMD / venous return obstruction / Turner’s syndrome

cystic adenomatoid malformation

gastric epithelium (type 1) / unilobar / associated with heart and kidney malformations / prematurity / type 3 is fatal

congenital lobar emphysema


hyperexpansion due to bronchus collapse / unilobar / normal septa (not true emphysema)
Neonatal Pulmonary Disease

Hyaline membrane disease

insulin retards surfactant production / thyroxine, glucocorticoids promote surfactant / appears after 4 hours of life / macrophages present after 24 hrs.

Bronchopulmonary Dysplasia BPD 

artificial ventilation, oxygen therapy - may lead to cor pulmonale

Stage 1  (2-3 days)  - acute, exudative / hyaline membranes, atelectasis, lymphatic dilatation

Stage 2 (4-10 days) - regeneration / necrosis, repair, hyperaeration

Stage 3 (10-20days) - transition / bronchiolitis obliterans, histiocytes

Stage 4 (1 month)    - honeycombing, peribronchial muscle hypertrophy, squamous metaplasia
Pneumonia (see other)


true pneumonia (fibrinopurulent, hyaline exudate) v. aspiration of maternal WBC’s 

Meconium aspiration

intrauterine distress causes excess meconium release into amniotic sac

marked abnormalities and other complications as in BPD
Hx: term or post-term, asphyxia

CXR: hyperinflation (lowered diaphragm), clumpy distribution of lung abnormalities

Treatment: mechanical ventilation, lavage techniques being investigated

Sudden Infant Death Syndrome (SIDS)

URI? / 2/1000 leading COD in infants 1 mo to 1 year

chronic hypoxia? / sleep apnea? / 

Reduce risk by sleeping in prone position

Pediatric Hematologic

Apt test – distinguishes fetal from maternal blood – useful in situations like vasa previa

Hyperbilirubinemia
Physiologic jaundice

physiologic jaundice occurs day 3-4 / 8-10mg/dL

2.5 kg infants – 6% have level above ?

12.9 mg/dl –– peak 4th day – cephalopedal progression / increased production, higher hematocrit (40-60 normal), decreased red cell survival (80 days), decreased ligandin, decreased glucoronyl transferase, decreases EH circulation

Asian >> Caucasian >> black 

breastfeed > formula

males >> females

premature >> term

diabetic mother

Pathological jaundice



Definitions:
clinical jaundice in 1st 24 hours

total bilirubin level rate of rise > 5 mg/dl/day

total serum bilirubin > 13 mg in term infant

direct serum bilirubin > 2 mg/dl at any time

clinical jaundice for > 1-2 weeks in a term infant

Mechanism: glucuronide transferase activity- adequate after several days / pregnanediol in mother’s milk inhibits conjugation

Causes: 

· excessive RBC breakdown (e.g. sepsis, erythroblastosis)


· defects in uptake (galactosemia, tyrosinemia, hypo/hyperpituitary, breast milk jaundice, prematurity

Presentation: 

Early: lethargy, poor feeding, loss of Moro reflex (usu. present to 6 months)

Later: rigidity, opisthotonos, cry, choreoathetosis, more

Course: 50% mortality, 80% of survivors with neurological sequelae (kernicterus - bile staining of CNS gray matter)

Treatment: phototherapy, hydration (not too much), exchange transfusion, phenobarbital?, albumin?

Photoisomerization 

(blue light range) changes ZZ to ZE, which is excreted into bile

Also converted to lumirubin, which is excreted into the urine

Efficiency based on skin exposure, 15-20 cm from baby, eyes patched, turned frequently, bili blankets use fiberoptics and may increase the exposed surface area

Exchange transfusion

double volume exchange done through the umbilical vein and artery, infection, 

hypocalcemia, hyperkalemia
Conjugated Hyperbilirubinemia

Diagnosis: LFT, liver ultrasound, bacterial and viral cultures, HIDA scan (biliary atresia, HIDA won’t be excreted into intestine)

More on Bilirubin Metabolism

unconjugated – indirect, lipid soluble

conjugated – direct, water soluble

Physiologic Jaundice

late onset breast milk jaundice

elevated 1st week

10-30 mg/dl by 10-15 days, continues for 3-12 weeks, levels normalize 48 hrs stopping breast feeding / can occur early – possibly related to dehydration

ABO incompatibility (see transfusion medicine)
most common hemolytic disease of newborn (HDN)

Most infants have only mild jaundice, observe for late onset of anemia

Some develop hyperbilirubinemia and require phototherapy

exchange transfusion is needed only occasionally

AO is the most common form

Rh incompatibility


Mild – phototherapy

Moderate – exchange transfusion

Anti-D globulin (RhoGAM), given at 28 weeks and at birth if infant is Rh+

· Given to Rh- women who have miscarriages, abortions 
· Kleihauer-Betke test measures amount of fetal Hb in mother [wiki]
· 1 ml can eliminate 10 ml of antigenic fetal cells

Congenital Disorders of Bilirubin Metabolism

Crigler-Najjar – infant death 
absent UDP-glucuronide transferase / unconjugated hyperbilirubinemia / jaundice, kernicterus
Gilbert’s disease



milder form / unconjugated hyperbilirubinemia / Ddx: hemolysis

Treatment: plasmapheresis, phototherapy

Dubin-Johnson


conjugated bilirubinemia, defective secretion of bile / black liver, obstruction 

Rotor’s syndrome
milder form

Pediatric GI







Necrotizing enterocolopathy (NEC)


80% are premature / susceptibility requires GI colonization

dive reflex lowers perfusion, lowers mucous / enzymes degrade, bacteria invade / perforation / DIC follows necrosis / fibrin covers perforation / pneumatosis intestinalis / multiple segments / reepithelialization 3 days / granulation 8-9 days / scar formation 6 months
Tracheoesophageal fistula (1/1000)


90% esophageal atresia w/ tracheal-lower esophageal fistula / H-type compatible w/ life 


50% have associated malformations

Hypertrophic pyloric stenosis (1/1000)


2-3 wks onset / 80% males / 1/3 first born / 10% associated malformations

Cleft palate
children with cleft palate or submucosal cleft palate should not have adenectomy because the adenoids help close of nasopharynx during speech

Duodenal 

associated malformations / Down’s syndrome

Jejunum/Ileum 

associated malformations rare / hydramnios / ischemia / acquired in utero / idiopathic < 2yrs old

Congenital Malrotations
associated with Ladd’s bands (cecum to ULQ, obstruct duodenum) / most cases present with vomiting in first few weeks (can be months, rarely up to 1 year) from Ladd’s band or midgut volvulus / a few remain asymptomatic / all infants with bilious vomiting are malrotation until proven otherwise
Congenital annular pancreas

most commonly presents with vomiting from duodenal obstruction

Meckel’s diverticulum (1/50) rule of 2’s

50% are gastric epithelium (can be other type) / males > female / 40-90 cm (2 feet) proximal to ileocecal valve on antimesenteric side / remnant of vitelline duct /  2% incidence (90%  asymptomatic)

fixed duct ( volvulus

inverted ( lead point intussusception

Imaging: pertechnetate Tc-99 scan for gastric mucosal /barium may be useful

Complications: bleeding (50%, ulceration from acid), obstruction (25%), intussusception, volvulus, incarceration), perforation (20%)

Presentation: bleeding (1st LGI bleed in < 2 yrs), obstruction / may present w/ granuloma at umbilicus / associated malformations?

Ddx: celiac disease, others

Treatment: resection

Hirschprung’s (megacolon)






 
1 in 5000, 4:1 males

aganglionosis with hypertrophy of muscularis occurring in rectum (26%), sigmoid (53%), descending colon (10%) / dilatation of proximal segment / how far did the neurons not get?

meconium plug syndrome (not that common) – liberated by barium enema? - 

20-25% of neonatal obstructions

trisomy 21 / 2.5% w/ megaloureters

Presentation: FTT, constipation, distention, vomiting, perforation, enterocolitis / 70% 0-3 months / 10% 4-12 months 17% 1-5 yrs

enterocolitis has a 30% mortality; 20-30% of mortality? is GN sepsis (rarely over 2 yrs old, 2/3 under 3 months), 50% pseudomembranous – (maybe C. difficile, other normal flora in many cases)

Diagnosis: 

1. barium enema (send to pediatric radiologists)

2. anorectal manometry

3. suction biopsy (sub-mucosal plexus, 3-4 cm proximal to pectinate line, don’t do it too distally)

4. full thickness biopsy (myenteric plexus, again use experienced pediatric pathologist, ganglion cells, nerve trunks, etc.)

Acquired megacolon


Chagas disease - trypanosomes destroy plexi


obstruction -neoplasm or inflammatory stricture


toxic megacolon - ulcerative colitis or Crohn’s disease


psychosomatic disorder

?idiopathic megacolon – common – onset 2-3 yrs – fecal soiling (never in HD) - even from 0-12 yrs age – abdominal distension rare – infrequent, hard stools

cholase DOES NOT really work for constipation

the case against mineral oil – pt’s don’t like leaking, staining clothes

stimulant cathartics are not recommended for long term use

Lactulose – stool softener / biofeedback has similar success (more cumbersome therapy)

Encoprosis (very common)

Atresia and stenosis

duodenum (most common) / atresia more than stenosis / double-bubble (air in proximal duodenum and stomach, associated with Down’s)

Congenital diaphragmatic hernia
usually occurs on left, posterolateral defect (foramen of Bochdalek) / heart pushed to the right side / unilateral pulmonary hypoplasia other malformations  / eventration (elevated diaphragm with attenuated muscle) / scaphoid abdomen / 100% mortality if left untreated

Omphalocele
Membrane covering / larger defect, may contain liver / associated abnormalities in 50% (pentalogy of Cantrell: diaphragmatic hernia, cardiac, omphalocele, pericardial defect, sternal cleft) / 1 in 5000 

Treatment: fluids, antibiotics, surgery

Gastroschisis
No membrane covering, thickened bowel / R > L (of cord) / 2-4 cm / less common than 

omphalocele, intestinal atresia in 10-15% (but no other associations)  / complications: hypothermia, 

hypovolemia, sepsis, metabolic acidosis, NEC, prolonged ileus

Treatment: similar to omphalocele (90% survival)

Pediatric Liver Disease (see liver)
Neonatal hepatitis - good prognosis

most common cause of infantile cholestasis / giant cell transformation 

Extrahepatic biliary atresia

fibrosis obliterates bile ducts / bile duct proliferation / biliary cirrhosis w/ remaining parenchyma susceptible to ischemia / Treatment: Kasai procedure, liver transplant
Alpha-1-antitrypsin deficiency

PiMM is normal genotype / PiS and Piz abnormal / emphysema in adults / chronic liver disease in children / portal hypertension, cirrhosis (50%) / PAS positive globules in periportal hepatocytes

Treatment: liver transplantation

Tyrosinemia

fumarylacetoacetate hydrolase def. / death < 1 (acute) <10 (chronic) / fatty change


Treatment: transplant

Hemochromatosis (neonatal)


iron overload / liver fibrosis / central vein necrosis / early death / Treatment: transplant

Other Causes of Cholestasis
Alagille’s syndrome (paucity of ducts) / Byler’s disease / Caroli’s disease / errors of metabolism


Congenital Heart Disease

ASD, VSD, TOF, transposition, AV valve malformations, PDA, coarctation, 

Genetic Syndromes

Down’s, Turner’s, Edward’s, Marfan’s, Prader-Willi, congenital deafness, JLN, William’s
1 in 50 births / ¼ of all major malformations 



1) VSD 

2) HLH

3) TOF


there are some lesion that are difficult to detect by fetal echo, such as small to moderate size VSD’s, coarctation, minor valve abnormalities, and of course, persistence of an ASD or a PDA (can be diagnosed after the baby is born)

ASD
· Ostium secundum (most common) / Lutembacher’s – secundum defect and acquired MS

· Ostium primum defect – endocardial cushion / MR

· Sinus venosus (2-3%)

Usually asymptomatic until 40s / DOE, RHF, pulmonary HTN (50% over 40 yrs)

Complications: MR, MS, paradoxical embolism, 

Findings: wide fixed (or not), split S2, incomplete RBB on ECG (rSr or rsR)

Treatment: surgical correction (risk 1-3%) or catheter based insertion of corrective device / treatment is recommended even in patients from time of diagnosis to over 60 yrs 

VSD
Infracristal (80%) - 4 other defects

Supracristal - truncus arteriosis

Single ventricle - transposition of great arteries

Course: may close spontaneously before < 10 yrs / L to R shunt with Qp:Qs > 1.5 will cause problems

Findings: loud pansystolic murmur and/or systolic thrill on LLS border, increased pulmonary arterial pressure, PaO2 from RA to RV increases from 60 to 80 mm Hg / S2 splitting?

Treatment: 
· afterload reduction (nitrates, intra-aortic balloon counterpulsation)

· repair VSD at earliest sign of heart failure (urgent)

Small shunt ( usually do not repair small defects / small minority can develop TR/AR 

Moderate shunt ( catheterization for evaluation and surgical or balloon repair / post-repair residual patency rate (20%), re-operation rate (5%), RBB (30-60%), heart block (10%), SCD (2%)

Eisenmenger’s syndrome

may occur from ASD > VSD or aortopulmonary shunt / progressive increase in pulmonary vascular resistance leads to reversal of shunting / leads to progressive AR from prolapse of aortic valve leaflet / no longer candidates for surgery, so no need for invasive studies / clubbing in toes > left arm > right arm



Ddx (for cyanosis): Ebstein’s anomaly, TOF, truncus arteriosis
Truncus Malformations 






Tetralogy of Fallot (TOF)

1. Dextroposition of aorta (overriding aorta)

2. right ventricular hypertrophy (RVH)

3. pulmonary valve stenosis

4. infracristal VSD

cyanosis within 1 day, may be late in TOF (mild case may present up to 2 yrs old)

RV tap +/- thrill

loud & single S2, +/- murmur

EKG shows RAD + RVH (? LVH in pulmonary artery)

CXR – boot-shaped heart

Echocardiogram - ?

TOF hypoxic spells (blue or tet spells)

precipitating causes: bowel movement, crying with hunger, finger stick, etc

leads to irritability, loss of consciousness, acidosis, tachypnea, air hunger, increasing cyanosis

Treatment: rest, oxygen, knee-chest position (squatting), morphine, bicarbonate, beta-blockers, general anesthesia, emergency shunt (thought to increase systemic resistance and decrease R-L shunting)

Treatment:

Treat hypoxic spells  (above), PGE1 (opens ductus arteriosis), balloon atrial septostomy

surgery – switch (RV is not capable, long term develops aortic insufficiency)

venous – mustard or senning

arterial – before 2-3 weeks of life

Must increase blood flow to lungs!

· before 6 months – systemic (aorta or subclavian if older) to pulmonary artery shunt (Blalock-Taussig or modification, Waterston-Cooley or modification, Pott’s)

· after 6 months - corrective surgery (switch has been done 15-18 yrs, so far with good success?)

Truncus Arteriosus

supracristal VSD / single artery to aorta, lungs / pulmonary HT / death < 1yr

Transposition of Great Arteries 

incompatible with life in absence of communication

TGA + Intact ventricular septum
male predominance, h/o diabetes, newborn cyanosis

TGA + defective septum

cyanotic at one month?

AV, Semilunar Valve malformations

Endocardial cushion defect

(foramen primum, VSD, etc.) / Trisomy 21 (Down’s)

Endocardial fibroelastosis

usually causes CHF in 1st year of life

Tricuspid valve atresia 

all have ASD

Presentation: cyanosis or heart failure, overactive cardiac impulse, holosystolic murmur
CXR shows prominent RAD, ?EKG RAE, LAD + LVH

Treatment: PGE1, decongestive therapy, balloon atrial septostomy, SHUNT, BT 

SVC to pulmonary artery shunt

At 3-4 months, bi-directional Glenn – bring SVC blood into pulmonary arteries

At 4-6 months – Fontan procedure - bring IVC blood into pulmonary arteries

Ebstein’s anomaly
Downward displacement of tricuspid (lithium)

ECG: peaked P waves, wide, bizarre QRS

Findings: pre-excitation (20%), SVT, Afib/flutter (30-40%)

Pulmonary valve stenosis ( CHF

Pulmonary valve atresia – death w/out shunt

Mitral valve atresia – hypoplastic LV - fatal

Aortic valve atresia – same

Patent Ductus (PDA)

Findings: Continuous murmur from L-R shunt (1st or 2nd left ICS), systolic murmur from high pulmonary vascular resistance, widened pulse pressure

ECG: LA enlargement and LVH / prolonged PR in 20%

CXR: calcification at PDA, dilated ascending aorta and pulmonary artery, LA/LV enlargement

Course: 1/3 die from infective endocarditis (0.45%/yr after 20 yrs) / 2/3 die by age 60 yrs / causes congestive heart failure in premature infants

Treatment: closure recommended even for small defects / surgery or catheter-implanted Rashkind prosthesis (residual shunt rate < 10% at 3 yrs) / 5% develop Eisenmenger’s (operation not recommended)

Coronary arteries

- origin from pulmonary artery - angina, MI sooner or later

- fistula from coronary artery to right ventricle - L-R, R-L shunt

anomalies of aortic arch

ductus arteriosus

aortic arch obstruction

hypoplasia or interruption is associated with other intracardiac defects

Coarctation of the aorta (localized) 

7% of cardiac malformations / men 2x > women / most common distal to origin of left subclavian / lower incidence of associated intracardiac defects (mostly: gonadal dysgenesis/Turner’s and bicuspid aortic valve and also: aberrant subclavian artery, PDA, VSD, parachute mitral valve, berry aneurysm)

Presentation: HTN in upper body, epistaxis, leg claudication

Findings: LVH, enlarged collateral vessels in upper body, reduced development of lower limbs; may be no murmur or midsystolic murmur over anterior chest and back
Diagnosis: clinical or TEE or CT/MRI of chest

Course: leads to CHF early (3-6 months) or late (adulthood) / made worse when ductus closes

anomalous venous connection

-many types

TAPVR (with and without obstruction)

With obstruction will produce pulmonary congestion with reticular pattern on CXR

Will be benefit from balloon opening an ASD to allow mixing? 

Pediatric Neuro

Intraventricular (germinal matrix) hemorrhage

terminal veins subject to anoxia (or pressure ?) and rupture into ventricles


Grade I - IV (IV involves cerebral parenchyma) / associated with RDS

Periventricular leukomalacia

hypoxic-ischemic injury / coagulation, liquefactive necrosis of white matter / effects full-term too

Childhood Tumors

Unsorted:

1) leukemia
2) CNS 

3) lymphoma (Hodgkin’s)

Histiocytoses
Renal
Other
hemangioma - appears invasive, but is not

neuroblastoma - may regress even w/ mets

juvenile melanoma - anaplasia w/out malignant behavior

Note: histology and progression do not always correlate

Histiocytoses
Langerhans cell histiocytosis


children of any age / solitary form, eosinophilic granuloma occurs in children > 2 yrs

Letterer-Siwe (fatal < 2 yrs)
Acute disseminated histiocytosis X (type of Langerhans cell histiocytoses) / infancy, behaves malignant although not cytologically malignant / primary visceral RES (lymph nodes, liver, spleen / lungs (diffuse honeycombing) and skin (greasy, scaly, hemorrhagic or petechial, maculopapular, NOT urticarial) [dermis], lytic lesions in skull or long bones / can mimic almost any type of neoplasm

Course: death within months left untreated

Treatment: responds to vincristine or methotrexate

Farquhar’s
familial phagocytic reticulocytosis

Localized eosinophilic granuloma 


long bone or rib, necrosis

Disseminated eosinophilic granuloma (Hand-Schüller-Christian) 


bone and viscera, diabetes insipidus

Fibromatoses

quasi-neoplasia / locally invasive / may recur / do not metastasize 


Infantile myofibromatosis

Multiple (90%) lesions of skin, subcutaneous tissue, soft tissue, bone, viscera

Nonossifying fibroma
Usually eccentric, can cause deviation of cortex

Ossifying fibroma (osteofibrous dysplasia)

Almost always < 20 yrs (usually < 10 yrs)

Lytic lesions, sclerosis, bowing deformity of tibia / usually tibia/fibula / often intracortical with intramedullary extension

Hemangiomas

capillary - localized, regression


cavernous - not localized, no regression / large vascular sinusoids


mixed - not localized, no regression / thrombocytopenia

gonadal teratoma (2 tissue layers in pediatrics)


ovary - malignant, testis - benign (opposite of adult)


sacrococcygeal - females, highly malignant after 4 months old


yolk sac tumor - malignant after 1 year / Schiller-Duval bodies / elevated aFP

Renal Tumors of Childhood

Wilm’s tumor - good prognosis
90% renal tumors in < 5 yrs old / abdominal pain, hematuria, anemia, fever / 10% bilateral pattern: undifferentiated, epithelial, stromal or anaplastic associated with aniridia (20% will have Wilm’s tumor, absence or hypoplasia of iris)

Radiology: distorts renal image (whereas neuroblastoma will displace entire kidney downward)

Congenital mesoblastic nephroma

most common congenital renal tumor / appears early

nephroblastomatosis - trisomy 18 / diffuse, subcapsular clusters / good survival
clear cell sarcoma

rhabdoid tumor

Childhood Neural tumors

Children (infratentorial) 

cerebellar astrocytoma (benign) > medulloblastoma > ependymoma

Prognosis:  < 1 yr old onset - better prognosis / adrenal origin - poor prognosis / triploid is good, di/tetraploid is bad / chromosome 1 or n-myc is bad

Staging: Evan’s staging / Stage IVS (small resectable primary w/ bone marrow, skin, liver mets / usually regress spontaneously)

Clinical: may produce compensatory head tilt from cranial nerve involvement with strabismus

Neuroblastoma (2nd most common childhood neoplasm)
Childhood (< 5 yrs) tumor of adrenal medulla, abdomen, mediastinum / secrete NE 

Location: adrenal > abdomen, pelvis > cervical, thorax
Labs: VMA, HVA, n-myc are elevated

Pathology: Homer-Wright pseudorosettes surround a central fibrillar material / mitoses present small blue cell tumor / widespread mets

Course: spontaneous regression  (even stage IVs with micromets)  / may differentiate to ganglioneuroma (benign) 

primary tumor 
 abdominal mass, RDS, paralysis, bowel/bladder dysfunction, Horner’s, heterochromia of iris (affected side), incidental finding on CXR
metastatic
hepatomegaly, bone pain (up to 50% of cases involve bone diffusely), ecchymoses, subcutaneous nodules (purpuric rather than diffuse, greasy as in histiocytosis), anemia, fever, FTT

paraneoplastic
VIP (diarrhea, abdominal distension), opsonoclonus (myoclonus, cerebellar ataxia), catecholamine overproduction


Ganglioneuroblastoma

nodular, intermixed, borderline (more NB component)

Ganglioneuroma - prognosis?

posterior mediastinum / differentiated, benign / plasma, lymphocyte infiltrate / may occur in isolation or as part of MEN III
Craniopharyngiomas
rare - benign but invasive tumor of children (7-12 yrs) / increased ICP, calcifications of sella turcica (75%), visual deficits, endocrine dysfunction (most common pituitary tumor in children, causes growth failure) / post-surgical radiation 

Other Childhood Tumors

Hepatoblastoma - poor prognosis
< 2-3 yrs old / hepatocellular or mixed / aggressive, lung mets / 30-50% 5 yr survival in young children with surgery (slower metastasis in children) and chemotherapy / Labs: elevated a-FP and AP / associated with hemihypertrophy, Beckwith-Wiedermann syndrome, diaphragmatic and umbilical hernias
Rhabdomyosarcoma
most common soft tissue sarcoma of childhood / may arise anywhere / 18% mets at presentation orbital, GU primaries do better / relapse carries poor prognosis


embryonal rhabdomyosarcoma - better prognosis / younger children / head, neck


alveolar rhabdomyosarcoma - worse prognosis / older children

Cystic hygroma (benign)


lymphangioma of infancy and early childhood / ¾ present in head/neck / easy to diagnose on physical exam do not regress, must be surgically removed

Retinoblastoma

40% genetic basis / siblings get eye exams until 7 yrs

Genetic Syndromes
	
	Autosomal Dominant
	Autosomal Recessive

	GI
	Gilbert’s
Familial polyposis, Gardner’s, Peutz-Jeghers, Juvenile polyposis
	Alpha-1-antitrypsin deficiency
Hemochromatosis
Wilson’s disease

	Renal
	Adult polycystic kidney disease (APKD)
	

	Endocrine
	Familial combined hypercholesterolemia

Familial hypertriglyceridemia

MEN
Benign familial hypocalciuria
	Dysbetalipoproteinemia

Vitamin D dependent rickets

	Heme
	von Willebrand disease
C/S/ATIII deficiency

Dysfibrinogenemias

	Sickle cell anemia

Beta-thalassemia

Factor deficiency (5, 7, 10, 11, 12, 13)

Glanzman thrombasthenia

Bernard-Soulier

	Neuro
	Charcot-Marie Tooth I (some II)

Huntington’s chorea
Myotonic dystrophy
	Charcot-Marie Tooth II

	Other
	Marfans
HOCM (IHSS)

Neurofibromatosis
Hereditary angioedema
mastocytosis
	Cystic fibrosis
Homocystinuria

Albinism

Deafness




Down’s Syndrome (Trisomy 21) 

endocardial cushion defects, prominent PDAs / leukemia (AML), lymphoma, myelodysplasia / Fanconi’s / early onset Alzheimer’s (40s) / hypo/hyperthyroid
Physical Findings: flat-face, epicanthal folds, Mongolian slant (eye), Brushfield spot, low-set ears, narrow eustachian canal, large tongue, high arch palate, duodenal atresia (double-bubble sign), bilateral Simian crease (50%) (palm, no), brachiodactyly, clindactyly (little finger in), sandal toe

Turner’s (46 X,O) - infertile
coarctation (and other AV malformations)

X,O - shield chest, wide neck, wide nipples, infertility, short stature

lymphedema of hands/feet as neonates

Klinefelter’s (47,XXY) - infertile
very common / tall stature, delayed puberty (but often with significant initial virilization), gynecomastia from excessive testicular estrogen production, small testes from defective spermatogenesis (in spite of normal testosterone levels) / low testosterone, elevated gonadotropins

Trisomy 18 (Edward’s) - 95% die at birth
multiple malformations / low set ears? micrognathia? clenching middle finger, rocker-bottom feet / Cardiac: central fibrous body - A/M/T valve all anchored to it / AV node travels through it

Trisomy 13 (Patau) 

Marfan’s syndrome

AD / skeletal (long bone deformities) / cardiac (5th yr of life, dissecting aortic aneurysm, floppy mitral valve), eye (subluxation of lens), arachnodactyly (long fingers) / 

Testicular feminization


XLR / end-organ insensitivity to androgens / undescended testes 

Reifensten syndrome
androgen receptor dysfunction (infertile males) – wide range of virilization (male to female phenotype)

Prader-Willi

Hypotonia, hypogonadism, mental retardation, undescended testes in males, micropenis / feeding problems early, then obesity later

Apert’s syndrome
syndactyly, craniosynostosis (premature fusion)

Bloom’s [dermis]
facial erythema, telangiectasia, dwarfism / increased incidence of ALL

Congenital Deafness

Waardenberg’s (AD)

uni/bilateral deafness / white forelock, heterochromic iris

Pendred’s (AR)
hearing loss and goiter (< 10 yrs) / Treatment: thyroid replacement

Usher’s (AR)
retinitis pigmentosa (progressive loss of night vision, tunnel vision), deafness

Leopard (ADVP) 

multiple lentigines, ocular hypertelorism, pulmonary stenosis,

abnormal genetalia, growth retardation, profound deafness

Jervell-Lange-Nielsen 
hereditary deafness and prolonged QT interval / syncope, sudden death

Alport’s syndrome (see renal)
More syndromes

Beckwith-Wiedermann Syndrome

extra part  of chromosome 11 / LGA, large tongue – hypoglycemia, polycythemia, which resolves – at risk for Wilm’s tumor, hepatoblastoma?

William’s Syndrome

Mild MR – aortic stenosis, eye anomalies / diagnosis: FISH probe

Fragile X Syndrome

XLD (reduced penetrance) / mostly males / most common inherited cause of mental retardation / big ears, elongated face (prognathia), macrorchidia, behavior problems (hyperactivity, aggressivity, autism), seizures

Note: ⅓ of affected females have mental retardation
Potter’s 
pulmonary hypoplasia – not enough amniotic fluid

Holoprosencephaly
failure of forebrain to divide and other midline defects – sonic hedgehog gene and other causes

Cerebral Palsy

¾ spastic type / 25-30% risk of epilepsy

Congenital Nephrogenic Diabetes Insipidus (see renal)
XLR, very rare

Familial Dysautonomia

AR / Ashkenazi Jews

FTT, irritability, insensitivity to pain, hypoactive DTR’s, chronic respiratory distress (repeated aspirations?) / crying without tears, absence of fungiform papillae

VACTERL

Vertebral defects, Anal defects, Cardiac defects, Tracheo-Esophageal, Renal, Limb

3 or more minor anomalies usually means at least one major

renal + middle and external ear?

Metabolic Disease

[Diagram of Energy Metabolism] [diagram of insulin/glucagon in glycolysis]

Metabolic disorders of amino acids

Hyperhomocysteinemia [clotting cascade]

rare / AR / methylenetetrahydrofolate reductase gene (C677T)  (CC variant may be the worst) homocysteine ( ( methionine or homocysteine ( cystathionine

Labs: fasting homocysteine level (> 15 is bad), elevated thrombin

Hypercoagulability: increased arterial/venous thromboembolism (2-3 x relative risk)

inhibition of thrombomodulin (a cofactor for protein C activation and ATIII function)

Endothelial damage: increased factor VII release, increased conversion and deposition of LDL ( may cause some ½ of aortic aneurysms

Other: associated with dystonia (primary idiopathic torsion dystonia)

Treatment: B12 100 mg qd / B6 3 mg qd / Folate 400 mg qd (goal ( > 15 nmol/L)

Trends: 6/06 HOPE 2 and NORVIT failed to show decreased risk of cardiovascular events with homocysteine supplementation.

Homocystinuria
10-25% prevalence / relatively asymptomatic disease / defect in cystathionine synthase (used to metabolize methionine to succinyl CoA)

(1) deficiency / Treatment: increase cys, decrease met

(2) decreased affinity for pyridoxal, accumulation of cystathione / benign
(3) proprionyl-CoA carboxylase deficiency / odd-numbered fatty acids accumulate in liver / 

developmental problems / biotin cofactor

Untreated: thromboembolisis, ectopia lentis (subluxation of lens), mental retardation (mild to severe), renal stones (can lead to ESRD)
Acquired: B6, B12, folate deficiency

Maple syrup urine
blocked degradation of branched amino acids leucine, isoleucine, valine due to absence of alpha-ketoacid dehydrogenase / severe CNS defects, mental retardation, death / Treatment: special synthetic diet

Methylmalonic acidurea


AR inheritance / 2 types

1) absence of methylmalonyl-CoA mutase (converts methylmalonyl-CoA to succinyl-CoA diagram) impaired glucogenic utilization of val, ile, met, thr [diagram]

2) defect in converting B12 to deoxyadenosylcobalamin cofactor (also cannot convert homocysteine to methionine)

Symptoms: lethargy, failure to thrive, RDS, mental retardation

Treatment: can give B12 for type 2
PKU (Phenylketonuria)

AR deficient phenylalanine hydroxylase leads to high serum phenylketones, diffusion into CNS 

untreated leads to skin depigmentation (decreased melanin), eczema, musty odor, mental retardation, seizures / (4) PAH mutations or defect in BH4 cofactor (tetrahydrobiopterin) synthesis or recycling / Treatment: decreased phenylalanine, increased tyrosine / diagnosis: newborn screening (> 20 mg/dl)

Alkaptonuria (benign)


defect in homogentisic acid oxidase (degradation of tyrosine) / alkapton bodies produce


dark urine on standing, dark connective tissue / benign condition

Albinism
congenital deficiency of tyrosinase / lack of melanin / can result from failure of neural crest cell migration / increased risk of skin cancer

Porphyria [diagram]
Defects in heme synthesis / erythropoietic or hepatic / AD inheritance (except congenital erythropoietic porphyria is AR)

Presentation: acute abdominal pain (severe) and neuropathy, neuropsychiatric / symptoms often triggered by barbiturate induction of P450

Diagnosis: Watson-Schwartz detects excess urinary PBG (qualitative) ?during acute attack

· visceral/neurological symptoms ( check urine ALA and PBG (random or 24 hr)

· cutaneous symptoms ( check total plasma porphyrins, if (+) check more specific tests

Treatment: IV dextrose and IV hematin to decrease ALA synthase, avoid sunlight, take lots of free-radical scavenging vitamins

· Acute Intermittent Porphyria (Swedish) – uroporphyrinogen I synthetase (AD) / confusion, hallucination, seizures, weakness, paralysis, HTN? / urine darkens on exposure to light, air

· Congenital Erythropoietic Porphyria – uroporphyrinogen III cosynthetase (AR)

· Porphyria Cutanea Tarda – uroporphyrinogen decarboxylase (AD) / skin lesions (fragility of the skin on the dorsal surface of his hands) but no GI symptoms [dermis] / can be associated with HCV / ? phlebotomy if iron stores elevated

· Hereditary coproporphyria – coproporphyrinogen oxidase (AD)
Metabolic disorders of carbohydrates

high fructose / entry not insulin-dependent (also does not stimulate insulin secretion) / bypass of diet PFK regulation, direct metabolism to DHAP (pyruvate) and glyceraldehyde (TG, pyruvate) / overwhelming of aldolase B / accumulation of ADP (catabolism leads to hyperuricemia) / high glucose/fructose leads to sorbitol accumulation (cataracts)  

Fructosuria
deficiency of fructokinase / mild or asymptomatic

Fructose intolerance

deficiency of aldolase B / fructose-1-P accumulated / depletes Pi / inhibits glycogenolysis, gluconeogenesis / severe hypoglycemia 

Treatment: no fructose or sucrose


Galactosuria (mild)


deficiency of galactokinase / buildup of galactitol / mild or asymptomatic / cataracts (common), benign increase in ICP (rare)

Galactosemia (severe)


absence of galactose-1-P- uridyltransferase / buildup of galactitol, galactose-1-P

Presentation: vomiting, hepatomegaly, jaundice, cataracts, mental retardation, death

Treatment: no galactose or lactose, contraindication for breast feeding

Other Enzyme Deficiencies 

Urea cycle defect

AR or XLR deficient OTC (ornithine transcarbamylase) leads to buildup of ammonium and “sepsis” picture / may present late in some males and female carriers

Treatment: low protein diet, dialysis
Pyruvate dehydrogenase deficiency

backup of pyruvate and alanine (major amino acid entering cycle) results in lactic acidosis 

Presentation: neurological

Treatment: increase intake of ketogenic (enter at level of acetyl-CoA) amino acids (e.g. lysine, leucine, etc.)

Lesch Nyhan

XLR deficient HGPRTase (hypoxanthine to inosine monophosphate, guanine to guanine monophosphate) leads to uric acid buildup / defective purine salvage pathway

Presentation: spasticity, choreoathetosis, self-mutilation, hyperuricemia (resulting in obstructive neuropathy and nephrolithiasis), growth retardation, mental retardation, aggressivity / mild cases may present with gout / Diagnosis: urate to creatinine ratio > 2 is suspicious

Treatment: allopurinol reduces urate levels (does not affect CNS problems)

Kelley-Seegmiller syndrome



partial HPRT deficiency / hyperuricemia but no neurological decline

Bilirubin Disorders

Crigler-Najjar, Gilbert’s, Dubin-Johnson, Rotor’s

Lysosomal Storage Diseases

Note: mostly all result in very early death except Gaucher’s
Sphingolipidoses  (all autosomal recessive except Fabry’s)

Tay-Sach’s (infant death) (example of allelic heterogeneity)

3 proteins for ganglioside metabolism: hexosaminidase A (alpha, beta), B (beta, beta), 



and activator protein / results in GM2 ganglioside accumulation

Tay-Sach’s
deficient hexosaminidase A (alpha subunit)

Sandhoff’s 
deficient hexosaminidase A and B (beta subunit)

variant AB
activator error

Presentation: motor weakness 3-5 months, increased startle, hypotonia, decreased attentiveness, rapid deterioration / 10-12 months, cherry red spot, high in Ashkenazi Jewish population (1 in 30 carrier rate vs. 1 in 300) / Treatment: no treatment

Gaucher’s (normal life span)
deficiency of B-glucocerobrosidase / accumulation in brain, liver, spleen, bone marrow / Gaucher cells (enlarged cytoplasm, ‘crinkled paper’) fill Virchow-Robin spaces / most CNS neurons appear shriveled (but don’t contain abnormal storage lipids) / elevated ACE levels / type 1 (more common) is compatible with normal life span

Neimann-Pick (infant death)

deficiency of sphingomyelinase / build up of sphingomyelin and cholesterol in RES and parenchymal cells and tissues / CNS: shrunken gyri, sulcal widening / hepatosplenomegaly / cherry red spot in Type A (30%)

Fabry’s (XLR) [annals]
deficiency of alpha-galactosidase A / ceramide trihexoside (globotriaosylceramide) accummulates in vascular epithelium, kidneys, heart, cornea, other tissues ( angiokeratomata, painful / acroparesthesias, hypohidrosis, renal failure, cardiac and neurological disease (mostly peripheral nerves) / Treatment: recombinant a-galactosidase A (cool)

Cardiac Variant [NEJM]
can present later on in life / only manifestation is cardiomyopathy / cause of ~10% of LVH and hypertrophic non-obstructive cardiomyopathy in adults / heart function can actually be ameliorated with enzyme replacement (even as adult!!!) / galactose infusion of 1 g/kg over 4 hrs every other day until forever
Metachromatic leukodystrophy


aryl sulfatase deficiency causes accumulation of cerebroside sulfates / brain (juvenile), liver, kidney, and peripheral nerves (juvenile) / tissue exhibits metachromasia (salfatides change dye color) / metachromasia found in urine 

Krabbe’s (infant death)


deficiency in galactosylceramide B-galactosidase / accumulation of psychosine optic atrophy, spasticity, early death / loss of myelin in white matter and peripheral nerves / multinucleated globoid cells S positive around blood vessels

Other congenital neuronal disorders 

Adrenoleukodystrophy (XLR)



defect in fatty acyl-CoA ligase / spastic paraplegia, adrenal insufficiency
/ onset at 10-20 yrs / linear membranous inclusions, linear clefts on EM

Alexander’s disease


demyelinization, megalencephaly, numerous Rosenthal fibers (eosinophilic blobs in white/grey matter)

Neuronal ceroid lipofuscinosis


vacuolization of neurons / seizures, blindness, retinitis pigmentosa

Mucopolysaccharidoses (GAG’s)

Hurler 



6-18 months: corneal clouding, hepatosplenomegaly, stiff joints, nasal discharge
< 10 yrs hydrocephalus, course face, umbilical,  large head, large tongue, short neck, ribs splaying, kyphosis, HSM, mental retardation

Schei



5 yrs onset, normal intelligence and lifespan / corneal cloudiness, stiff joints, valvular heart disease, visual impairment

Hurler/Schei


Hunter


XLR (gene is cloned) / similar to Hurler w/ slower progression, no corneal 
clouding, unique pebbly skin lesion / idursulfase first approved treatment being tried 2009
Sanfilippo A



aggression / most severe form / neurodegeneration / mild somatic features / underdiagnosed

Sanfilippo B



less severe form / heterogeneous clinical picture

Glycogen Storage Diseases (locus heterogeneity)

Hepatic Hypoglycemia

Type Ia – Von Gierke’s (severe)

glucose-6-phosphatase deficiency / common / die < 2 yrs (ketoacidosis et al)

Symptoms: hypoglycemia, HSM, short stature, bleeding diathesis, delayed adolescence, hepatic adenomas, enlarged kidneys

Labs: increased lactate, cholesterol, TG, urate

Treatment: frequent feeding CHO, restrict sucrose, lactose / HCO3 and allopurinol PRN

Type II – Pompe’s (infant death) 


alpha-1-4-glucosidase deficiency / accumulation of glycogen in lysosome (skeletal and cardiac) infant death from cardiac failure (massive cardiomegaly on CXR)

IIb – juvenile form (die < 10 yrs)

Type III – Cori’s

debrancher enzyme deficiency / common / hepatomegaly may remit by puberty with relapse of mild myopathy in adulthood / symptoms: hypoglycemia, HSM, short stature, delayed adolescence

Labs: increased cholesterol, TG, and SGOT

Treatment: cornstarch feeding at night, 50% CHO, 20% protein

Type IV

Brancher enzyme deficiency / die < 10 yrs from hepatic cirrhosis

Ketotic hypoglycemia

impaired gluconeogenesis / males 1.5 to 4-5 yrs / spontaneous remission usually by 8-9 yrs

Labs: low serum alanine, normal insulin levels / patients usually thin / attacks may be induced by high-fat, low-cal diets

Muscle-Energy Disorders

McArdle’s  V



muscle phosphorylase deficiency / pain, cramps and myoglobinuria on exertion

Treatment: avoid exertion, glucose or fructose before exertion
Type VII

muscle phosphofructokinase deficiency / rare / mild hemolytic anemia / similar symptoms/treatment as McArdle’s



Metabolism and Fluid Maintenance

maintenance fluid: 100 ml/kg (1st 10 kg) / 50 ml/kg (2nd 10 kg) / 20 ml/kg (remaining kg’s)

normal fluid maintenance: 1500-2000 ml/M2 

100 ml fluid required per 100 cal expended, which is 110 cal/kg/day
insensible loss is 45 ml / 100 cal 

50-70 ml fluid / 100 cal for renal excretion of metabolic waste products

Na 3 mEq / 100 cal

K 2.5 mg/kg/day (?)

Dehydration: mild (5% infant, 3% adult) moderate (10%, 6%), severe (15%, 9%)

285-295 mOsm/L



180 mg/dL glucose  = 10 mOsm/L [normal contribution is 10 mOsm/L]

breast fed infant – 6 stools/day at 2 wks

Endocrine

Pituitary Gland 
Pituitary Adenomas, Hypopituitary, Diabetes Insipidus, SIADH
Thyroid 
↑ Hyperthyroidism, ↓ Hypothyroidism, Thyroiditis, Thyroid Neoplasms, Thyroid Malformations
Parathyroid
↑ Hyperparathyroid, ↓ Hypoparathyroid, Pseudohypoparathyroid, Parathyroid Hyperplasia, Parathyroid Neoplasms, MEN
Adrenal
↑Cushing’s, ↑ Adrenal Hyperplasia, Adrenal Adenoma, Adrenal lymphoma
↓Adrenal Insufficiency, ↑Conn’s, CAH, McCune-Albright
Adrenal Medulla 
pheochromocytoma, paraganglioma, neuroblastoma
Diabetes Mellitus
Pituitary
Pituitary Labs

· Thyrotropin

· T3/T4

· FTI

· Thyroid hormone binding index

· Cortisol
· Prolactin
· Alpha-subunit (TSH, FSH, LH)

· FSH
Diabetes

1-2% in US / 7th leading COD / non-enzymatic glycosylation (advanced glycosylation end-product or AGE results in atherogenesis, increased capillary permeability) / intra-cellular hyperglycemia 

(swelling and opacity of lens, neuronal damage)

Type 1 (10-20%)

lack of insulin – only some impairment of insulin action/secretion (by hyperglycemia) / whites, European origin / associated with other autoimmune diseases

80% have antibodies, 0.3% incidence, 5-7% incidence with family history

Renal: 25% develop CRF within 10-15 yrs

Type 2 (90%)

impairment of insulin action/secretion (by hyperglycemia)

type 2 – acanthosis from increased insulin levels

Diagnosis: current standard is now > 126 on fasting glucose / GTT (oral glucose tolerance test) is out of fashion (exception is PCOS patients, which can have normal fasting yet positive/abnormal GTT)

Renal: often develop CRF within 10 yrs / retinopathy and nephropathy develop together

Metabolic syndrome (associated with atherosclerotic disease)

Diagnosed by 3 of 5 criteria (abdominal obesity, high blood pressure, low HDL, high TG, insulin resistance)

· central obesity, may or may not have elevated lipids (small, dense LDL particles are more atherogenic, however), hyperandrogenism, increased coagulation from increased PAI1 (inhibitor of tPA)

· often occurs before abnormalities of sugar levels occur

· hyperinsulinemia decreases secretion of uric acid (not part of definition of metabolic syndrome but does cause hyperuricemia)

Microangiopathy

thick, leaky BM (PAS stain), hyalinized arteriolosclerosis, atherosclerosis

Nephropathy

both afferent and efferent arterioles / arteriolar hyalinization / UTI / glycosylation of 
basement membrane leads to membranous GN (5-15% by 10-15 yrs) / 50% have 
Kimmelstein-Wilson bodies (focal and nodular sclerosis) 

Retinopathy 


proliferative / cotton wool / associated with increased floaters

Neuropathy


axonal and demyelinating

Skin




· acanthosis nigricans (see other)
· yellow discoloration [pic]
· necrobiosis lipoidica diabeticorum [pic] [dermis]
anterior leg / ulceration and hypopigmented scarring
Treatment: whirlpool therapy, occlusive dressings, topical steroids, aspirin

Lipid abnormalities (see below)
Immunocompromise
fungus (yeast, other) / mucormycosis

Hypercoagulable State (increased post-MI mortality)
· Increased 2b3a receptor expression (2b3a are essential in treatment of DM w/ acute coronary syndrome)

· Increased plasminogen activator inhibitor (PAH)

· Increased blood viscosity (sheer stress on plaque)

· Other abnormalities in clotting factors

Treatment: [see diabetes medications] [NEJM]

Control Glucose

· various agents (from different class) work well in combination
· A1C measures glucose levels over last 2-3 months 
· oral agents (alone or in combination) can achieve A1C of 7.5 in up to ½ of patients

· hemolytic anemia will artificially lower A1C
· Insulin requirement ↑ with stress, ↓ with exercise (insulin potentiated by exercise; esp. in type I DM)

· Insulin requirement over 1.5 units/kg suggests overtreatment, rebound hyperglycemia or Somogyi effect (insulin resistance is a less common reason)
· Dawn phenomenon – hyperglycemic? in the morning – is it rebound or do they need more insulin qAM / check sugar at 2 am at night (nadir of FBS is 2–3 am) to investigate (if low, you need to reduce qHS insulin, if high, you can increase qHS insulin)  

· Glucose control in ICU setting is class I recommendation: DIGI-AMI showed 30% decrease in 1 yr mortality for post-AMI patients randomized to tight glucose control

Protect Kidneys

· ACE inhibitors lower intraglomerular pressure and reduce hemodynamically mediated FSGN (Cr may rise slightly upon initiation 2o to decreased GFR)

· ARBs may provide additional protection (by direct anti-TGF-B action)

· remodeling glomeruli to reduce protein filtration (proteins damage glomerulus)

· protein restricted diets

· lipid lowering agents are also renal-protective

Protect Heart

Physicians Health Study ( ASA 325 mg qd reduced MI for DM by 60% over 5 yrs (versus 44% for general population)

Hypertension
Proteinuria: loss of antithrombin, protein C and S leads to hypercoagulable state

renal failure (GFR actually increased early on due to microalbuminuria)

papillary necrosis, pyelonephritis
Pathology: afferent and efferent hyalinization (unlike HT) / diffuse or nodular sclerosis / exudative lesions of DM (Kimmelstein-Wilson) / capsular drop or lipohyaline cap / Armanni-Ebstein Lesion (glycogen vacuolization of tubules)


Ddx: rule out amyloidosis (Congo red)

Hyperlipidemia  (see other)


9/06 current goal LDL < 100 mg/dL

Retinopathy 
control hypertension; see ophthalmologist at least once a year

Neuropathy 
control glucose, hypertension; see podiatrist; treat neuropathy (if not due to other causes)

Diabetic ketoacidosis (DKA)

Causes: infection, MI, stress/trauma, not enough insulin or drug effect (phenytoin, thiazides, cortisol), new-onset diabetes
Presentation: 

Hyperglycemia ( polyuria, polydipsia, weight loss, visual blurring, mental status change


Acidosis ( nausea, vomiting, abdominal pain, fatigue, malaise, dyspnea

cardiovascular collapse most common COD in DKA
Diagnosis: must differentiate from hyperosmolar nonketotic coma 
Workup: CXR, amylase/lipase, cardiac enzymes, ABG, other tests

Exam: dehydration, Kussmaul’s respirations, fruity breath

Labs: hyperglycemia (usu. > 250 mg/dL), ketonuria (can check b-hydroxybuturate etc too), anion gap acidosis, moderately elevated amylase – why?, hypokalemia results from increased K excretion with diuresis of (anionic) ketones

Complications: mucormycosis of paranasal sinuses due to acidosis-induced block of iron binding to transferrin (provides fungus w/ iron) / vascular thrombosis from hypercoagulable state + intravascular contraction / cerebral edema / respiratory distress (like ARDS w/ low PCWP), fluid overload, acute gastric dilatation
Treatment:

Replace fluids: usu. 3-5 L (1-2 L NS over 1st 2 h, replacing volume takes precedence over free water deficit, but can switch to ½ NS if hypernatremia (goal is to correct total body water deficit 250-500 ml/h), can use lactated ringer’s to avoid hyperchloremic metabolic acidosis, which often occurs during/after treatment of DKA)

Potassium: very tricky, must be careful, insulin Rx can make initial hyperkalemia become hypokalemia, but must be careful not to overcompensate, best way is to check q 1-2 h K levels until stable (add K to IVF once < 5 mEq/L)
Insulin: 0.1 to 0.2 units/kg IV push then same each hour until normalized (or 50 U then 10-20U/hr), measure every hour (should aim for 80-100 mg/dL/h decrease) but use anion gap as a guide / avoid cerebral edema / give SC insulin 30 mins before stopping IV to avoid rebound acidosis

Glucose: start infusion when glucose 250-300 (then decrease insulin to 0.05 U/kg/hr) / important because ketones don’t normalize until point at which patient may already become hypoglycemic (but you need to keep the insulin going until anion gap normalizes (< 12) (urine is free of ketones)

Bicarbonate: controversial // try not to give bicarbonate unless pH is really low (i.e. patient is hyperventilating and about to tire out) as it can cause worsening of hypokalemia, paradoxical CNS acidosis, delay in ketone clearance
Phosphate: give if < 1 mg/dL or moderate hypophosphatemia and respiratory problems

Mg, Ca: prn
Hyperosmolar nonketotic coma
Elderly patients with Type II diabetes (often undiagnosed)

Findings: more marked hyperglycemia > 1000 mg/dl / more severe dehydration (longer undiagnosed) / serum osmolality of > 320-370 may cause mental obtundation, seizures, focal neurological signs / lactic acidosis is a poor prognostic sign

Treatment: similar to DKA, but replace fluids carefully to avoid precipitation of heart failure in underlying heart disease  

Alcoholic ketoacidosis

Mechanism: ratio of NADH:NAD shifted in favor of unreduced NAD / causes anion gap metabolic acidosis from ketoacidosis and lactic acidosis

Presentation: similar presentation as DKA 

Treatment: NS and glucose / insulin usually not necessary

Pituitary Adenomas

Microadenoma
< 10 mm (⅓ can be missed even by MRI) / found in 20% of all autopsies / hemorrhage involving most of gland is called pituitary apoplexy / microadenoma can cause “stalk” hyperprolactinemia by interrupting the inhibitory dopaminergic tone between the hypothalamus and the pituitary gland.

Macroadenoma
may become invasive / may compress adjacent structures

Note: must ask for specific views of pituitary by CT or MRI

Chromophobe adenoma – most common in adults – rare in childhood

Somatotropic (GH, PRL) [NEJM]
20% of pituitary tumors (macro>micro) / most are plurihormonal GH and PL

Presentation: acromegaly, gigantism (enlargement of hands, feet, jaw, and forehead), skin tags, thickened skin (coarse facial features), arthritis or carpal tunnel syndrome may develop, the pituitary adenoma may cause headaches and visual loss, often h/o kidney stones

Complications: increased cardiovascular disease (50% with left ventricular hypertrophy, HTN is common) 


Diagnosis: insulin challenge does not decrease GH

· serum insulin-like growth factor (somatomedin-C) ( screening test of choice (reflects average GH level over several days, whereas GH itself is pulsatile, diurnal, variable), then confirm with GTT or ITT

· oral glucose tolerance test ( GH should normally reduce to < 1-2 ng/ml

· insulin tolerance test ( GH should increase in response to insulin (analogous to cosyntropin stim test to rule out adrenal insufficiency)

Treatment: transphenoidal resection (complete tumor resection with cure of acromegaly often impossible) / low GH (75% cure with surgery) / high GH (35% cure with surgery) / radiotherapy may reduce regrowth (also octreotride 100 µg SC tid reduces GH secretion) / +/- bromocriptine

Prolactinoma (PRL) - benign

30%, most common pituitary tumor / primary hyperprolactinemia / serum PRL > 300 ug/ml ( > 100 is suggestive; must get MRI) Macro – male / micro – female

Presentation for macro: ocular movement defect (5-10%), females: galactorrhea, males: sexual dysfunction/gynecomasita (15%)

Ddx (elevated prolactin): prolactinoma, loss of dopaminergic inhibition (neuroleptics), post-seizure, stalk hyperprolactinemia, uremia

Treatment (macro): resection (80% success, 20% relapse), radiation (highly efficacious but causes panhypopituitary syndrome)

Treatment (micro): bromocriptine, resection (80% success, 40% relapse, 40% still fertile)

Corticotrophic adenoma (ACTH)

15% of pituitary tumors / micro, basophilic / Crooke’s hyaline may accumulate in surrounding cells

Cushing’s Disease (must also include diabetes, hypertension)

80% from pituitary adenoma (ACTH) / 20% from adrenal adenoma (cortisol)

Diagnosis: dexamethasone suppresses micro, but NOT macroadenomas

Gonadotrophs (LH, FSH)


5-15% of pituitary tumors / result in hypogonadism

Presentation: signs of compression / male: decreased libido / female: no change

Diagnosis: increased LH, FSH levels

Treatment: surgery

Hypopituitarism
Presentation: depends on which hormones are lacking
Causes:

Neoplasm: adenoma, mets, lymphoma, Rathke’s cysts, germ cell tumors, gliomas (rare), 

craniopharyngioma (children)
Inflammatory: meningitis (others?), sarcoidosis, other inflammatory

Damage (see below): subarachnoid hemorrhage, cranial trauma, surgery/radiation therapy

Null-cell adenomas

20% of pituitary adenomas / local mass effects (e.g. compression of stalk interfering with dopamine release ( stalk prolactinemia, which is only mild increase, unlike true prolactinoma) / will often be positive for alpha-subunit (TSH, FSH, LH)

Sheehan’s syndrome

post-partum pituitary necrosis (may present even years after pregnancy) / infarction of adenohypophysis from combination of hemorrhagic shock of delivery and blood supply compressed by pregnancy-related hypertrophy of pituitary / also caused by DIC, DM, arteritis, trauma

Empty sella syndrome

herniation through defect in diaphragma sella leads to atrophy / often can still produce normal amounts of pituitary hormones (even though sella appears empty on MRI; functional rim of pituitary tissue) / risk factors: female, obese, hypertension
Presentation: asymptomatic or chronic headaches 

Lymphocytic Hypophysitis
Occurs in late pregnancy, post-partum / less commonly occurs in men, post-menopausal women

Associated with autoimmune thyroiditis, adrenalitis, atrophic gastritis, Sjögren’s, SLE, Cogan’s, Takayasu’s

Labs: often positive ANA, RF, ESR usually elevated (not > 100) / can have normal prolactin (may only affect stalk)

Location: generally diffuse involvement in anterior >> posterior (sometimes both, sometimes only stalk) / can also involve optic chiasm
Diagnosis: clinical or biopsy


Granulomatous Hypophysitis


Either as part of above or sarcoidosis

Posterior Pituitary Syndromes

Physiology: ADH released in response to 1st osmolality and 2nd volume shift of 10% / also nausea, drugs

Central Diabetes Insipidus (see nephrogenic DI)
lack of ADH / lesion of neurohypophysis (supraoptic, paraventricular)

Presentation: polyuria, polydipsia, thirst (often seek cold liquids to stimulate ADH release)

Causes: tumor, histiocytosis, sarcoidosis, trauma

Complications: hypernatremia

Treatment: desmopressin
Syndrome of Inappropriate ADH Release (SIADH)

unregulated ADH release / excessive water reabsorption leads to hyponatremia

half of elderly patients with hyponatremia, usually resolves following removal of the drug

Presentation: normal skin turgor

Causes (see other for more): pulmonary, CNS, infection, malignancy, excessive fluid intake, conditions that limit free water excretion

Drug-Induced SIADH: vasopressin and its analogues, thiazide and thiazide-like diuretics, chlorpropamide, carbamazepine, antipsychotics, antidepressants, acetaminophen and NSAIDS

Treatment: fluid restriction (2/3 maintenance), hypertonic saline given only with CNS symptoms  (temporary correction of Na balance, do not correct too quickly), furosemide (causes medullary washout, kidneys cannot concentrate urine) / demeclocycline  (AVP antagonist) can be used in divided daily doses for long-term therapy

Thyroid

(malformations, hyperthyroidism, hypothyroidism, thyroiditis, neoplasms)


Notes

· PTH function usually transiently lost following thyroidectomy

· ↓Ca, Phos, Albumin, Mg (EtOH can decrease Mg)

· levothyroxin 1.6 ug/kg (recheck in 6-8 wks)

· Ca replacement (2-3 g/day)

· calcitriol (0.25 mg bid), 

· Do not jump to replace thyroid hormone in complicated cases

· Illness and various drugs can lower T3 (T4 and TBG can also be decreased)

Thyroid Function Studies

TSH / normal [1-4]

Lower TSH: recovery from severe illness, metoclopramide, dopamine and corticosteroids

Increase TSH: chlorpromazine, haldol, and amiodarone 

Serum T4 

measures circulating bound (~99%) and unbound T4 / values vary with TBG (see below)

equilibrium dialysis (gold standard of free T4 assays) or by immunometric techniques (influenced by serum levels of lipids, proteins, and certain drugs)

Serum T3 

Bound to TBG (just like T4) / elevated in hyperthyroidism (usu. earlier and more than T4),  useful in confusing cases (not as a screening test)

Useful to diagnose:

Thyrotoxicosis: increased T3, normal FTI

Toxic nodular goiter: increased T3, normal or increased T4
Iodine deficiency: normal T3, possibly decreased T4
Serum thyroglobulin 

Elevated in thyroid cancer and thyrotoxicosis emanating from the thyroid gland 

Normal in thyrotoxicosis secondary to iatrogenic ingestion of thyroid hormone 

	Increased TBG (increased T4)


	Decreased TBG (decreased T4)

	Pregnancy 



	Androgens, glucocorticoids

	Estrogens


 
	Nephrotic syndrome, cirrhosis

	Acute infectious hepatitis

	Acromegaly

	Oral contraceptives 

 
	Hypoproteinemia

	Familial 

	Phenytoin, NSAlDs, high-dose penicillin, asparaginase

	Fluorouracil, clofibrate, heroin, methadone
	Chronic debilitating illness

	
	Familial


T3 resin uptake (T3RU or R T3U)

Indirectly measures amount of thyroid binding protein 

Free thyroxine index (FTI)

T4 x T3RU / 100 (corrects for variations in protein binding)

Reverse T3 

measures in inactive metabolite of T4 / used to diagnose "euthyroid sick syndrome" (alteration in TSH secretion and peripheral thyroid hormone binding and metabolism 2o to severe nonthyroidal illness or stress)

Radioactive Iodine Uptake (I-123 scan)

Normal 24-hour (10-30%)

Increased homogenous ( Graves’, iodine deficiency

Increased heterogeneous ( multinodular goiter

Increased single focus ( hot nodule

Decreased uptake ( thyroiditis

Ingestion of thyroid hormone (thyrotoxicosis factitia)

increased serum T4 and serum T3R , but the RAI is decreased instead of increased as it would be in other causes of hyperthyroidism;

Note: serum thyroglobulin levels also decrease in thyrotoxicosis factitia and increase in thyrotoxicosis emanating from the thyroid gland

Pre ablative therapy, calculate the I131 dose needed to administer

Note: I131 therapy actually increases the risk of exophthalmos (which was already small)

Serology

· Anti-microsomal (also anti-TPO) 80-90% sensitive for thyroiditis (not causal)
· Anti-thyroglobulin Antibodies
· Anti-TSH receptor antibodies can be tested for (usually not necessary)

Malformations

Maldescent
pyramidal lobe (common) / ectopic thyroid tissue (papillary carcinoma met if found w/in lymph node)

Thyroglossal duct cysts


predispose to infection / surgical removal

Hyperthyroidism

Graves, thyroid storm, infectious thyroiditis, hypothyroidism
Causes of Hyperthyroidism

Graves’ disease 

Toxic multinodular goiter

Toxic adenoma 

Iatrogenic/factitious (L-thyroxine, amiodarone, etc.)

Transient hyperthyroidism

Subacute and Hashimoto’s
Rare causes: hypersecretion of TSH (e.g., pituitary neoplasms), struma ovarii, ingestion of large amounts of iodine in a patient with preexisting thyroid hyperplasia or adenoma (Jod-Basedow phenomenon), hydatid mole, carcinoma of thyroid, amiodarone

Effects of hyperthyroidism

Heart:
tachycardia (resting rate >90 bpm), palpitations, atrial fibrillation (effects on AV node 

are mediated by increased Na/K pump activity and tend to be refractory to digoxin control)

Psychological: insomnia, anxiety, irritability, emotional lability, panic attacks

heat intolerance
Autonomic: sweating, tremor, hyperreflexia, diarrhea
Metabolism: weight loss, weight gain from increased appetite (less common)

proximal muscle weakness, menstrual dysfunction (oligomenorrhea, amenorrhea) 

Eyes: blurred vision, photophobia, increased lacrimation, double vision, deep orbital pressure

(Note: Graves’ ophthalmopathy tends to worsen at 12-18 months, then stabilize, but can worsen in spite of thyroid status)

Skin: fine, smooth, velvety, moist (warm), onycholysis (brittle nails) 

Reproductive: oligomenorrhea, reduced sperm count, impotence, gynecomastia

Diffuse goiter; bruit over thyroid

Note: too much thyroid can increase bone turnover and risk of fracture / use Fosamax type agents in women being treated with thyroid hormone for thyroid cancer

Note: elderly hyperthyroid patients may have only subtle signs (weight loss, tachycardia, fine skin, brittle nails) called apathetic hyperthyroidism (lethargy rather than hyperkinetic) / may not have enlarged thyroid / look for unexplained CHF, worsening of angina, or new-onset atrial fibrillation resistant to treatment

Labs: 

increased free T4 (or FTI), decreased TSH (should be undetectable in Graves’), increased T3 

anti-thyroid Ab bind TSH receptors (activate AC)

increased I-123 uptake (because there’s still some TSH around)

?elevated ferritin

Grave’s Disease

TSH-like-antibodies (think autoimmune disease) / can cross placenta ( neonatal thyrotoxicosis
Genetics: HLA-B8 and HLA-DR3 in Caucasians with Graves’ disease. 

Associations: HOA, Type I diabetes, Addison’s, vitiligo, pernicious anemia, alopecia areata, myasthenia gravis, celiac disease, other HLA-DR3

Features unique to Grave’s: (mostly by activated fibroblasts)
· Infiltrative ophthalmopathy: exophthalmos [pic], lid retraction, lid lag (sclera can be seen above iris as patient looks downward)
· Infiltrative dermopathy: pretibial myxedema (raised, hyperpigmented areas involving the pretibial region and the feet, which is actually rare; orange peel texture papules)

· Thyroid acropachy: clubbing of fingers associated with periosteal new bone formation in other skeletal areas 

Diagnosis: radioactive uptake scan will reveal diffuse increased uptake of iodine 

Treatment: 

· PTU (50-100 mg PO q8h) or methimazole (10-20 mg PO q8h or 30-60 mg/day single dose)

· Propranolol: as needed for sympathetic symptoms (tachycardia, tremor, etc.) 

20-40 mg PO q6h (taper upward to control symptoms)

· Radioactive (I131)
1st line for men and women over 20 yrs and younger pts who do not achieve remission by 1 yr of meds (many pts have difficult time with meds and fluctuating symptoms) / will need to be on replacement thyroxine after / contraindicated during pregnancy (can cause fetal hypothyroidism)

· Surgery (subtotal thyroidectomy)

pregnant patient refractory to (or does not tolerate) low-dose PTU / obstructive goiter

· complications: hypothyroidism (30% by 10 yrs), hypoparathyroidism, damage to recurrent laryngeal nerve (this is unfortunately a common occurrence)

· Graves’ ophthalmopathy (in severe cases)

high-dose steroids, external radiation, or orbital decompression / methylcellulose eye drops (e.g., Tears Naturale) are useful for dry eyes

Course: 20-40% can remain euthyroid for long periods after treatment with PTU et al (15% get autoimmune hypothyroidism about 10-15 yrs later)
Toxic multinodular goiter 

Usu. women > 55 yrs

Presentation: usu. insidious and symptoms (tachycardia, tremor, heat intolerance) may be masked by manifestations of coexisting diseases (e.g., a patient with ASHD may have CHF secondary to atrial fibrillation with a fast ventricular response)

Diagnosis: thyroid scan demonstrates heterogeneous increased uptake

Treatment: radioactive iodine (I131) after initiation of B-blockers or surgery
Toxic adenoma (Plummer Disease) (see thyroid neoplasms)
Note: “hot nodule” is almost never malignant 
Diagnosis: thyroid scan demonstrates increased uptake (“flag of Japan” pattern), usu. > 3 cm
Treatment: surgical removal of adenoma is preferred in young hyperthyroid patients and patients with very large adenoma / all other pts get I131 radioablation

Thyroid Storm

Causes: major stress (e.g., infection, MI, surgery, DKA) in undiagnosed hyperthyroidism, inadequate replacement therapy in a hyperthyroid patient
Presentation: fever ( > 100 ° F), marked anxiety and agitation, psychosis, hyperhidrosis, heat intolerance, marked weakness/muscle wasting, tachyarrhythmias, palpitations, diarrhea, nausea, vomiting / elderly patients may have a combination of tachycardia, CHF, and mental status changes 

Exam: goiter, tremor, tachycardia (>140), fever (104-106), moist skin, vomiting, diarrhea, lid lag, lid retraction, proptosis, altered mental status (psychosis, delirium, coma, seizures), other evidence of precipitating factors (infection or trauma) 

Labs: increased free T4 or FTI, decreased TSH / always rule out sepsis

Treatment: start  empirically if suspected (do not wait for labs) 

· Block synthesis 

PTU 30O-600 mg PO or NG tube, then 150-300 mg q6h

If GI obstruction or vomiting, can give methimazole (Tapazole), 80 to 100 mg PR followed by 30 mg PR q8h

· Block release (of T4 that has already been made)

· Iodide: sodium iodide, 250 mg IV q6h; potassium iodide (SSKI), 5 gtt PO q8h; or Lugol’s solution, 10 gtt q8h. Give PTU 1 hr before iodide to prevent thyroid from oxidizing iodide to iodine (which would make more hormone)

· Corticosteroids: dexamethasone, 2 mg IV q6h, or hydrocortisone, 100 mg IV q6h (~48 hrs) / inhibits release, impairs peripheral conversion (T4 to T3), covers for cortisol deficiency, suppresses effects of T4/T3 

· Supportive 

· Propranolol: 80 to 120 mg PO q4-6h; in acute situations propranolol may also be given IV 1 mg/min for 2 to 10 min under continuous ECG and blood pressure monitoring / can use cardioselective agents in patients with bronchospasm / Anticipate increasing rate control (digoxin may not work as normal in this case) for patients prone to AF

· Acetaminophen, 300 to 600 mg q4h, or cooling blanket if necessary (do not use ASA as it displaces thyroid hormone from TBG)

· FEN (add glucose and multivitamins)

· Blood/Urine cultures, may need IV antibiotics if infection suspected 

Hypothyroidism

2% of women / 0.2% of men / >  60 years (6% of women / 2.5% of men)

Primary hypothyroidism (95% of cases) (problem with thyroid gland)

Hashimoto’s thyroiditis (chronic lymphocytic thyroiditis); 1st in US ( > 8 yrs) 

Previous radioactive I- therapy or surgical thyroidectomy; 2nd in US
Idiopathic myxedema (possibly a nongoitrous form of Hashimoto’s thyroiditis) 

Subacute thyroiditis

Iodine deficiency/excess – most common worldwide
Drugs (lithium, PAS, sulfonamides, phenylbutazone, amiodarone, thiourea) 

Radiation therapy of the neck (usually for malignant disease)

Congenital (approximately 1:4000)

Hypothyroidism of pregnancy
Secondary hypothyroidism (pituitary problem)

pituitary dysfunction, postpartum necrosis, neoplasm, infiltrative disease causing low TSH

Diagnosis: can do TRH stimulation test to distinguish secondary/tertiary (note: most postpartum thyroiditis cases recover in 3-6 months so watching/waiting can be viable approach)
Tertiary hypothyroidism
hypothalamus/TRH deficiency (granuloma, neoplasm, or irradiation) 

tissue resistance to thyroid hormone (rare) 

Presentation: 

fatigue, lethargy, weakness, constipation, weight gain (usually < 15 Ib) 

muscle weakness, muscle cramps, arthralgias, carpal tunnel

cold intolerance

CNS (depression, irritability, mental slowing ( dementia in elderly)

slow speech with hoarse voice (myxedema of vocal cords), transfer dysphagia

hyperlipidemia

Hashimoto’s ataxia (can happen any time/later on)

oligomenorrhea, galactorrhea (in association with prolactinoma)

Exam:
Skin: dry, coarse, thick, cool, sallow (yellow color caused by carotenemia); nonpitting edema in eyelids/hands (subcutaneous deposition of hydrophilic mucopolysaccharide ( leads to myxedema syndrome in severe, prolonged form
Hair: brittle and coarse, loss of outer third of eyebrows 

Face: dulled expression, thick tongue, and thick slow-moving lips

Cretinism: pot-bellied, puffy face, protuberant tongue

Neck: thyroid gland +/- palpable (depends on cause of hypothyroidism) 

· Toxic multinodular goiter
may resemble carcinoma / may be associated with hyperprolactinemia

· Diffuse non-toxic (simple) goiter 

Endemic: iodine deficiency / goitrogens in foods

Sporadic: young females / defects in T4 production / compensatory thyroid hypertrophy

· CV: distant heart sounds (pericardial effusion may be present), bradycardia

· ↓ intravascular volume, ↓ cardiac output, ↓ HR, ↑ catecholamines, ↑ PVR, ↑ HTN

· 20-40% get ↑ systemic HTN in spite of decreased cardiac output (HTN is diastolic with diminished pulse pressure)

GI: non-mechanical obstruction (ileus)

Musculoskeletal: stiffness, weakness 

CNS: delayed relaxation phase (return phase) of DTR, cerebellar ataxia, hearing impairment, poor memory, peripheral neuropathies/paresthesias, carpal tunnel

Autonomic: hypothermia ( part of myxedema coma (medical emergency, requires IV thyroxine 300-500 mcg bolus then daily IV doses (also give steroids, IV fluids, rewarm patient slowly to not precipitate cardiac arrhythmias)

Complications (the cardiac ones are not all intuitive at face value—just know the consequences) 

·  (+) periorbital edema and nonpitting edema of hands, feet (interstitial ↑  GAG’s and H2O)
Laboratory results 

Decreased free T4 or FTI 

↑TSH (may be normal with 2o or 3o hypothyroidism or is on dopamine/corticosteroids or with severe illness) 

↑ LDL and ↑ TG, ↑ LDH, ALT, AST, and MM band of CPK 

Decreased Hgb/Hct, hyponatremia 

↑ antimicrosomal and antithyroglobulin antibody titers (seen in Hashimoto’s)

Treatment

· L-thyroxine (Synthroid) / 1.6 ug/kg / Sx should improve within 24 hrs

· Dose depends on age/severity / may increase q 4-6 wks (depends on response)

· TSH takes 6-8 wks to reflect dose adjustments

· Decreased dose for elderly and CAD (higher doses can precipitate angina)

· Low and slow with CAD, ex. 25 mcg x 2 wks then 37.5 mcg x 2 wks then 50 mcg x 6 weeks then recheck TSH
· Maintain TSH (0.5 to 3) / can measure FTI with central disorders (upper ½ of normal range)

Subclinical Hypothyroidism

Labs: elevated serum TSH and normal T4 or free T4 concentration (and no symptoms)

Treatment: individualized / replacement recommended with TSH > 10 or > 5 with goiter or thyroid antibodies / otherwise, can just wait and see

Course: does not always lead to primary hypothyroidism / women with increased TSH and thyroid Ab’s have 5% annual incidence of overt hypothyroidism / those pts over 65 yrs with both findings usu. develop hypothyroidism within 4 yrs / euthyroidism with reset thyrostat may not progress to hypothyroidism (probably from subtle insult to thyroid gland)


Hypothyroidism of pregnancy

1-2% incidence of hypothyroidism in young women / hypothyroidism causes impaired cognitive development and increased pregnancy causes increase in levothyroxine requirement by 5th week gestation / recommendation is increase replacement dose by 30% at start of pregnancy and adjust based on TFT’s thereafter

Thyroiditis 

· I123 uptake usually decreased

Hashimoto’s thyroiditis 

autoimmune disease / most common cause of hypothyroid in US / may have non-tender goiter (rubbery with scalloped borders) / can check for anti-microsomal Ab’s (also called anti-thyroperoxidase or TPO) / Pathology: Hurthle cells
Subacute granulomatous thyroiditis (DeQuervrain’s)

Presentation: pain, tenderness, symptoms of hyperthyroid (usu. takes about 6-8 weeks to achieve spontaneous remission) / often associated with viral illness (URI, etc.)
Diagnosis: clinical and/or I123 scan

Findings: increased free T4 or FTI but decreased I-123 uptake because of the follicular cells’ inability to concentrate iodine

Treatment: treat symptoms (NSAIDs, B-blockers, may need steroids) / PTU/M not effective

Subacute lymphocytic thyroiditis

common post-partum / unknown etiology / painless
Riedel’s thyroiditis (Struma)


unknown etiology / can compress neck structures and/or cause hypothyroidism / fibrosis of 
gland / PET-scan may be useful in diagnosis
Medications: amiodarone-induce (side effect), iodine or T4 (factitious or overdose)
Other causes: TSH-secreting pituitary adenoma, hydatidiform moles, choriocarcinomas (hCG secretion), ovarian teratomas, metastatic follicular thyroid carcinomas
Thyroid Neoplasms (thyroid nodules)


Common, occur in 5% of adults

Presentation: nodules usually painless unless they ulcerate or compress other things

Diagnosis: if incidentally discovered by imaging, small (< 1 cm), normal TSH, asymptomatic, no h/o radiation or thyroid cancer, can watch and re-evaluate in 6 months, otherwise…

I-123 radioactive uptake scan (cold has 5-10% chance of malignancy ( probably need to do FNA (15% will be suspicious and require surgical evaluation) / ultrasound shows cystic or solid (but still probably will need FNA or Bx) / pentagastrin test for medullary carcinoma
Ddx: follicular adenoma, multinodular goiter, colloid nodule, Hashimoto’s, cyst, lymphoma, mets, parathyroid

· 90% of all thyroid nodules benign (incidental, < 1 cm even more likely benign)

· nodules increase with age (younger patient means increased chance of malignancy)

· nodules usually cold (do not take iodine)

Treatment: Iodide may be used to decrease vascularity (pre-op for thyroid resection) / excision +/- lymph node dissection / if thyroid completely removed, then lifelong exogenous T4 to suppress TSH production (keep TSH at barely detectable levels) / follow-up I-123 uptake scan to ensure no active thyroid tissue present

Complications of surgery: 50% becoming hypothyroid (complications: recurrent and superior laryngeal nerve paralysis, recurrence and hypoparathyroid), may have to remove hyoid to remove all accessory tissue

Follicular adenoma 


encapsulated / usually euthyroid / Treatment: as above

Thyroid Carcinomas

Papillary carcinoma - good prognosis

1st  in U.S. / indolent (slow growth), +/- bilateral

Pathology: ground-glass nuclei, longitudinal nuclei, psammoma bodies 

 
lymphatic spread / previous irradiation gives a 2-fold higher risk

Exam: may have lymphadenopathy (mets), even with normal thyroid palpation

Follicular carcinoma - bad prognosis
2nd in U.S. / vascular spread (brain, bone, etc) / middle aged women / may mimic follicular adenoma

Medullary carcinoma - bad prognosis
3rd in U.S. / lymphatic spread / bilateral / parafollicular C-cells / secrete calcitonin / FH of disease is better / isolated or as part of MEN II and III

Undifferentiated (anaplastic) - extremely bad prognosis
radiation + chemotherapy is only palliative

Parathyroid
Physiology

Total serum calcium 9 mg/dl – bound to proteins (albumin) and PO4 / regulated indirectly

Ionized serum calcium 4.5 mg/dl – regulated directly

PTH
increases bone resorption (osteoclast activation)

increases serum calcium
lowers fractional reabsorption of PO4 from kidney (normally set at 80-90%)

increases formation of 1,25-OH – increases Ca and PO4 absorption in GI


increases urinary cAMP

Vitamin D 


causes GI absorption of PO4, Ca and increased renal PO4 and Ca reabsorption, and lowers PTH

Vitamin D deficiency
occurs in 25% of elderly / affects seen in children more acutely due to lower calcium stores in bones/ may cause lowered Ca and PO4 leading to secondary hyper PTH

Reasons: lower intake, lack of sun exposure, direct renal damage (conversion enzymes), anticonvulsants (increased inactivation)

Labs: 
25-OH – 1000 fold higher than 1,25-OH – useful to measure vitamin D deficiency

1,25-OH – useful for diagnosis hypercalcemia caused by secretory tumor

Treatment: 1000-2000 vitamin D / 1 to 1.5 g Ca supplement

Calcitonin
increases renal excretion of calcium / increases bone formation 

[more like an escape mechanism / not a primary regulator of serum calcium]

PTHrP
protein functions identically to PTH causing hypercalcemia / can be measured directly by lab
Hyperparathyroidism (other causes of hypercalcemia)

Not uncommon (3 in 1000 middle-age women) / female 2x > male (usually after puberty)

Causes: primary adenoma (90%), secondary adenoma, carcinoma, MEN I (10%)

Increased PTH: pancreatitis, nephrolithiasis, nephrocalcinosis, gout, pseudogout, HTN, PUD

Presentation: can present in hypercalcemic crisis

· Bones: renal stones, UTI, renal failure, nephrocalcinosis (less common)

· Stones: aches, arthralgias, pseudogout

· Abdominal groans: dehydration, constipation, pancreatitis, PUD (CA stimulates gastrin secretion), nausea, vomiting
· Psychic overtones: anorexia, personality changes, polyuria/polydipsia
· Fatigue: muscle fatigue or atrophy, lassitude

Labs: 

· Hypercalcemia
· Hypercalciuria only seen in 2/3 of cases

· Alk phos only ↑ with significant bone disease

· serum chloride ↑ due to PTH-induced bicarbonaturia (more consistent finding than hypophosphatemia)

Parathyroid hyperplasia


chief cell - solid area of chief cells, reduced fat


clear cell - uniform distribution of clear cells, reduced fat

Parathyroid adenoma 

common, 80% parathyroid neoplasms / chief cells (no fat within capsule) / surrounded by normal or atrophic gland, fat cells / usually secretes PTH (hypercalemia)

Exam: rarely find palpable neck mass / brown tumors (osteoclasts clump in bone causing focal swelling)

Diagnosis: U/S, CT, thallium, venous sampling / radiography is positive in 60-80% of cases / selective venous catheterization and PTH detection is second line

Ddx: ectopic PTH, sarcoid, milk alkali, HCTZ, vitamin D/A overdose, hyperthyroid

multiple myeloma, Paget’s, Addisonian crisis, familial HH?

Treatment: resection for hyperplasia (leave ½ of 1 gland) / adenoma (remove only 1 gland) / can cause ‘hungry bones’ phenomenon (hypocalcemia) – perioral numbness, Chvostek’s, seizures / 5% recur (can re-operate)

Parathyroid carcinoma


rare  / invasive / squamous / mets to lung, head/neck, kidney, ovary
As part of multiple endocrine neoplasia (see other)
Secondary hyperparathyroidism (renal osteodystrophy)

· CRF ( ↑ serum PO4 ( CaPO4 deposition ( ↓ serum Ca ( ↑ PTH release

· ↓ vitamin D-1-25-OH (due to renal failure) ( ↓ serum Ca ( ↑ PTH release

Complications: osteodystrophy, myopathy, can get severe muscle atrophy
Treatment: vitamin D supplementation, ↓ PO4 intake, PO4 binders (calcium carbonate)

Familial hypocalciuric hypercalcemia

AD / poorly understood mechanism / low urinary calcium excretion (rarely causes stones/renal failure) / does not have bone resorption seen with other hyperPTH states

Treatment: surgery is not helpful / must rule out before surgery for hyperPTH


Idiopathic Hypercalciuria

Does not have elevated serum calcium level

Vitamin D intoxication

Treatment: stop intake / steroids reduce GI absorption of calcium
Hypoparathyroidism
Status post surgical removal of thyroid (with inadvertent PTH gland removal), autoimmune (e.g. as part of polyglandular syndrome) / Wilson’s / iron-storage disease / others 

Acute hypocalcemia ( tetany

Diagnosis: measure PTH, can actually measure anti-parathyroid Ab’s as well

Pseudohypoparathyroidism


PTH receptor not working / Albright’s / low calcium

Adrenal Gland

Cushing’s Syndrome
1) iatrogenic

2) ectopic ACTH (bronchogenic ca) or (pituitary adenoma)

3) adrenal tumor (adenoma, carcinoma)

Findings: amenorrhea, secondary sex changes, hypertrichosis, obesity, short stature, osteoporosis, muscle wasting, skin (increased POMC)

HTN: direct pressor effect and cortisol cross-stimulation of aldosterone receptors, increased intraocular pressure
Metabolism: glucose intolerance and hyperinsulinemia 

CNS: emotional lability, depression, psychosis/paranoia

Immunosuppression: ~40% get infections (1st bacteria, can also be things like Aspergillus)

Diagnosis: 
· overnight dexamethasone suppression test (supposedly is able to suppress a pituitary tumor secreting ACTH, but not an adrenal tumor) / fair amount of false positives on dexamethasone suppression test / 
· best test to see if patient has elevated cortisol is 24 hr urine cortisol level
· can measure corticotropin levels (best in AM) ( < 10 suggests corticotropin-independent tumor

Cushing’s Disease
young women / 65% of endogenous / single pituitary adenoma or (more often) multiple microadenomas / adrenal glands show bilateral nodules of clear cells with hyperplasia of intervening parenchyma

Ectopic ACTH

15% of endogenous Cushing’s syndrome / 50 yrs, men / small cell carcinoma and carcinoid of lung

Nelson’s syndrome

bilateral adrenalectomy / skin pigment from increased ACTH (POMC) / pituitary adenoma grows from loss of cortisol negative feedback

Adrenal Adenoma

50 yrs, women / compact and clear cells (fasciculata), eosinophilic cells (reticularis) / contralateral gland atrophic / less in children / 2% of autopsies have non-functional versions / workup for incidentally discovered adrenal mass [NEJM]
Adrenal Carcinoma - poor prognosis
40 yrs / 50% of childhood Cushing’s syndrome / 80% function / contralateral gland atrophic / invasive

Primary Adrenal Lymphoma - poor prognosis
Always check adrenal function before mechanical manipulation

FNA to distinguish infection vs. primary vs. mets (may or may not obviate open biopsy)

Treatment: doxorubicin, vincristine, prednisone

Prognosis: usually < 1 yr

Primary hyperaldosteronism (PHA)

adrenal adenoma (Conn’s syndrome) (70%) or hyperplastic adrenal gland (30%) / women, 40s / uninvolved cortex is normal (not atrophic) / < 5% will be from carcinoma and ectopic aldosterone production
Presentation: fatigue, nocturia, hypokalemia, secondary hypertension, metabolic alkalosis

Note: escape from renal sodium retention limits fluid gain to 1.5 to 2 L (no escape in CHF)

Ddx: licorice, tobacco (inhibition of intra-renal anti-cortisol activity of 11-ß-H) 

Diagnosis: 
· plasma aldosterone/renin ratio: taken at 8AM (> 30-50 diagnostic) / spot aldosterone is too variable

· 24 hr urine aldosterone is most sensitive, specific to confirm hyperaldosteronism (after 2 wks of no ACE ( oral salt loading (saline loading) would normally suppress aldosterone; if not, then positive for primary hyperaldosteronism)

Note: if above tests positive, get CT/MRI abdomen thin-cut through adrenal glands (look for > 1 cm adrenal lesions)

Treatment: resection / consider selective adrenal vein sampling (to determine unilateral or bilateral) if hyperplasia only, can do trial of spironolactone/dexamethasone

Congenital Adrenal Hyperplasia (CAH)
21-hydroxylase deficiency (90% of cases)

may present at puberty (very mild form) / rare in blacks / complete block is fatal
Mechanism: defective p450c21 cannot convert 17-hydroxyprogesterone to 11-deoxycortisol causing ↑ androgens, ↓aldosterone (also increased ACTH and adrenal hyperplasia) 

Findings: hyponatremia, hyperkalemia, hypotension, elevated 17-hydroxyprogesterone

girls ( stunted growth, virilization (pseudohermaphrodites), infertility

boys ( precocious puberty, not-infertile 

Treatment: steroids and IV fluids immediately

11-B-hydroxylase


5 % of cases / ↑ androgen, ↑ aldosterone


Diffuse micronodular hyperplasia

children / familial / AD / unilateral / glands of normal size / hyperplasia of intranodular area, remaining tissue is normal / diffuse cortical hyperplasia is uncommon

McCune-Albright syndrome (see bone)

Primary Adrenal Insufficiency (Addison’s disease)

1st in US (autoimmune, cortex only) / world: Tb / Other causes: sarcoidosis, histoplasma, cocci, CMV/MAI (HIV patients), hemorrhage, adrenal mets (lungs, breast, stomach), lymphoma, leukemia, X-linked adrenoleukodystrophy, myelipoma, cysts
Presentation: 
Acute: weakness, hypotension (less responsive to pressors), nausea, fever, tachycardia
Chronic: skin pigmentation (acanthosis) from excess POMC, anorexia, weight loss, personality changes

Mechanism: requires 90% destruction / can also affect aldosterone production 

Labs: hyponatremia, hyperkalemia, hypoglycemia (unlike sepsis), eosinophilia, mild hypercalcemia, acidosis
Diagnosis: AM cortisol < 5 mcg/dL / basal (am peak) or post-stimulation increase by 7 or maximum > 18 (some say 20-25) generally rules out Addison’s (cortisol can be stimulated by ACTH or insulin) / elevated plasma renin concentration (PRC) / insulin-glucose tolerance test (entire HPA access is tested; stress of hypoglycemia should stimulate ACTH ( cortisol)
Treatment:
· Acute: may need D5NS infusion / hydrocortisone 100 mg q 6-8 hrs
· Long-term: hydrocortisone 20/10 mg/day or solumedrol (methylprednisolone) / may also need mineralocorticoid replacement (fludrocortisone) 0.1-0.2 mg/d
type I 
rare, AR, children, females, triad of adrenal insufficiency, hypoparathyroid, chronic mucocutaneous candidiasis (and other autoimmune findings)

type II 
(Schmidt syndrome) women in 30s / adrenal and thyroid disease / diabetes and ovarian failure common

Acute/secondary adrenal insufficiency

stress, abrupt corticosteroid withdrawal, Waterhouse-Friederichsen syndrome (infarction from sepsis, birth-trauma, DIC) / rapid, progressive hypotension leading to shock

? hyponatremia without hypokalemia?

does not have increased pigmentation as POMC is not increased

does not have hyperkalemia as renin-aldosterone axis preserved

Tertiary adrenal insufficiency


impaired secretion of CRH from the hypothalamus

	Disorder
	Aldosterone
	Cortisol
	Renin

	Primary hyperaldosteronism (Conn’s syndrome)
	High
	Normal
	Low

	Secondary hyperaldosteronism
	High
	Normal
	High

	Cushing’s syndrome
	Low-normal
	High
	Low

	Adrenal insufficiency (Addison’s disease)
	Low
	Low
	High

	Pituitary disease
	Normal
	Low
	Normal


Adrenal medulla

major site of epinephrine production / some NE, DA, others

chromaffin cells (Zenker’s solution oxidizes catecholamines to brown-black)

Metabolism: Epi, NE to VMA / DA to HVA
Pheochromocytoma 
40s / (rule of 10s) ( 10% extra-adrenal, bilateral, mets, familial (MEN II, III)
Pathology: rarely may secrete ACTH more than E, NE / hard to distinguish benign from malignant by appearance / pleomorphism, but infrequent mitoses
Presentation: hypertension may be constant with paroxysmal or intermittent attacks (may be precipitated by a number of events including palpation of the tumor!) or hypotension (from pressure induced natriuresis), headaches, diaphoresis, hyperglycemia (catecholamine suppression of insulin and stimulation of glycogenolysis)
Associations: associated with neurofibromatosis, von Hippel-Lindau (VHL gene), Sturge-Weber and McCune-Albright syndrome / in MEN, there is diffuse or nodular hyperplasia (RET protooncogene)
Diagnosis: urine markers, clonidine suppression test / CT scan / 123I-MIBG
Lab markers (24 hr urine): VMA (may be elevated even without acute hypertension), metanephrines (most sensitive), catecholamines / yield increased if collected during episode / should discontinue any alpha or B-blockers / spot serum levels not a good test due to fluctuations/false positives (if you must use this, patient should rest 30 mins before and must use indwelling catheter to collect venous sample)
Treatment:
· alpha then beta blockade (avoids crises of hypoperfusion with excess peripheral vascular resistance while heart rate is being b-blocked)

· phenoxybenzamine (irreversible a-blocker begun 1 wk prior to surgical resection)
· may need to give IV nitroprusside for acute HTN

· may need to give volume (if volume depleted)
Prognosis: surgery has 40% morbidity / f/u labs in 2 wks to see if mets were missed // sometimes mets can be treated with chemo/radiation
Paraganglioma - poor prognosis
extra-adrenal pheochromocytoma, but does not produce catecholamines / 30s to 60s, sporadic or familial, usually recur / usually have mets (especially retroperitoneal versions) / mitoses absent / encapsulated but adherent, difficult to excise 

Neuroblastoma - good prognosis 

METASTASES TO THE ADRENAL GLANDS

lung CA >> metastatic melanoma, RCC, and colorectal cancer

· nonfunctioning adrenal mass > 6 cm  (35% to 98% carcinoma) ( resect

· between 3 and 6 cm ( MRI  

· smaller than 4 to 6 cm ( could be incidentaloma (unknown adrenal mass) [NEJM]
· work up to r/o other primary – includes timed urine catecholamines, dexamethasone (1 mg) suppression test, and androgen/estrogen levels
· unifocal adrenal mets from unknown primary is rare (0.2%), so no need for FNA with no history (lung, breast, stomach, kidney, colon, melanoma, lymphoma), signs, symptoms, radiographic or laboratory findings suggesting an occult malignancy / can follow with serial clinical examinations and abdominal imaging

Infectious Disease

Sepsis
Primary Site
UTI, pyelonephritis, pneumonia, meningitis, cellulitis, septic arthritis, osteomyelitis, peritonitis, PID, endocarditis
Sexually Transmitted 
HIV, hepatitis, Chlamydia, HSV, more…

Hematologic
Opportunistic
Exotic
Parasite
Fungal
Infectious Diarrhea
Pediatric I.D. (a.k.a. Pediatrics)
[pre-op antibiotics]
· For details on specific organisms, please see microbiology or a  folder full of bugs
· Case Presentations from Johns Hopkins Infectious Diseases

Studies used for infections

Nuclear Medicine

Tagged white cell scan (see osteomyelitis)

99mTc (methylene diphosphonate)

67Ga (WBCs) and 111In
Note: either Ga or In concentrates more in GI, thus making it worse for GI lesions (increased background noise)

Sepsis (pediatric sepsis) [NEJM]
septic splenitis, bacteremia, body temperature dysregulation, leukocytosis/leukocytopenia, hypotension, DIC, end-organ damage (DAD, acute renal failure, ATN, heart failure, liver failure)

Mechanism: mediators: endotoxin, IL-1 (fever), TNF 

General causes: pancreatitis, perforated bowel, cholangitis, abscess, pneumonia, empyema, urosepsis, line sepsis, abscess

Specific infections: miliary Tb, pulmonary Tb, fungemia, overwhelming parasitic infections, 

cerebral malaria, toxic shock syndrome (TSS), C difficile colitis
Treatment: 

· Volume repletion: fluids + PRBC if Hct low

· Hemodynamic support: pressor (levafed for low SVR, may add dopamine for contractility)

· Antibiotics: broad spectrum such as vanc/zosyn, meropenem, etc.

· Steroids: trend toward empirically treating for relative adrenal insufficiency; do cosyntropin stim test 0, 30, 60 upon admission then empirically add hydrocortisone 50 mg q 6 and fludrocortisone 50 ug qd for total 7 days (decreases mortality in some trials)

· Nutrition: Harris-Benedict for caloric intake in a male 66 + (13.7 x wt) + (5 x ht) – (6.8 ? age)

· Other: activated protein C (reduces mortality by 10%)

Lactic Acidosis [diagram][diagram]
Lactic acid > 4 mmol/L / increased anion gap in only 50% / Type A or B / late marker of ischemic gut

Mechanism: arterial vasodilation, catecholamine insensitivity, decreased cardiac contractility, decreased O2 uptake in lungs, increased work of breathing, increased catabolism/decreased synthesis of protein

Complications: osteomalacia (increased PTH)

Rule out other causes of acidosis: hyperchloremia, TPN, saline acidosis, colonic ureteral diversion (80% will develop LA), RTA, diarrhea, drugs

Treatment (controversial): HCO3, DCA, THAM, Carbicarb / CVVHD may improve survival only minimally

Line Sepsis (catheter-related)
· make sure they get 2 inches of cath tip for CFU count to determine if primary or secondary catheter infection

· some evidence suggests utility of drawing simultaneous cultures from peripheral and through catheter; if catheter culture grows faster, it suggests infection is line related

Primary infection

Urinary Tract Infection (see pediatrics)
Risk factors: incontinence, prior UTI, neurological impairment, polypharmacy (anticholinergics), immunosuppression, poor nutrition, comorbid disease states / major cause of sepsis in elderly

Organisms: E. coli, pseudomonas, proteus, klebsiella, enterobacter, Enterococcus, rarely (Staph, Corynebacterium), Candida
Diagnosis: > 105 CFU/mL from clean catch, > 102 CFU/mL from catheter specimen
Labs: nitrites (converted from nitrates by some bacteria, esp. GNR), Leukocyte esterase (released by neutrophils)

Treatment: 

· Asymptomatic bacteriuria (50% women, 30% men > 65 yrs): should treat pregnant and immunosuppressed patients (including diabetics)

· Candida in urine / if asymptomatic, changing catheter clears in 40% / treatment with fluconazole or ampho B recommended for immunocompromised, neutropenic, obstruction, invasion of upper pole / bladder washings is only a temporary measure
· Acute uncomplicated cystitis: empiric treatment for women with symptoms of acute cystitis and positive dipstick / fluoroquinolone x 3 days

· Pyelonephritis: IV ceftriaxone then fluoroquinolone (or other) to complete 10 days (change to PO when appropriate)
· Urosepsis: supportive as for any sepsis / ampicillin + gentamicin or imipenem or Zosyn
Pneumonia (see pulmonary) (see pediatrics)
Peritonitis (see peritoneal infection)
Cellulitis
 
erythema, warmth, and tenderness 

Organisms: Strep A (most common), Staph, Erysipelothrix (fish), E. coli (nephrotic in children), aeromonas, Vibrio, C. perfringens (gas gangrene)

Labs: Gram stain and culture (aerobic and anaerobic) on aspirate of (advancing edge and any vesicles) / swab of any drainage material / punch biopsy (sometimes) / blood cultures / ASLO titer (in suspected streptococcal disease) 

Note: must consider necrotizing fasciitis (see below) and osteomyelitis (see below)

Note: recurrent cellulitis should prompt consideration of venous insufficiency (Milroy’s syndrome), chronic foot trauma or tinea pedis

Q: who should get U/S doppler on lower extremities?

Erysipelas (Strep A)

distinguished by indurated, elevated margin [dermis]; lymphatic involvement and vesicle formation are common / face and legs; facial may follow URI strep infection

Treatment: treat for both Staph and Strep anyway

Staphylococcal cellulitis

Differentiated from erysipelas by nonelevated, poorly demarcated margins

Local tenderness and regional adenopathy are common; up to 85% of cases occur on the legs and feet (look for sign of entry such as chronic athlete’s foot)

Treatment: nafcillin IV (1 to 2 g q 4-6hrs) for a while (~few days) followed by PO dicloxacillin 250 to 500 mg qid (for another few days or as needed, but with lymphatic/venous insufficiency, you can expect your patient to come back and need more IV nafcillin because you sent them home too early on PO)  

Alternative: PO augmentin or Cephalosporins (cephalothin, cephalexin, cephradine) 

Vancomycin for MRSA or penicillin allergy

H. influenza cellulitis 

Area involved has a blue-red-purple-red color 

mainly in children (face) and sometimes adults (neck or upper chest) 

Blood cultures frequently positive 

Treatment: PO amoxicillin (30% resistance), cefaclor, cefixime, cefuroxime; IV cefuroxime or ampicillin; bactrim or chloramphenicol for penicillin allergy; IV cefuroxime for severely ill patients 

Vibrio vulnificus 

Higher incidence in patients with liver disease (75%) and in immunocompromised hosts (corticosteroids, diabetes mellitus, leukemia, renal failure) 

History of exposure to salt water or eating raw seafood 

Large hemorrhagic bullae, cellulitis, lymphadenitis, myositis, DIC and septic shock occur frequently / mortality rate over 50% in septic shock 

Treatment: aminoglycoside plus tetracycline or chloramphenicol

Necrotizing fasciitis 

deep-seeded subcutaneous infection ( progressive destruction of fascia and fat

diffuse swelling of an arm or leg, followed by bullae filled with clear fluid (maroon or violaceous in color)

Systemic symptoms may include shock and organ failure

CT or MRI is useful in locating the site and depth of infection

Treatment: surgical debridement and antibiotics

Panniculitis
Inflammation of subcutaneous tissue, occasionally complicates alpha-1-antitrypsin deficiency

Mediastinitis

Post-surgical: ~ 2-8% incidence / CT chest is about 65% sensitive / surgery is best answer although sometimes, pt will recover with antibiotics with suspected infection (was there an infection?)

Deep-Neck Infections

· Ludwig’s Angina – from oral infection

· Lemierre’s syndrome (see other)

Pharyngitis (see pediatrics) [NEJM]

Many causes (microbial and non-microbial) / pediatrics vs. adult / try ctrl-F

Viral: rhinovirus (20), coronavirus (5), adenovirus (5), HSV (4), parainfluenza (2), influenza (2), coxsackievirus, EBV, CMV, HIV

Bacterial: Strep A (15-30), Strep C (5), Neisseria, Corynebacterium, Arcanobacterium, Chlamydia, Mycoplasma


Diagnosis:  gold standard is throat culture (90% sensitivity)


Treatment: depends on organism suspected

Osteomyelitis
[Treatment] [mechanisms]

Hematogenous (20%)

Contiguous (majority)

Vertebral, Vascular Insufficiency, Chronic
	Neonates 
	E. coli, S. aureus and Group B streptococcus 

	Early child
	Group A Strep, H. Flu

	Elderly
	GNR and S. aureus

	IVDA
	S. aureus, pseudomonas, serratia

	AIDS et al 
	fungus

	Sickle cell
	S. aureus, Salmonella

	Other
	syphilis, varicella, vaccinia

	CV surgery 


	Above plus GN enteric, atypical mycobacteria, Mycoplasma

	Foot puncture or burns
	Pseudomonas

	Cat bites
	Pasteurella


Diagnosis:

· Culture: culture of overlying wound may or may not correlate with underlying bone lesion (except in the case of S. aureus, which for reasons unclear to me, usually does)

· Plain films:  positive periosteal reaction > 10 days / lytic lesions by 2-6 wks / use at presentation and follow-up

· Scintigraphy: 95% with positive 99mTc (methylene diphosphonate) within 24 hrs (false positives from bone remodeling, false negatives only with obstruction to blood flow) / 67Ga (WBCs) and 111In (WBCs or hIVIG) may be more specific for inflammation / total-body scintigraphy to detect metastatic infection, can be repeated later if negative

· Ultrasound detects surrounding inflammation / Doppler measures blood supply

· CT and MRI: edema and the destruction of medulla, periosteal reaction, cortical destruction, articular damage, and soft-tissue involvement (even with normal plain films)
· CT can be too sensitive to artifacts from bone/metal (useful for guiding FNA)

· MRI (no local  ferromagnetic material, titanium is okay) / often earlier detection than scintigraphy

T1-weighted ( infectious processes have low signal intensity (appear dark on standard films)

T2-weighted ( inflammation and infection seen as abnormally bright

paramagnetic IV contrast agent (gadopentetate di-N-methylglucamine) may help differentiated vascularized/inflamed tissue from peripheral rim enhancement of abscess

Hematogenous Osteomyelitis (20%)

Osteomyelitis develops after bacteremia mostly in prepubertal children and in elderly patients

Older patients and IVDA ( spine (see below)

Children ( metaphyseal area of long bones (particularly the tibia and femur), single focus 5% progress to chronic if untreated (see below) / 95% single organism (> 50% S. aureus)

Presentation: chills, fever and malaise, local pain, and swelling

Ddx: Charcot foot, fracture, cellulitis
Labs: 

· Elevated ESR, elevated CRP (can be used to follow)

· Positive blood cultures in 1/3 of acute/childhood/hematogenous and ¼ adult/vertebral

· Negative blood cultures ( need FNA or biopsy

Contiguous Focus of Infection - most common
Organisms: S. aureus ( >50%), S. non-aureus and polymicrobial

Presentation: +/- low-grade fever, painful, unstable joint on physical exam or films

after bone insult ( most prevalent (open fracture, bone reconstruction, prostheses)

· < 12 wks ( acute infection of prosthesis

· < 24 months ( chronic infection, often less virulent bugs

· Even later ( hematogenous infection

Diagnosis: Gram’s stain and quantitative cultures (colonization vs. infection)

Vertebral Osteomyelitis

More rare in adults / often spans 2 vertebrae and 1 disk space 

lumbar > thoracic > cervical / IVDA (cervical), urinary catheters (lumbar), Tb (thoracic)


Risk factors: IVDA, DM, hemodialysis
Presentation: > 50% of cases with subacute (low grade fever, normal WBC), 15% with nerve root irritation (neck or back pain) / elevated WBC suggests ongoing bacteremia

Diagnosis: blood cultures often negative / needle biopsy with multiple specimens / 2nd CT-guided biopsy if 1st is negative (if 2nd negative, choose empirical therapy or an open surgical biopsy)

CT or MRI: must not miss epidural abscess 

Additional organisms: E. coli (25%), Tb, Brucella
Treatment: spinal surgery only for failed medical therapy, huge abscess, instability, worsening neurological deficits 

Chronic Osteomyelitis

fever usually only with soft tissue involvement / months or even years of low-grade inflammation, pus, microorganisms, sequestra, compromised soft-tissue envelope, fistula (sometimes)

Late complications: fractures, squamous cell carcinoma (of sinus tracts), amyloidosis

Treatment: group decision by patient, medical, orthopod/CV surgeon

Vascular Insufficiency 

diabetes or vascular insufficiency / almost exclusively in the feet / previously traumatized skin

Cellulitis may be minimal / Physical exam ( no pain (advanced neuropathy) or big pain (acute destruction of bone)

transcutaneous oximetry and Doppler to assess vascular supply (once inflammation controlled) 

arteriography if indicated

Antibiotic Prophylaxis in Bone Surgery

closed fractures, antistaphylococcal penicillins and 1st, 2nd, 3rd generation cephalosporins 

open fractures (already contaminated)

Treatment: 

· antibiotics within 6 hrs ( 1st (cefazolin) or 2nd (cefamandole and cefuroxime) for 24 hrs

· complex fractures with extensive soft-tissue damage ( broader coverage for longer periods

· insertion of prosthetic devices (current rate of infection ~0.5%)

Treatment
Basic Principles 

· bacteriocidal antibiotics plus 4 to 6 wks and bed rest

· combination of medical and surgical management

· high dose PO after 5-10 d IV often used in compliant children

· usually see improvement after 1-2 d therapy

· ESR or CRP should decrease to < ⅔ previous level (if doesn’t, do not stop treatment; re-evaluate)
· early, IV, at least 4 to 6 wks

· Hematogenous in children ( IV phase then several weeks PO (usu. not B-lactams due to limited PO bioavailability and GI tolerance)
· Long-term PO quinolones for Enterobacter (still investigational for Pseudomonas, Serratia, and S. aureus (add rifampin) / metronidazole also penetrates bone well
· MRSA and MDR GNR requires long term IV vancomycin or broad-spectrums
· local administration antibiotic-coated beads (under investigation)

Surgical Management 

surgical decompression for refractory infection / complete debridement for chronic infection / then cover with skin, bone (cancellous +/- Papineau technique), muscle graft (all have high failure rates due to persistent infection / revascularization procedures are helpful / complex orthopedic techniques for large defects (Ilizarov technique and others)

prosthetic joints ( remove device (exceptions: stable hip prosthesis and wuss microorganisms such as streptococci and early device-infections with S. aureus (some success with PO quinolones and rifampin) / two-stage exchange arthroplasty vs. one-stage (higher risk of recurrent infection)

vascular insufficiency (diabetes)

consider amputation vs. revascularization surgery and/or debridement and 4 to 6 wk course of antimicrobial therapy may work with good oxygen tension (hyperbaric oxygen not proven to be effective)

Epidural abscess [NEJM]

Diagnose and treat quickly!
Organisms: S. aureus (66% with ~40% MRSA)
Presentation: back pain (75%), fever (50%), neurological deficit (33%)

Diagnosis: clinical + imaging [MRI][MRI] + labs (60% positive bacteremia; 75% abnormal LP but non-specific so only do LP if myelogram already being performed)
Risk factors: diabetes, alcoholism, HIV, spinal abnormality or intervention (degenerative joint disease, trauma, surgery, drug injection, or placement of stimulators or catheters), or potential source of infection (skin and soft-tissue infections, osteomyelitis, urinary tract infection, sepsis, indwelling vascular access, intravenous drug use, nerve acupuncture, tattooing, epidural analgesia, or nerve block)
Treatment: empiric vancomycin + cefepime or specific therapy if organism determined (at least 6 weeks duration) / neurosurgical consult (may need urgent decompressive laminectomy)

Prognosis: paralysis (5-20%), death (5%)
Meningitis

Viral / Bacterial
Aseptic meningitis (see below)
echovirus, coxsackievirus, nonparalytic poliovirus

Pyogenic meningitis

E. coli, B strep, H. influenza, N. meningitidis, pneumococcus / S. aureus
Iatrogenic aseptic meningitis

NSAIDS, immunosuppressants (azathioprine, OKT3), antibiotics (bactrim), IVIG

Chronic meningoencephalitis (see other)

neurosyphilis (Argyll Robertson pupil, tabes dorsalis, Charcot joints, gummas), Tb, borrelia (lyme), pseudomonas (IV drug users) protein increased, glucose may be normal

Other CNS infections: Cryptococcus, Toxoplasmosis, Amoebas
Viral meningitis 


Labs:
· CSF pleocytosis (almost always present) / usu. 100 to 1000 (up to several thousand)
· early – neutrophils may dominate, then lymphocytes within 48 hrs

· protein (< 100 mg/dL) and glucose usually minimally altered
· PCR has 90% specificity

· culture takes from 3-8 days (60% yield, Coxsackie A is worst)

Transmission: shedding is for about 1 wk (throat) and several weeks (rectum) / asymptomatic shedding ~5% during epidemic (thus, shedding could be from past infection)

Enterovirus
most common agent (70%), occurring late summer/early fall

Presentation: URI prodrome, fever (80%), nuchal rigidity (50%), frontal headache (90%), 

nausea, vomiting, irritability, lethargy, photophobia, pleurodynia, rash, conjunctivitis, 

myopericarditis

Maculopapular rash ( Echovirus 9

Herpangina ( Coxsackievirus A

Pericarditis/pleurisy ( Coxsackievirus B

Splenomegaly ( EBV

Vesicopustular rash ( VZV

Diagnosis: clinical and via lumbar puncture / type I atypical lymphocytes suggestive / PCR of CSF can detect many types / may also be able to culture enterovirus from stool samples
Course: usu. self-limited to < 1 week with improvement after LP


Treatment: abx to cover bacterial until specific organism identified

HSV (encephalitis)


Most common sporadic acute focal encephalitis in U.S. / < 20 or > 50 yrs
look for herpangitic or herpetic rash, in CSF, predilection for inferior, medial temporal lobes, frontal lobes and orbital gyri

Presentation: altered personality, hypersexuality, sensory hallucinations

Diagnosis:

· MRI with contrast (hyperintensity on T2), may be normal first few days, should repeat if high suspicion)

· PCR for HSV-1 DNA in of CSF (+) > 24 hrs

· CSF: lymphocytic pleocytosis < 500, ↑ RBC’s (or xanthochromia), mildly ↑ protein, normal glucose

· EEG: focal slowing and periodic complexes localized to one temporal lobe

Prognosis: more CNS changes means worse prognosis

HSV-2 – Mollaret’s meningitis /  ½ of neonates with maternal HSV-2 will become infected

CMV



in utero (periventricular necrosis, calcification, microcephaly) / immunosuppressed (ependyma/subependymal glia, Cowdry A, 20% of HIV pts) / detected by PCR
EBV
detected by PCR
Mumps
CSF: WBC usu. < 500 / may persist for weeks / usu. > 80% lymphocytes

Complement fixation and hemagglutination inhibition on serum specimens are the most 

reliable serologic tests / CSF culture has 40% yield

HIV (primary infection)


CSF: WBC usu. < 200 / usu. normalizes by 2 wks

AIDS dementia

memory loss, apathy, confusion / vacuolization looks like B12 deficiency / childhood HIV (fewer opportunistic CNS infections)

PML (JC virus)

demyelination / does not enhance on MRI / diagnostic EM pattern (biopsy) / may occur in 

HIV (60% of cases) or other immunocompromised population / CSF may show mild pleocytosis (25%) and slightly elevated protein
Treatment: HIV meds may slow progression +/- cytarabine (debatable)

Syphilis (usu. presents like viral meningitis)

Lymphocytic choriomeningitis (LCV)

Begins like enteroviral meningitis, then takes a turn for the worse / late manifestations include 

orchitis, arthritis, myopericarditis, and alopecia

CSF: WBC usu. < 750 / low sugar (25%) / culture from blood and CSF early, urine later / 

diagnosis usu. made by serology

St. Louis encephalitis (see micro)

Poliomyelitis
anterior horns / post-polio syndrome (progressive weakness 30 yrs later)

Rabies


paresthesia around wound, HA, fever, GI / late CNS disease (Negri bodies)

Bacterial meningitis
Causative organisms: [see breakdown by patient status] (more organisms)
Neonatal: Group B Strep, E. coli, Listeria, citrobacter

Children/adult: Pneumococcus, N. meningitidis, H. influenza / E. coli, Klebsiella, Listeria, Enterococcus, Salmonella, HSV, Rickettsia

Basilar meningitis (ataxia, incontinence): TB, fungal, Listeria, syphilis, sarcoid

Post-surgical: S. aureus and S. epidermidis

Presentation:

fever (90%), headache (80%), mental status change (70%), seizures (40%), vomiting (30%), nuchal rigidity (meningismus) (80%)

· Kernig’s (50%) – painful/limited extension of leg after passive flexion

· Brudzinski’s (50%) – reflexive leg contraction on passive (forceful) neck flexion

focal CNS findings (15%) - usu. cranial nerve palsies [from ischemia or focal suppuration]
rash ( Neisseria, viral

Tip-offs

· papilledema ( suggests cryptococcus (get CT 1st with signs of increased ICP)

· early, prominent CNS findings suggest Listeria

· CSF leak (otorrhea, rhinorrhea following trauma, pneumococcus, Hib)

Risk Factors:

more frequent with < 5 or > 50 yrs and winter months

trauma, mastoiditis, sinusitis, anatomic defects, VP shunt, asplenia, antibody deficiency, terminal complement deficiency

Ddx:


Infection: viral meningitis, brain abscess, cerebral/spinal epidural abscess

CNS problem: subarachnoid hemorrhage, recent sustained anoxia or hypoxia, intracranial hematoma, malignant hypertension, and developmental or demyelination disorders

Malignancy (leukemia, lymphoma, metastatic carcinoma)

Thrombotic: septic intracranial thrombophlebitis, endocarditis with embolism

Drugs: bactrim (SMX), NSAIDs, INH
Vaccinations: mumps, measles

Workup: 

CT (before LP with increased ICP)

LP (see below)

blood cultures

CXR (look for TB)

RPR for syphilis (can present as aseptic meningitis)

empiric treatment for ABM (if suspected)

Electrolytes: may be hypoglycemic and SIADH symptoms


MRI: meningeal enhancement will be present, but is a very non-specific finding
Complications: SZ, CVA, thrombosis, increased ICP

· mortality (25% for adults)

· morbidity (61% for neonates)

· cerebral infarction (5% to 15% of ABM, 30% in neonates)

· neonates get arteritis/thrombophlebitis (larger, +/- hemorrhagic infarcts, +/- secondary abscess formation) / venous thrombosis and hemorrhagic necrosis (associated with Pseudomonas, Proteus, Enterobacter, and Serratia)

· Septic venous sinus thrombosis/thrombophlebitis (up to 5%, usu. < 1 or 2 weeks)

Note: sinus, middle ear, skull infection can beget cerebral vasculitis without detectable meningitis / also, basilar infection can causes vasculitis of ascending arteries
Mechanisms of damage

Immune-mediated damage to blood vessel cells, humoral (antibody mediated), cellular (cell mediated, granuloma formation), immune complex deposition (complement activation), bystander damage to blood vessel cells, direct damage to vessel (e.g. VZV), infection-associated immune dysregulation

Toxin-mediated damage to blood vessel cells, postinfectious syndrome

Treatment:

· Ceftriaxone 2 g q 12 hrs covers S. pneumo, Neisseria

· Vancomycin MUST be given to cover resistant S. pneumo

· Ampicillin for Listeria

· Steroids (dexamethasone) recommended to reduce CNS inflammation (most useful at initiation of therapy and definitely < 6 hrs, presumably from lysis of organisms) / note: dexamethasone may decrease penetration of vancomycin into CSF
· Acyclovir if HSV suspected
· serial LP’s may benefit patients with increased ICP (Cryptococcus)

· consider anticoagulation for thrombosis (must rule out bleeding first)

· ABM can cause profound hyperventilation and respiratory alkalosis (watch PO43-), consider this when giving Diamox to reduce ICP

· ? COX inhibitors, Ab to adhesion molecules

· For meningococcus, treat exposure of close contacts (dormitory residents, family members, health care workers, etc): rifampin bid x 2 days or cipro x 1 dose

Note: must get 10-30 times MIC, dose may be higher than other bacterial infections, must use bacteriocidal agents because CSF lacks compliment, etc., protein levels and low pH of CSF may decrease activity of certain antibiotics
Vaccines available for: pneumococcus, Neisseria, H. influenza, others
Duration: 14 days with good clinical response / antibiotics may be stopped after 48 hrs with probable viral meningitis

Course:

Neonatal: ⅓ mortality, with a small minority developing hearing loss, developmental delay, profound MR, hydrocephalus requiring shunting, seizures, spasticity

Childhood/Adult: under 5% mortality (15-30% with persistent hearing loss, developmental delay, behavioral problems, motor incoordination, seizures (13%)

Note: CSF parameters may take weeks to normalize / glucose tends to normalize much faster than the protein (WBC’s may take longer)


Lumbar Puncture [video]
Note: contraindicated with increased ICP, site skin infection, cardiopulmonary instability / technically, you should be able to use various criteria to determine if need CT prior to LP, but nowadays, everyone just gets a non-contrast CT before LP / record opening pressure on LP - may need to drain CSF to relieve pressure (prevent blindness)

Note: do not delay antibiotics to do diagnostic studies, results valid up to 2 hours (can do latex agglutination panel)

1st – culture/sensitivity/gram stain

2nd – glucose/protein

3rd – cell count

4th – always tell lab to hold a tube in reserve (for future studies)

	
	WBC

	Protein
	Glucose
	Opening Pressure



	Bacterial


	< 100 to 10,000 

(usu. 1000 to 5000)
	100-500
	< 40
	> 20 mm H2O

	Viral


	25-100

	50-100
	> 40
	< 18 mm H20

	M Tb


	4000-5000
	10-500
	20-40
	

	Normal
	0-1
	 < 90
	0-60
	


Note: glucose should be 60% blood level over 2 years, but 70-80% in neonates
Left shift may be early on and then lymphocyte predominance later (like viral) / lymphocytic often seen in neonatal GNR and Listeria / 10% of Meningococcus will have normal CSF / elevated CSF lactate (> 35 mg/dl) suggests bacterial / sterilization usu. takes 24 to 36 hrs.

Gram-stain in ABM pre-treatment (sensitivity 70%, specificity 99%)

S. pneumo – 90% / H. influenza – 85% / Neisseria – 75% / GNB – 50% / Listeria - < 50%

Latex agglutination panel (specificity is 95%)
· S. pneumo (83 types; 70-100% sensitive)

· Neisseria (A, C, Y, W135; 33-70% sensitivity)

· H. influenza B
· GBS (type 3)

· E. coli (K1) 
· some panels can detect Staph too
· GNR best detected by special limulus lysate assay (for endotoxin)
Standard Studies
Opening pressures (usu. > 60 mm H20 w/ bacterial)

Cell counts (opening and closing) and WBC differential

RBC’s (would clear by 4th tube if traumatic (unlike HSV or subdural hemorrhage)

Extra (can be ordered)
India Ink and Cryptococcal Ag (cannot trust presentation or CSF)

Latex agglutination (bacterial Ag panel) - useful w/ prior abx (otherwise, bacteria would usu. grow)

AFB 

VDRL et al for syphilis
Bacterial culture: Listeria, Nocardia

Anaerobic culture

Viral Culture

PCR for just about anything: Tb, EBV, CMV, VZV, HSV, JC, West Nile, Enterovirus?

Bacterial Ag Latex (various bugs) – usu. don’t need unless pretreated with Abx

Antibodies for toxoplasma, St. Louis, Eastern Equine

Amoeba – usually requires biopsy to detect / cells can mimic histiocytes on path
Age breakdown for septic meningitis

	Infants
	Children
	Adults
	Elderly

	Strep B (40%)
	N. meningitidis (30%)
	Enterovirus
	S. pneumo

	E. coli (25%)
	S. pneumo (20%)
	S. pneumo (40%)
	GNR

	Other GNR (10%)
	enterovirus
	N. meningitidis (20%)
	

	Listeria (5-10%)
	Hib (<10%)
	Staph (5%)
	Listeria (10%)

	Enterococcus
	
	GNR (5%)
	

	
	
	Listeria (5%)
	

	
	
	Other Strep (5%)
	

	
	
	HSV
	


	Immunocompromised

HIV/AIDS
	Respirator


	Head trauma, surgery
	Ruptured brain

 abscess


	Listeria (10%)
	Proteus 


	Staph aureus
	GNR



	Tb
	Pseudomonas
	Staph epidermidis
	Anaerobes

	Cryptococcus
	Serratia
	GNR
	

	
	Flavobacterium

	
	


Meningitis Organisms

	Group B Strep

	3rd bacterial meningitis / neonatal meningitis

	E. coli (K1 antigen)

	Neonatal meningitis

	S. pneumoniae

	1st bacterial meningitis

	H. influenza


	5th bacterial meningitis (much less with vaccine)

	N. meningitides

	2nd bacterial meningitis / biopsy of skin lesions can be helpful

	Listeria  monocytogenes

	4th bacterial meningitis (up to 10% of newborns) and nursing home/immunocompromised patients

	M. Tb



	WBC’s < 500 (↑ monocytes), very low glucose, very high protein / PCR because AFB usually negative (although PCR has low sensitivity) / MRI will show basilar location (cranial nerves, hydrocephalus ( often high opening pressure)

	Salmonella
	

	Klebsiella
	

	Enterococcus
	usu. post-surgical 

	Enterobacter
	2 drugs or cefepime as single agent / Unasyn or Zosyn

	Citrobacter diversus

	causes abscesses

	S. aureus
	causes abscesses

	Mycoplasma


	uncommon

	F. tularemia
	

	RMSF
	

	Coxiella
	

	Syphilis
	mimics aseptic meningitis

	Lyme disease
	more HA and neuropathy, less meningeal signs

	Leptospirosis
	

	Cryptococcus

 
	1st in AIDS population / high CSF pressure / lymphocyte predominance, low sugar, high protein

	Candida
	

	Histoplasmosis
	

	Naegleria


	causes purulent meningitis (no good treatment)

	
	

	Toxoplasmosis

	uncommon

	Enterovirus (80%)
	

	Mumps
	

	LCM
	low sugar in CSF (unusual for a virus)

	EBV
	

	CMV
	

	VZV
	

	HSV-1 (and HSV-2)



	most common acute viral encephalitis / focal, subtle CNS findings / normal glucose, protein and WBC elevated, bloody CSF (does not clear by 4th tube) / community acquired form is not related to immune status / MRI will show temporal lobe involvement / EEG may show periodic sharp, slow wave complexes in temporal lobes (within 2-15 days)

	HIV
	


Chronic meningitis syndrome

Diagnosis: CSF studies and extraneural cultures / neuroimaging:  > 75% sensitivity / hyponatremia (25% to 90%) / PPD/CXR can be negative / all should get HIV test

Treatment: combination antibiotics +/- corticosteroids for standard CNS reasons as well as for decompensation on initiation of antibiotics

Causes of asymptomatic meningitis: meningovasculitis, parenchymatous neurosyphilis, general paresis, tabes dorsalis, gummatous neurosyphilis

Hematologic Infection

Serologic testing available (list keeps growing; always check for latest): toxoplasma, cryptococcus, blastomyces, coccidioides, bartonella, brucella, Coxiella burnetii, Borrelia burgdorferi, EBV


PCR (major partial list; this is a stub): T. whippelii
Granulomatis lymphadenitis

Tb (scrofula in neck, Pott’s in spine) / histoplasmosis (GMS, Mississippi River Valley) / coccidiomycosis (Southwest US) / sporothrix, blastomycosis (local or systemic) / cryptococcus 
(worse in HIV) / aspergillus (causes allergic COPD or opportunistic infection) / mucormycosis (opportunistic)

Cat scratch disease (see Bartonella)

self or gentamicin-limited / AIDS pts may get bacillary angiomatosis, peliosis

Toxoplasmosis (see parasitology, toxoplasmosis)


protozoa / self-limited / uncooked meat, cat feces

Epstein-Barr Virus (EBV) 

Visceral leischmaniasis (see other)
L. donovani / amastigotes in macrophages / discoloration of hands, feet, face, abdomen / AIDS

Malaria (see other)

P. falciprum may cause black-water fever / falciprum will not relapse

Filariasis
HTLV-1 
T-cell leukemia / IV drug users, prostitutes

Parvovirus B19 (see other)
5th disease / mild exanthem / non-immune hydrops fetalis / transient aplastic crisis

Sexually Transmitted Diseases

HIV (see other)
HSV
Cowdry A / multinucleated giant cells / Tzanck smear / acyclovir, etc.

C. trachomatis
LGV, conjunctivitis, UTI, trachoma (blindness) / azythromycin, doxycycline

N. gonorrhea


GN diplococci / UTI, PID / opthalmia neonatorum / arthritis 


ceftriaxone, quinolone, dissemination,  spectinomycin

T. vaginalis
protozoa / UTI / strawberry mucosa / treat partner
metronidazole (note alternative for the alcoholic couple paromomycin)

Gardnerella vaginalis
fish odor / clue cells / metronidazole

H. ducreyi


chancroid / painful / ceftriaxone, azythromycin / treat partner

HPV (condyloma) 

warts / cidofovir

Calymmatobacterium
granuloma inguinale (papule) / tropics / tetracycline / donovan bodies Giemsa stain

Syphilis
non specific VDRL, RPR / specific FTA, MHA-TP, TPI / “tree-bark” aorta / tabes dorsalis / palms, soles / pen G or tet / doxycycline

Hepatitis
Exotic diseases

Treponema sp.

yaws, pinta, bejel (transmitted by fomites)

Borrelia burgdorferi 
lyme disease / erythema migrans, disseminated, persistent (CNS, (deer tick) peripheral neuropathy, requires 1 mo IV ceftriaxone)

Coxiella burnetii

facultative intracellular parasite / animals / inhalation / ingestion 





Q fever (no rash) - chronic hepatitis, endocarditis

Ehrlichia chaffeensis
deer tick / monocytic or granulocytic ehrlichiosis (different organisms) / leukocytopenia / usually no rash / tetracycline

Vibrios sp.
v. cholera (enterotoxin), v. parahaemolyticus (invades colon, toxin), v. vulnificus, v. alginolyticus (wound sepsis)

Rickettsia  


obligate intracellular parasite
R. rickettsii
rocky mountain spotted fever (South-Central-mid-Atlantic) / large ticks / centripetal  spread (palms, soles to trunk) / 20% mortality untreated / tetracycline

R. akari
mites, mouse / rickettsialpox (mild febrile illness) / eschar gives way to rash 

R. prowazekii
human louse / centripetal rash / epidemic typhus (Brill-Zinsser is recrudescent disease-usually effects elderly)

R. typhi

fleas / endemic / murine typhus (milder typhus)

R. tsutsugamushi 
mites / scrub typhus

Fever of Unknown Origin
· Classic
· Nosocomial 

T > 38.2 on several occasions in hospitalized patient; no infection known at admission (after 3 days evaluation and 48 hrs culture negative) / 50% are infectious (IV catheter-related, UTI, C. difficile, septic phlebitis) / 25% non-infectious (alcohol withdrawal, drug fever, pancreatitis, adrenal insufficiency

· Neutropenic
· HIV
Fetal Immune System

Thymus functional at 12 weeks gestation

Lymph node follicles at term / germinal centers after birth

intestinal plasma cells 2-4 wks after birth

IgG functions at week 6 - of life?


IgA small amounts produced after birth, 25% adult levels by 1 year

IgM produced at 28 weeks gestation

eosinophils functional at birth

chronic fetal infection after 6 months gestation causes elevated plasma cells, IgM

< 20 wks - mononuclear

26-40 wks - PMN’s

2 wks after birth - 4 yrs - lymphocytes predominate, neutrophils decrease

GI - lactobacillus in breastfed infants / maternal E. Coli pattern / Echovirus appears early

Lungs - staph, strep, diptheroids

Pediatric Infectious Diseases
HEENT (conjunctivitis, otitis media, pharyngitis, epiglottitis, pertussis, croup, mononucleosis)
Viral Pneumonias (RSV, adenovirus, parainfluenza, influenza, enteroviruses)
Bacterial Pneumonias (Pneumococcus, Mycoplasma, Hib, S.aureus, Strep A, Strep B, Listeria, Chlamydia)

Viral Meningitis (HSV, enterovirus)
Bacterial Meningitis
Urinary Tract Infections
Infectious Diarrhea
Pediatric Sepsis
Viral Diarrhea (Rotavirus, Norwalk, etc)

Bacterial Diarrhea (Salmonella, Shigella, E. Coli, Vibrio, Yersinia) and Giardia
Childhood Exanthems (MMR
Other Infectious  (Endocarditis, HPV, vulvovaginal, RMSF, Lyme, scabies)

Neonatal/Congenital (Fetal Immune System) – link to special congenital section in micro-bug 

Congenital Infectious Disease (Toxoplasmosis, Syphilis, Listeria, Coxsackie B, CMV, HSV, Rubella, VZV, HIV, Chlamydia)
Dermatologic Infections (see Skin)

Sepsis in Children
Uncommon in immunocompetent children over 3 months

Organisms: Group B Strep (neonatal), gram negative enteric bacilli, Listeria, Enterococcus

High fatality rate, GBS and Listeria can produce late onset meningitis

H. influenza b, S. pneumoniae (asplenia, can produce nephrotic syndrome), N. meningitidis,  S. aureus and Salmonella (sickle cell) are also possible, HIV patients get Pseudomonas Aeruginosa (ecthyma gangrenosum) / Coxsackievirus – in neonates

Treatment: 
· kill microbes with antibiotics (drain foci if possible), hemodynamic stability, modulate inflammatory response (pentoxifylline, IL-1ra?)

· manage fluid and electrolyte balance: age adjusted MAP, skin appearance, peripheral perfusion, temperature, urinary output

· 100 / 50 / 20  maintenance fluid (10cc/kg bolus) + KCl 

· HR increases 10 for each oF 

Prognosis: 25-35% for severe sepsis and 40-55% in septic shock die within 30 days

Bacteremia in Children

Fever over 38.5, usually Pneumococcus, usually self-limiting from 24-48 hrs 

Early Infancy


loss of maternal IgG allows infection by Strep, Meningococcus, H. influenza, many viruses

Pediatric HEENT
Conjunctivitis (see optho)
Lacrimal gland stenosis (most common) – annoying for parents, must wipe tears 

Chlamydia

Gonorrhea – silver nitrate drops

HSV – treat with F3T

Older children – common URI viruses, TSS / Treatment: erythromycin cream?

Otitis Media


Presentation: ear pain, fever (neither)
30% are viral, self-limited*

70% are Pneumococcus (33%), H. influenza (20%), Moraxella catarrhalis (6-10%)

Complications: hearing loss, tympanosclerosis, cholesteatoma formation, chronic suppurative OM, meningitis

Chronic Otitis Media usually caused by S. aureus, Pseudomonas or other mixed, prophylaxis with sulfisoxazole or tympanostomy tube placement

Treatment: PO amoxicillin or bactrim, may require Augmentin or 2nd or 3rd Cephalosporin or macrolide / can give topical anesthetic such as Auralgan (lidocaine) for pain

*Sudden onset of bilateral sensorineural hearing loss  - believed to be viral labyrinthitis with destruction of cochlea

Otitis Externa (Malignant Otitis Externa)


Usually in elderly diabetics / almost always Pseudomonas

Sinusitis
similar organisms as otitis media / higher incidence in CF, asthma, severe allergic rhinitis

Clinical: fever, purulent rhinorrhea (10 days +), head banging in children

Diagnosis: CT’s are reliable when necessary (better than plain films)
Ddx: postnasal drip (see below), asthma, GERD
Complications: osteitis, bony erosion, optic neuritis, orbital cellulitis, intracranial extension

Treatment: similar to otitis media (14-21 day course or until symptoms resolve plus 3 days) / can require surgical drainage / can give decongestants (repeated uses of local phenylephrine produces rhinitis medicamentosum)

Nasal polyps
usually ethmoid sinus / associated with severe allergic rhinitis, cystic fibrosis and asthma (50% of asthmatics with aspirin sensitivity)
Treatment: medications or surgery (high recurrence rate)

Postnasal drip

Treatment: try antihistamines, decongestants then nasal steroids

Herpangina
Presentation: high fever and sore throat, progress to tender, vesicular lesions (which form bullae then ulcers) [pic] / additional lesions garner title of “hand, foot and mouth disease” (dorsum of hands [pic]; 1/3 also have rash on feet [pic])
Organisms: enteroviruses (coxsackie A16 and enterovirus 71)

Treatment: usually self-limited to 5-7 days

Differential: primary herpetic gingivostomatitis

Streptococcal Pharyngitis

Organism: Group A Streptococcus

Presentation: non-throat symptoms may include nausea and abdominal pain, viral signs of rhinorrhea and coughing are absent, scarlet fever (scarlitiniform or sandpaper-like rash appears on neck and trunk, then extremities, caused by toxin) [dermis]
Note: Strep A in < 1 yr presents with fever, rhinorrhea and NOT pharyngitis
Diagnosis: if 3 of 4 (fever, exudate, adenopathy, absence of cough) present, do rapid antigen test (may have some false negatives, cannot distinguish acute vs. chronic carriage), but consider culture if clinical suspicion very high / rapid strep 85% sensitive

Differential: mycoplasma pharyngitis, viral pharyngitis, infectious mononucleosis
Complications: suppurative (peritonsillar abscess, retropharyngeal abscess), non-suppurative (rheumatic fever (3-4 weeks), PSGN (10 days)

Spread by oral secretions, usually 3 yrs to adolescent

Treatment: 10 day course of penicillin (amoxicillin, erythromycin); treatment typically shortens course of pharyngitis by only 1-2 days and shortens period of infectivity; treatment does not prevent development of PSGN; no known resistance of GAS to PCN

Infectious Mononucleosis (see EBV)

Epiglottitis
Common in children  6 months - 5 yrs and elderly (peak at 3-5 years, common up to 7 yrs)

Causes: usually H. influenza,  and uncommonly Group A StreptococcusPneumococcus

 and 
Course: fever, soar throat, hoarseness, and stridor develop over 1-2 days

Clinical: toxic appearing, tachypneic, leaning forward, neck extended, drooling

CXR: lateral neck films more helpful ( steeple sign (narrowed airway), “thumbprint” sign

NOTE: don’t agitate throat or you might induce laryngospasm

Differential Diagnosis: similar to Croup
Treatment: transport to ER for intubation under anesthesia, IV Cefuroxime / cefotaxime while awaiting blood and throat cultures

Respiratory Infections in Children

RSV Bronchiolitis (Respiratory Syncytial Virus)
Note: now acknowledged to be equal to influenza A in presentation/incidence/mortality in elderly and high-risk adult patient population 9/06
Leading cause of hospitalizations among all infectious agents (1% mortality)

Most children infected once by 3 years old, recurrent infections common

Most severe in infants 2 to 6 months old and/or underlying heart or lung disease

Transmission: epidemics in winter and early spring, spread by secretions and fomites (some patients shed up to 20 days)

Pathology: epithelial cell disruption, loss of cilia, disruption of neural control of airways (adrenergic mechanisms, cholinergic, ?noradrenergic?), CMI is important in clearing virus

PE: fever and tachypnea

CXR: air trapping, atelectasis

Labs: rapid antigen testing or culture from nasal secretions

Differential Diagnosis: influenza, parainfluenza, rhinovirus, reactive airway disease (may mimic wheezing of RSV bronchiolitis)

Treatment:  outpatient with O2 saturation above 94%, bronchodilators and corticosteroids use is controversial, Ribavirin may shorten duration (efficacy remains unclear), Synagis (Palivizumab) is a human IgG now recommended for high risk prophylaxis (given with heart or lung disease)

Croup (Parainfluenza)

Parainfluenza accounts for 4.3-22% of childhood respiratory illness (more on parainfluenza)

Presentation: fever, chills, hoarseness, barking cough (dry), inspiratory stridor, extrapulmonary symptoms

Incubation: 3-6 days (maybe less) 

Course: onset is either sudden (overnight) or gradual (1-2 days)

Mild Croup: acute, febrile illness, most children recover in 1-2 days (no hospitalization) 

Severe croup: continued fever, coryza, sore throat, may progress to severe stridor with tachypnea, wheezing, intercostal retractions

Complications:  bacterial tracheitis, bronchiolitis or pneumonia / acute or chronic (airway fluoroscopy (probably more practical than ultrasound)

Diagnosis: clinical findings, can sometimes be distinguished from epiglottitis using chest radiography, but direct laryngoscopy is definitive, PE: nasopharyngeal discharge, oropharyngeal injection, rhonchi, wheezes, coarse breath sounds

CXR: air trapping, interstitial infiltrates, edema, fixation of chords, functional narrowing of glottis, sucks tracheal walls in on inspiration, Steepling sign (edema rounding out vocal cords – also may be seen with congenital or vocal cord paralysis
Differential Diagnosis: Influenza A (winter), RSV (young, immunocompromised), measles, VZV, epiglottitis from H influenza (type b), foreign body aspiration, severe food allergy, angioneurotic edema

Treatment: treat secondary bacterial pneumonia

acute respiratory distress: humidified O2, epinephrine, systemic glucocorticoids may help

Ribavirin under investigation, effective vaccine not yet developed

Bacterial tracheitis

H. influenza super-infection following croup

Findings: normal epiglottis, subglottal narrowing (but only visible from lateral view)

· (view of tracheal bifurcation on endoscopy)


Pertussis (Whooping Cough)

Organism: B. pertussis
Catarrhal phase: 1 to 2 weeks of low-grade fever, cough, coryza

Paroxysmal phase: 3 to 8 weeks of whooping cough, stridor, emesis

Convalescent phase: 3 to 12 months
   

Presentation: more severe in infants (may not have whoop), usu. have post-tussive emesis

Treatment: Erythromycin useful in catarrhal phase (given in paroxysmal phase anyway to reduce duration of infectivity) 

Labs: WBC’s over 30,000 (high lymphocyte fraction) / fluorescent antibody staining or culture (requires special medium)

Vaccine: 95% effective in preventing severe disease, 1/3 experience mild infections anyway

Bacterial Pneumonia in Children  [age breakdown]

Up to 50% have concurrent viral infection 

Etiology remains elusive in 1/3 of cases (no sputum, blood negative, no pleural – fluid?)

Risk Factors: BPD, CF, CNS impairment, GE reflux/aspiration, anatomical defects, hemoglobinopathies, immunodeficiencies

Presentation:

Typical – sudden, fever, cough, sputum, chest pain, consolidation – S. pneumo, H. influenza, mixed anaerobic and aerobic

Atypical – gradual, dry cough, extrapulmonary symptoms, CXR abnormalities despite minimal signs on physical exam

Physical Exam: dullness to percussion, decreased breath sounds indicates bacteria (not always prominent) / crackles, wheezing, rales indicates virus or mycoplasma, cyanosis only in severe disease

Labs: WBC over 15,000 might be a cause for concern about bacteremia
Differential Diagnosis:  congestive heart failure, chemical pneumonitis, pulmonary embolism, some connective tissue disorders, malignancy 

Radiology: pleural effusions (severe cases) or mild pleural effusions (mycoplasma), consolidation (bacterial), aspiration (right middle, upper), streaky interstitial (viral)

· Pneumococcus– primary cause in previously healthy patients

· Mycoplasma – common cause in children (over 5 years) and adults

· Chlamydia – usually presents 2 to 3 months after birth due to maternal C. trachomatis
Complications: pleural effusion, empyema, lung abscess (anaerobic, type 3 pneumo)

Treatment: 

Cefuroxime or penicillin given IV for bacteria

Augmentin or 2/3rd generation cephalosporin for H. influenza and S. aureus (B-lactamase)

Macrolides for Mycoplasma or Chlamydia (Erythromycin has poor activity against H. influenza; Azithromycin and Clarithromycin better
Misc:

H. influenza can cause bronchiectasis

Parainfluenza: IgA, IgG, cell-mediated all implicated

HIV/Leukemia – pseudomonas and S. aureus / PCP
Bacterial Meningitis in Children (see adult)
Most common at 6 to 12 months

CSF leak (otorrhea, rhinorrhea following trauma, pneumococcus, Hib)

Presentation: usually no prodrome, very high fever (60%), may have mental status changes, ataxia, seizures, shock

Physical Exam: bulging fontanelle (28%), jaundice (38%), cranial nerve palsies, papilledema (increased ICP), nuchal rigidity (15%), diarrhea (17%), positive Kernig’s (flex hip, pain on extension) and Brudzinski’s (leg flexion on passive neck flexion), subdural effusion (rarely fatal), facial cellulitis (10% also have meningitis, usu. Hib), widespread purpuric skin lesions with N. menigitidis
 [purpura fulminans]

Causative Agents: 
Neonatal: Group B Strep (and preemies longer), E. coli, Listeria, citrobacter

Children/adult: Pneumococcus, H. influenza, N. meningitidis / E. coli, Klebsiella, Listeria, Enterococcus, Salmonella

Basilar meningitis (ataxia, incontinence): TB, fungal, Listeria, syphilis, sarcoid

Post-surgical: S. aureus and another one? – 

Treatment: please see pediatric reference

Urinary Tract Infections in children


Klebsiella, E. coli, enterobacter, Enterococcus, proteus, S. aureus

Congenital Infectious Diseases

Toxoplasmosis

~20% mortality / periventricular lesions (vasculitis, fibrosis, calcification) 


leptomeningitis, myocarditis, eye lesions / pseudocysts (organisms at edge of necrosis)

Treatment: bactrim

Listeriosis (see micro)


generalized granulomatous response / meningitis

CMV (see micro)

Acquired: ½ to 2 yrs / very common, low mortality, many have maternal Abs already

Congenital: cytomegalic inclusion disease (CID) - thrombocytopenia, purpura, hemolysis, jaundice, low birth weight, HSM, cerebral calcifications / causes microcephaly, blindness, retardation
Coxsackie B (see micro)

newborns - myocarditis, encephalopathy


mature patients (relatively mild disease) - pleurodynia, meningitis, pericarditis

HSV (see micro)


jaundice, thrombocytopenia, pneumonia, meningitis, encephalitis


hepatic, adrenal necrosis w/ intranuclear inclusions
Pneumocystis carinii (immunocompromised infants) (see micro)

foamy, eosinophilic pulmonary infiltrate / minute bodies (little Oreos on GMS stain) / premature, failure to thrive, immune disorders / Treatment: bactrim

Congenital Rubella (see micro)
growth retardation, cardiovascular malformations (A-V septal defects, patent ductus, pulmonary arterial stenosis) / scarring in liver, lungs, brain / arteriolosclerosis / blindness, deafness, myocardial, liver  necrosis / bone malformation / placental infection

Childhood Exanthems (see micro)

Measles (Rubeola)

Koplik’s spots / can cause pneumonia, encephalitis (1:1000) 

Mumps


parotitis, orchitis, pancreatitis





German Measles (Rubella)
morbilliform exanthem / congenital rubella





Chicken Pox (VZV)

Tzanck / shingles








Fifth (B-19)


slapped face / congenital can be fatal
Roseola (HHV-6)

fever, rash

Other Infectious Causing Exanthems
Diptheria


pseudomembrane / myocardial damage
Hepatitis (see micro)

Herpes

Pelvic Inflammatory Disease

Human Papillomavirus

Vulvovaginal Infections

HIV and AIDS in children

Rocky Mountain Spotted Fever

Lyme Disease

Opportunistic infections

MTB



< 400

INH, clarithromycin, rifampin or see (HRZE)

Pneumocystis carinii 

< 200 

bactrim / pentamidine / dapsone

Toxoplasmosis


< 200

TMP/SMX

Cryptococcus neoformans
< 100

amphotericin B / fluconazole

CMV



< 50

ganciclovir, foscarnet

MAI



< 50

ethambutol, macrolide / may add aminoglycoside HBV (vaccine available)


interferon alpha / protease inhibitors

Candida
Splenectomy
Reasons: Hodgkin’s, agnogenic myeloid metaplasia, PNH, hereditary spherocytosis, thalassemia, and a variety of autoimmune disorders

Increased risk for: S. pneumoniae, H. influenzae, Salmonella, Neisseria sp, DF2
Note: must be vigilant about early (on the way to being overwhelming) sepsis even when only sign is fever

Gastrointestinal
[Abdominal Pain] [Diarrhea] [GI Bleed Ddx]

Oral / Salivary


Esophagus

varices, diverticula, webs/rings, hernias, burns/tears/infections
GERD, achalasia, transfer dysphagia, SDES, scleroderma, esophageal cancer
Stomach

PUD, gastric varices, gastric carcinoma, gastric lymphoma
Pancreas


Liver
Gall Bladder


Appendix


Peritoneum


Small and Large Intestine
Congenital Malformations 
Meckel’s, Hirschprung’s, etc.

Vascular


Varices, Ischemic Bowel Disease, AVMs
Diverticulitis
Diarrhea
IBD



Crohn’s, ulcerative colitis 



 HYPERLINK  \l "malabsorption" 

Malabsorption

celiac disease, Whipple’s, bacterial overgrowth, lactase deficiency

Obstruction
Tumors


Colon Cancer, FAP, carcinoid, GI lymphoma
[GI surgery]
Abdominal Pain Work-up

Rectal Exam

always check internal/external hemorrhoids / can get idea of whether there is melena, hematochezia and grossly positive stool guaiac (but weakly positive could just be from performing exam itself)

Fecal Occult Blood

False positives: obtained by rectal exam (false positive due to trauma), red meat (has blood in it), ASA and NSAIDs cause non-malignant GI bleed, iron may darken test card, rehydration of card increases sensitivity but decreases specificity

False negatives: peroxidase containing vegetables (cauliflower) interfere with peroxide developer, vitamin C

Abdominal plain film (KUB)
free air (perforation), bowel obstruction (distension: small > 2.5 cm, large > 9-10 cm), edema (infarction), renal stones (80% sensitivity), gall stones (15% sensitivity)

Abdominal CT
pancreatitis, diverticulitis, splenic rupture/laceration, bowel ischemia (edema) / examples: 
[paracolic abscess]

Ultrasound
abdominal aortic aneurysm, dilated ureter (nephrolithiasis), cholecystitis, appendicitis

Colonoscopy
may or may not be needed to make diagnosis / normal appearing colon [pic]

Labs
don’t forget hCG to rule out pregnancy

Antibiotics: take blood cultures and start empirically

· pip/tazo ( better if Enterococcus involved

· cefepime/flagyl ( better if pen allergic or C. diff suspected

Diarrhea [Ddx]

History

Tenderness, fever, wt loss ( IBD, neoplasm, amebiasis, Tb

Wt loss despite good appetite ( malabsorption, hyperthyroid

LLQ ( diverticulitis

Bloody diarrhea ( HUS, TTP, 0157:H7, Shigella, mesenteric ischemia

Diarrhea + PUD ( gastrinoma

Arthritis ( IBD, Whipple’s

Physical

Flushing, bronchospasm ( carcinoid

Arthritis, iritis, uveitis, erythema nodosum ( IBD 

Abdominal mass ( cancer, diverticular abscess, IBD

Fever ( infectious, IBD, lymphoma

Lymphadenopathy ( neoplasm/lymphoma, Tb, AIDS, Whipple’s 

Sx of hyperthyroidism ( hyperthyroidism


Labs

Occult blood

Fecal WBC

SSYC (and O157:H7)
+/- N. gonorrhea


O&P


+/- E. histolytica

C. difficile

Cryptosporidium, Giardia

ESR, CRP

Hep A, Legionella Ur Ag

Stool fat, Stool Osm (see below)
Fe, folate, B12, vitamin K, vitamin D
Serum 5HT, urine 5HIAA, serum gastrin, VIP

TSH, A1C

Calcitonin, somatostatin, histamine, PG

24 hour stool protein

Stool SO4 , PO4, Mg (and others) to detect factitious diarrheas

H2 breath test (lactase or pancreatic deficiency, small intestinal mucosal Dz, bacterial overgrowth) 
Stool Osmotic Gap = Stool Osmolality (normal 290) – 2 [StoolNa + StoolK] 
>125 ( 
caused by osmotically active particles (laxatives, sorbitol-containing foods, meds)

No gap (
hyperthyroid, IBD, sprue, etc.


Markers of intestinal inflammation



INR raised by vitamin K Malabsorption



Alk phos elevated by vitamin D malabsorption

Albumin – lowered by malabsorptive/protein losing inflammation

Stool a1-AT – raised by malabsorptive/protein losing inflammation



ESR/CRP

Radiography (in general, not that helpful for watery diarrhea)

 

KUB 

obstruction, toxic megacolon, pancreatic calcifications, mesenteric 
ischemia (esp. w/ perforation) 

 

UGI Series


previous surgery, fistulas, blind loops, strictures, abnormal motility

 


Wall thickening



Uniform thickening ( amyloidosis, lymphoma, Whipple’s



Uniform or patchy ( lymphoma

Sprue may show characteristic small bowel dilatation

Tagged WBC scan 


can sometimes detect IBD not seen on endoscopy


Endoscopy
Malabsorption or Steatorrhea?



EGD w/ duodenal biopsy ( malabsorption (Whipple’s, Sprue, etc)

 
Severe watery or elusive diarrhea?

Colonoscopy to rule out villous adenoma, microscopic or collagenous colitis, mastocytosis, IBD (terminal ileum is best) 

Treatment of Acute Infectious Diarrhea

1st FQ (macrolides for Campylobacter) / 2nd bactrim / 3rd tetracycline or metronidazole

 

Note: Campylobacter often resistant (must use macrolide)FQ and Bactrim

Do Treat: Shigella, Salmonella, Yersinia, Campylobacter, cholera, travelers’ diarrhea = E. coli (ETEC not 0157:H7), pseudomembranous enterocolitis (C. difficile), parasites, sexually transmitted (N. gonorrhea)

Do not treat: viral diarrhea, cryptosporidiosis (because it doesn’t help) or E. coli 0157:H7 (because it may increase incidence of HUS)

Exceptions: immunocompromised, very young, very old, prosthetic + (valvular, vascular, orthopedic), congenital hemolytic anemias

Traveler’s diarrhea

ETEC (50% in Latin America, 15% in Asia) / Mexico (ETEC > E. histolytica and V. cholerae / Campylobacter more common in Asia and in winter in subtropics / Giardia common in Northern American wilderness and in Russia

General Treatment of Diarrhea
· Bulk-forming agents

cholestyramine useful with bile acid diarrhea but can worsen fatty acid malabsorption by depleting bile salt pool

· Medium-chain fatty acids for short gut syndrome

· Anti-peristaltics: bismuth salicylates, opiates*, loperamide, clonidine**, PZ, SS 

Good for reabsorption

Bad for assessing fluid replacement needs (fluids trapped in intestine)

Bad because stasis may enhance bacterial invasion and delay clearance

opiates can precipitate megacolon in IBD 

** clonidine good for opiate withdrawal and diabetic diarrhea (sometimes)

· Somatostatin (Octreotide)

Good for carcinoid syndrome and neuroendocrine tumors

· NSAIDs*

Always ( acute radiation, AIDS, and villous adenomas

Sometimes ( neuroendocrine tumors, irritable bowel, food allergy 

may be harmful in IBD

· Steroids 



IBD et al.

Note: if no diagnosis made and diarrhea persists, can give empiric trial of FQ or bactrim or metronidazole or tetracycline

Oral cavity

Infectious origin

HSV

Syphilis

Candida [pic]

Histoplasmosis

Oral hairy leukoplakia [pic]
hyperkeratotic thick tongue / lesions are more lateral tongue (usu. not involving other parts of oral mucosa) / precancerous lesion, requires biopsy (homogeneous and non-homogeneous; homogeneous more likely malignant) / associated with EBV / respond to high-dose acyclovir / may recur after treatment / may have super-imposed Candida (esp. in HIV patients)
Ddx: smoker’s leukoplakia, erythroplakia (SCC), candida, warts

Immunologic dysfunction

aphthous ulcers
chancre sores / tiny ulcers in mouth

Behçet’s syndrome
mouth, GU ulcers 

Reiter’s

arthritis, urethritis, conjunctivitis, oral ulcers

SLE


can produce oral lesions

Systemic disease

hypertrophic gingiva


scurvy, pregnancy, leukemia, polycythemia

oral pigmentation
melanotic - Peutz-Jeghers, Addison’s Disease

heavy metals

dark line along gingival margin / lead (blue), bismuth (gray), mercury (purplish)

enlarged tongue
cretinism or amyloidosis

atrophic tongue


loss of papillae, atrophic glossitis / vitamin B or iron deficiency [pic][pic]

xerostomia



Sjogren’s (destruction of salivary, lacrimal, conjunctival) / lymphocytic and plasma cell infiltrate / radiation therapy / anticholinergic agents

Malignancies


mature to old white men / multiple primary lesions / precursor lesions are leukoplakia (white) and erythroplakia (red)

carcinoma of lip (better)
lower lip / wedge resection, irradiation, nodal dissection if necessary

carcinoma of mouth (worse)
aggressive / resection, irradiation, dissection / tongue (worse), cheek (better)

verrucous carcinoma


large, fungating / tobacco / slow growth, locally aggressive, recurs

Salivary glands

Sialoadenitis


mumps, Sjogren’s, Mikulicz’s (salivary, lacrimal inflammation w/ xerostomia), stones

Pleomorphic adenoma (benign mixed tumor) 

most common / benign / superficial parotid / painless, movable / epithelial and myoepithelial proliferation / pseudopodia extend into surrounding / parenchyma complete excision / malignant transformation uncommon


monomorphic adenoma
only epithelial proliferation

Warthin’s tumor (papillary cystadenoma lymphomatosum)

smoking / parotid gland / second most common / double layer of columnar over lymphoid tissue 10% multicentric or bilateral 

malignant
20% of salivary gland tumors / most arise de novo (not from benign tumors)

Adenoid cystic carcinoma (worse)


common / all gland types / nests or cords / invades perineural spaces

Mucoepidermoid carcinoma (variable)
common / all gland types / children / radiation induced / mucous and epidermoid cell mixture 

Acinic cell carcinoma (variable)

uncommon / usually parotid / females 2:1 / sheets of acinic cells / 7th nerve involvement resection, frequent recurrence

Esophagus 



Congenital atresia with fistula

Pulsion diverticulum

false diverticulum from mucosal weakness / Zenker’s diverticulum (hypopharynx esophagus junction) / obstruction may result from incomplete emptying / only large ones treated surgically

Traction diverticulum

adherence to mediastinal structures / mid-distal esophagus / associated with inflammation (Tb, etc.)

Epiphrenic diverticulum

Distal esophagus above LES / usually asymptomatic

Esophageal Webs
upper 1/3 /  may be associated with Plummer-Vinson (Paterson-Kelly)

Esophageal Rings
Schatzki’s rings occur mainly at squamocolumnar junction

Hernias

Sliding

most common / congenital predisposition / hiatal junction / increases with age

Paraesophageal
pouch of stomach alongside esophagus / more likely to strangulate, hemorrhage

Esophageal injury
iatrogenic, chemical (corrosives, KCl, doxycycline, Fosamax), infection, radiation, neoplasm, mechanical injury

Burns:
give steroids and broad spectrum antibiotics / increased risk of stricture, carcinoma

Tears: 
Boerhaave’s 

spontaneous rupture – surgical emergency

Mallory-Weiss
mechanical injury from forceful emesis / initial nonbloody vomitus followed by hematemesis (surgery required in 10%) 

Infections:

Candida
diabetic, immunocompromised, poor emptying / odynophagia / nystatin, ketoconazole, fluconazole, (resistant cases – amphotericin B)

HSV

immunocompromised / acyclovir

CMV

large ulcerations / ganciclovir

HIV

treat with steroids

Pill Esophagitis

Aspirin, NSAIDS, KCl, Fe, quinidine, antibiotics (may cause erosions/strictures)

GERD (Gastroesophageal Reflux Disease)


General: prevalence roughly 30-40%

Presentation: heartburn (pyrosis) and regurgitation; atypical ( chest pain, dysphagia, water brash, globus (constant sensation of lump in throat), odynophagia (suggests ulcer or severe esophagitis), hoarseness, nausea (sometimes responds to acid suppression)

Extraesophageal manifestations: asthma (GERD exacerbates, does not cause asthma), chronic cough, nocturnal cough,  sinusitis, pneumonitis, laryngitis, hoarseness, hiccups, dental disease


Complications: peptic stricture, Barrett’s esophagus 

Ddx: cardiac, esophageal neoplasm, infectious esophagitis, NSAID-induced, caustic exposure, pill esophagitis, esophageal hypersensitivity (visceral hyperalgesia), achalasia, esophageal motility disorder, stricture, gastritis, eosinophilic gastroenteritis, peptic ulcer disease, non-ulcer dyspepsia, hepatobiliary disease, cholelithiasis, bile acid reflux

Diagnosis:

· therapeutic trial of PPI (sensitivity ~80%); this is the more popular, cost-effective and easiest method

· esophageal pH monitoring (sensitivity 60-100%); to evaluate equivocal endoscopic findings on patients refractory to PPI (i.e. to see why the PPI isn’t working, still sure of the diagnosis do while on PPI) or with atypical symptoms and need for diagnosis; when considering anti-reflux surgery with negative endoscopy (i.e. you want to do surgery but have to prove the pt really has GERD, do while off PPI x 1 wk)

· double contrast barium swallow (sensitivity 25%)

Indications for endoscopy: dysphagia/odynophagia, refractory to therapy, immunocompromised, presence of mass, stricture or ulcer on barium study, GI bleeding or iron deficiency anemia, screening for Barrett’s after 5 yrs of symptoms (especially white men > 45; prevalence of Barrett’s similar with or without GERD symptoms (1-2%)

Treatment:

· antacids, H2 blockers (50% effective), proton pump inhibitors (80% effective, BID dosing may make a difference, switching agents have been reported to make a difference)
· can also try metoclopramide
· surgery / post-op complications include perforation, acute gastric herniation (<1%) 
Note: may take 2-3 months to achieve resolution even with correct treatment  / there is discussion over whether medical management only treats the symptoms and does not prevent the risks of esophageal cancer

Achalasia



Primary causes: idiopathic LES dysfunction, Chagas disease

Epidemiology: 20 to 40 yrs / 1 in 20-100,000 in U.S. (30-50s)

Pathology: degeneration of Auerbach’s plexus, Wallerian degeneration of vagus, and dorsal vagal nucleus / supersensitivity to cholinergics and gastrin ( tonic narrowing of LES

Presentation: dysphagia for solids/liquids, weight loss (90%), severe chest pain (60%), nocturnal cough (30%), recurrent bronchitis, pneumonia (8%)

Diagnosis: r/o carcinoma (secondary achalasia)

Radiography: beak-like tapering over LES (bird’s beak)

Manometry: absence of peristalsis, elevated LES pressure, incomplete LES relaxation (although there is a rare form of vigorous achalasia with large-amplitude prolonged contractions
Treatment: 

Drugs: nitrates, anticholinergics, ß-agonists, Ca channel blockers are 50% effective

prostaglandins under investigation

· Pneumatic dilation – 70-90% effective (0.2% mortality, 2-3% perforation)

· Endoscopic injection of botulinum toxin – helpful in 70-80%

· Heller myotomy – 65-90% success rate (3-4% complications) / increased reflux years later in 25-30%

· Endoscopic myotomy – under investigation

Transfer Dysphagia

CVA (transient brainstem edema), myasthenia gravis, myotonic dystrophy, polymyositis, bulbar poliomyelitis, Parkinson’s disease, multiple sclerosis, amyotrophic lateral sclerosis, hypothyroidism

Diffuse Esophageal Spasm (SDES)


Primary idiopathic or secondary (collagen vascular disease, radiation, diabetes)

Presentation: dysphagia, odynophagia (esp. after hot or cold liquid/solid), spontaneous chest pain (actually relieved by nitroglycerin)

Diagnosis:

radiography 


corkscrew-shaped esophagus

esophageal manometry 
30% of basal state with spastic contractions / nutcracker esophagus (contractions associated with chest pain)

30% with incomplete LES relaxation / some normal contractions present

balloon distension of lumen
lower threshold of pain upon insufflation

Treatment: 50% success rate with anticholinergics, nitrates, calcium channel blockers, bougienage, hydralazine (decreases amplitude), surgery in severe cases (longitudinal myotomy)

Scleroderma (see connective tissue)


Pathology: early – neural degeneration / late – atrophy of circular smooth muscle

Clinical findings: dysphagia, severe reflux/heartburn (50%), stricture (25%)

Radiography – poor emptying

Manometry – decreased LES pressure / weak contractions in distal 2/3

Treatment: anti-reflux therapy

Esophageal Cancer (very bad prognosis)
Epidemiology: male 4:1 / blacks 4:1 / incidence in U.S. 1 in 25,000 whites (50-70 yrs) / 1 in 8,000 blacks / worst in China and Iran / almost always malignant / esophagus has NO serosa / currently, in US, 50% adenocarcinoma, 50% squamous cell
Risk Factors: alcohol, smoking, GERD (Barrett’s esophagitis; 10% risk, endoscopy q 2-3 yrs), hot liquids, burns, radiation, malnutrition (vitamin A and C deficiency), nitrosamines, burns (lye ingestion), achalasia (10% risk), Tylosis (hyperkeratosis of palms, soles; 80% develop squamous cell Ca of esophagus), celiac sprue, Plummer-Vinson syndrome

Presentation: progressive dysphagia (1.2 cm narrowing), pain (extension beyond esophagus), dysphagia for liquids, cough, hoarseness, weight loss signify advanced esophageal cancer

Diagnosis: barium swallow, endoscopy (90% sensitive; down to 1 cm), CT and bronchoscopy

Treatment: surgery for distal lesions 5 yrs survival only 5-10%, radiotherapy for proximal lesions, stent placement or bougienage, laser therapy, chemotherapy regimens under investigation (currently no strong evidence for using chemotherapy in esophageal cancer 5/00)

Complications: ruptured esophagus( thoracotomy and repair / antibiotics

gastrograffin study later / 50% die if untreated / avoid mediastinitis, pneumomediastinum and pneumothorax

Stomach [diagram]
Physiology
body – chief cells – pepsinogen

body - parietal – H+ ions / IF?

antrum - G-cells – gastrin

solids empty in 2 phases over 3-4 hrs / initial lag period while particles broken to 2 mm or less followed by period of constant emptying

Congenital
Diaphragmatic hernias

usually on the left

Pyloric stenosis

congenital hypertrophic pyloric stenosis - multifactorial / projectile vomiting / 1 in 300

acquired pyloric stenosis - gastritis, peptic ulcer, cancer

Gastritis

Acute gastritis


NSAIDS, alcohol, chemo, infection, smoking, uremia, ischemia, mech. injury, etc.


superficial erosion / may result in severe hemorrhage

Chronic gastritis

type A – uncommon
patchy autoimmune disease / occurs in body-fundus mucosa / 50% prevalence in elderly / associated with pernicious anemia, achlorhydria

Risk factors: alcohol/smoking, antrectomy, radiation, granulomatous disease, etc.

Pathology: regenerative change, metaplasia (glands become more antral/intestinal), atrophy (flattening, loss of glands)

Complications: MAG and DCAG lead to Ca in situ
type B – common

H. pylori (antral mucosa) / not invasive, Giemsa or Warthin-Starry stain, serum Ab, 

urease in biopsy, histology/culture, breath test


diffuse (DAG)

only antrum / 50% over 60 population


multifocal (MAG)
intestinal metaplasia / hypochlorhydria

Diffuse corporal atrophic gastritis (DCAG)



antibodies directed against parietal cells / 10% get pernicious anemia / increased gastrin

Gastric Ulceration (PUD)
Do not have to biopsy if it heals with medical management

Elective surgery for outlet obstruction, hypochloremia, hyponatremia

Reactive (erosive) gastropathy


has not yet perforated muscularis / requires pepsin and acid secretion

Risk Factors: NSAID, smoking, alcohol, corticosteroids, stress, H. pylori (30-60% of non-NSAID-related gastric ulcers) (see below)
Acute gastric ulceration

penetration of muscularis / requires gastric acid / shock, burns (Curling’s), sepsis, trauma, acidosis, CNS-mediated from ICP and hypothalamic changes (Cushing’s) / more severe version of acute gastritis / multiple lesions in any location / scarring and vessel thickening absent / 5 - 10 % of all ICU patients / radiating mucosal folds, sloping distal margin (benign)

shock ulcers


mostly fundus / bleed but do not penetrate

Treatment: endoscopic coagulation, surgery (ligation or gastrectomy +/- vagotomy)

Cushing’s ulcer (increased H+ secretion)
solitary, antral, deep / may perforate

Chronic peptic ulcer

5-10% lifetime incidence / DU more common, younger, (type O, nonsecretors, HLA B5), rapid gastric emptying, increased acid

H. pylori

colonizes duodenum in areas of gastric metaplasia / can synergize with NSAID to create DUC / can cause iron-deficiency anemia from (erosions with blood loss and malabsorption from atrophic gastritis)

Diagnosis: 

· serology (85-95% sensitive) / positive result usually indicates active infection (if symptomatic and not already treated; serology remains positive for years after treatment)

· C13 urease breath test (95% sensitivity, 95% specificity) ($200) / 30% false negative if on PPI (must hold PPI 2 wks before testing, hold any antibiotics 4 wks before testing)

· direct urease detection from EGD biopsy specimen 90% s/s ($15)

· stool cultures, tissue biopsy, dental plaque? 90% s/s ($15)

Differential diagnosis: non-related lymphoma, Crohn’s, GERD, bile reflux gastritis

Treatment: use of NSAIDS should not alter treatment / document eradication (also reduces risk of future bleeding) / Note: H. pylori found incidentally – many would treat just to remove any future cancer risk (H. pylori is carcinogen(gastric lymphoma)

Treatment (various preparations) (initial efficacy 90%)
· metronidazole + PPI + other

· clarithromycin + PPI + other
Note: resistance to clarithromycin and metronidazole is prevalent after previously given to patient although clarithromycin resistance is more frequently implicated in subsequent treatment failure

Note: elevated pH has theoretical risk of affecting IgG and MIC for certain antibiotics

Recurrence: 75% untreated, 25% treated, 5% with eradication (antibody titre falls 50% by 6 months)

NSAID induced ulcers

very common cause of recurrent GI ulcers / may affect any portion of GI tract / dyspepsia 15%  / gastric erosions / reactive gastropathy – can be differentiated from other chronic types / develop in 5% - even after just 1 week of NSAID use

Risk Factors: pre-existing ulcer, higher age, females, cardiovascular disease, high dose/potency NSAID, duration of treatment, smoking, alcohol, steroids / advanced age associated with less pain (no warning symptoms), more rebleeding

Prevention: use lowest possible dose, enteric coating, prophylactic adjuvant treatment / buffering appears ineffective

Treatment: stop or minimize NSAID use, eradicate H. pylori if present

· proton pump inhibitor (work faster, NNT 6 / may be better for maintenance), prostaglandin, H2 antagonists
Duodenal ulcer

90% due to H. pylori / relieved by food / triple therapy for H. pylori / double (omeprazole, clarithromycin) / NO risk of malignancy (unlike gastric H. pylori)
Other
Acid hypersecretory states (hypertrophic gastropathy)

Mechanism: gastrin stimulates gastric acid secretion / trophic effects regulating GI mucosal-cell proliferation / G17 ( more potent, shorter half-life / G34 ( less potent, predominates

Zollinger-Ellison Syndrome (ZES)

gastric gland hyperplasia (gastrinoma) / hypertrophic-hypersecretory gastropathy (parietal and chief cells) / gastrinoma triangle
Presentation: epigastric pain, weight loss, vomiting, severe diarrhea/malabsorption / extra pancreatic tumors

Clinical: gastrinoma, pancreatic  tumor, PUD with diarrhea, recurrent following surgery, FH, multifocal PUD, distal duodenal or jejunal ulcer (may occur anywhere though), rugal hypertrophy, hypercalcemia or multiple endocrine abnormalities (MEA) (¼ of cases)

Diagnosis: serum gastrin level / secretin challenge causes paradoxical increase in gastrin (> 200 pg/mL; often > 1000 pg/mL) (must have 2 negatives to r/o ZES) [$200 test] / find tumor with MRI, U/S, CT, venous sampling

Treatment: H2, PPI, octreotide / confined to lymph nodes( resect nodes (good prognosis)

Prognosis: very good if resected early / debulking also prolongs survival

Gastric Carcinoma (see below)
5th most common worldwide, 10% greater than 80 yrs / may present as GI ulcer

confirm findings histologically (biopsy edge)
Menetrier’s disease

profound hyperplasia of rugal folds (epithelial cells/glands) / middle aged men / malignant transformation / protein-losing may cause edema / linked with type A blood (less secretion/protection)

Gastric Varices (see GI bleed)
associated w/ esophageal varices / portal hypertension / deep location, resemble enlarged rugae 

Treatment: endoscopic ligation (most effective treatment), B-blockers and nitrates are less 

effective (but still useful as single therapy and even more so when combined with ligation)

Portal Gastropathy (see GI bleed)
Kassabach-Merrit
Diabetic gastroparesis [NEJM]
Presentation: fullness, bloating, nausea, vomiting, delayed or accelerated gastric emptying / may occur in absence of other overt diabetic complications (although usu. part of broad spectrum of autonomic dysfunction)

Exacerbated by: may be worsened by acute hyperglycemia, medications (pramlintide, exenatide), calcium channel blockers, clonidine, anticholinergics (e.g. antidepressants)
Diagnosis: delayed gastric emptying suggested by splashing sound on abdominal succession one hour after meal / EGD / barium swallow / scintiscanning (modified protocol with hourly scans often done; retention over 10% at 4 hours is abnormal; sensitivity 93%, specificity 62%) / CO2 breath test (sensitivity 86%, specificity 80%)
Course: symptoms generally stabilize indefinitely; no increase in mortality

Treatment: try dietary modifications / erythromycin or metoclopramide or domperidone (not FDA approved), cisapride (requires special authorization) / may need pain relief (antidepressants, Neurontin) / severe cases may require nutritional support including G or J-tubes (2% serious complication rate of J-tubes: bowel perforations, jejunal volvulus, major bleeding, aspiration) / gastric electrical stimulation (being developed; showing some promise 1/07) / tegaserod (5HT4 receptor antagonist) being studied  

Gastric Tumors
Gastric polyps

90% non-neoplastic / 10% gastric adenomas / sessile or pedunculated / may become carcinoma

Gastric carcinomas (very bad prognosis)

1 in 40,000 / onset in 50’s / diet (early exposure most important) / geographic setting

Presentation: many are asymptomatic or fullness/anorexia (1st)  or steady RUQ pain +/- anorexia, nausea, weight loss, iron deficiency anemia, B12 deficiency? / N/V ( pylorus, dysphagia ( cardiac / upper GI bleeding (hematemesis or melena)

Risk factors: pernicious anemia, chronic atrophic gastritis

Associations: migratory thrombophlebitis, microangiopathic hemolytic anemia, acanthosis nigricans

Pathology: lesser curvature, antropyloric / exophytic, flat, excavated / invasion most important factor

linitis plastica (diffuse, leather bottle appearance) 

Location: 30% distal / 20% mid / 40% proximal / 10% total / ovary mets (a.k.a. Krukenberg tumors) 

Method of Spread: direct, lymphatic (supraclavicular, L>R, Virchow’s node), hematologic

Prognosis: very bad unless tumor is limited to submucosa/submucosa ( 80% survival (so get biopsy on all ulcers)

intestinal 
diminishing in frequency in U.S. (may change with use of H2-blockers) / chronic gastritis / gastric adenoma / antrum, lesser curvature / expanding growth pattern / fungated, ulcerated 

diffuse

prevalence unchanging in U.S. / younger onset / infiltrative growth pattern

 


worse prognosis / signet-ring appearance, linitis plastica / mucin lakes  





reactive fibrosis 
Treatment:

resection

radiation only palliative

taxol + radiation under investigation for advanced gastroesophageal CA

post-op radiation + chemo  under investigation as is pre-op (to increase respectability)

early – 50%  5 yr survival

average – 10% 5 yr survival

Gastric lymphomas (good prognosis)

MALT/B-cell or high grade/large cell / hard to distinguish clinically from gastric carcinoma / associated with H. pylori

Diagnosis: gastric biopsy to look for H. pylori and tissue histology (make sure gastric biopsy is deep enough!)
Treatment: 2 wks antibiotics for H. pylori, recheck breath test; if (-) observe for improvement (usu. by 2-18 months, 75% regress by 6 months, longest 2 yrs) and follow-up any gastric lesions with EGD or U/S; if no improvement, rebiopsy; if more aggressive histology seen, consider combination chemotherapy (50% cure rate)

Other gastric tumors

· gastric sarcoma
· neuroendocrine cell (carcinoid) tumors

· mesenchymal (stromal, lipomas, neurofibromas)

· breast and lung mets may cause linitis plastica
Trends: gastric bypass surgery more effective than nonsurgical treatments for morbid obesity (BMI > 40 kg/m2)

Small and Large Intestine

Causes of intestinal hyperpermeability: celiac sprue, IBD (CD>UC), Trauma/Burns/Sepsis, other (chemotherapy, diabetes, schizophrenia, sarcoidosis, cystic fibrosis, major surgical operations)

Labs: increased lactulose/mannitol ratio (small molecules absorbed less, larger molecules absorbed more)

Vascular GI Disorders

Gastroesophageal Varices [NEJM]

40-60% of patients with cirrhosis / 33% will bleed

Ddx: gastric varices may occur from splenic venous thrombosis (consider in non-cirrhotics)

Treatment:

Prevention: propranolol or nadolol reduce risk of bleeding from 30% to 20% / goal is to reduce portal pressure by 20% or hepatic gradient < 12 and HR to 55 (or 25% reduction) / happens in 10-30% on propranolol (non-selective b-blockers reduce splanchnic flow / addition of Imdur (debated) / Note: sclerotherapy is not for primary prevention / TIPS (transjugular intrahepatic portosystemic shunting) is more as a bridge to OTL because risk of encephalopathy offsets reduction in bleed risk 

Acute Treatment:

· somatostatin or octreotide are effective in 80% of cases, mechanism unclear, reduces GI blood flow, side effects include hyperglycemia, abdominal cramping / vasopressin as continuous IV infusion, may require use of nitroglycerine for systemic BP increase  / terlipressin (not in U.S.) has longer half-life, can be given as bolus

· Endoscopy for ligation or sclerotherapy (ligation preferred due to fewer complications)

· Antibiotics (ceftriaxone) in acute cases due to risk of co-existent infection

· Balloon tamponade: Minnesota tube (only if you know what you’re doing)

Ischemic Bowel Disease (mesenteric ischemia, ischemic colitis)


Causes: atheromatous disease > cardiac disease > colonic surgery, DM, arrhythmias

· embolic arterial occlusion - usually more SMA

· nonocclusive ischemia - SMA-IMA (splenic flexure) and IMA-hypogastric watershed areas

Presentation:
· acute mesenteric thrombosis ( acute bloody diarrhea
· chronic mesenteric ischemia ( bloody or watery diarrhea

Diagnosis: often delayed due to more common appendicitis, peptic ulcer, cholecystitis

Pathology:

· transmural infarction - often splenic flexure / hemorrhagic / gangrene and perforation at 1-4 days 

· mural and mucosal infarction - hemorrhage and exudate absent from serosa / secondary acute and chronic inflammation / bacterial superinfection (pseudomembranous inflammation) / presents with intermittent bloody diarrhea

· chronic ischemia - submucosal chronic inflammation may cause stricture / segmental and patchy


Note: colonoscopy appearance may resemble IBD [pic]


Course: most often resolve without intervention

Angiodysplasia (intestinal AVMs)

tortuous dilatations / cecum, right colon / 20% of lower intestine bleeds / 50s

Hemorrhoids
varices of anal, perianal venous plexi / 40s / 5% of population / may reflect portal hypertension

Enterocolitis (Infectious Diarrhea)

Differential Diagnosis: malabsorption, antibiotic use, cystic fibrosis, inflammatory bowel disease, thyrotoxicosis

Labs: electrolytes and renal function, abdominal radiographs usually non-specific, blood, mucus, fecal leukocytes indicate bacterial causes

Rapid antigen for rotavirus

Treatment: quinolones are good (except campylobacter ( macrolide)

Viral Gastroenterocolitis

Rotavirus
Norwalk
Adenovirus - 1 wk incubation / 7-10 day duration

Astrovirus and Calicivirus - mostly children / systemic symptoms as well

Bacterial, Enterocolitis [pic]
Preformed toxins


S. aureus, Vibrio sp., C. perfringens

Toxigenic organisms


C. difficile (invasion, hemorrhage)

cause of antibiotic-associated colitis (pseudomembranous colitis; fibrinopurulent necrotic debris forms the pseudomembrane)
ETEC (LT/ST)
Vibrio (cholera toxin) (no invasion)

EHEC (shiga-like, hemorrhage, but no invasion)

Shigella (shiga toxin, hemorrhage, invasion)

C. botulinum (neurotoxin)


C. perfringens (no invasion) some strains produce severe necrosis or “pigbel”


Salmonella (invasion)


ileum, colon / bacteremia 5 - 10% / S. typhi causes chronic typhoid fever


Campylobacter jejuni 


small intestine, colon, appendix, villous blunting, superficial ulcers, purulent exudate


Yersinia enterocolitica


pseudotuberculosis / hemorrhage and ulceration / necrotizing granulomas 

systemic spread with peritonitis, pharyngitis, pericarditis

Chlamydia trachomatis

Fungal and Parasitic

Note: it takes 3 negative O/P’s to seriously r/o parasitic GI infection.

Giardia
Cryptosporidium
Isospora belli – like cryptosporidium / bactrim

Entamoeba histalyticum – bloody / metronidazole or

Necrotizing Enterocolitis (NEC)

< 3 months, usu. 2-4 days old / higher prevalence in formula-fed / mild or fulminant (gangrene, 

perforation, sepsis, shock) / fluid, electrolyte replacement or massive surgical resection

Other inflammatory

· HIV enteropathy - opportunistic vs. direct (unproven)

· bone marrow transplantation - blunting, degeneration due to pre-transplant radiation or chemo.

· Graft versus host disease of GI tract (see GVHD)

severe, acute secretory diarrhea / crypt cell necrosis / may progress to fluid, electrolyte derangement, sepsis, hemorrhage / chronic course may include dysphagia or malabsorption

Malabsorption Syndromes


Manifestations
GI
diarrhea, flatus, abdominal pain, weight loss, mucositosis (vitamin deficiencies)

Hematologic
anemia from iron, pyridoxine, folate, B12 deficiency, bleeding from vitamin K deficiency

Muscle/Bone
osteopenia and tetany from calcium, magnesium, vitamin D, and protein malabsorption

Endocrine
amenorrhea, impotence, infertility from general malnutrition, hyperparathyroidism from calcium and vitamin D deficiency
Skin

purpura, petechiae from vitamin K deficiency, edema from protein deficiency

dermatitis, hyperkeratosis from vitamin A, zinc, essential fatty acids and niacin def.

Neuro

peripheral neuropathy from vitamin A and B12 deficiency

Ddx
Celiac (Sprue), Whipple’s

Bacterial overgrowth

Lactase deficiency, allergy/hypersensitivity

Abetalipoproteinemia

Radiation-induced enterocolitis [pic]

Eosinophilic Gastroenteritis

Short gut syndrome

Work-up

collect all stools / r/o emotional causes

Lab Tests 
· 72 hr fecal fat - >6 g/day / 20-30g/day on 100g/day fat diet suggests pancreatitis

· xylose absorption test (measured by 14CO2 in breath)

· decrease indicates injury to intestinal mucosa / increase indicates bacterial overgrowth (also suggested by abdominal radiography of fistula, blind loop, stasis)

· decreased stool pH suggests lactase deficiency or celiac disease

· Schilling test (rarely done)– positive test when urine B12 is only increased by combination of B12 and IF (suggests gastritis/pernicious anemia)

Celiac sprue [NEJM]
General: diffuse enteritis (mostly upper intestine)

Epidemiology: 1 in 250 / whites only / any age, bimodal (4 yrs and  20s to 30s)

Risk Factors: dermatitis herpetiformis, type I diabetes, autoimmune thyroid, IgA deficiency, connective tissue diseases, Down’s, collagenous or lymphocytic colitis, neurological or neuromuscular disorders, FH of celiac disease

Mechanism: gluten sensitivity (from wheat and other grains) / Genetics: HLA B8 or Dqw2  

Pathology: flat mucosa, tortuous crypts, villous atrophy [pic] / lymphocytes (+) / mucosal thickness remains constant / often reversible

Presentation: malabsorptive syndrome and diarrhea, vomiting, flatulence, fatigue, short stature, delayed puberty, weight loss and failure to thrive (can occur even without the diarrhea/steatorrhea) / severe abdominal pain usually from complications of refractory/untreated celiac disease

Extraintestinal

· arthritis (25%) may precede GI symptoms (polyarticular, oligoarticular, or spondylitis)

· dermatitis herpetiformis
Diagnosis:

IgA for gliadin (85% sensitivity, 90% specificity) / IgG for gliadin (80%, 80%)

Anti-endomysial Ab (more expensive) gold standard (95%/95%)

if high suspicion ( endomysial Ab testing and small-bowel biopsy 

if low suspicion ( endomysial Ab testing and gliadin Ab testing

Other: malabsorption and decreased stool pH, biopsy, gluten-free improvement / sucrose screening test (absorbed mostly in proximal intestine) / may want to r/o Meckel’s, enteroclysis

Complications: ulcerative jejunitis, small bowel intussusception, colonic volvulus

NHL of small intestine (T-cell lymphoma with poor prognosis) (2x risk, but worse celiac disease does mean worse risk for lymphoma), intestinal adenocarcinoma, esophageal CA, oropharyngeal CA

Extra-intestinal GI findings: lymphocytic gastritis, lymphocytic colitis, collagenous colitis, Treatment: remove gluten from diet (can take from just days to up to 6 months to see benefits, efficacy can increase up to a year) / IgA against gliadin can be used to assess clinical response and compliance with gluten-free diet

Tropical sprue (post-infectious)
megaloblastic changes in epithelial cells from B12 deficiency
Treatment: broad spectrum antibiotics

Whipple’s disease (intestine, CNS, joints) 




[NEJM] [G]
rare / white males in 40-60s (not always) / affects small bowel, rarely large bowel

micro: gram-positive, family actinomyces

Presentation:  malabsorption, diarrhea (watery/semi-formed, sometimes bloody), anorexia, malaise, weight loss, abdominal pain, fever (50%), increased skin pigmentation, arthritis (66%, often precede GI, migratory or axial), anemia, lymphadenopathy (50%) / extra-intestinal symptoms can precede GI symptoms by many years

Lungs: chronic cough, pleuritis

Heart: pericarditis, valvular endocarditis

CNS (10%): ocular, CNS symptoms / common triad of dementia, opthalmoplegia, myoclonus [MRI]
Malabsorption: loss of calcium, fat, protein / muscle wasting, osteopenia, glossitis, skin pigmentation, clubbing, purpura

Labs: low albumin and immunoglobulin levels (from GI loss), steatorrhea, defective xylose absorption, low cholesterol, anemia (chronic disease, B12, or iron deficiency)

Radiography: thickened mucosal folds of small intestine proximal > distal on SBFT [pic]

Diagnosis: PCR of small intestinal biopsy for causative organism (Tropheryma) / macrophages contain PAS and rod-shaped bacilli / characteristic changes in small intestine mucosal (changes usu. reverse immediately after treatment, but occasionally persist even years after successful treatment), PAS-granules sometimes seen in normal large bowel specimens (non-diagnostic) /  PCR has identified organisms (but organisms do not grow) in various extra-GI body fluids like CNS, CVS, joints, blood

Ddx: celiac sprue, seronegative arthritis, intestinal MAI in AIDS

Treatment: several antibiotic choices (PCN +/- bactrim, others); give at least 4 wks (more like 6 months to a year) (1/3 relapse, sometimes years later)

Bacterial Overgrowth Syndrome

luminal stasis (autonomic disorders, scleroderma/MCTD), hypochlorhydria, immune deficiency


Labs: low albumin and prealbumin


Diagnosis: ask your GI fellow if they can do the hydrogen breath test

Treatment: 2 week course of tetracycline, augmentin or flagyl / can use on-off periods (if 

predisposing condition is permanent, then multiple courses will be required indefinitely)

Lactase deficiency

congenital is rare / acquired is common – follows mucosal damage (watery diarrhea, acidic stool from bacterial byproducts) / also a late-onset form that occurs following lactation

Abetalipoproteinemia
rare AR / apolipoprotein B deficiency / cannot make chylomicrons, VLDL, LDL / TG’s accumulate and vacuolate enterocytes / symptoms: fat malabsorption (diarrhea, steatorrhea), failure to thrive, acanthocytosis, ataxia, retinitis pigmentosa

Short gut syndrome

Treatment: low-fat diet reduced steatorrhea and improves nutrient absorption,  supplement diet with medium chain fatty acids (absorbed even without bile salts) / cholestyramine may worsen condition by depleting bile acid pool

Hypersensitivity 


abdominal pain NOT usually a feature of hypersensitivity to nuts

Eosinophilic Gastroenteritis

Presentation: N/V, abdominal pain, wt loss, steatorrhea, protein-losing enteropathy

Effects any segment of GI tract, peripheral eosinophilia in 75%

Treatment: steroids

Inflammatory Bowel Disease

Crohn’s Disease / Ulcerative colitis 

Differential: radiation, ischemia, infections, antibiotics (pseudomembranous colitis), other causes

Genetics: HLA B27, B5-DR2, AW24, BW25 / 10% have positive family history (15-20% of healthy relatives with intestinal hyperpermeability) / inflammation is the common pathway

Crohn’s Disease

General: entire GI tract (33% small bowel alone, 20% colon involvement, generally does NOT affect rectum) / transmural inflammation, creeping fat, granulomas, fistulas, obstructions, psoas/hepatic abscesses (must be drained), systemic manifestations

Epidemiology: Jews >> whites > blacks, developed countries, northern US / bimodal 15 to 25 yrs (more) and 55 to 65 yrs (less)

Pathology:  intestinal strictures / sharp demarcations, skip lesions, linear ulcers (may have fistula to bowel, bladder, vagina, rectum, skin, retroperitoneum), non-caseating granuloma (20%), granuloma (crypt abscesses), colon (crypt atrophy, paneth or pyloric metaplasia), lymphoid aggregates/granulomas (50%, may occur in uninvolved regions)

Presentation: insidious or abrupt onset of pain, fever, diarrhea (symptoms may or may not mirror mucosal pathology) / chronic pain, intestinal obstruction, acute inflammation (mimics acute appendicitis) / Pediatric presentation: fever, anemia, arthritis / children also more likely to present with upper GI symptoms

Ddx: appendicitis, Yersinia, lymphoma, intestinal tuberculosis, Behçet’s
Diagnosis: colonoscopy

KUB: ileitis, string sign, skip lesions
Labs: anemia, thrombocytosis, increased ESR, increased CRP orosomucoid, decreased albumin, increased fecal a1AT (not available in all labs), leukocyte scan/excretion / P-ANCA (not MPO) positive in 30%

Systemic Complications: 

GI: malabsorption, iron deficiency anemia, steatorrhea (bile malabsorption may also cause oxalate renal stones and cholesterol gall stones) / pathos stomatitis (more common in children) / perianal fistulae and abscess / increased incidence of gallstones (supersaturated biliary cholesterol, not enough bile acids)
Urologic: renal stones (10%, usually after small bowel resection or ileostomy), fistulae, hydronephrosis, amyloidosis (fat malabsorption leads to calcium being taken away to saponify acids, which leads to build-up of oxalic acid)

Liver: hepatic involvement, fatty liver, sclerosing cholangitis (10% in adults, 3% in children) and autoimmune hepatitis (may need to do liver biopsy to differentiate as sometimes involvement is solely intra-hepatic ductal) 

Joint: polyarthritis (10-20%, associated with flare-ups, can happen w/out GI Sx / destructive changes not seen), sacroiliitis (20%, progresses independently, similar to ankylosing spondylitis)

Skin: erythema nodosum (!5%), clubbing fingertips, pyoderma gangrenosum (rare)

Eye: uveitis (common) (photophobia, blurred vision, headache)
Cancer risk: minimal (2.5 x normal risk) / insurance won’t pay for annual flexible endoscopy in Crohn’s (2.5 risk)

Treatment: 

Medical: see below (steroids) / antibiotics, anti-diarrheal, cholestyramine (for steatorrhea), see (treatment of PSC)

Surgical: operate only when necessary (obstruction, fistula) / recurrence after operation is 50% by 10 years (occurs most at site of anastomosis) / liver transplant only cure for PSC and autoimmune hepatitis

Pediatric: consider surgery in kids to let them go through puberty before recurrence 

Prognosis: 10% spontaneous remission, most relapse eventually

Measuring disease status: diarrhea, abdominal pain, nausea/vomiting, rectal bleeding (hematochezia only from colonic affects / obstruction), weight loss, fever, growth retardation, fistula, more…

Ulcerative Colitis

Epidemiology: Jews >> whites > blacks, developed countries, northern US / bimodal 15 to 25 yrs (more) and 55 to 65 yrs (less) / 1 in 20,000 / 20% will have 1st degree relative 

Presentation: may have more diarrhea than Crohn’s due to circulating secretagogues released from colonic inflammation

Course: continuous inflammation begins in rectum and proceeds proximally, pseudopolyps, normal thickness, serosa / dysplasia / leads to carcinoma (stricture)

Labs: 15% have elevated ESR/CRP during attack (mod-sever > 30), P-ANCA (not MPO) positive in 30%

Complications: 

Colonic: toxic megacolon (> 6cm) (follow closely with serial KUB), lead pipe, usually does not have severe bleeding [note: steroids can mask pain of acute abdomen] // Note: start broad spectrum antibiotics (before perforation!, not after!)
Arthritis: monoarticular, asymmetrical, large > small joints, no synovial destruction, NO subcutaneous nodules, seronegative (no RF) / do not treat like RA with NSAIDS / does not resolve with remission of GI disease / ankylosing spondylitis, which may progress even after colectomy

Skin: erythema nodosum (10-50%), pyoderma gangrenosum (1-10%), erythema multiforme, maculopapular eruptions [skin conditions resolve with treatment of GI disease] 

Eye: episcleritis, iritis, uveitis (urgent ophthalmology consult, can cause blindness)

Liver: fatty liver (common), sclerosing cholangitis (15%) (85% of sclerosing cholangitis due to UC / indication for liver transplant), cholangiocarcinoma (no liver transplant)

Cancer risk: 10-20% by 20 yrs of disease (increases 1% per year after 7-10 yrs) [not always removed immediately; some say yearly colonoscopy starting 8 yrs after disease begins]


Diagnosis: colonoscopy [pic]

Indications for surgery:

Emergent: hemorrhage (exsanguinations), toxicity and/or perforation (toxic megacolon)
Neoplastic: suspected/confirmed cancer, significant dysplasia

General: growth retardation, systemic complications, intractability

Colectomy with mucosal proctectomy and ileo-anal anastomosis – small bowel mucosa replaces removed colonic mucosa - better than bag, only an increased number of bowel movements, preserves sexual function, complications: infection of pouch (Rx: metronidazole)

Treatment of IBD:

Avoid: anticholinergics, anti-diarrheal, antibiotics (may use metronidazole Crohn’s for overgrowth)

corticosteroids



mainly useful in acute attacks, not for long term prevention

oral prednisone 20-60 mg

parenteral corticosteroids

parenteral ACTH

topical steroids

corticosteroids enema 80-200 mg/d

5-asa compounds
Onset: several weeks / not helpful in acute attacks, but give anyway to get them on board / can maintain remission for variable amount of time using oral-ASA agents

sulfasalazine (best agent, cheaper)

olsalazine (2 5-asa bound)
1.5-3 g/d

oral 5-asa (mesalamine) 
1.5-4.8 g/d

topical 5-asa & 4-asa (rectal prep)

mesalamine enema 1-4 g/d

Immunosuppressives: cyclosporin, tacrolimus, MMF, 6-MP / Il-10 (under investigation)

Collagenous colitis

Usually benign chronic watery diarrhea / middle-aged women / some say it can progress to 

ulcerative colitis

Microscopic colitis

Irritable Bowel Syndrome [NEJM]
Brainerd’s diarrhea

Irritable bowel syndrome lasting up to 6 months induced by prior case of infectious diarrhea / some patients respond to cholestyramine / up to 25% of cases of infectious diarrhea

Acute Radiation-Induced Enterocolitis (see chronic below)
With 40 Gy or more / friability, ulceration, edema / similar to IBD

Chronic Radiation-Induced Enterocolitis [SBFT] [radiation proctopathy]
Occurs 6 to 12 months after treatment (5% of those receiving radiation therapy)

 

1.      radiation-induced chronic inflammation (fibrosis, endarteritis, angiodysplasia)

2.      radiation-induced small bowel strictures ( bacterial overgrowth in terminal ileum ( bile acid malabsorption and bile acid diarrhea 

 
Treatment: 

· For chronic inflammation ( sulfasalazine, steroids, cholestyramine

· For bleeding angiodysplasia ( endoscopic thermal ablation is only effective treatment (anti-inflammatory therapy does not help)

· For strictures, fistulas, etc ( surgery

Colonic Diverticulosis

sigmoid most common (but cecum most likely to bleed) / 50% of people >70 yrs in U.S.
Mechanism: focal weakness, increased pressure / 1 cm diameter atrophic mucosa, attenuated muscularis

Presentation: only 20% manifest symptoms (some say 90% have pain, LLQ > RLQ), diarrhea, constipation, fever (70%) / young patients < 40 yrs often present with a more fulminant course, can mimic appendicitis with sigmoid on the right, requiring surgery in majority of cases / also consider elective surgery after 1st episode in young patients 

Labs: elevated WBC (70%)

Diagnosis: 

· Note: DO NOT perform barium enema (may perforate bowel, gastrograffin is less harmful than barium if spillage occurs)

· Abdominal CT: (pericolic fat stranding, thickening > 4 mm, abscess [CT])
· Colonoscopy: may cause perforation, but direct visualization is good for colon cancer and r/o bleeding from rectal causes (ulcers, hemorrhoids)
· Ultrasound: can do similar things as CT (even detect some abscesses, etc)

Acute diverticulitis (20%)
Presentation: as above (pain, fever, ↑ WBC) with risk of obstruction, stricture, hemorrhage, perforation (peritonitis), fistula formation (colovesical > colovaginal, coloenteric > colocutaneous), but can have fistulization to just about anything, localized pericolic or intramesenteric or peritoneal abscess formation / colovesical more in males (because uterus shields bladder)
Treatment: 
· outpatient: ciprofloxacin/flagyl

· inpatient: amp/gent/flagyl and bowel rest (delay invasive diagnostic measures for as long as permissible up to several weeks to minimize risk of perforation)
· CT guided or surgical abscess drainage if no improvement by 48 hrs or if large

· obstruction usually can be resolved with medical management

· strictures (result from recurrent attacks): trial of endoscopic therapy (bougienage, balloon, laser, electrocautery or blunt dilating endoscope) / surgery if cannot exclude neoplasm

· resection for 2nd attack as complications will recur (60%) with each attack

· rarely requires colostomy and/or surgical resection, however, this may be a better option for younger patients

Arteriovenous Malformations

Common cause of lower GI bleeding / cecum and right colon / affect 25% of elderly / present with massive bleeds 10% / 80% will rebleed

Treatment: endoscopy with ablation, electrocoagulation, segmental colectomy

Bowel Obstruction

Presentation: vomiting, abdominal pain

Findings: high-pitched bowel sounds

Radiography: air-fluid level in distended loops, no air in rectum

SBO

Adhesions (1st)

Hernia (2nd) 

Neoplasms 

Obturation/strictures – ischemia, radiation, Crohn’s, gallstone, bezoar

Intussusception 

Meckel’s diverticulum (2 feet from IC)

Volvulus

SMA syndrome

Intramural hematoma

LBO*

Primary colorectal cancer (50%)

Volvulus (15%)

Diverticular disease (15%)

Extrinsic obstruction from metastatic carcinoma (5%)

Other: stricture, hernia, fecal impaction, adhesions

* pseudo-obstruction (more common, but above for complete obstruction)

Paralytic Ileus (very common)

Causes: trauma, abdominal surgery, peritonitis, hypokalemia

Radiography: intestinal gas is diffuse, air may be present in rectum

Mechanical Obstructions 

Adhesions

surgery, infections, endometriosis may lead to intestinal adhesions (internal hernias)

Hernias

visceral segments often protrude and become entrapped (external herniation) / may infarct

Tumors (see below)

Gallstone Ileus (endoscopy)

Intussusception
children: idiopathic (or hypertrophic Peyer’s patches) / 60% from 4-12 months, 80% by 2 yrs / occurs from terminal ileum to ascending colon

Diagnosis: currant jelly stools / ACT show RLQ mass [pic], but empty on palpation (Dance’s sign) 

Treatment: barium enema may be curative (85%), laparotomy with massage or resection

Ddx: childhood tumor (non-Hodgkin’s lymphoma)

Adults: tumor, Meckel’s, polyps or other intraluminal mass / almost always with N/V, morphine usually relieves pain

Volvulus
Rare, 1 in 50,000 / order of frequency: sigmoid (75%) > cecum (25%) >> small bowel, stomach, transverse colon / crampy abdominal pain, distention / KUB shows “bird’s beak” at point of obstruction / Treatment: sigmoid volvulus can be reduced by rectal tube enemas, proctoscopy / cecal volvulus requires surgical resection

Ogilvie’s syndrome

acute colonic pseudo-obstruction / rare / may respond to conservative management

Intestinal Tumors
Small intestinal neoplasms (in general)


only 1% of GI malignancies / usually benign

Presentation: obstruction, bleed / often not symptomatic right away


syndromes: NF, OWR, PJ

benign include leiomyomas (ulceration of mucosa usually present), adenomas,


lipomas (ileocecal valve), neurogenic, vascular, hamartomatous lesions

adenocarcinomas - napkin-ring as in distal colon cancer / usually papillary / upper duodenum
Diagnosis: usually disseminated by time of Dx / barium, CT, Tc-99 RBC (0.1/min sensitivity)

Prognosis: fairly decent survival rate with “en bloc” excision

Non-neoplastic polyps



90% of epithelial polyps in colon / 50% of population over 60 / < 5mm 



hyperplastic polyps: single or multiple / rectosigmoid / almost no malignant potential


Juvenile Polyposis
80% in rectum / < 5yrs / 1-3 cm / hamartomatous (low risk of adenoma) / 90% bleed and most autoamputate / juvenile polyposis syndrome (multiple) / smaller version in adults (retention polyps)


Peutz-Jeghers [pic]  

AD / multiple hamartomatous polyps, entire GI tract  


melanotic pigmentation of lips, oral mucosa, face, genitalia, palmar surfaces 

increased risk of carcinoma of breast, lung, ovary/testes, uterus

Lymphoid polyps (focal lymphoid hyperplasia)


common in rectum in children 

Neoplastic epithelial lesions

25% before age 40 / 50% after age 60 / size, architecture, level of dysplasia / CIS in the mucosa may still be benign (few mucosal lymphatics in colon) / once in the submucosa, polypectomy may be adequate for tubular variety, but surgical resection is necessary for sessile adenocarcinoma (remaining polyps should be considered pre-malignant or malignant)

Note: if patient has one polyp, there is 30-50% chance of regrowing another (takes about 5 years, so repeat colonoscopy recommended at 3 yrs post-polypectomy)


tubular (90%) (less invasive)



rectosigmoid (50%) fibrovascular stalk (2.5 cm in diameter) / single or multiple 



dysplasia begins at polyp head and invades down into mucosa (CIS) or 



sub-mucosal stalk (invasive adenocarcinoma)


villous(1%) (more invasive)



sessile / rectosigmoid / up to 10 cm dm / 40% present w/ invasive carcinoma 



may secrete proteins and potassium (hypokalemia, hypoproteinemia)


tubulovillous (10%) 

Familial Adenomatous Polyposis [NEJM]
AD inheritance (20% sporadic) / 100s to 1000s of tubular polyps / onset 20s and 30s with 100% progressing to cancer within 10-15 yrs / immediate colectomy
Genetics: APC (5q21) or DP 2.5 present / hypomethylation of DNA / ras, myc, myb, trk, hst all increased / DCC decreased / p53 defect / instability of microsatellite DNA 

Associations: 1-2% lifetime risk of thyroid cancer (papillary>>follicular; ↑ women; ⅓ thyroid precedes colon manifestations), fundic gland polyps, epidermoid cysts, osteomas, desmoids tumors, congenital hypertrophy of retinal pigmented epithelium

Gardner’s syndrome
FAP variant with intestinal polyps and multiple osteomas, epidermal cysts, 


        
fibromatosis, also abnormalities of dentition, thyroid and duodenal cancer


Turcot’s syndrome

FAP variant plus CNS tumors (gliomas)
Carcinoid tumors

neuroendocrine origin / over 60 yrs / ⅓ to ½ of malignant small intestine tumors / appendiceal (most common) and rectal rarely metastasize / ileal, gastric, colonic usually have mets at Dx / stomach and ileum usually multiple lesions / cells usually differentiated and secrete a particular hormone


Clinical: ZES (gastrin), Cushing’s (ACTH), hyperinsulinism, SS

Carcinoid syndrome 



generally means liver mets from GI tumors (85% in intestine,  50% appendix) or bronchoalveolar adenoma
Mechanism: lack of 1st pass metabolism of ( NE increased, 5HT increased

occurs in 1% carcinoid tumors with hepatic mets or extra GI tumors (especially ovarian tumors)

Presentation: headache, HTN, diarrhea, flushing [pic], bronchospasm, personality change (anxiety, panic attacks) / can be exacerbated by general anesthesia (an emergency)

Labs: elevated urine 5-HIAA (and other metabolites) / normally, 5-HT or kallikrein is metabolized by the liver (5-HT to 5-HIAA) 

Imaging: CT only for mets (primary tumors are too small) / barium may demonstrate resulting stricture

Complications: subendocardial fibrosis and deposits on right heart valves (restrictive heart disease and TR; 3 yr survival)

Treatment: octreotide, methysergide (anti-5HT)

Intestinal  lymphoma (see also HIV related)

infiltration into muscularis leads to motility problems in advanced cases / 

small follicular center cells and immunoblasts 


95% B-cell type (½ high-grade) / T-cell type is high-grade 


Risk factors: chronic malabsorption, Mediterranean, HIV, immunosuppression
Treatment: chemotherapy may cause acute perforation of large tumors /

Sporadic lymphomas (Western type)



arise in MALT - linked to chronic inflammatory states


Sprue-associated lymphoma (bad prognosis)


10 yr of malabsorption or associated with diffuse malabsorption / T-Cell origin


Mediterranean lymphoma  (bad prognosis)


young adults / chronic plasmacytosis / immunoproliferative / small intestine

Mesenchymal tumors (GI stromal tumors)

lipomas, leiomyomas, leiomyosarcomas, leiomyoblastoma of stomach (intermediate grade)

Short Bowel Syndrome

Complications: nutritional deficiencies (see list), gastric acid hypersecretion, D-lactic acidosis, nephrolithiasis, cholelithiasis

Colon Cancer

Incidence: 1 in 20 / 15% of all cancer deaths / 2:1 male:female / occurs in elderly

Screening: annual rectal over 40 yrs, over 50 yrs ( stool occult blood every year, one colonoscopy, if normal (hyperplastic polyps normal, adenomatous polyps abnormal) then flex sigmoidoscopy every 3-5 yrs

Risk Factors: FH of colon CA, multiple polyps, ulcerative colitis / too much animal fat

Presentation: left ( obstruction or anemia / right ( anemia / sigmoid/rectum (60%) / 30% invasive at presentation

proximal
polypoid masses on one wall of cecum, ascending colon / obstruction uncommon / clinical symptoms include fatigue, weakness, iron-deficiency anemia (in older men, iron-anemia is cancer until proven otherwise)

distal 
annular, encircling growth, produce napkin-ring constrictions / clinical symptoms include occult bleeds, bowel habit changes, cramps in left lower quadrant / tend to be more invasive early

Genetic Markers: APC (chr 5), K-ras activation in 50% (chr 12), DCC loss (chr 18), P53 in 75% (non-specific),  BRCA (non-specific), CEA (also pancreatic)

Diagnosis: biopsy from colonoscopy is gold standard / “virtual colonoscopy” by CT is available, but cannot remove polyps or take biopsies (would need to have colonoscopy after) 

Pathology: variable histological pattern for both right and left / mucin secretion into interstitium facilitates invasion / neuroendocrine differentiation in 10% / signet-ring / squamous component (especially in anorectal type)

Duke’s staging

5 yr survival


Treatment





Stage A 
95% (A1)


surgery

Stage B 
85% (B1) / 65% (B2)

5FU and leucovorin

Stage C  
55% (C1) / 25% (C2)

5FU and leucovorin + carboplatin with mets

Stage D 

Treatment

Surgery: in selected patients (~25%) with < 5 mets, lobectomy can offer long-term survival
Chemotherapy can otherwise offer 14-18 months extended survival
Begins with separation by EGFR/KRAS status (50/50 wild or mutant) (similar to breast cancer HER status; Abs work better if wild-type positive)

· MS-H (dMMR) (20% of cases) – overall better prognosis / 5-FU may be harmful in stage II MSI-H (high) pts / trials underway 2009
· VEGF/EGFR – another marker (dual Ab inhibition seems harmful in most patients; studies ongoing)
Bottom line = NCCN guidelines are changing / need a good oncologist

· 5 Fluorouracil (5-FU)

inhibits DNA / RNA synthesis

Side effects: leukopenia, nausea (mild), skin erythema, melanin deposition in skin creases, rash, photosensitivity, conjunctivitis, alopecia (reduced with leucovorin rescue), angina (rare)
· Capecitabine (Xeloda) 

oral 5-FU
· Irinotecan
Diarrhea

· Gemcitabine HCL (Gemzar, dFdC)

Inhibits DNA/RNA

· Oxaliplatin

Part of front-line regimens / decision to use as adjuvant to 5-FU based on stage III (yes) or stage II (maybe?) (cannot give too much, meaning repeatedly, or nerve toxicity accrues; co-administration of Ca/Mg may help reduce toxicity without reducing efficacy)

· Cetuximab / bevacizumab (Avastin) / Panitumumab
Targeted Ab’s – being added as well based on positive data and the EGFR/KRAS issue

Side effects: diarrhea (20%), nausea, vomiting, HTN, thromboembolic (9%), neurotoxicity (8%), allergy (3%), bleeding (2%)
· Camptothecins
topoisomerase inhibitors

Follow-up: screening colonoscopy minimum every 3 yrs (regardless of stage) to look for new polyps

Prevention: some debate over whether ASA or NSAID can decrease risk of colon cancer; current thinking 6/06 is that requires very high doses, and risk of bleed may outweigh benefit

Rectal Cancer

Treatment is different from other colon cancer ( resection alone can be curative if non-invasive, also radiation/chemotherapy can be curative even if invasive

Solitary rectal ulcer syndrome
usually in older adults / painful defecation, constipation, passage of mucous

Appendix
Acute appendicitis

Most common cause of acute abdomen at any age / 10% lifetime incidence (15-35 yrs and elderly) Types: early acute, acute suppurative, acute gangrenous

Pathology: neutrophilic infiltration, muscularis invasion
Presentation: anorexia, pain (colicky, periumbilical then McBurney’s point—RLQ ⅓ from right anterior iliac spine and umbilicus) then nausea/vomiting, mild fever / usually 24 hrs from onset of pain to perforation 

Exam: RLQ pain, peritoneal signs: obturator sign (pain on ext. rotation of flexed thigh), psoas sign (pain on right thigh extension), Rovsing sign, rectal exam may reveal tenderness or mass / if patient will eat (appendicitis unlikely)

Note: malrotation may cause left sided appendix / retrocecal appendix may produce pelvic pain may also lead to pyelephlebitis with portal -

Diagnosis: elevated WBC, pyuria (25%) / hard to diagnose in youngest and oldest

Ultrasound: wall thickening, luminal distention, incompressibility / also r/o ovarian

CT abdomen: more accurate

Ddx: perforated ulcer may leak down and irritate RLQ, mesenteric lymphadenitis (e.g. Yersinia), fecalith (5%), acute PID or other ovarian, kidney stones, pneumonia, Mittelschmerz / 10-20% of cases are falsely diagnosed / mild hematuria and pyuria common from urethral irritation

Complications: ruptured appendix (10% mortality), peritonitis, thrombosis, liver abscess, bacteremia

Risk of perforation: 25% by 24 hrs / 50% by 36 hrs / 75% by 48 hrs

Treatment: non-perforated: antibiotics (1 day) then appendectomy / perforated: triple antibiotics (7 days), appendectomy, drainage / may only perform CT guided drainage w/ clinical improvement

Tumors of appendix

mucocele


caused by obstruction, endometriosis


non-neoplastic hyperplasia

mucinous cystadenoma 
common / 20% perforate / no neoplastic cells, surgical cure


cystadenocarcinoma  

pseudomyxoma peritonei
when cancer cells are in the peritoneum / see carcinoid tumor of appendix / treated by debulking and intraperitoneal chemotherapy (@UTMDA) CDDP, 5-FU, MMC

Peritoneum

Inflammation

bile (green than suppurative), pancreatic enzymes (saponification then frank pus), surgical 
foreign 

body (granuloma, fibrous adhesions, obstruction, internal herniation)

Peritoneal Infection 

· Spontaneous bacterial peritonitis (SBP)


occurs in 10-20% of cirrhotics

nephrotic children and cirrhotic adults

One bug: GNR: E. Coli et al (60%), Streptococcus (25%), Staphylococcus
· Secondary bacterial peritonitis



Polymicrobial: gram negative coliforms, obligate anaerobes, localized abscesses

Diagnosis: paracentesis [video] ( >250 PMNs/mm3), cultures, CT, can do tagged WBC if CT unavailable

Differential Diagnosis: pneumonia, sickle cell, herpes zoster, DKA, tabes dorsalis, porphyria, familial Mediterranean fever, plumbism, SLE, uremia, other intra-abdominal infections

Treatment: ceftriaxone, Zosyn, Unasyn, imipenem, meropenem, trovafloxaxin, (some use cefotaxime, cefotetan, cefoxitin / vancomycin (esp. if you put it there w/ your previous paracentesis, any dialysis patient, nursing home patient, patient known to be MRSA carrier, others)

Prognosis: often very serious, can be self-limited, persistent, relapsing or fibrosing
Sclerosing retroperitonitis

autoimmune disease of peritoneum / may cause hydronephrosis, etc.

Mesenteric cysts

developmental origin, infectious sequelae, associated with adenocarcinoma

Tumors

primary mesotheliomas
rare / caused by asbestos exposure


secondary metastases

ovarian and pancreatic are most common

Pancreas

Acute pancreatitis (see chronic)
Presentation: abdominal pain, radiates posteriorly, nausea and vomiting, low grade fever, soft/tender abdomen, decreased/absent bowel sounds, Cullen’s sign (ecchymotic discoloration of anterior abdominal wall / less common), Grey-Turner – similar?
Mechanism: obstruction, autodigestion / trypsinogen to trypsin, which activates other enzymes, clotting, complement / chymotrypsin / lipase (PLA-2) (fat necrosis) / elastase (ruins vessels) / amylase 

Causes: 90% of cases from alcohol or biliary tract disease

· (1st) alcohol - young men, duodenal irritation causes sphincter spasm and obstruction

· (2nd) biliary tract disease - gall stones, women 2:1 / structural or functional obstruction

· (3rd) idiopathic (some say ↑ TG)
Other causes:

Trauma: children and teenagers / surgery / ERCP
Obstruction: gallstones, pancreatic carcinoma

EtOH
Drugs: VPA, staduvine, (didanosine (ddI) > ddC), thiazides, Immuran, furosemide, 

sulfonamides, steroids, tetracyclines, estrogens, metronidazole, L-asparaginase, methyldopa, 

pentamidine, ethacrynic acid, procainamide, Sulindac, nitrofurantoin, ACE inhibitors, 

danazol, cimetidine, diphenoxylate, piroxicam, gold, ranitidine, sulfasalazine, isoniazid, 

acetaminophen, cisplatin, opiates, erythromycin

Hypercalcemia: renal failure, hyperparathyroidism elevates Ca (augments trypsin)

Hyperuricemia leads to inspissated secretions 

Hypertriglyceridemia (as a cause, must be 1000-2000) can be cause or result of pancreatitis

Infections (mostly viral)

PUD (penetrating)

Congenital (pancreas divisum) / hereditary pancreatitis

Hyperlipoproteinemia (types I, IV, V)

Exposure: methanol, cobalt, zinc, mercuric chloride, napthalenes, cadmium, cresol, lead, organophosphates

Other: scorpion bite, ampullar obstruction (neoplasm, duodenal diverticula, Crohn’s)

Vasculitis

Ischemia (hypotension)

Organ transplants / Post-operative

Idiopathic: makes up 10-30% of cases
Note: smoking accelerates progression of pancreatitis (independent of alcohol consumption) and resultant diabetes

Ddx: PUD, acute cholecystitis, early appendicitis, perforation or penetration of duodenal ulcers, mesenteric vascular occlusion, small bowel obstruction, alcoholic hepatitis, cardiopulmonary event, DKA, lower lobe pneumonia, MI (inferior wall), renal stones, ruptured or dissecting aorta

Labs: Amylase/Lipase – resolution in 4-5 days for amylase (6 days for lipase) / amylase level does not correlate to severity of pancreatitis
· Note: hyperlipidemia can mask elevated amylase 

· Note: up to 30% of acute alcoholic pancreatitis will have normal amylase

· Note: amylase 5 times upper limit suggests gallstones or drug-induced // see below other causes of elevated amylase
· urine amylase: to distinguish macroamylasia, hyperlipidemic cases and when serum 

amylase is normal but clinical suspicion is high

· elevated K (renal failure, acidosis)

Other causes of hyperamylasemia: cancer, intestinal infarction, obstruction, acute appendicitis, ectopic pregnancy/salpingitis (normal lipase), DKA, renal failure (40% of pool normally excreted/day), macroamylasemia (oversized protein is not excreted, normal lipase)

salivary gland disease (including vomiting) (should have normal lipase) / pulmonary disease


Imaging:

KUB – pancreatic/biliary calcifications, localized ileus, blurring of psoas shadow, dilation of transverse colon

CXR – elevation of diaphragm(s), pleural effusion(s), basilar infiltrates, atelectasis

Abdominal U/S – enlargement, gallstones, pseudocysts

Abdominal CT – edema, necrosis or phlegmon, fluid collection / must use contrast to best detect areas of necrosis (30-50% infection which raises mortality from 10 to 30%)

ERCP – therapeutic/diagnostic – try to avoid during acute attack, unless necessary to remove impacted stone / should do in patients > 45 yrs to r/o cancer


Complications:

GI:
ileus, peritonitis, infarction, cholestasis

Phlegmon – necrosis ( may become abscess (usu. 2-3 wks)
Abscess – antibiotics +/- surgery

Pseudocysts (granuloma, fibroma) – may resolve in 6 wks, but if > 6 cm, painful, growing in size, infected ( must be drained

Bleeding – main hepatic or splenic – emergent surgery

Metabolic complications: hypocalcemia, hypoglycemia, hyperkalemia, hyperlipidemia, metabolic acidosis (normal anion-gap, leakage of bicarbonate) 

Pulmonary: atelectasis, pneumonia, pleural effusion, ARDS

Renal manifestations

Hematological: leukocytosis, anemia, DIC

Prognosis: > 5 Ranson’s criteria (see below) ( 75% mortality

Treatment: 

· supportive care: watch, NPO (NG if necessary), IV fluids, nutritional support, pain management

· prophylactic antibiotics (carbapenems or pip/tazo or cefepime/flagyl) – start when necrosis is suspected/observed

· ERCP for choledocholithiasis (see above)

· May need surgery for pancreatic sepsis

Ranson’s criteria

Initial: age > 55, WBC > 16, glucose > 200, LDH > 350, AST > 250

Within 48 hrs: Hct ↓10 pts, BUN ↓ > 5 after hydration, PO2 < 60, Ca < 8.0, base deficit > 4, est. fluid sequestration > 6 L

Acute interstitial pancreatitis (mild cases)


small foci of pancreatic and fat necrosis / peritonitis


sudden onset epigastric pain, tender to deep palpation, may radiate to back / temporarily elevated serum amylase / prompt recovery / may relapse

Acute hemorrhagic pancreatitis (severe cases - 50% mortality)

liquefactive necrosis and hemorrhage / inflammatory cells not numerous / peritonitis

sever epigastric, back pain / nausea and vomiting / shock / elevated serum amylase (3-5 days) / serum lipase rises later, elevated 10 days / jaundice (25%) / hypocalcemia (rare) with fat necrosis, DIC, ARDS 


Chronic pancreatitis


Classic Triad ( abdominal pain, malabsorption, diabetes
Causes: chronic alcoholism >> idiopathic (25%), autoimmune (10%), other / men > women / dilated ducts filled with fluid or calcium carbonate stones

Complications: atrophy, fibrosis, chronic inflammatory cells / pancreatic pseudocysts, calcification

· early: chronic mild pain, nausea and vomiting 

· late: pancreatic insufficiency (steatorrhea, secondary diabetes mellitus), malabsorption (40% with B12 deficiency), painful seizures

Other: calcific pancreatitis of the tropics, hereditary, hyperparathyroidism, cystic fibrosis, pancreas divisum (2 ducts), miscellaneous

Treatment: 

· Endoscopic therapy with dilation, stone removal, long term stent placement

· stone extraction and drainage works in 80% of selected cases (dilation > 6 mm) initially, benefit lasts 5 yrs in 50% 

· Pancreaticojejunostomy (current thinking 1/07 is surgery more effective [NEJM])

· Pancreatic enzymes can induce feedback inhibition of meal-stimulated secretion in order to reduce pain (only marginally effective with normal pancreatic anatomy) / not effective with pancreatic calcifications, ductal stones or ductal dilation

Autoimmune pancreatitis [NEJM]
10% of chronic pancreatitis / men > women 2:1 / 50s

Presentation: usually not like acute, jaundice and/or chronic symptoms / 15% will have IBD / can affect lungs, kidney also

Diagnosis: idea is to exclude pancreatic cancer (may even need surgical biopsy if clinical and lab picture not convincing; including response to steroids) and alcoholic pancreatitis
· CT – shaped enlargement with homogeneous attenuation, moderate enhancement, and the peripheral rim of a hypoattenuation “halo” [CT]
· MRI/MRCP – diffusely enlarged gland, may see hypointense “halo” and/or diffuse attenuation of the main pancreatic duct or a small, strictured main pancreatic duct

· ERCP – focal, diffuse or segmental attenuation of the main pancreatic duct and the disappearance of right-angled branches
· FNA biopsy – pathological specifics still being worked out 12/06

Labs: elevated IgG4
Treatment: prednisone 40 mg qd x 1 week then taper (repeat imaging in 2-4 weeks; should show regression in some and eventually most if not all of lesions)

Hereditary pancreatitis: loss of autodestructive regulatory process

Pancreatic Cancer (Carcinoma of Pancreas

5th leading cancer death / 50-60s / men 2:1 / smoking is risk factor


adenocarcinoma in dense fibrous stroma / lymphatic and blood invasion frequent


Labs: elevated CA 19-9, hemoccult positive (50%)

Diagnosis: CT and ERCP

Ddx: cancer of ampulla of Vater, distal common bile duct, duodenum

Prognosis: 5 yr survival with Whipple’s (10-15%) / average 5 yr survival (3%) / body mostly fatal

Head

involves bile duct early (Courvoisier’s law ( ½ with jaundice and palpable gall bladder), causes death before mets / distal region / obstructed, fibrotic (islets last to go) 

Labs: average bilirubin 18 mg/ml (much higher than with gall stones)

Body, Tail

peritoneal implants, lymph mets, liver mets / constant LUQ pain unrelated to eating, worse 

at night and supine / depression, weight loss, anorexia, ascites / Trousseau’s sign 

(migratory thrombophlebitis; also caused bother other mucin producing carcinomas)

Treatment:

· 15% of cases (mostly those starting in head of pancreas) are operable ( Whipple procedure has 1% mortality rate, and in patient w/ only nodal involvement ( 5 year survival 20%

· For unresectable or advanced pancreatic carcinoma, chemotherapy and/or endoscopic stenting is palliative only (average survival < 6 months)

Note: do not need tissue diagnosis to undertake surgery if tumor is resectable (no vena caval involvement, pt is otherwise a surgical candidate), otherwise consider FNA to r/o lymphoma and/or guide chemotherapy

Islet cell tumors


Insulinoma



most common / beta-cell tumor / hypoglycemia / Treatment: streptozocin
Zollinger-Ellison Syndrome (ZES)


gastrinoma / causes hypersecretion of HCl and recalcitrant peptic ulcer disease / suspect 

gastrinoma with ulcers in distal duodenum or jejunum, refractory (even to surgery), 

concomitant diarrhea, other evidence for MEN I
Diagnosis: secretin and calcium infusion tests cause paradoxical rise in gastrin levels

Glucagonoma


causes weight loss, intertriginous erosive dermatitis, angular cheilitis
Multiple Endocrine Neoplasia (MEN)

MEN 1 (Wermer’s)
Parathyroid hyperplasia

Pituitary, adrenal cortex

Pancreatic islets (gastrinoma ( gastric hypersecretion +/- peptic ulceration or calcitonin-secreting tumor)


MEN 2 (Sipple’s)
Parathyroid hyperplasia

Medullary carcinoma of thyroid
Pheochromocytoma
Exam: thick lips, kyphosis, pectus excavatum

MEN 3
thyroid
pheochromocytoma 
and/or ganglioneuroma (mucosal neuroma syndrome)
Other Pancreatic Situations

Annular pancreas

most commonly presents with vomiting from duodenal obstruction

Schwachman syndrome 

rare / pancreatic insufficiency and neutropenia

METASTATIC DISEASE TO THE PANCREAS AND PERIPANCREATIC REGIONS

uncommon -  3% to 11% of all pancreatic cancers

Lymphatic, direct >> hematogenous (lung, kidney (RCC), breast, / rarely - melanoma, sarcoma, stomach, ovary, uterus)

Ultrasound, CT, and ERCP 

MRI  and CT for diagnosing hypervascular tumors (neuroendocrine neoplasms or renal cell carcinoma)

Gall Bladder

Diagnostic Tests


RUQ U/S


MRI or MRCP

Excellent sensitivity (95%) and specificity (97%) for presence and level of obstruction; less sensitive for stones (92%) or telling malignant from benign (88%)


ERCP
1-9% of post-ERCP pancreatitis (1% severe); advantage is you can remove stones, place stents, etc.

Cholelithiasis (gall stones)

Very common / 10-20% of patients > 65 yrs (only 10% develop symptoms within 10 yrs)

Acute calculus >>> chronic calculus >> acute acalculus > chronic acalculus
Presentation: biliary colic (epigastric pain, often after meals, may radiate to right shoulder, last about 1-4 hrs)
Labs: elevated alk phos, elevated bilirubin (> 3g/dL suggests common duct stone)

Complications: 

· obstruction (cystic or common bile duct) ( may lead to gallstone pancreatitis, cholangitis
· biliary fistula (necrosis)

· gallstone ileus (erosion into bowel – 98% caused by gall stones)

Treatment (see acute cholecystitis): do not treat asymptomatic gallstones (if symptomatic, consider cholecystectomy, lithotripsy is 2nd line) / 40% recur within 6 weeks


Cholesterol (Fat ((cholesterol), Female 3:1, Fertile, > Forty, Familial, Hispanic)

Risk factors: women 3:1, increasing age, obesity, Hispanic, familial
mixed type (cholesterol, bile, Ca, protein) — most common 
stone(s) aggregate, smooth / chronic cholecystitis / growth by accretion 


supersaturation
 
7 α-hydroxylase deficiency (↓ bile salt pool) / obesity (cholesterol secretion


nidus, nucleation 

secreted glycoprotein as nidus / deficiency of anti-nucleating factor


calcium pigment


calcium and bile / normal gall bladder / multiple, small, sharp



black 

hemolysis, increased unconjugated bilirubin in bile

brown 
bacterial cholangitis, increased unconjugated bilirubin in bile (due to bacterial hydrolysis) often in intra/extra hepatic ducts / malnourishment

Acute cholecystitis

less common than chronic (often superimposed on chronic)

Presentation: severe RUQ pain (Murphy’s sign—pain with inspiration on palpation of RUQ), fever, leukocytosis, enlarged gallbladder, prior h/o pain


Imaging: 

Ultrasound: 90% with stones, gallbladder wall thickening, distended gall bladder, pericholecystic fluid

MRCP
ERCP, IOC or PTC (percutaneous transhepatic cholangiography)

KUB shows 20% of stones

HIDA scan (hepatoimminodiacetic acid) for tagged bile output (gall bladder does not fill if cystic duct is obstructed)

Complications: hemorrhage, ulceration, gangrene if inflammation subsides, may leave hydrops (thin wall, clear fluid) or empyema (calcium carbonate rich secretion, not pus) / asymptomatic stones have a 2% complication rate/yr

Organisms: E. coli, klebsiella, bacteroides, Enterococcus, pseudomonas

Emphysematous cholecystitis: Clostridium perfringens and diabetics / may perforate (5%)

Treatment: antibiotics (e.g. Unasyn) to allow patient to ‘cool down’ for a few days until can have gall bladder removed; see cholangitis below 

Cholecystectomy in pregnancy (4 indications)

acute cholecystitis (operate after antibiotics and decreased temperature)

ascending cholangitis (very serious, STAT operation)

pancreatitis (usually from small stones)

obstruction (pt with jaundice)

Treatment: cefoxitin (anaerobes), gentamicin (GNR)

Chronic cholecystitis
90-95% with stones / rarely typhoid fever / mucosal atrophy or ulceration, fibrosis, Rokitansky-Aschoff projections, calcification or porcelain gall bladder / can happen in people who don’t have gall bladder (stones formed in ducts)

Presentation: chronic indigestion, large fatty meals aggravate (CCK stimulated contraction)

Treatment: symptomatic cases treated with cholecystectomy, (rarely) shock-wave lithotripsy, litholytic drugs

Acute cholangitis

Presentation: Charcot’s triad ( fever, jaundice, RUQ pain / Raynaud’s pentad: add hypotension, mental status changes / and elevated WBC

Ultrasound: may see evidence of obstruction

CT scan

CXR: may see sympathetic effusion (left)


Treatment: if stable, can give abx such as Unasyn 3 g q 6 until patient is ‘cooled off’ and then the obstruction must be relieved either by ERCP or IOC; if patient unstable, must do emergent ERCP or IOC (w/ sphincterotomy or tube placement)

Carcinoma of gall bladder (usually incurable)

1 in 50,000 / if discovered incidentally, 5 yr survival 50%, if symptomatic, 1 year survival of 5% / associated with chronic cholecystitis / finding of porcelain gall bladder carries 25% risk of progression to carcinoma and requires open cholecystectomy (because cannot risk having it be malignant and rupture) / liver and lymph mets / adenocarcinoma (80%), anaplastic (10%), squamous (5%)

Carcinoma of extra-hepatic biliary apparatus (usually incurable)


men / 5yr survival of 10%

ampulla of Vater (soft, papillary), common duct (hard, infiltrative), confluence of hepatic 

and common duct (Klatskin tumor) / obstructive jaundice (first sign), upper abdominal pain, hepatomegaly

Risk factors: ulcerative colitis, sclerosing cholangitis, clonorchis sinensis infection

Diagnosis: U/S, CT, ERCP or PTC

Spleen

25% with accessory spleen

Splenic Infarction

Diagnosis: DPL (diagnostic peritoneal lavage), U/S, CT

Treatment: repair or remove based on amount damaged / observe (especially in children, who get post-splenectomy sepsis)

Note: don’t forget to give the vaccines for Hib vaccine, pneumococcus and N. meningitis

Indications for splenectomy

1) ITP + spherocytosis, bleeding and diseased states (EBV, malaria, trauma)

2) distal pancreatectomy 

3) failed medical therapy of autoimmune hemolytic anemia

GI Surgery (more)

Anastomoses of bowel segments / must remove bacteria (bowel prep solutions) in order to increase wound healing (some authors suggest decontamination with polymyxin, tobramycin, vancomycin, and amphotericin B)


Pimp anatomy: Marginal artery of Drummond, anastomosis of Riolan

Liver










[Liver Function Tests]
Hepatitis

Viral Hepatitis (HAV, HBV, HCV) (hepatitis labs)
Alcoholic hepatitis
Autoimmune hepatitis

Non-alcoholic fatty liver disease
Biliary System

Gall Bladder (cholelithiasis, cholecystitis, cholangitis)

Biliary Cirrhosis (PBC), Sclerosing Cholangitis (PSC)

alpha-1-antitrypsin, Wilson’s, Hemochromatosis
Cirrhosis (ascites, SBP)

Portal cirrhosis / Post-necrotic cirrhosis / Portal venous hypertension
Liver Neoplasia



Liver Transplant
focal nodular hyperplasia
hepatocellular adenoma
hepatocellular carcinoma
Lab evaluation of liver disease

Lab error rate usually about (3-4%)

serum bilirubin (see pediatric)


jaundice when serum bilirubin above 3mg/dL / high serum levels may correlate to severity of chronic liver disease / G-6-PD patients (black) may have disproportionately high bilirubin (hemolysis) 5mg/dl and PT > 4 seconds (50% mortality) in patients with acute alcoholic hepatitis 

causes of unconjugated bilirubinemia include hemolysis, impaired hemoglobin synthesis, genetic defect of bilirubin transport into hepatocyte – 

urine bilirubin
unconjugated BR is bound to albumin and cannot be filtered / early indicator for liver disease (even before jaundice / pyridium and phenothiazide give false positive results 

urine urobilinogen

absence on dipstick indicated biliary obstruction / elevation may mean liver injury (impaired 


re-uptake of serum urobilinogen) or hemolysis / can be an early marker for liver damage

fecal urobilinogen

rarely used / antibiotics may suppress bacterial conversion of bilirubin to urobilinogen

albumin

not early or sensitive due to 14-20 day half-life, large stores / can be decreased from renal loss great marker for severe, chronic liver disease / good response to therapy will see a rise above 3g/dl

prothrombin time (PT) [11-13]

useful in assessing prognosis of severe acute/chronic liver disease / 2, 7, 9, 10 / PTT may also be elevated in severe liver disease

Hepatocellular

aminotransferase (AST/ALT) [10-40]

absolute level of no prognostic value (mainly used as an early indicator) / AST (heart, liver, muscle, kidney, some pancreas/spleen) / ALT (many tissues, highest in liver, some in kidney) / AST reaches higher levels than ALT in non-hepatic injury / AST over 400 units/liter is liver or skeletal muscle, an MI above 200u/l would be severe and obvious / acute liver injury may reach 400-1000u/l, obstruction will not be over 400u/l / values may drop from 1000 to 300 in just 3-5 days (masking previously high levels)

80% alcoholic liver disease (AST > ALT) – alcoholics are PBP deficient (this is a false-phenomenon also seen with fatty liver associated with pregnancy)

ALT – cytosol / injured cell releases enzymes into circulation

male > female, higher in winter, Hispanic/native American higher, increased weight, married > single / ALT reaction measures activity (step 1 requires PBP, step 2 uses NADH, measures NAD production) / test results can vary based on many factors (including drugs and solutes in the patients blood sample)

AST – in organelles?

Similar reaction, but not dependent on PBP
Only ⅔ of increased AST with liver disease (type B and O blood has increased activity)

Cholestatic

Alkaline phosphatase (AP) [75-125]

Liver (80%), bone (20%),  GI (1%), placenta / AP also elevated in growing children / but in the presence of jaundice, large increases (3-20 fold) suggest obstruction, infiltration and mild increases (1-3 fold) suggest hepatocellular injury / normal AP argues strongly against liver disease / local increase in bile acids increases de novo AP synthesis / if anyone asks, liver AP is heat-labile, GI AP is heat-stabile 

Gamma-glutamyl transferase (GGT)

very sensitive, not selective (pancreas, heart, lungs, kidney) / elevated by drugs (ethanol, phenobarbital, phenytoin) and diabetes, some drugs increase  hepatocyte membrane (releases GGT into circulation) / may confirm AP / inhibited by gestational hormones (non-informative in pregnant women)
Other enzymes
LAP and 5’-NT only in liver and placenta (not bone) / may confirm AP / many false negatives

LDH – may rise moderately in several liver diseases (mild in obstructive) / marked increases may result from liver mets

Other tests (not often used)

bromosulphopthalein BSP, indocyanine green, meg-x, aminopyrine, caffeine

Hepatitis Labs

Viral Hepatitis Labs (see micro) [diagram] [diagram]

Autoimmune Hepatitis Labs

ANA, ASMA, LKM-1, AMA lab values can show large variability even from the same lab

anti-ANA
used with SMA to diagnose “lupoid hepatitis” (unrelated to SLE)

ASMA

chronic active hepatitis (60%), biliary cirrhosis (10%) / transient rise with EBV

LKM-1
rare type of autoimmune hepatitis (not having ANA or SMA) – type II

AMA

100% of primary biliary cirrhosis (M2 fraction)

25% chronic active hepatitis (M4) 

alpha-fetoprotein


endoderm derived (peak at 12 weeks gestation) / malignant HCC or germ cell tumors (>1000ng/ml) others include pancreas, gall bladder / used to follow progression, not for diagnosis

Complications/Findings of Liver Failure/Cirrhosis

Decreased hepatic function

· neurological: encephalopathy (confusion, somnolence, coma) from elevated ammonium

· coagulopathy: increased PT (lack of clotting factors)

· hypoglycemia

· lactic acidosis

· jaundice

· estrogen metabolism decreased (spider angiomas, redistribution of hair, etc.)


Ascites  (see Ddx below)
Presentation: dyspnea, umbilical hernia

Mechanisms: hydrostatic, oncotic (decreased albumin) / SAAG usually high in mixed cases / portal vs. malignant (can tap more fluid off safely with malignant ascites because hemodynamics are less likely to be embarrassed)

SAAG (serum ascites albumin gradient = serum albumin – ascitic albumin) [more Ddx]

> 1.1 g/dL: cirrhosis, portal vein thrombosis, Budd-Chiari, CHF, constrictive pericarditis, urinary extravasation, hypothyroidism, Meig’s, hydronephrosis
< 1.1 g/dL: peritoneal infection, peritoneal carcinomatosis, pancreatic ascites, bowel obstruction or infarction, serositis (e.g. SLE), nephrotic syndrome

Physical exam: JVD/pulsatile liver / KUB ( ground glass w/ centrally located bowel loops

Note: all new or unexplained cases of ascites should undergo paracentesis (may rule in infectious/tuberculous, primary hepatoma or malignant seeding / you should inoculate cultures at bedside

Hepatic hydrothorax

Negative inspiratory pressure causes buildup of ascitic fluid through small diaphragmatic holes

Treatment: same as ascites except avoid tube thoracostomy because this will just pull more fluid into pleural space / refractory cases can consider VATS to correct any defect or pleurodesis

Nephrogenic ascites

diagnosis of exclusion / intractable ascites with resultant cachexia / mechanism is multifactorial (i.e. unclear) / occurs from 20 months pre to 70 months post-initiation of dialysis from ESRD / dialysis associated hypotension may be a harbinger / M:F 2:1 / survival ~ 10 months / best treatment is bilateral nephrectomy with renal transplant / some benefit from CAPD, or peritoneovenous shunt


Varices (see GI bleed)


esophageal, hemorrhoidal, caput medusae (ammonia bypasses liver and reaches CNS 



causing hepatic encephalopathy)

Treatment: meds/endoscopy (banding preferred over sclerotherapy), TIPS if endoscopy fails


Portal Gastropathy (GI bleed)



gastric mucosa is weakened by portal hypertension and more likely to bleed

Peritonitis


usually from perforation of abdominal viscus, but portal HT is the first cause of spontaneous peritonitis in adults (may have more insidious onset, lack of peritoneal signs) / 50% mortality / more than 250 PMNs/mL

Hepatorenal syndrome


Unrelenting renal failure because of liver failure

Types of Cirrhosis

Portal cirrhosis
alcohol / portal tract to portal tract, tract to central vein / small, pseudo-lobules (regenerating tissue, no intralobular structures)

Post-necrotic cirrhosis 

chronic active hepatitis and autoimmune hepatitis / patchy distribution (piecemeal necrosis) / irregular broad bands of fibrosis / variable sized nodules / also called portal triaditis
Biliary Cirrhosis


portal tract to portal tract / central veins are spared 

Portal venous hypertension
[diagram of portacaval anastomoses]
Pre-portal: portal vein thrombosis, schistosomiasis

Sinusoidal: HCV, HBV, alcohol

Post-portal: Budd-Chiari, pericarditis, renal failure


Budd-Chiari



occluded IVC/hepatic vein / polRV?, pregnancy, HCC / SAAG > 1.1


Fibrocongestive splenomegaly 



greater in post-necrotic, hemolysis, pigment gall stones

Hepatitis (Hepatocellular)

Viral: hepatitis virus A - G / CMV / EBV / Yellow Fever

Bacteria: Coxiella, TB

Parasites: Echinococcus

Drugs:
Antibiotics: rifampin, PZA, INH, macrolides

CNS: phenytoin, VPA, carbamazepine, antipsychotics, pemoline, methyldopa, MAO inhibitors

Other: PTU, indomethacin, diclofenac, halothane

Toxins: EtOH, 

Neoplasms:

Other: alpha-1-antitrypsin, Wilson’s, Hemochromatosis
Alcoholic hepatitis



heavy alcohol consumption / Mallory’s hyaline / neutrophilic infiltrate / fatty change, hydropic change, fibrosis around central vein / AST:ALT > 2 / < 300 AST

Non-alcoholic fatty liver disease (NAFLD)
20% of US adults (1 in 30 develop cirrhosis or less commonly HCC, ESLD requiring transplant)


Risk factors: obesity, type 2 DM, hyperlipidemia

Diagnosis: biopsy is only way to tell prognosis and r/o other diseases / LFT’s may not correlate / macrovesicular accumulation of fat (fatty deposits)
Treatment: ?gemfibrozil, vitamin E, thiazolinediones (promising but trials underway 11/06) / too rapid wt loss is actually harmful


Non-alcoholic steatohepatitis (NASH)

progression/complication of  NAFLD but when hepatocyte necrosis occurs



Acute Fatty Liver of Pregnancy – microvesicular fat 



Reye’s Syndrome – microvesicular fat

Granulomatis hepatitis in AIDS


may not be able to produce impressive granulomas

Acetaminophen toxicity

Ingestion of 10g or more

Mechanism: increased p450 metabolism (NAPQI formation) and depletion of glutathione stores (leads to NAPQI persistence)

Labs: LFTs reaction to normal dose ( markedly increased AST / moderately increased ALT / AST:ALT > 2 / increased to markedly increased PT / huge overdose ( normal initially, later markedly increased AST and ALT

Treatment: N-acetylcysteine should be started within first 10 hrs, continued 72 hrs
Ischemic hepatitis – bile duct obstruction

Hypotension

Sudden, very high rise of AST 24-48 hrs peak

Rapid normalization within 7-10 days after reperfusion

Concomitant renal impairment

Fatty change

acute alcohol consumption, metabolic derangement (TPN)

Total Parenteral Nutrition (TPN)

Useful: critical illness, pre-BMT, liver failure, pancreatitis, severe IBD; with cancer cachexia, only really useful for short term just prior to surgery (otherwise the TPN will not overcome the net negative of cachexia; analogous to albumin loss issue in liver disease)
Hepatic steatosis (25 to 100%) 

increase in LFT’s with smaller increase in alkaline phosphatase

peak ~2 weeks, then decline even with continued TPN / reversible

Long-term TPN

Chronic liver injury in adults

· steatohepatitis (common) / can lead to fibrosis (discontinue, cycle, reduce calories and/or supplement with small amount of enteral nutrition)

· cholestasis and hepatic fibrosis (uncommon) 

Biliary sludge (50% > 6 wks, ~100% > 3 months)

Gallstones (acalculus and calculus cholecystitis)

From decreased bile flow and gallbladder stasis (can try CCK, pulsed amino acids, small enteral feedings)

Autoimmune hepatitis


Diagnosis: piecemeal necrosis on liver biopsy, also correlate with serology

Treatment: steroids +/- azathioprine, cyclosporine, tacrolimus, MMF, liver transplant
Type 1 “classic” autoimmune hepatitis – ANA, ASMA, AMA (rarely)

Type 2 –LKM-1, ASMA (occasional),
Type 3 – generally seronegative, ASMA (occasional), AMA (rarely)

Type 4 (PBC) – ANA, ASMA, AMA (rarely)

Primary biliary cirrhosis (PBC)

autoimmune destruction of small intrahepatic bile ducts / females 35-60 / cholestasis late /

Presentation: usu. begins with pruritis
Labs: high AMA (>1:40), elevated alkaline phosphatase (2-5x ↑)
Diagnosis: liver biopsy shows lymphocytic destruction of bile ducts
Associations: ⅔ have Sjogren’s / 20% have CREST / 17% with autoimmune thyroiditis / can get various lung disease (IPF, granulomatous, lymphocytic interstitial pneumonitis, pulmonary HTN, pulmonary hemorrhage)


Secondary biliary cirrhosis


obstruction / edema, inflammation / portal tract lesions, but hepatocytes intact 


AMA (-), lower alkaline phosphatase

Sclerosing Cholangitis

Primary: 5% of ulcerative colitis

Secondary: many causes / in AIDS pts – CMV, cryptosporidium, PCP, MAI (some)

Primary Sclerosing Cholangitis (PSC) [NEJM]
men (70%), 75% of PSC and cholangiocarcinoma occur in IBD patients (UC >> Crohn’s) / 3 per 100,000 (1:100 as much as alcoholic cirrhosis) / 4th leading indications for liver transplant

Mechanisms (speculated): chronic portal bacteria, toxic bacterial metabolites of bile, ischemic damage, genetic/immunological

Location: mostly intra/extrahepatic ducts (15% with gall bladder/cystic duct too)

Presentation: asymptomatic until obstructive liver disease signs develop, episodes of acute bacterial cholangitis (fever, chills, lab abnormalities) / steatorrhea, vitamin A deficiency
Course: may evolve over many years / mean age at diagnosis 40 yrs, survival 12 yrs from diagnosis

Labs: hypergammaglobulinemia in 30% (elevated IgM 50%), pANCA (65%), ASMA (10%), ANA (20%), elevated obstructive liver enzymes, elevated urinary copper and serum ceruloplasmin
Ulcerative Colitis: more with early age onset of UC / may precede symptoms of UC by many years (diagnosed with ERCP)  / some say some degree of UC exists in all PSC / PSC does not correlate with activity of UC

Other associations: thyroiditis, type I DM

Complications: liver failure, cholangiocarcinoma (20% of PSC patients, even 20 yrs after colectomy, smoking and presence of IBD increases risk), vitamin K deficiency (rare, but happens with chronic jaundice, cholestyramine use), vitamin D deficiency (osteoporosis)

Diagnosis: ERCP (fine ulcerations, dilatation, narrowing) with cholangiogram [pic] [pic] / transhepatic cholangiogram is the 2nd choice / percutaneous liver biopsy will probably miss lesions (concentric fibrosis around bile ducts) but can be used to follow disease

Ddx: stricture/obstruction from previous surgery, cholangitis, bile duct neoplasms, choledocholithiasis, congenital biliary tree abnormalities

Treatment: ursodiol is of debatable utility, steroids are not helpful (other immunosuppressives under investigation), ERCP may diagnose and treat complications, liver transplant only proven cure (cholangiocarcinoma is relative contraindication to transplant); may experience sclerosing cholangitis (recurrence vs. rejection vs. bacteria from roux-en-Y)

Pruritis: cholestyramine, colestipol binds bile acids / naloxone (elevated endogenous opiates implicated) / ursodiol, odansetron, m-testosterone, rifampin, phenobarbital, antihistamines, UV light, plasmapheresis
Recurrent cholangitis: optimal antibiotic choice and use of preventative abx under investigation
Alpha-1-antitrypsin (see lungs)
cholestatic liver disease in infancy, cirrhosis and/or portal hypertension / chronic liver disease / MM normal / ZZ abnormal

Hemochromatosis [NEJM]
Primary: inherited disorder / 5-10% frequency of gene in population [most common mutation can be tested, small minority have other mutations] / AR / most are homozygote for the C282Y mutation of the HFE gene increased iron absorption, progressive iron overload

Pathology: increased Fe uptake (normal 3 g, increased to 20-40 g) / women lose 20-30 mg at menses / hemosiderin deposition (causes direct damage to liver, pancreas)
Secondary:  increased absorption (chronic liver disease, iron-loading anemias, porphyria cutanea tarda, dietary overload) or parenteral administration (multiple blood transfusions) of iron / secondary has much less total iron build-up (ferritin) 

Presentation: often diagnosed early with fatigue, arthralgias (25-50%) or increased AST/ALT’s or ( fatigue, arthralgias (frequent), skin pigmentation (90%, gray or bronze color), liver disease (RUQ pain, hepatomegaly, cirrhosis, HCC), and diabetes
Complications: micronodular cirrhosis, diabetes, skin pigmentation, restrictive cardiac failure, arthritis (may have CPPD, often 2nd and 3rd MCP (1st most-asked pimp question in history of mankind), impotence / 200 x risk of HCC (30% incidence)
Labs: ferritin increased (proportional to iron burden), transferrin increased (Fe %sat)

Diagnosis: liver biopsy can be useful to quantify iron overload and assess liver fibrosis (can also use genetic testing to risk stratify patients for development of fibrosis/cirrhosis (look for presence of the C282Y or H63D mutation)
Ddx: can have falsely high ferritin levels from other diseases

Treatment: phlebotomy, deferoxamine

Course: life expectancy goes to normal if treated before cirrhosis

Wilson’s disease 

AR mutation in ATP7B gene / onset in 10s to 20s

Mechanism: abnormal copper transport causes increased GI absorption and decreased clearance

Liver: hepatitis, cirrhosis

CNS: extrapyramidal signs (hypertonia, rigidity, tremors, clumsiness), range of psychiatric disorders

Eyes: Kayser-Fleischer rings in cornea and sunflower cataracts

Renal: hematuria, tubular dysfunction

Hemolytic anemia: may be presenting finding (occurs in 10-50%), circulating Cu kills RBC’s, may have elevated HgA2
Presentation: hepatitis 1st (jaundice, malaise, anorexia) that usually resolves / may effect only liver or various organ combinations

Labs: serum ceruloplasmin < 20 ug/dl, urine Cu > 100 ug/24 hrs / elevation of serum copper can be a non-specific sign of cholestatic liver disease / low LAP score

Treatment: penicillamine (given with pyridoxine) / restrict dietary intake (shellfish, legumes) / maintenance therapy with oral Zinc (decreases absorption) 

Liver Abscess

Pyogenic:

Organisms: E. coli, Klebsiella, Bacteroides, Enterococcus


Diagnosis: CT guided sampling

Treatment: antibiotics +/- drainage

Amebic: 

2-5 months after travel to endemic area / occurs in 3-25% of intestinal amebiasis (especially with HIV) /most common presentation: RUQ abdominal pain

Diagnosis: positive antibodies in 98% of cases (indirect hemagglutinin test) / ultrasound 75-85% sensitivity


Treatment: metronidazole usually works +/- chloroquine, but drain if rupture is imminent

Parasitic:

echinococcus

Diagnosis: U/S or CT (90% sensitive and direct aspiration may seed peritoneum), eosinophilia, positive heme agglutination


Treatment: open resection (do not spill), instillation ethanol or 20% NaCl

Liver Neoplasia

5% of liver tumors are benign 

Hemangioma

most common benign liver tumor / incidence of 7% of population / usually clinically unimportant but can cause consumptive coagulopathy

Presentation: pain (can rupture), jaundice (can obstruct)

Diagnosis: do NOT biopsy (risk of bleeding) / peripheral enhancement on CT, arteriography

Focal Nodular Hyperplasia


central stellate scar / unencapsulated, but well-defined / central blood supply, not likely to rupture / 2 cells thick / females 2:1 / not related to OCPs / any age / 20% symptomatic from


mass effects / not precursor to HCC
Hepatocellular Adenoma (not HCC precursor)
1 per million / risk factors: females, reproductive years, birth control pills (40 x risk)

Pathology: peripheral blood supply, may rupture (1/4 present with circulatory collapse) causing necrosis (increased ALT and CT findings) / portal tracts absent

Presentation: pain (may not be present; can rupture), jaundice (can obstruct) / more common in right lobe
Labs: LFT’s usually normal, a-FP negative

Treatment: remove hormones (stop OCPs, etc.) / tumor likely to regress spontaneously / however, may resect if symptomatic, > 10 cm or not regressing / patients should avoid pregnancy which increases likelihood of hemorrhage
Hepatocellular carcinoma (HCC)

very common worldwide / 3 per 100,000 in US (and rising) / males > female / 95% liver tumors are malignant

Risk Factors: HBV, HCV (major cause in US), alcoholic cirrhosis, hemochromatosis, 

smoking?, vinyl chloride, OCPs

Pathology: large mass with satellite lesions / may be green with bile / 50% with mets to 
regional nodes, lung 
Presentation: weight loss, RUQ, shoulder pain, weakness

Physical Signs: hepatomegaly, portal hypertension, ascites, jaundice (50%)

Diagnosis: often positive AFP (elevated in germ cell tumors; >500 suggestive, >1000 almost diagnostic)

Ultrasound: cystic v. solid / radiography: benign v. malignant / CT or MRI: multiplicity and anatomical / hepatic arteriography to diagnose hemangioma

Treatment: 
· wedge resection (often difficult due to underlying liver disease) / entire lobectomy does not improve survival 
· transplant can be curative in selected patients (must have single lesion < 5 cm or 3 or fewer < 3 cm)
Prognosis: no treatment ( 3 month survival / with resection ( 3 yr survival / 5 yr survival rate is 10-50% / with successful transplant survival same as nonmalignant liver transplant patient
Liver metastases

most common malignant liver tumor / one source( colon > stomach > pancreas > breast > lung / another source ( lung > colon > pancreas > breast > stomach

Treatment: liver mets from colon cancer (up to 3 lesions) should be resected (some say 4-5)

Liver Transplant [NEJM]
Child-Pugh rating system: must have >= 7 to qualify for liver transplant / get points for INR, low albumin, ascites, hepatic encephalopathy

 
Must demonstrate (in rehab) no alcohol/drugs for 6 months

Malignancy develops in 2%-7% of transplant recipients (from immunosuppression) (100 fold > than normal) / transitional cell Ca of UG tract and renal cell Ca, skin and lips, lymphomas (esp. CNS), cervical, lung, head and neck, colon / onset time 1-158 months (avg. 40) / lymphomas develop faster 

Hematology
[onc]

[transfusion medicine]




Anemia (work up) [Ddx]
hemolytic anemia, HELLP, aplastic anemia
Hemoglobinopathy


sickle cell, thalassemia
Thrombocytopenia [Ddx]

HIT, TTP, ITP, APA
Coagulation

Bleeding disorders

Hemophilia, Von Willebrand’s
Hypercoagulability

APA, factor V, G20210
Thromboembolic 

DIC, HELLP, TTP, HUS, HSP
Leukemia 

Lymphoblastic 

ALL, AML, CLL, Hairy Cell
Myeloproliferative 
CML, myelofibrosis, thrombocythemia, PRV, leukemoid reaction
Plasma cell dyscrasias 
MM, WM, heavy chain disease, benign monoclonal gammopathy
Histiocytoses
Lymphoma



Hodgkin’s
NHL

B-cell

small lymphocytic, cleaved cell, diffuse large cell, Burkitt’s
T-cell

adult T-cell, lymphoblastic, Sezary
Basic Principles

Clotting Cascade [diagram][diagram]

[hematology lab slides]

Hb conc. in whole blood   
         RBC count 

     hematocrit
    Male 14-18 g/dL 

   male 
4.7-6.1 e6/ul

  male .42 - .52

    Female 12-16g/dL 

   female 4.2-5.4 e6/ul

  female .37 - .47

Mean corpuscle volume (MCV)


hematocrit/RBC count (use fudge factor)

normal 80-94 fL (normocytic may include high degree of variation - anisocytosis)


false elevation with cold agglutinins
Mean corpuscular Hb

Hb/RBC count (fudge factor)

MCHC

Hb/hematocrit (normo, hyper or hypochromic)

Neutrophils
Dohle bodies (vague, blue cytoplasmic inclusions)

blacks may have lower low end (1160 vs. 1700)

Eosinophils


Eosinophilia: AEC > 500-750 / NAACP (Neoplasm, Allergy, Addison’s, Connective tissue diseases, Pancreatitis) / Other: atheroembolic vasculitis, IBD, sarcoidosis, TB, parasitic infection

Eosinophiluria: caused by eosinophilia and BPH/prostatitis, RPGN

Basophils
no mitotic potential

Mast cells
mitotic potential

Lymphocytes
don’t confuse activated lymphocytes with leukemic blasts

Platelets
number in one oil immersion field x 20K

Other

plasma cells, endothelial cells, histiocytes, nucleated RBC’s, myeloblasts

Anemia [causes of anemia]
Hb < 12 

Hb < 15 in neonate

Hct < 37
Hct is 50 in neonate, then drops to 30 and gradually increases to puberty levels

Physiology

anemia in tissue produces more 2,3-DPG, shifts Hb curve to the right

redistribution of blood flow away from kidneys and skin

increased cardiac output (in severe anemia)

physiologic anemia in young infant – 2o shift in oxygen dissociation curve

· clinical signs of acute anemia:
syncope, orthostatic hypotension, orthostatic tachycardia

very acute hemorrhage ( normal Hct and Hb (corrects with fluid intake)

· clinical signs of ongoing anemia:

tachycardia, pallor (conjunctiva, lips, oral mucosal, nail beds [pic], palmar creases), jaundice, petechiae, purpura (TTP), glossitis (pernicious anemia, iron deficiency), systolic ejection murmur, S3, splenomegaly (hemolysis, neoplasia, infiltration), LAD

Anemia Work-Up

Consider: age, sex, color, ethnic, neonatal, nutrition/diet, drugs, diarrhea, inflammation, infection, pica, prosthetic valves, guaiac status, 

Initial workup:

· reticulocyte count
· iron studies (TIBC, ferritin, %sat)

· haptoglobin, LDH, direct/indirect Bilirubin

· serum or RBC folate, B12
More workup: peripheral smear, Coomb’s, Hgb electrophoresis, bone marrow
Classification of Anemia

Normochromic, Normocytic

Marrow hypoplasia (drugs, radiation)

Aplastic anemia
Marrow infiltration (myeloma, lymphoma, leukemia)

Myelofibrosis

Renal insufficiency 

Hemolytic anemia
Acute hemorrhage

Anemia chronic disease

Hypochromic, Microcytic

Iron deficiency (most common)

Thalassemia
Porphyria?

Sideroblastic anemia (lead, INH, EtOH, congenital)

Anemia of chronic disease (?rarely)

Normochromic, Macrocytic
Folate, Vitamin B12
Drugs (AZT, TMP, pentamidine, phenytoin, primidone, phenobarbital [mild], chronic nitrous oxide)

Myelodysplasia

Liver disease

Note: elevated MCV (reticulocytes have increased diameter)

Reticulocyte count


reticulocytes live about 1-1.5 days then circulate 120 days

absolute reticulocyte count (normal 50-70,000/mm3)
reticulocyte production index (normal 1.0 to 2.0)
reticulocyte x [patient’s Hct / normal Hct] x [1/RBC maturation time]


<1 % is inadequate production, > 4% RBC destruction

corrected reticulocyte count accounts for any anemia

Peripheral Smear

Cell Types
Spherocytes 
hereditary/secondary (autoimmune-mediated hemolysis)
Tear drop cells (extramedullary hematopoeisis) 

myeloproliferative disease (e.g. myelofibrosis), pernicious anemia, thalassemia

Helmet cells – microangiopathic hemolysis, severe iron deficiency

Schistocytes – microangiopathic hemolysis [pic]
Sickle cell – HbSS


Findings

Hypochromic – lead, iron deficiency

Hyperchromic – B12, Folate, spherocytosis

Basophilic stippling – lead, hemolysis, thalassemia



Pappenheimer bodies – postsplenectomy, hemolytic, sideroblastic, megaloblastic



Rouleaux formation – multiple myeloma, Waldenstrom’s, other conditions


Parasites – Malaria, Babesiosis



Nucleated RBC’s – extramedullary hematopoeisis, hypoxia, hemolysis



Target cells – hemoglobinopathies, iron deficiency, liver disease
Heinz bodies (denatured Hgb) (requires supravital stain) 

unstable hemoglobinopathies, some hemolytic anemias



Howell-Jolly Bodies (nuclear fragments) - hemolytic, megaloblastic, asplenia


Cabot ring (nuclear remnants) – megaloblastic
Bone marrow exam


myeloid/erythroid or M:E ratio / hyporegenerative, aplastic anemia / diagnosis of leukemia


aspirate
Wright smear / more painful


core biopsy
stained biopsy (and aspirate clot) for neoplasm, granuloma Dx 

Ineffective Hematopoeisis

Causes: metabolic deficiency, primary stem cell defect (e.g. MDS), abnormal bone marrow microenvironment (autoimmune, infections—HIV, Tb, histoplasmosis)

Pathology: hypercellular marrow with thrombocytopenia, anemia, low reticulocyte count

Iron metabolism


There is no excretory pathway for iron (only through skin and GI loss)

menstruating women may lose 7 mg/day (30 mg/month) vs. 1 mg/day other males/females

Fe2+ absorbed in duodenum (1-2 mg of 15 mg total intake), transferrin takes Fe3+ in cell and blood, stored as ferritin (Fe3+/apoprotein) in equilibrium between blood and marrow histiocytes hemosiderin in histiocytes in erythron (iron > apoprotein)

Iron deficiency anemia (IDA) [NEJM]
Epidemiology: black females have slightly decreased Hgb in general / women > 50 (2%), < 50 (5%), men (~1%)

Causes: 

Blood loss (GI bleeds): ulcer, cancer, angiodysplasia, IBD, hookworm

Uterine blood loss: menstruation, fibroids

Malabsorption: gastrectomy, celiac disease, IBD

Intake problem: bovine milk-fed infants (not enough Fe), pregnancy, vegetarian diet

Clinical: fatigue, shortness of breath, may have cravings for dirt or paint (pica) or ice (pagophagia), glossitis, cheilosis, koilonychias / rare/advanced cases: postcricoid esophageal web (Plummer-Vinson syndrome)

Labs: TIBC and FEP increase, decreased Fe saturation (<10%) decreases may precede other findings / low RPI, increased TIBC (transferrin), decreased ferritin, absent iron stores in marrow, increased protoporphyrin and zinc-protoporphyrin / may have elevated RPI and thrombocytosis due to bleeding (caused by iron deficiency)

Peripheral smear: hypochromic, microcytic [pic] / anisocytosis, poikilocytosis when severe

Note: peripheral smear may distinguish from thalassemia minor / RDW > 15 supports Fe deficiency (because marrow is producing a lot of erythrocytes; lower RDW suggests stable thalassemia)
2-3 months minimum age of onset

Treatment: oral ferrous sulfate / parenteral iron (use cautiously because of increased risk of anaphylaxis) / transfusion (see other)

Anemia of chronic disease (new term is anemia of chronic inflammation)

inflammatory cytokines (hepatic synthesis of hepcidin) ( decreased RBC lifespan, impaired iron metabolism (including absorption), refractoriness to erythropoietin / slightly decreased MCHC / normo/macrocytic

Labs: decreased TIBC and Fe saturation (10-20%) but increased ferritin (usually) and Fe in macrophages [note: ACD may co-exist with IDA and make these labs difficult to interpret]
Treatment: can you use Epogen? Sure! Patients with ACD can have a so-called relative deficiency in erythropoietin levels (elevated but not enough for degree of anemia, in spite of normal kidneys)

Sideroblastic Anemia (microcytic)

Lead (Pb), alcohol, INH toxicity / congenital form (sex-linked)

Labs: increased Fe, increased Fe saturation, increased ferritin
Smear: dimorphic population of microcytic and normocytic cells [pic] / may have basophilic stippling / ringed sideroblasts (developing RBCs with engorged mitochondria due to faulty heme synthesis) in bone marrow
Aplastic Anemia or Pure Red Cell Aplasia (normocytic)

Infections: HBV, EBV, B19, HTLV, HIV
Drugs: Ara C, chloramphenicol, phenylbutazone, TMP-SMX, Dilantin)
Other: precursor to leukemia, autoimmune (SLE, RA), thymoma, lymphoma, hereditary, pregnancy
Labs: giant pronormoblasts on peripheral smear, ↑ erythropoietin 

Treatment: if cause can be determined, sometimes immunologically active meds (prednisone, cyclosporin, IVIG) can be helpful

Anemia of Renal Failure

Mechanism: decreased RBC lifespan with inadequate erythropoietin response (this may actually be more complicated than just this, studies suggest increased CHF if over-normalized by Epogen 11/06)
Labs: BUN > 36, Cr 3-5, Hg may be < 7  / Fe labs are normal (may become Fe deficient following hemodialysis losses)

Exceptions: HUS (increased erythropoiesis), polycystic (normal erythropoiesis), diabetes mellitus (decreased erythropoiesis relative to state of renal failure)

Anemia of liver disease

Chronic: impaired LCAT leads to burr cells and stomatocytes
Alcoholic: bone marrow suppression, folate deficiency, dietary inadequacy, blood losses

Megaloblastic anemia (leukopenia, thrombocytopenia)


problems making DNA, so precursors get held up in marrow, macrocytic

Folate 

made into THF by DHF reductase / FIGlu (histidine metabolite) is a marker for folate deficiency / malnourished, milk-fed, pregnant, drugs (phenytoin, isoniazid, phenobarbital, primidone, cycloserine)

B12


Molecular: important in reversing the “folate trap” / methylmalonic acid is a urine marker for folate deficiency (folate helps metabolize odd-chain fatty acids)

Diagnosis: > 2 hypersegmented PMNs/HPF [pic], macrocytic anemia, decreased WBC, decreased platelets / direct B12 / Schilling test (not needed now) / consider doing one EGD to r/o adenocarcinoma

Presentation: you can have CNS Sx without hematological findings

Causes: 


pernicious anemia (see below)

dietary deficiency - only in vegans because body stores last several years

malabsorption – IF not produced by parietal cells (gastrectomy)

terminal ileum lesions - Crohn’s, celiac disease, etc.

bacterial overgrowth or D. latum (fish tapeworm)

Pernicious anemia [NEJM]
B12 deficiency / Ab to IF or gastric mucosa (anti-parietal Ab positive in 90%) /  young blacks, old whites / 20-30% with family history
disease
Presentation: jaundice (hemolysis), cheilitis, glossitis (burning tongue, atrophy of papillae, deep/red mucosa, cobblestone appearance)

· Neuropathy – paresthesias, weakness (demyelination in posterior columns)

· CNS: “megaloblastic madness” - constellation of symptoms

Associations (autoimmune): vitiligo, thyroid 

Treatment: 1 mg SC x 3 d and check reticulocyte count

Pediatric Anemias

birth – 12 months
Blackfan-Diamond Syndrome 

12 mo – 5 yrs 

transient erythroblastopenia of childhood (TEC) 




follows viral infection, like childhood ITP, usually self-limited
any age 

transient erythroid aplasia in hemolytic disease

follows viral infection, exacerbates underlying hemolytic disease

late childhood – on
pure red cell aplasia

Blackfan-Diamond Syndrome 

congenital macrocytic anemia due to (lack erythropoietin receptors?) / presents within months of  birth / associated with Turner’s and thumb abnormalities / may see urinary, cardiac, skeletal anomalies / Treatment: corticosteroids may help

Transient Erythroblastopenia of Childhood (TEC)

normocytic / 6 months – 4 yrs / usually only one episode per life / may require transfusion
Hemolytic anemia
Dx RPI to establish bone marrow response / look for erythrocyte detritus / increased unconjugated bilirubin, increased urobilinogen in urine (dark urine), free serum decreased haptoglobin / can measure haptoglobin, free serum Hb, urine Hb, hemopexin, methemalbumin / Note: haptoglobin, serum and urine Hb not as altered with extravascular hemolysis

Mechanical 

Intravascular 



artificial heart valves, DIC, TTP, malignant HTN (microangiopathic)

produces hemosiderin in urine, Hb in serum/urine, and schistocytes (broken cells)

Extravascular 

RES enlargement produces spherocytes/chopped cells (could be considered immune-mediated by macrophages eating RBCs)

Autoimmune mechanisms
Warm agglutinins (occurs at any temperature)
IgG against certain universal Rh component (more extravascular, i.e. RES plucks RBC’s out of circulation, gives spherocytes, not schistocytes) [pic]
may be drug-induced (methyldopa), autoimmune (SLE et al) or alloimmune (erythroblastosis fetalis, transfusion reaction)

Treatment: remove offending agent and/or steroids / also consider cyclophosphamide, azathioprine, danazol, IVIG, rituximab) / splenectomy in refractory cases

Cold agglutinins

IgM against I antigen on RBC / paroxysmal cold hemoglobinuria - anti-P antigen

Causes: Mycoplasma pneumoniae and (rarely) EBV
Labs: same as other hemolytic anemias (↓ haptoglobin, ↑ MCV, erythroid hyperplasia)
Treatment: steroids, splenectomy, replacement, other?

Infectious 

C. perfringens sepsis (and other GP/GN sepsis), malaria (and other protozoa), Bartonella, Tb (local and disseminated), Borrelia, Leptospirosis, malaria, mumps
Chemical Agents, Drugs, and Venoms 

Oxidant Drugs and Chemicals 

Oxygen (high pressure) / Vitamin E deficiency in infants

Nitrates, cisplatin, naphthalene (mothballs), nitrofurantoin, sulfonamides, ASA, sodium sulfoxone

Dapsone and phenazopyridine (Pyridium) also are associated with Heinz body hemolysis

triamterene, methyldopa, rifampin
Nonoxidant Mechanisms 

PTU

arsine (metal industry, transistor, gold refining) – give exchange transfusions

Trimellitic Anhydride (plastic industry)

lead

copper (see Wilson’s disease)

Water (drowning with entry of > 0.6 L)

Hemodialysis (contaminants)

Other Agents

Venoms

spiders (brown recluse, hobo spider), snakes (cobras, Australian king-brown, saw-scaled carpet viper), Bee Stings (very rarely), scorpions
Physical Agents



Thermal Injury, ionizing irradiation (debatable)

Hypophosphatemia (see lytes)

Paroxysmal Nocturnal Hemoglobinuria (PNH)

massive intravascular hemolysis / 4 to 6 per million
Mechanism: acquired somatic mutation (H or I) in PIG-A gene on X chromosome (decay accelerating factor) / causes non-specific activation of complement ( hemolysis ( cell-free hemoglobin acts as NO scavenger ( decreased NO may cause most of symptoms

Presentation: abdominal pain, esophageal spasms, erectile dysfunction, venous thrombosis (esp. European descent)
Findings: bone marrow hypoplasia with up to 13% aplastic anemia; thus may have anemia and/or thrombocytopenia without positive urine Hb), tea or cola-colored urine (or bright red in up to ⅓)
Labs: Prussian blue will stain urine for hemosiderin / low LAP score

Treatment: oral iron supplementation if iron-deficient, BMT may be used as last resort for aplastic anemia, eculizumab (antibody against C5 complement factor) is under investigation 9/06
Glucose-6-phosphate dehydrogenase deficiency (G6PD) 
XLR / most common metabolic disorder (⅛ of world’s population) / 100 different variants / variable predominance and expressivity across ethnic groups (ranges from mild to life-threatening) / A-type occurs in 15% of black males / Mediterranean variant is more severe
Mechanism: glutathione peroxidase reduced peroxides to water / relies on reduced GSH, requires 

NADPH from hexose monophosphate shunt (first step is G-6-PD) 

· neonatal hemolysis and jaundice only in premature infants / also less severe in blacks because young RBC’s have more enzyme function and are not susceptible to drug-induced attacks, so the hematocrit does not fall as much

Causes (of acute attacks):
· Drugs: many antibiotics (sulfamethoxazole, nitrofurantoin), anti-malarials, phenacetin, vitamin K, seizure meds, chemotherapy agents, HIV meds
· infection
· favism (severe Mediterranean variant) due to fava beans
Labs: Heinz bodies / can have false negative G6PD levels during crisis (because decreased levels occur in older RBCs, not new ones being produced)
Diagnosis: measure decreased levels of GPI anchors or GPI-linked surface proteins CD55 or CD59


Treatment: usually self-limited once offending agent removed
Pyruvate kinase deficiency

autosomal recessive / RBCs have impaired glycolysis, reduced ATP, and lyse

Spherocytosis


Primary hereditary spherocytosis: abnormal cytoskeletal protein (spectrin) (AD)


Secondary: autoimmune hemolysis

Findings: splenomegaly / increase in MCHC / may have normal appearing peripheral smear Diagnosis: osmotic fragility test

Treatment: splenectomy curative

RBC infection

malaria, Carrion’s disease, babesiosis, C. perfringens sepsis

March hemoglobinuria

massive intravascular hemolysis

Hemoglobinopathy

Hemoglobinopathy is abnormal structure of a globin chain

Physiology
Increased O2 affinity 

elevated erythropoietin, erythrocytosis

Decreased O2 affinity


blue Hb > 5 g/dL leads to cyanosis

Methemoglobinemia



Causes: oxidizing compounds (nitrites, dapsone, local anesthetics, some anti-malarials, various chemicals: anilines, nitrosohydrocarbons)

Mechanism: O2 saturation curve shifted to left (too much Fe3+) or HbM / also caused by NADH-diaphorase deficiency (used to reduce circulating metheme) 
Labs: elevated blood levels of HbM, peripheral smear (Heinz bodies, bite cells)
Presentation: cyanosis, gray-brown cyanosis or brownish discoloration of patient’s skin (at levels of 15-20%) and blood, hemolysis, tachycardia, tachypnea, lactic acidosis (levels > 45%)

· O2 sats or pulse oximetry will be in 80’s (or normal) in spite of normal PaO2 (because the oxygen is in the blood, just not delivering to tissues properly)
Treatment: 100% O2, can give IV methylene blue for levels > 30% or symptomatic or evidence of ischemia, in severe cases consider exchange transfusion and/or hyperbaric O2
Unstable Hb (Heinz body anemia)


RBC becomes rigid, lysed by RE system / Heinz bodies seen with supravital dye 

Sickle Cell Disease (HbS) 
Genetics: valine as 6th amino acid on B-chain / masked for 6 months by HbF (a2d2) / alpha thalassemia carriers have lower MCHC and less severe course / HPFH (hereditary persistence of HbF) also lessens severity / electrophoresis (not solubility) to distinguish trait 
Mechanism: deoxy-HbS forms tactoids causing sickling, dehydration at cellular level (as well as circulatory), activated platelets release thrombospondin which binds sickled RBCs

Triggers: deoxygenation, acidosis, dehydration, venous stasis, variations in body temperature / physical, emotional stress also a trigger

Presentation: anemia, jaundice, cholelithiasis, aplastic crisis, hemolytic crisis, dactylitis, leg ulcers, priapism, renal papillary necrosis, infarctive crisis, sequestration crisis (sudden pooling of RBC in RES, common COD in young patients / autosplenectomy usually complete before age 5, Sickle C and thalassemias may have splenic sequestration into adulthood

Complications:

· Heme: hemolytic anemia, can have aplastic crisis, channel defects give target cells, congestive heart failure
· Renal: nephrotic syndrome, progressive renal failure (decreased erythropoietin), isosthenuria, mild nitrogen retention, inability to concentrate urine, painless hematuria (also sickle cell trait)

· GI: choledocholithiasis (mimic gall bladder pain), cholecystitis

· Infections/Immune compromise
· cellular immunity depressed, B-cell antibody production depressed, splenectomy (allows increased susceptibility to encapsulated organisms)

· increased UTI (commonly precipitates crises / UTI also increased with sickle trait)
· pneumonia (esp. mycoplasma)
· osteomyelitis (S. aureus, Salmonella)
· abscesses
· Infarcts/hemorrhages – more common in children / can involve large veins
· Bone: fish-mouth vertebrae (biconcave), expansion of bone marrow, aseptic necrosis (head of femur), chronic leg ulcers
· CNS: stroke (can necessitate blood transfusion to decrease viscosity), cognitive (silent infarcts), sub-arachnoid hemorrhage and seizures (breakdown product of Demerol also causes seizures)
· Eye: retinopathy, vitreous hemorrhages, retinal detachment (blindness) / risk increases with age (vascular)
· hepatic infarcts, icterus [pic]
· papillary necrosis 

· priapism

Labs: 
CBC: Hgb 7-10 (rarely higher than 10) / 5 or less suggests associated G6PD or folate deficiency / total WBC 15-20 / reticulocytosis (except in aplastic crisis) / macrocytosis (many young RBC’s) [pic]
peripheral smear: splenic dysfunction ( sideroblasts, target cells, Howell jolly bodies [pic]
LDH is useful to validate presence of hemolytic state

Diagnostic studies:

newborn screening / 99% of sickle cell patients present before age 1 anyway

metabisulfite test: will show sickling in blood specimen of any patient with HbS or sickle cell trait or HbC
monitor HBS levels (predict crisis frequency)

monitor blood counts (based on clinical assessment)

pulmonary function testing – reduce ACS # / determine need for IS and ß-agonists

transcranial Doppler (predict stroke risk)

Treatment:


Note: avoid use of CT contrast (may worsen crisis and cause major problems)

Fluids: replace fluid liberally (rule out concentrating deficits)

cellular hydration: Mg salts, Clotrimazole (small doses inhibit Gados channel)

Other: bed rest, O2, ? steroids, IVIG

Pain control: morphine, meperidine, hydromorphone

Prophylaxis (with appropriate antibiotics) until ready for Pneumococcal vaccine
· folate / L-arginine (under investigation)

· ACE inhibitors reduce proteinuria, slow progression of renal failure [ongoing studies]

Induction of HgF

· hydroxyurea (3-4 wk onset, also increases cell volume, decreases granulocytes) [usually only used in severe cases] 10-15 mg/kg/day q am 6-8 wks / check blood counts, increase dose if necessary / consider reasons for failure of HgF induction – acceptable myelotoxicity plat > 80,000 WBC > 20,000 / 1/3 respond to hydroxyurea [6 months – 1yr onset]

· short chain fatty acids (may work faster)

Transfusion: acute/chronic anemia / renal failure / many other needs / do NOT transfuse just to elevate Hg/Hct unless indicated (uncomplicated surgery, pregnancy, anemia-induced end-organ ischemia, anemia-induced pain, to decrease viscosity with ongoing thrombosis, stroke)

Course: 60% at least one episode per year / 1-2% have constant pain ( > 6 episodes/yr)

Prognosis: peak mortality: 6 months – 1 yr / late adolescent, young adults

Acute chest syndrome

Definition: new pulmonary infiltrate on CXR, fever, respiratory symptoms (can be due to pneumonia, PE, vaso-occlusion)
Incidence: children and young adults (4 fold greater incidence), often occurs perioperatively

Causes: bone marrow embolism, fat embolism, infection (14% bacteremic, chlamydia > 

mycoplasma > RSV)

older patients w/ ACS ( more pain, more mortality

Treatment: 

Oxygen (give oxygen even if sats okay because it reduces sickling of RBC’s)

Bronchodilators
Antibiotics (must cover typical and atypicals, use macrolides or quinolones)

Transfusion for PaO2 drop of more than 10% or PaO2 < 70 / exchange transfusion if Hct already ≥ 30

(Careful) hydration (give fluid, but not so much to cause pulmonary edema)

Long term – consider hydroxyurea
aplastic crisis

most often from parvovirus B19 / usually self-limiting but may require transfusion
HbC (excellent prognosis)

mutation on B chain (lys(glu) / crystalloids (pathognomonic, rarely seen in smear) / many target cells (codocytes) / retinal vascular lesions worse in SC than SS patient / tend to have enlarged spleen rather than asplenia
HbE

SE Asians (not Chinese or Japanese) / microcytosis, hypochromia / may have target cells on peripheral smear but no clinically significant anemia
Thalassemias

Epidemiology: Mediterranean, SE Asia, Africa

Mechanism: low supply of one chain(s) results in buildup of remaining chains / hypochromic/microcytic (normal RDW, uniform size) / severe forms lead to extramedullary hematopoeisis, splenomegaly, hypersplenism, folate deficiency and perhaps megaloblastic anemia, hyperuricemia

Diagnosis: hemoglobin electrophoresis / totally iron levels usually normal
Treatment: transfusions (see below for each subtype) 

A
α2β2
normal Hb

F
α2y2
fetal Hb

A2
α2d2
microcytic anemia marker - ↑ in β-thalassemia, ↓ in Fe deficient anemia

H
β4
α -thalassemias / forms Heinz bodies / causes hemolysis

Bart’s 
y4
α -thalassemias in fetus/infants

Bo thalassemia (major)


no B chains / only survive (until puberty) if they also inherit persistent HbF 

B+ thalassemia (B+ severe / B+ negro)

increased HbA2, except in dB thalassemia / MCV < 80

heterozygotes ( thalassemia minor

homozygotes ( thalassemia major (B+ negro homozygotes have thalassemia intermedia)
α -thalassemia (each haplotype codes for 2 alpha chains, which do not cross over) 

(a-)
α -thalassemia-2 gene

(--) 
α -thalassemia-1 gene

(a-/aa) 20% African Americans / lessens severity of HbS 

(a-/a-) or a-thalassemia trait / microcytic, slightly hypochromic / no significant anemia

(--/a-) causes HbH buildup and minor to major thalassemia  

(--/--) causes severe anemia, CHF in utero leads to hydrops fetalis

Peripheral smear shows high RBC, basophilic stippling (distinguishes from Fe deficiency)

Transfusion Medicine
FFP, cryoprecipitate, IVIG, platelets, factor VIII
Blood transfusions

Indications: Hgb 7g/dL usually enough (except in cardiovascular disease where Hct > 30 desired)

Labs: expect rise in Hct 3% for each unit of PRBC’s (300cc; 250 mg iron)

Risk of infections:


HCV: 1 in 103,000 / HTLV I, II, HIV: 1 in 700,000 / HBV: 1 in 66,000 / B19

Bacterial contamination rare, parasites ruled out by screening questions

Adverse reactions (see hemolytic anemia)
Overall rare of occurrence: 1-4% 

· ABO incompatibility
Presentation: hypotension, hemoglobinuria, chills, fever, flank pain

Treatment: stop transfusion, may even need dialysis to remove Ab complexes

· Milder, delayed hemolytic reactions

· Febrile non-hemolytic reactions (range from minor to major)
Treatment (mild): Tylenol, Benadryl
Treatment (severe): similar to hemolytic anemia

TRALI: transfusion related lung injury (can mimic aspiration pneumonia; can cause severe pulmonary edema requiring mechanical ventilation) / caused by antibodies in donor blood against HLA on host WBCs

Platelet transfusion


Each unit increases platelet count by 5 to 10,000/mm3


Indications: < 50,0000 with bleeding or < 10,000

Fresh Frozen Plasma (FFP)

Cryoprecipitate


Precipitated FFP ( fibrinogen, some clotting factors / less volume than FFP
Intravenous Immune Globulin (IVIG) 

Uses: ITP, hemolytic anemia, premature babies, autoimmune neutropenia, burn victims, leukemia, myeloma / works faster than other agents / can be useful for refractory autoimmune diseases including dermatomyositis, ITP,  SLE, has been used in TSST (S. aureus), many more indications

IV infusion over ~5 days / given in 3 month cycles? / very expensive / made from pooling many samples (watch out for BSE)

Dosage: 400 mg/kg for 5 days (high-dose 1 g/kg over 5 days for acute chronic ITP)

Note: avoid in patients with IgA deficiency (can get anaphylaxis from preformed Ab’s)

Side effects: often causes aseptic meningitis (~bad headache lasting 24-48 hrs, give Tylenol before IVIG)

Factor VIIa (recombinant)

Being studied for use in acute ICH to limit expansion of hemorrhage (optimal guidelines being worked out 1/07)


Factor VIII 


Highly purified form may not have enough vWF in it to treat vWD
Thrombocytopenia [Ddx]
· HIT, TTP, ITP, APA, DIC
ITP (Idiopathic Thrombocytopenic Purpura) [NEJM]
General: platelet destruction by RES / NO splenomegaly / occurs more in women 20-40 yrs / 85% acute, 15% chronic / harbinger of SLE
Childhood: acute post-viral event (weeks later, IgG mediated), may last up to 6 months because IgG is distributed throughout all ECM (33% of body water) / chronic ITP of childhood similar to chronic ITP of adulthood

Labs: normal clotting time, prolonged bleeding time / Ab unhelpful because of many false positives
Ddx: other causes of thrombocytopenia
Treatment:
· IVIG works fast, may last for weeks (give when platelets < 10,000)

· prednisone 1-2 mg/kg

· platelet transfusion often consumed immediately

· splenectomy and immunosuppressants are last resort


Prognosis: 

children ( 3-6 months then resolves spontaneously 


Adult ( insidious, subacute to acute / uncommon spontaneous remission

Heparin-induced thrombocytopenia (HIT syndrome) 

Incidence: 1-5% of heparin exposees 

Early (type I): day 2 to 3, usu. not severe, not mediated by IgG

Late (type II): one week, antibodies that aggregate platelets in presence of heparin (bind to complex of platelet factor 4 and heparin), can persist for 6 wks, causes thrombosis / formation of antibodies influenced by type of heparin, dose, and circumstance (2% baseline, 15% ortho patients, 50% CABG patients) / only some HIT-patients become thrombocytopenic 

Note: risk of thrombosis (white-clot syndrome) is higher than risk of bleeding at 5-10% per day even first few days after heparin discontinued (including patients w/ HIT and normal platelet counts) / mean platelet drop to 60,000 / only 5% drop to < 15,000

Findings: red/necrotic lesions at sites of SC injection, decreased platelets by 30%

Labs: check HIT Ab’s or PF4 antibodies (takes several days to come back; high sensitivity but this test only has moderate specificity—because there can be anti-PF4 antibodies which are not clinically pro-thrombotic)

Treatment: avoid heparin (including heparin flushes), avoid warfarin and ancrod (during the acute phase) because they may exacerbate prothrombotic state / if thrombosis present or other indication for anticoagulation, must use lepirudin or argatroban (direct thrombin inhibitors) or possibly danaproid and/or long-term warfarin / thrombolysis, thrombectomy, IVIG, plasmapheresis, antiplatelet agents as indicated

Coagulation (see hypercoagulability) [diagram of clotting cascade] [thrombin]

Pro-coagulants

· Initiating pathway (extrinsic) PT – defective VII (tissue factor) has clinical bleeding

· Maintenance pathway (intrinsic) aPTT – defective VIII, IX, XI have clinical bleeding

· Defective V, X, prothrombin/thrombin – both PT and aPTT are increased

· All sorts of cells secrete tissue factor (stimulated by Il-1B)

· Binds 7a and then 10 – forms 10a (inhibited by LMWH)

· Regulated V and VIII is important (they act as scaffolds for reactions)

Anti-coagulants

· Plasminogen to plasmin, which competes with thrombin for the same sites on the clot

· Thrombin-thrombomodulin-nice closed loop with protein C, which inactivates V and VIII

· Inhibitors – can sometimes be diluted 400/500 fold with normal plasma and still prevent clotting

· Protein C and Protein S – regulate coagulation

· Antithrombin III (stimulated by heparin) – inactivates IIa and Xa 

· TFPI acts at Xa to prevent unnecessary coagulation

Liver disease (II, VII, IX, X) 

early liver/warfarin/vitamin K deficiency: PT rises before PTT because factor VII has shorter half-life (although that doesn’t make sense to me looking at the diagram)

Prolonged Thrombin Time

inhibitors of thrombin 

heparin, fibrin degradation products (FDP) 

elevated in DIC / also elevated in renal failure, liver disease (see D-dimer)

low fibrinogen

abnormal fibrinogen - late liver disease, inherited

Other tests:

Fibrinogen decreased in DIC – other conditions

D-dimer is most specific test for DIC
Bleeding time (unreliable due to poor technicians)


Starts increasing at < 100,000

Platelet aggregometry

Secretion tests

Prothrombin consumption test

Hemophilia [section in progress]
Note: synovial cells tend not to produce tissue factor (rely on intrinsic pathway)

Note: epistaxis should last less than 5 minutes (recurrent epistaxis may be benign)

Hemophilia A

XLR / 1 in 10,000 males / bleeding into soft-tissue, muscle, weight bearing joints / bleeding usu. occurs when levels < 5% / may occur hours or days after trauma / may involve any organ / elevated aPTT

Treatment: factor VIII levels must reach 25-50% to control bleeding into joints / half-life of factor VIII only 8-12 hrs / must be given twice daily as FFP, cryo (contains ½ factor VIII activity of FFP in one tenth the volume / DDAVP (causes release of vWF from tissue and may help in very mild cases) / purified factor VIII or Humate-P (for severe cases; may be needed for weeks)
Factor VIII inhibitor
can be acquired (post-transfusions) or idiopathic/autoimmune

Treatment: prothrombinase complexes, porcine factor VIII (may resist the anti-VIII antibodies), treat with factor VIII transfusions, factor VIIa (activates factor X), immunosuppression (steroids, chemotherapy, rituximab), human recombinant factor VIII (can give but will get used up quickly)
Von Willebrand’s disease (vWD)
most common inherited bleeding disorder / 1 in 1000 (1 in 250 have mild form) / AD variable penetrance / causes platelet dysfunction (vWF is sub-type of factor VIII which helps platelets cross link)
Type I (classic) – all multimers present

problem is with secretion

Type II (variant) – large multimers absent
problem with vWF or its binding site on VIII / other types

Type III (severe; rare) – multimers absent
totally absent/defective vWF / AR
Treatment: 
· may not be adequately replaced with purified factor VIII (should give product mixtures instead)

· DDAVP (causes release of stored vWF; usu. adequate for treatment of type I mild disease; won’t help Type III)

· estrogen/progesterone increase primary and constitutive secretion of vWF (increased 50% during pregnancy)

Osler-Weber-Rendu [dermis]
AD inheritance with incomplete penetrance / endoglin

Presentation: epistaxis, skin telangiectasias, visceral AVMs / continuous bruit in systole and diastole / high-output cardiac failure

GI: blood loss in 10-40% (later age) – small bleeds, not hematemesis
CNS: strokes, migraines, seizures (2/3 from paradoxical embolus) / 5-11% have CVM’s

Lungs: ~
Liver: hepatomegaly, hepatic encephalopathy, cirrhosis of HHT

Kidneys: hematuria

Diagnosis: contrast echocardiography, ABG, IV digital subtraction / MRI/angiography of brain and lungs (more sensitive than CT), CBC (r/o anemia)
Treatment: surgical correction of AVM’s

Re-check patients every 5-10 yrs / children must be re-examined after puberty / screen relatives 

Factor XII – Christmas disease?

generally not clinically significant

Hypercoagulability [diagram of clotting cascade] [prevalence chart]
Congenital:

Factor V Leiden > prothrombin G20210A, hyperhomocysteinuria, dysfibrinogenemia
Acquired:

malignancy (Trousseau’s), myeloproliferative, PNH, CTD (SLE), Behçet’s, Buerger’s Vasculitis, PRV, primary thrombocythemia, TTP, DIC, DM
Congenital or Acquired:

APA syndrome, protein C deficiency, protein S deficiency, antithrombin deficiency III
Work-up: for unexplained DVT/PE, you might start with a PCR for factor V and prothrombin mutation, presence of LA and cardiolipin Ab and check functional assay for protein C, S, ATIII
Treatment: current thinking is 1 year full anticoagulation / PREVENT study supports lifelong low-dose coumadin (INR 1.5 to 2.0) (study included most types of hypercoagulable patients except not APAS) [NEJM]
APC resistance (Factor V Leiden)

most common cause (25%) of 1st idiopathic DVT / whites >> blacks, Asian / 20x risk for homozygotes (7x risk for heterozygotes) / 3-4% incidence of gene in general population / worsened by contraceptives

Genetics: mutated factor V APC cleavage site (Arg 506 ( Glu 506) 

Labs: modified APCR assay < 2.0 aPTT / this test can be done while pt is on heparin/coumadin

Treatment: heterozygotes – heparin + 6 months oral anticoagulation / lifelong with 2nd episode (lifelong with 1st episode for homozygotes and in some other circumstances)

Prothrombin G20210A

most common cause of recurrent DVT / increased plasma prothrombin / venous/arterial thrombosis

Labs: PCR / this test can be done while pt is on heparin/coumadin

Treatment: heparin + 3 months coumadin and lifelong anticoagulation

Anti Phospholipid Syndrome (APS or APA)

antiphospholipid antibody / incidence 2-4% / causes 5-7% of strokes / 9-28% with positive anticardiolipin labs will have thrombotic complications (some say much higher) 

associated with SLE vs. primary APS (PAPS) / PAPS has higher incidence of TMA
Other: test anyone w/ SLE who has a first thrombotic event / link between elevated IgM and elderly stroke patients

Complications: strokes/TIA, seizures, chorea, dementia, migraine headaches, left sided endocarditis (Libman-Sacks)

Renal: can cause a progressive kidney damage (PAPS ( TMA more common than SLE/APA ( TMA) similar but different to angiosclerosis of aging and HTN

Pathology: activates platelets via Fc receptor / antibody affects X-V-Ca complex [diagram] / clotting, miscarriage, thrombocytopenia (40%), neuropsychiatric 

Labs: almost any combinations of labs can exist with APA, 2 positive tests > 8 weeks apart (trying to avoid false positives)

· prolonged aPTT does not correct with normal serum

· APS pts usu. have baseline platelets of 100-160

· anticardiolipin antibody (IgG elevated ~30%, IgM ~20%, both decreased ~50%, and IgA not considered important)

· Russell viper venom test (RVVT), but you have to make sure the lupus anticoagulant is there as well (can get elevated RVVT but not significant)

· low titre false positive RPR

· anti-B2-glycoprotein Ab’s (B2GPI), can be the only positive lab (and tends to correlate more directly with actual disease activity, so definitely get this test if others are negative and clinical suspicion is high [this is a send-out lab]

Pregnancy: 20-40% develop pre-eclampsia / 3 or more spontaneous abortions or late fetal demise

Treatment: ASA (antiplatelet agents may elevate platelet counts, and a 2 week trial should be given), heparin then 6 months oral anticoagulation (this may be lifelong in confirmed cases because risk of repeat event too high) / if not associated w/ SLE, could recheck in 6 months and base decision to terminate coumadin on results, sometimes disease associated positive ACL Ab’s disappear (lymphoma, parvovirus, other) / can give heparin, ASA to pregnant patient with APA syndrome (full dose if h/o thrombosis)

Snedden syndrome
livedo reticularis [pic] and CNS ischemic events (usu. associated with APA syndrome) with broken circles, it’s livedo racemosa [pic] 


Binswanger’s disease

CNS lesions (association with APA syndrome) / diffuse white matter (WM) lesions and a scattering of lacunar infarcts in the basal ganglia and WM

Treatment: antithrombin under investigation

Protein C deficiency

160+ mutations / Type I vs. Type II / decreased degradation of V, VIII / decreased clot/fibrinolysis / nephropathy form / also decreased in acute clotting / because C and S also dependent on vitamin K, levels can decrease before other factors leading to warfarin induced skin necrosis [pic][pic]

Labs: initial screen with functional Protein C assay / antigenic assay (when patient free of warfarin > 10 days)

Treatment: heparin + 3 months oral anticoagulation / lifelong with 2nd episode

Protein S deficiency

Cofactor for APC / same mechanism as Protein C / nephropathy form

Labs: initial screen with functional Protein S assay / free total antigen assay

Treatment: heparin + 3 months coumadin and lifelong with 2nd episode

Antithrombin deficiency
1 % prevalence / can be from nephrotic syndrome in children (but is usually only symptomatic in children, adults) / can also occur secondary to massive thrombus with APA syndrome / congenital form? / long term use of heparin (increased clearance of heparin-ATIII complexes) 

Mechanism: decreased inhibition of thrombin and Xa, IXa, XIIa, kallikrein (needed by both heparin and LMWH to function)

Labs: initial screen with functional ATIII assay / antigenic assay

Treatment: heparin + 3 months coumadin and lifelong anticoagulation / FDA has approved replacement of ATIII in nephrotic children

Dysfibrinogenemia
AD or acquired (liver disease, hepatoma, AIDS, lymphoproliferative / < 1 % prevalence / dysfunctional or deficient fibrinogen (a constellation of different defects) / even a severe deficiency produces mild, rare bleeding episodes (usu. noticed after surgery)
Labs: prolongation of thrombin time suggests disorder, PT, reptilase time, functional vs. antigenic assay

Treatment: heparin + 3 months coumadin and lifelong anticoagulation

Hyperhomocystinuria (see other)

Acquired causes (some of them)

Elevated Factor VIII or IX

10-50% prevalence / impractical to measure because normal range varies a lot

Renal failure 

some say loss of anti-clotting factors (several smaller molecular weight ones)

others say activation of platelets

Leukemia
acute leukemia  
anemia, infection, hemorrhage / 30% or more blasts in bone marrow




high or low peripheral WBC / identical twins have 1 in 20 chance 

chronic leukemia
indolent course

Acute Lymphoblastic Leukemia (ALL) (good prognosis)
children and young adults  / 85% of childhood leukemias

up to 85% remission (not with adult ALL) 85% L1 / 15% L2 / L3 (Burkitt’s - worst) / CNS common site of relapse / 80% B-cell origin (CALLA marker)  / T-cell present in thymus / 60% have cytogenetic abnormalities hyperdiploidy (good) / Philadelphia chromosome (poor prognosis) and others (t8:14, c-myc)

Complications: 10-30% rate of hyperleukocytosis or blast crisis

Treatment: chemotherapy with allopurinol to prevent renal calculi

Blast crisis


oncological emergency / elevated blood viscosity from increased circulating blasts
· CNS: stupor, headache, dizziness, tinnitus, visual changes, confusion, coma
· Lungs: respiratory distress, hypoxemia, progressive respiratory failure

Treatment: admit to ICU / decrease blast cell count with leukapharesis / proceed with other diagnostics (bone marrow) and treatments
Chronic Lymphocytic Leukemia (CLL) (~not rapidly progressive)
most common chronic leukemia in U.S. / 50 - 70 yrs / males 2:1 

95% B-cell origin [pic] / incompetent lymphocytes in marrow, nodes, spleen

Presentation: usually type B symptoms (weakness, fatigue, etc.), lymphadenopathy (66%), enlarged liver/spleen (10-40%)

Diagnosis: 40% in marrow required for Dx (historically, not sure if still true) / can now do flow cytometry on blood and detect monoclonal B-cell line (e.g. CD5+ B-cells) / bone marrow biopsy gives prognostic information (nodular, interstitial, mixed, diffuse) 

Labs: may or may not have absolute lymphocytosis at diagnosis (usu. 40-150K) [pic], anemia (15-20%), thrombocytopenia (10%), Coomb’s positive (10%), may have increased M fraction

Course: usually indolent but can develop number of late complications

· bone marrow failure or pure red cell aplasia (slow progression)
· fulminant transformation (Richter’s syndrome)
· severe adenopathy obstructing esophagus, ureters, GI tract, lymphatics

· pleural effusions, ascites, leg edema

· opportunistic fungal, viral, gram negative and encapsulated organisms (due to low IgG)

· increased incidence of MALT or mantle cell leukemia (also has translocation of chromosome 11 and 14 and expression of cyclin D1)
Treatment: no treatment for asymptomatic or early stage / can treat late 10-20 yrs later ( steroids if low blood components (RBC, WBC, plat) from various autoantibodies / advanced disease can give monoclonal antibodies, nucleosides, chemotherapy (goal to reduce lymphadenopathy and WBC’s)
Prognosis: 10-20 yrs from stage O (RAI system) or A (Binet system) / 4-5 yrs average survival when advanced

Prolymphocytic leukemia (Richter’s syndrome)
fulminant prolymphocytic form of CLL / marked splenomegaly, minimal lymphadenopathy

Hairy Cell Leukemia (good prognosis)
rare / mature B-cells / CD25+
Presentation: middle aged males present with pancytopenia, splenomegaly (rarely lymphadenopathy) / main problem is susceptibility infection

Labs: cytoplasmic projections causing “fried egg” appearance [pic] / tartrate resistant acid phosphatase (TRAP+) / may have dry bone marrow aspirate

Treatment: 7 day course of 2-chlorodeoxyadenosine (remission in 80%) / other options: splenectomy, interferon-alpha, Pentostatin (deoxycoformycin)
Myeloproliferative Disorders 

Acute Myelocytic Leukemia (AML)


onset 15 - 40 yrs / only 15-20% of childhood leukemias
Histology: myeloblasts contain Auer rods [pic] and myeloperoxidase / lymphocytes contain TdT

Markers: Philadelphia chromosome 9:22 - poor prognosis for M1 / 8:21 is good prognostic sign for M2 

Complications: 3-13% incidence of hyperleukocytosis

Treatment: chemotherapy with allopurinol to prevent renal calculi, bone marrow transplant

Chloroma [pic][pic][pic]
leukemic infiltrate of skin / reddish-blue (the green is usually hidden by the blood)

Maturation (M1-M3)



Acute promyelocytic leukemia  (M3)

greater risk for DIC with hemorrhage / this may be the rare time when heparin is given to treat DIC
Differentiation (M4-M7)



Monoblastic component  (M4-M5) 

tissue infiltration / increased muramidase and hypokalemia erythroleukemia 

Radiation and toxin-induced leukemia (M6)

Megakaryocytic leukemia  (M7)

Down’s / follows myeloproliferative disorders

Chronic Myelogenous Leukemia (CML) (poor prognosis)
7-20% of leukemias / onset in 40s (but children can get it too) / mutated tyrosine kinase (unregulated signal transduction) / Philadelphia chromosome (95%) (9:22 translocation), BCR, ABL

Presentation: 40% asymptomatic at time of diagnosis / fatigue, weight loss, weakness, fever, splenomegaly (50%), hepatomegaly / rarely has CNS invasion or lymphadenopathy

Diagnosis:  bone marrow full of WBCs (high M:E), basophilia very indicative, wide variety of myeloid precursors [pic] / very low leukocyte alkaline phosphatase (low LAP), distinguishes from leukemoid reaction (such as with Tb in marrow) / elevated B12 due to increased transcobalamin I

Labs: leukocytosis, thrombocytosis, 10% blasts with promyelocytes / can follow therapy by testing quantitative t(9;22) BCR-ABL by PCR (7/09)
Course: chronic phase 3-5 yrs / acute phase (blast crisis) 3 to 6 months with > 30% blasts in marrow, myeloid crisis does not respond to chemotherapy 

Treatment:

· Imatinib (Gleevec) ( preliminary findings show response of 60-90%

· rIFN-  plus low-dose cytarabine( early stage / low response rate (5-20%), but some survival benefit

· HU ( alternative conventional chemotherapy with reduced benefit but less toxicity; response rate following IFN roughly 50%

· BMT ( best within 1-2 yrs of diagnosis, increased short term risks, increased chance of remission, lack of evidence based support / previous chemotherapy may reduce success of subsequent BMT; only 30% find donors

· Under Investigation: anti-RAS drugs

Primary Thrombocythemia or Essential Thrombocytosis
primary thrombocytosis causes severe bleeding or thrombosis / secondary thrombocytosis common in CML and PRV / rarely may be associated w/ myeloid metaplasia

Treatment: ASA + platelet pheresis when count exceeds 1 M / hydroxyurea, alkylating agents, 6-MP 

Diagnosis: historically diagnosis of exclusion but JAK2 V617F PCR now available (high sensitivity, very specific in distinguish reactive/secondary thrombocytosis from myeloproliferative disorder)
Secondary thrombocytosis: infection, inflammatory conditions, malignancy, iron deficiency, hemorrhage, post surgical states, other myeloproliferative (CML, myelofibrosis), myelodysplastic syndromes (e.g. 5q syndrome), rebound (correction of B12 or folate deficiency or cessation of chronic alcohol use)
Polycythemia Rubra Vera (PRV)

Presentation: ruddy cyanosis, headache, dyspnea or orthopnea, dizziness, eye complaints, epigastric discomfort / thrombosis (because of erythrocytosis, not thrombocytosis) / high Hb, dark, viscous blood / accompanied by leukocytosis and thrombocytosis (releases K causing “spurious hyperkalemia”) 

Complications: 20% get CML

Diagnosis: JAK2 V617F PCR

Treatment: 
· phlebotomy (can give ASA but no evidence that ASA reduces incidence of thromboses if asymptomatic and normal Hct 1/07)
· chemotherapy for symptomatic splenomegaly (increased risk of leukemogenesis with use of hydroxyurea)

Secondary PRV due to low oxygen saturation state (lung disease, intracardiac shunt, hypoventilation, AV malformation, altitude), elevated carboxyhemoglobin (smoking, CO poisoning), high-affinity hemoglobinopathy, some tumors (RCC, HCC, uterine leiomyoma), hormonal disorders 


high erythropoietin / usually not splenomegaly and immature cells in peripheral blood

Leukemoid Reaction


usually no anemia, thrombocytopenia as in leukemia / mature WBCs / transient / high LAP
Myelodysplastic syndrome

clonal proliferation (can affect any of three cell lines) / 5 subtypes (RA, RARS, RAEB, RAEB-T, CMML) / elderly / male>female / macrocytic anemia, mild thrombocytopenia or neutropenia may precede diagnosis of MDS for years / 20% have splenomegaly / development of secondary AML (30% of de novo MDS and 50% of chemo-related MDS) is highly refractory to chemotherapy (poor prognosis)

Presentation: based on affected cell lines

Diagnosis: must distinguish CMML from CML

Labs: may have dimorphic RBC populations, macrocytosis, punctate basophilia, WBCs with pseudo-Pelger-Huet abnormality or hypersegmentation and/or Dohle bodies, increased or decrease platelet count, neutropenia / %myeloblasts distinguishes RA<RAEB<AML / RARS = with ringed sideroblasts

Treatment: refer to hematologist (treatment and new classifications are constantly changing) / meanwhile, treat supportively, replace RBC, platelets as needed

Myelofibrosis and Myeloid Metaplasia (MF)
clonal myeloproliferation with reactive myelofibrosis / may be associated with various leukemias / myeloid metaplasia = extramedullary hematopoeisis / may or may not be associated with myelofibrosis 
Presentation: splenomegaly, progressive anemia, constitutional symptoms / infection, bleeding are main problems

Labs: abnormal RBC morphology in marrow aspirate

Survival: 3-6 yrs from time of diagnosis / 10% develop aggressive acute leukemia
Treatment: bone marrow transplant offers only definitive chance of cure (chemotherapy does not really help although thalidomide and IFN are being studied 1/07) / symptomatic splenomegaly may require splenectomy but this can worsen the extramedullary hematopoeisis and cause rebound hepatomegaly / hydroxyurea may reduce organomegaly / thalidomide under investigation (2006)
Agnogenic Myeloid Metaplasia (myelofibrosis with myeloid metaplasia) [NEJM]
1.5 per 100,000 / usually over 40 yrs (avg. 65) / rare form may occur in children (usu. Down’s) / idiopathic myelofibrosis / also includes that associated with PRV and essential thrombocythemia

Mechanism: hypercellularity leads to fibrosis (osteosclerosis)

Findings: HSM, normocytic anemia / myelopthisis, which means leukoerythroblasts (immature  granulocytes and nucleated red cells) and teardrop RBCs (dacrocytes) and can also occur with CA mets, plasma cell dyscrasias, myelodysplastic syndrome, CML, lymphoma
Diagnosis: cytogenic studies / bone marrow biopsy to r/o acute myelofibrosis and myelodysplastic syndrome 

Progression: risk of transformation to AML is 2%/yr / 20% terminate as AML / ?does G-CSF hasten transformation to AML

Plasma cell dyscrasias

Benign Monoclonal Gammopathy (MGUS) [NEJM]
very common (1% > 50 yrs, 10% > 75 yrs) Usually > 50 yrs, median age 70 yrs, blacks > whites, men > women
Primary monoclonal: IgG (70%), IgM (20%), IgA (10%)
Secondary causes: chronic liver disease (esp. due to hepatitis C virus), rheumatologic diseases, CML, chronic neutrophilic leukemia, lichen myxedematosus, pyoderma gangrenosum.

Presentation: often asymptomatic (diagnosed incidentally) or may cause neuro (usu. symmetric, distal, IgM instead of IgG), cardiac disease (transient or chronic) or other symptoms of paraproteinemias

Labs: level of M component relatively small (< 3g), many normal immunoglobulins present, light chains > 1g/24 hrs is significant (should consider bone marrow biopsy; can have light chain disease with normal serum monoclonal component; if normal hemoglobin, creatinine, calcium ( may still be able to avoid) [table]
Note: 10-30% have falsely decreased HDL due to paraproteins binding to HDL in assay (also occurs with bilirubin, phosphate, LDL, glucose)
Risk for progression (to MM, WM, amyloidosis, etc): 1% per year (16% lifetime; median lifetime survival only 2 yrs shorter than age-matched controls) [table]
· higher g/dL protein (M component > 3g/dL is MM)

· IgM or IgA

· higher plasma cells in bone marrow (> 5% is bad; > 10% is MM)

· higher free light chain ratio (normal .26 to 1.65)

· presence of Bence-Jones proteinuria, renal failure, lytic bone lesions,  ↑ M-fraction or ↑ plasma cells

Treatment: none other than follow up // measure SPEP, UPEP, other labs 1 x year // every 4 months if “smoldering” MGUS is seen
Multiple Myeloma (Plasma Cell Myeloma)
Presentation: bone pain (hurts with movement), slowly progressive renal failure (see below), Raynaud’s (cryoglobulins) / overlap with amyloidosis / non-neoplastic plasmacytosis is common in AIDS

Diagnosis: >10% plasma cells in bone marrow [pic] + monoclonal spike (75%) in serum [SPEP] (levels often > 3000) or light chains (25%) in urine [UPEP] or lytic lesions on plain films (or MRI, but bone scan does not show lesions)

Labs: anemia (normochromic, normocytic; 80%), thrombocytopenia (10%), leucopenia, low anion gap from positively charged immunoglobulins / purely lytic malignant bone lesions do not raise alk. phos.
Complications: 
majority have punched-out, lytic lesions (compression fractures, hypercalcemia) / spinal cord compression in 5% from local mass (try radiation)

Immunologic compromise: lack of useful IgG (increased infection from S. pneumo, S. aureus, H. flu, etc.), WBC dysfunction

Renal:


· Bence-Jones proteins (light chains): deposition, tubular toxicity / tubular casts with “foreign body” reaction [prevention with lots of hydration] ( Fanconi’s

· hypercalcemia (15-20%): vasoconstriction + deposition of Ca-salts in tubules

· amyloidosis (10-15%): deposition ( nephrotic syndrome

· hyperuricemia: deposition/tubular damage (treat with allopurinol)

· hyperviscosity: vascular occlusion (5%)

· cryoglobulinemia (type I): can cause glomerulopathy (rarely)

· dehydration:  prerenal failure

· pyelonephritis:  also an important cause of renal failure



CNS: neuropathy secondary to amyloidosis

Platelets: M protein or amyloid coats platelets causing prolonged bleeding time (can sometimes have paradoxical hypercoagulability)

Note: ?pneumococcal/H influenza vaccine useful?


Treatment: 
· Chemotherapy: steroids, thalidomide, alkylating agents, bortezomib (new) followed by autologous hematopoeitic-cell transplant is standard of care in patients < 65 yrs / few patients remain disease free beyond 10 yrs
· Opiates

· Bisphosphonates
· Control of tumor bulk

· Allogeneic stem cell transplantation / transplant-related mortality 30-60% but only option for long-term cure / different protocols evolving 1/07

Non-secretory myeloma (<1%): diagnose with bone marrow biopsy

Solitary plasmacytoma of bone – uncommon
Local collection of plasma cells without marrow plasmacytosis / M component usually absent (presence suggests dissemination) / responsive to local radiation therapy (good long-term prognosis)
Extramedullary plasmacytoma

most common in sub-epithelial, upper airways / 35% disseminate (likely to have M component)

Waldenstrom’s Macroglobulinemia

monoclonal IgM gammopathy / 10x less common than multiple myeloma / mean age 63 yrs

Presentation: hepatomegaly (20%), splenomegaly (15%), lymphadenopathy (15%), fatigue (from anemia)

Manifestations:

Hyperviscosity (50%; when serum viscosity > 4 CP): headache, blurred vision, dizziness, neuropsychiatric symptoms, hemorrhage (including retinal hemorrhage, subarachnoid hemorrhage) / may see sausage shaped vessels (from venous congestion) / rouleaux formation
Bleeding diathesis: cryoglobulins et al interfere with platelet function ( may cause purpura

Anemia: normochromic, normocytic / DO NOT transfuse, because the blood volume may already be too high, and this will make it worse leading to high-output heart failure

Tumor infiltration – bone marrow, lymph, spleen / lytic bone lesions ( < 20%)

Peripheral neuropathy: IgM attacks myelin components creating picture similar picture to Guillain-Barré (distal, symmetrical, legs > arms) / also from associated amyloidosis / cranial nerve palsies, mononeuropathy, mononeuritis multiplex from infiltration, hyperviscosity or bleeding diathesis

Cryoglobulins (7-20%): undergo reversible precipitation at cold temperatures (grossly visible in blood stain) / can cause vasculitis (WM, along with lymphocytic lymphoma, is one of the few lymphoproliferative disorders that not uncommonly causes vasculitis

Cold agglutinins: Raynaud’s, cyanosis / cold T changes surfaces (affects presentation of Ag to IgM creating an acquired von Willebrand’s (effect) / can lead to infarctions

Lungs: infiltrates (plasma cell interstitial pneumonia), isolated masses, pleural effusions

Infection: double rate / PCP, CMV, HCV

Amyloidosis (less common): see amyloidosis
Renal failure (less common): more chronic than acute / amyloidosis, Bence-

Jones proteinuria (33%), IgM deposition, IgM occlusion

Labs: Coomb’s positive, cryoglobulins, hyponatremia (from dilution), hyperproteinemia (total protein and albumin), hypercalcemia, normocytic anemia (decreased RBC survival, Fe deficiency, increased plasma volume, not so much hemolytic anemia but there is some extravascular causing spherocytosis), azotemia, elevated inflammatory markers (ESR, RF, C3/C4, CPK), ?hepatitis immunity, normal WBC (but with lymphocytosis or monocytosis)

Diagnosis: SPEP with monoclonal spike (IgM always elevated, IgG decreased in 60%, IgA 

decreased in 20%), bone marrow biopsy

Treatment: plasmapheresis for immediate benefit (based on symptoms, not labs), followed by proper chemotherapy (cladribine, fludarabine and 2-deoxychloroagenosine are accepted agents) / rituximab (anti-CD20) / high-dose autologous hematopoeitic stem-cell transplantation / bisphosphonates unnecessary because no bone/lytic lesions
Survival: 80% response to chemotherapy / median survival 3-5 years 
Schnitzler’s syndrome
Urticarial vasculitis with macroglobulinemia / nodular, macular infiltration of tumor cells or pruritic papules from IgM deposition / can get urticaria and crusted, hemorrhagic lesions from type I cryoglobulinemia

Heavy chain disease


age 10 - 30 / heavy chain fragments, do not react with anti-lambda or anti-kappa

Angioimmunoblastic lymphadenopathy with dysproteinemia


Widespread, rapidly progressive (weight loss, hepatosplenomegaly, fevers), usu. polyclonal

Castleman’s Disease (angiofollicular lymph node hyperplasia)

often associated with HIV/AIDS, but can occur by itself / HHV-8, EBV
Hyaline vascular type 

fever, anemia, hypoalbuminemia (~100%), organomegaly (90%), edema, pleural/pericardial effusions or ascites  (50%), rash (33%), pancytopenia (35%)

Labs: polyclonal SPEP, elevated ESR

Plasma cell type – only 10% / neuropathy



POEMS syndrome (⅔ will have Castleman’s plasma cell type)

Polyneuropathy, Organomegaly, Endocrinopathy, M protein (lambda in 80%), Skin changes / usually occurs in pts with osteosclerotic multiple myeloma who also have hepatomegaly, diabetes, gynecomastia, thickening and hyperpigmentation of the skin and sensorimotor polyneuropathy

Lymphoma
Hodgkin’s Disease

2 in 100,0000 / 15-35 yrs (nodular sclerosis) or over 50 yrs (mixed cellularity)

Presentation: non-painful swelling of neck lymph node / fever, night sweats, weight loss, pruritis (rare) / contiguous nodal spread / erythema nodosum, icthyosis  
Diagnosis: 
· biopsy: important to get excisional biopsy rather than FNA in order to see nodal architecture / must see Reed-Sternberg cell (or lacunar cell in nodular variant) on biopsy; unfortunately, RS-like cells have been found in EBV, solid cancers, fungal infections, and other

· staging: abdominal CT/MRI, gallium scans (sometimes), bone marrow biopsy (sometimes)


Complications: suppression of DTH response (T-cell problem)

Prognosis: B-symptoms, older age, stage, certain histological type give worse prognosis

Treatment: radiation and/or chemotherapy (MOPP)

nodular sclerosis (1st)  excellent prognosis

more common in women / often involves lower cervical, supraclavicular and mediastinal nodes / distinct Reed Sternberg (RS) variant known as “lacunar cell” due to retraction of cytoplasm during fixation collagen bands divide tissue into nodules [pic] / classic RS cells infrequent [pic]
mixed cellularity (2nd)

clinical picture in between lymphocyte predominance and depletion pattern / heterogeneous cellular infiltrate small areas of fibrosis and necrosis / many typical RS cells (binucleate with inclusion-like nucleoli w/ halo) / pts present with disseminated involvement and systemic manifestations / more common in males

lymphocyte predominance (3rd)  excellent prognosis

young males, diffuse, sometimes vaguely nodular infiltrate of mature lymphocytes admixed with  a variable number of  histiocytes / typical RS cell gives way to “popcorn cell”

lymphocyte depletion (4th)  poor prognosis

older males / disseminated involvement, systemic manifestations / aggressive

diffuse fibrosis - proteinaceous fibrillar material w/ some RS cells and lymphocytes

reticular variant - highly anaplastic, large, pleomorphic cells / limited number of typical RS cells

Non-Hodgkin’s Lymphoma
over 50 yrs / disseminated (childhood ( intraabdominal, CNS, bone) / B-cell malignancy (80%) / incidence increased dramatically in US in last 50 years / HIV increases risk
Presentation: GI complaints, weight loss, neuropathy (usually focal or oligo in distribution; CNS involvement at presentation occurs in 2%), may have hemolytic anemia (warm antibodies/look for spherocytes), thrombocytopenia 

Pathology: nodal architecture, degree of differentiation, cell origin

Diagnosis: imaging studies, testicular ultrasound, cytologic analysis / in CSF, high false negative

Treatment: combination vincristine, prednisone, cyclophosphamide, adriamycin, MTX / may lead to tumor lysis syndrome
Prognosis: low grade NHL have high remission rate, but high recurrence rate as well / high grade NHL are frequently cured with aggressive chemotherapy

B-cell lymphomas

Small lymphocytic lymphoma - incurable

low grade / diffuse nodal architecture / involves bone marrow, peripheral blood, spleen / CLL

Follicular small cleaved cell lymphoma


low grade / “cleaved” nuclear contour / bone marrow / t (14:18), bcl-2  

Diffuse large cell lymphoma (DLBCL) 

high grade B-cell / increased risk in AIDS patients
Prognosis: international prognostic index (IPI) / age, LDH, performance status, Ann Arbor stage, > 1 node involved [cure rate from 20-70% depending on score]
Treatment: chemotherapy or BMT (being studied)
Primary cutaneous large cell lymphoma  (recently described)

Cd30+ / negative for 2:5 translocation and ALK expression

Differential:  lymphomatoid papulosis (small papules that regress spontaneously), primary cut B-cell, SALT lymphomas (recently recognized), low-grade, EORTC

Lymphomatoid granulomatosis [NEJM]

large B-cell lymphoma / CD-20 positive / EBV association

Pulmonary: multiple bilateral nodules (usu. not mediastinal and hilar)
Skin: various manifestations (maculopapular, subcutaneous nodules), usu. not confluent [pic]


CNS: mass or isolated cranial neuropathies

Ddx: lymphoma, LIP, metastatic cancer, sarcoidosis, Wegener’s, cryptogenic organizing pneumonia

Treatment: combination chemotherapy (steroids, CTX, rituximab, IFN-alpha)

Small non-cleaved cell lymphoma (Burkitt’s lymphoma)

EBV / t(8:14) w/ c-myc / jaw mass (Africa), GI, gonad (US) / large lymphoid cells w/ dark blue cytoplasm (Wright stain) / “starry sky” appearance are benign macrophages interspersed ALL L3 vacuoles [pic][pic] / different form in AIDS patients

Marginal zone B-cell lymphoma

CD20+, CD5 (-) / extranodal are considered as MALToma 
MALT lymphoma (MALToma)
B- cell / more localized to primary site / stomach (H. pylori) > orbit, adrenal (C. psittaci), intestine (C. jejuni), lung, thyroid, salivary gland, skin (Borrelia), soft tissue, bladder, kidney, CNS) / t(11:12) is worse / treat with chemotherapy / associated with autoimmune disease or chronic inflammation / in case of H. pylori gastric MALToma, may actually regress with eradication of H. pylori

T-cell lymphomas

Adult T-cell leukemia – poor prognosis

Presentation: skin lesions, lymphadenopathy, hepatosplenomegaly / often confused for sarcoidosis / may present as pneumonia [CXR]
Epidemiology: caused by HTLV-1 (virus) / lifetime risk in carriers 2.6% in women, 4.5% in men / high incidence in SW Japan, Caribbean, Northern South America
Diagnosis: hypercalcemia, elevated WBC, multilobated, atypical lymphocytes [pic]

Tissue biopsy: must have lab look for chromosomal rearrangement

Course: aggressive growth / ~8 month survival

Lymphoblastic lymphoma


males 2:1 / T-cell ALL / < 20 yrs / 40% of childhood lymphomas / mediastinal mass


high cure rate, but frequent CNS relapse from earlier seeding

Mycosis fungoides and Sezary syndrome (see skin) – poor prognosis
rare / T-cell lymphoma involving skin / general exfoliative erythroderma / “Sezary” cells (see picture) [dermis] 
Presentation: large plaque – parapsoriasis evolves into it / demarcation / progression patches, plaques, tumors, viscera / erythroderma, pruritis

Course: long (can be years) premalignant phase (only on skin) / multiple biopsies / spontaneous sunlight-induced regressions have occurred

Pathology: different from lymphomatoid papulosis / CD30+ / NCI staging system

Treatment: total skin electron beam / PUVA / topical nitrogen mustard / biological – IFN-a, IL-12, IL-2dab / MTX, bactrim?, retinoids, deoxycoformycin, 2 more

Most respond, relapse is the rule

Angiocentric nasal T/natural killer (NK) cell lymphoma 

southern Asia and Latin America

Lymphoma in HIV/AIDS patients

6% risk, increases over time (unlike Kaposi’s)

Treatment: low-dose modified chemotherapy under investigation / average survival 2 to 4 months 60% grade III/IV – older patients, later stage of AIDS / 90% B-cell / over ½ with EBV DNA / 20% Burkitt’s lymphoma – younger patients, earlier stage of AIDS

20% Primary CNS lymphoma

Diagnosis: EBV DNA PCR positive in 90% of cases / stereotactic brain biopsy
Presentation: focal neurologic signs, cranial nerve deficits, headaches, seizures / 1 to 3 lesions (3 to 5 cm, often multiple, ring enhancing lesions) / leptomeningeal involvement (40%; 8% as sole manifestation)
Treatment: radiation therapy

Systemic lymphomas in AIDS

GI (25%)

Bone marrow (20%)

Liver (10%)

Lungs (10%) – discrete or interstitial

CNS (20%) – must do LP to stage any systemic lymphoma with AIDS

Bone


[orthopedics]


Bone Malformations

Bone Cancer

Osteoporosis
General
Fluoride concentrations should exceed 1 or 10? ppm in water supply

Supplementation for exclusively breast fed infants, certain types of formula

Note: increased pressure in bone causes bone pain

Orthopedics





· Knee Pain, Low Back Pain, Bone Fractures, Bone Malformations
Acute Knee Pain [AIM]

Causes: see acute arthritis
Strategy: use Ottawa rules to determine need to r/o fracture with plain film; XR can comment on OA (34% will have OA)

Ottawa knee rules: injury due to trauma, age > 55, tenderness at head of fibula or patella, inability to bear weight for 4 steps, inability to flex knee to 90 degrees

If history suggests ligament or meniscus tear, exam is 80-90% sensitive and specific ( Lachman test better than anterior drawer sign / Pivot test / McMurray test [diagram of maneuvers]

Plain films improves sensitivity but not specificity

Bursitis
Trochanteric bursitis

Lateral hip and thigh pain with tenderness over trochanter / pain with abduction of hips against resistance

Bone Fractures

types 
complete, incomplete, comminuted (splintered), compression, transverse, closed, open pathologic (site of pre-existing disease)

healing

inflammatory - hematoma, inflammatory cells, soft tissue callus at 1 week

reparative -osteoblasts deposit woven bone, cartilage envelopes fracture site by week 2-3 remodeling - ossification of cartilage, bony callus bridge, further mineralization

Compression Factures (of vertebrae)

?usually do not cause radicular pain

Plain Radiography / characteristics of common bone problems
· Osteomyelitis – end plate bony erosions which cross disk space (tumors do not usu. cross disk space)
· Hyperparathyroidism – subperiosteal resorption

· Myeloma – osteopenia and lytic lesions

· RA – erosions of bone cortex and cartilage in joint spaces

· Ankylosing spondylitis – squaring of vertebral bodies
Bone Malformations

Osteopetrosis (Albers-Schonberg Disease)

osteoclast dysfunction / thickening of cortex, narrowing of marrow (marble bones) / brittle, fracture easily / autosomal recessive (AR) worst of 4 forms / fractures, anemia, hydrocephaly in utero widened metaphyses and diaphyses

Achondroplasia
AD or new mutation (80%) / paternal effect / premature ossification of epiphyseal growth plate

 normal health, intelligence / associated with platybasia, which results in obstructive hydrocephalus and increased ICP / compression of nerve roots

Osteogenesis imperfecta  OI

deficiency in normal type I collagen / thin, brittle bones / blue sclera (choroid), abnormal joints, ligaments, teeth, skin, deafness (ossicles)

· OI congenita (severe, neonatal disease, fatal) / heterogeneous inheritance

· OI tarda (compatible w/ life) / AD inheritance

Paget’s disease (osteogenesis deformans)

disorder of bone remodeling / more bone, worse quality / older males / usually polyostotic axial  skeleton / viral etiology? 

Pathology: osteoclasts in Howship’s lacunae in early lytic lesions, mosaic pattern of new bone

Presentation: often asymptomatic / can have repeated fractures / nerve root compression pain (via vertebral body fracture), “leonine” face, bowed legs, kyphosis / tinnitus, hearing loss if inner ear ossicles involved
Diagnosis: plain film shows cortical, trabecular thickening, bone scan shows increased uptake

Labs: increased alkaline phosphatase (heat-labile)

Complications: increased risk of osteosarcoma / high output cardiac failure (may occur when > 15% of skeleton involved (increased cutaneous metabolism over affected bone)

Treatment: calcitonin and/or bisphosphonates (1st) decrease bone turnover / NSAIDs for symptomatic relief
Caffey’s

idiopathic cortical hyperostosis / no good treatment

Osteonecrosis (avascular necrosis)


Common causes:  idiopathic, fracture, steroids

Pathology: subchondral infarcts, triangular wedge-shaped necrotic segment, microinfarct (no osteocytes in lacunae), overlying articular cartilage viable (nourished by synovium)

Diagnosis: MRI gold standard (detects lesions in ischemic stage), CT 2nd choice, plain films only positive after infarction occurs, bone scan positive after infarction

Note: a form of reversible AVN (pre-AVN if you will) can look just like classic AVN on MRI (not sure what difference this will make in management)

Legg-Calve-Perth’s
avascular necrosis of femoral head / 2-12 yrs, males > females 4:1 / usually painless limp

Treatment: medical management 1st  or surgery if discovered late or treatment failure 

Osgood-Schlatter’s

Inflammation of insertion of patellar tendon / rest and decreased physical activity

Fibrous Dysplasia

More in females / 20s and 30s / 80% monostotic / ribs, tibia (20%), femur, mandible or maxilla / often with multiple skeletal lesions
Treatment prevents progression and/or fracture

McCune-Albright syndrome (Albright’s hereditary osteodystrophy)
Polyostotic fibrous dysplasia, multiple large pigmented nevi (usually on one side of trunk), precocious puberty (more in females), associated with pheochromocytoma


Mazabraud’s syndrome

Osteoporosis [annals]
reduction in mineralization, bone mass / increased resorption, decreased deposition / primary (age, 14% of white women; 3-5% of white men develop osteoporosis in lifetime)

Secondary causes: endocrine (gonadal deficiency, hyperprolactinemia), steroids, hyperthyroid, hyperparathyroid, renal osteodystrophy, vitamin C and D deficiency or malabsorption), drugs (cyclosporine, antiepileptics, heparin, GnRH)
Risk Factors: maternal fracture (1.8), hyperthyroidism (1.7), anticonvulsants (2.0), BMD abnormal by 1 SD (1.6), any previous fracture (1.5), caffeine (1.2)

Diagnosis: all women > 65 or fracture < 65 yrs should have bone mineral density testing (BMD) / Dexa scans ( Z score compares same age, T score compares to young, adult normal (T scores more useful; osteoporosis = T score < (-) 2.5 SD; every 1 SD below mean doubles fracture risk) / note: alkaline phosphatase mildly elevated in presence of healing fracture

Ddx: osteomalacia, Paget’s, osteomyelitis, malignancy

Treatment: underlying cause and PBP’s / current thinking is not to use estrogens for prevention of osteoporosis because cardiovascular risks outweigh benefits; only use estrogen for severe, persistent symptoms (see Women’s Health Initiative) / can leave on HRT if already on (and no proven CV disease) / postmenopausal women should receive 1500 mg daily calcium (1000 mg if on HRT; most diets only provide 600-700mg) or 400-800 IU vitamin D or a bisphosphonates (decrease incidence of fractures 30-50%) / premenopausal need 100-200 mg/d calcium
Hip
(see below for more)


risk varies more epidemiologically than other / 17% women > 50 yrs / 6% men / happens from falls /  initial mortality may be increased up to 10% in 1st yr, then about 50% will not be able to ambulate, then up to 33% become dependent on living

Spine
2-3x increase risk > 60 yrs in women / 16% lifetime risk / steroids, lack of estrogen / from normal activities / 66% go undiagnosed / up to 50 yrs, men just as high risk (risk factors include cigarettes, smoking, trauma, Tb, peptic ulcer)


Wrist
mostly peri/post-menopausal women

Osteomalacia and rickets

inadequate mineralization / vitamin D deficiency, hypocalcemia and hypophosphatemia / rickets (children): craniotabes (thinning) and frontal bossing, rachitic rosary (costochondral bulging), enlarged wrists and ankles, pigeon breast, lumbar lordosis / osteomalacia (adults): aches and pains / Looser’s zones, Milkman’s fractures (bilateral, symmetrical, right angles) / abundant osteoid (non-mineralized) on uncalcified cartilage / loss of bone density, cortical thickness

Osteomyelitis (see other)

Hip Fractures


women > men


Average mortality 4% / average 1 year mortality 20%

Diagnosis: regular AP lateral X-rays (Johnson and Judet views) / CT scan / MRI

Femoral neck fractures – graded as Garden I-IV scale
· Faster operation (if needed) leads to better outcome (operate < 6-12 hrs if possible) / AP view with internal rotation may be helpful for diagnosis
Trochanteric fractures

· if < 1 cm displacement (and no tendency to more displacement), bedrest with early WBAT is an option / if > 1 cm displacement, consider reduction and internal fixation (younger, active) versus conservative management (older, less active)

Intertrochanteric fractures – more in elderly women

· high morbidity, mortality (worse if not operated on) / presentation usually leg is shortened, externally rotated

initial evaluation ( be sure to assess and consider other concomitant damage to joints (pelvis will be fractured in 10%), nerve damage (can be caused by expanding hematoma; peroneal nerve distribution ( most sensitive and common neurologic finding is weakness in the extensor hallucis longus muscle, signifying a sciatic nerve injury), acute blood loss, vascular damage, AND why the patient may have fallen (cardiac arrhythmia, etc.)
prophylactic antibiotics are indicated for all open fractures and for patients being prepared for immediate internal fixation (cefazolin) / if moderate contamination, an associated laceration greater than 1 cm, or if soft tissue injury is extensive, a loading dose of an aminoglycoside should be added to the cephalosporin / a penicillin should be added for clostridial coverage if the injury occurs in an environment that is highly contaminated (proper abx leads to 44% decrease in post-operative infections.

complications: avascular necrosis (20% in high-risk subgroups), complications associated with operative delay include recurrent hip dislocations, post-traumatic arthritis, myositis ossificans and aseptic necrosis (8% in anterior fracture dislocations, and 10-20% in posterior fracture dislocations)

Other Bone Disorders

Scoliosis
adolescent females > males / 20% with positive family history

Slipped capital femoral epiphyses

20% with referred knee pain (can be misleading) / occurs in pubescent males, happens gradually, can be bilateral / Treatment: surgical with pinning

Villonodular synovitis (benign neoplasms)


aggregates of polyhedral cells, hemosiderin, foam cells, giant cells, zones of sclerosis


Treatment: surgery if possible, usually difficult to excise


pigmented villonodular synovitis (PVNS)



single or multiple, diffuse involvement, red-brown projections


giant cell tumor of tendon sheath (localized tenosynovitis)



small, discrete nodule

Bone Cancer

mets most common form: BLT2KP
 lung > breast (lytic) > prostate (blastic) > testes, kidney

primary malignant: OS, malignant fibrous histiocytoma, adamantinoma, chordoma

Osteochondroma
most common primary bone lesion / young males / sessile or stalked / cartilage cap / usually stops growing as bones mature 

Chondroma
single or multiple (Olier’s Disease, Maffucci’s syndrome) / short bones of hands, feet / radiolucent / lobulated, hypercellular, disorganized / focal calcification w/in lesion / self-limited disease
Chondrosarcoma (good prognosis)

proliferation of malignant cartilage / older males / axial skeleton / surgery only useful option 

Osteoid osteoma

very common / young males / < 2 cm growth / appendicular skeleton / produces pain at night (relieved by aspirin) / radiolucent lesion surround by reactive bone formation / surgical removal 

 
25% relapse due to poor nidus locating by surgeon 

Osteosarcoma OS (poor prognosis)

pre-op and post-op chemotherapy / arm, leg bones (mostly in metaphysis of long bones, usually near knee)

produces bone, cartilage, spindle cells / osteoblastic response and large, adjacent soft-tissue mass / cortical destruction with extension in soft tissues (Codman’s triangle)

Course: usually have mets

Parosteal osteosarcoma (POS) (excellent prognosis)

young, early middle age, women / long bones / radiolucent ‘string sign’ along cortex / spindle cells produce well-formed bone



Ewing’s sarcoma (variable prognosis)


Pathology: PAS+ cytoplasm / small cell neoplasia / unknown histiogenesis

very young, males, lower extremities / flat bones or diaphysis of long bones (not usually in metaphysis)

Radiology: moth-eaten intramedullary pattern (permeative appearance), ‘onion skin’ periosteal reactive bone

Treatment: still evolving


Fibrous cortical defect


very common / young, males, long bones

Radiology: metaphysis, sub-cortical, soap bubbles, sclerosis at interface spindle cells, foamy macrophages, hemosiderin, chronic infiltrate / self-limiting at skeletal maturity

Fibrous dysplasia


very common / single, multiple / young, localization random

Radiology: radiopaque, ‘shepherd’s crook’ of proximal femur / spindle, cells, woven bone, lack of osteoblastic rimming, Chinese character appearance / no treatment unless symptomatic / excellent prognosis

Malignant fibrous histiocytoma (poor prognosis)

similar demographics to OS / Radiology: metaphysis, destructive, radiolucent / anaplastic spindle cells, storiform pattern / treatment same and prognosis slightly worse than OS

Giant cell tumor of bone

benign but aggressive local tumor / young, wide distribution / hemorrhage / surgery when possible / extended curettage (experimental) or resection / prosthesis / 98% monostotic

radiation contraindicated (secondary sarcomas) 

Adamantinoma (good prognosis)
primary malignant bone tumor / young males, tibia/fibula / Radiology: may be multifocal (observe carefully) / epithelial or endothelial proliferation / complete surgical extirpation

Chordoma


malignant bone tumor arising from notochord / 40s to 60s / males / physaliferous cells in acid mucoid background / surgery and post-op radiation 


survival: sacral 60% (fair) 5 yr, cervical (horrible) 50% 5 yr 0% 8 yr

Myositis ossificans


athletic adolescents, history of trauma (50%) / central fibroblast proliferation, intermediate zone of osteoid formation, peripheral shell of organized bone

Treatment: usually cured by excision

Unsorted
Baker’s cyst 

can mimic phlebitis 1) swollen calf 2) extrinsic venous compression / diagnose with MRI / usually self-limited (ruptures, causes pain/swelling) then goes away / may recur

Pre and Post Op (specific to ortho)


Total hip – warfarin started pre-operatively, goal INR 2.0-2.5

Dermatology



Drug Reactions











Eczematous diseases 
atopic dermatitis, seborrheic dermatitis, contact dermatitis, other eczematous




Fungal Infections
Papulosquamous Disease 
psoriasis, lichen planus, lichen simplex, pityriasis rosea
Epidermal Tumors 

benign, pre-malignant, malignant
Dermal Tumors


benign dermal tumors, hemangiomas, Kaposi’s sarcoma

Melanocytic Tumors 

benign, pre-malignant, melanoma
Acne vulgaris










Vesiculobullous









Intraepidermal



          Subepidermal


                       I  
urticaria, atopic dermatitis


                       II 
pemphigus, pemphigoid, herpes gestationis, epidermolysis bullosa
                       III
erythema multiforme (drug eruptions), dermatitis herpetiformis

Leukocytoclastic vasculitis
Congenital Skin Disorders

Pediatric Skin Conditions 
ETN, PN, salmon patch, milia




· Dermis [infinite pics]

· Dermnet ( good site // lots of pics

Specific Findings/Manifestations

Pruritis

Treatment: atarax and doxepin are best / sarna is also good / avoid benadryl (because it’s actually not good for itching), avoid benzocaine (lidocaine is better), avoid topical neomycin (frequently causes irritation)

Erythema Nodosum [dermis]
so many causes (see Ddx) / usu. painful / originally described by Mozart’s father / female > male / 20-30s / usually resolves within 3-6 weeks without scarring

Vitiligo
areas of depigmentation [pic][dermis] / associated with many systemic conditions like autoimmune diseases (pernicious anemia, hypothyroid, sarcoidosis) and tuberculous leprosy 
Xanthomas

hyperlipoproteinemia / extensor surfaces of extremities and buttocks / hyperTG usually eruptive / yellow papules with erythematous halo / marker for CAD

Pseudoxanthomatus elasticum [pic][pic][dermis]
this can be a clinical marker for early atherosclerosis / angioid streaks on fundus


Foreign body granuloma [pic]

Pediatric Skin Conditions

Erythema toxicum neonatorum 
benign / days-wks / eosinophils

Pustular melanosis


more in blacks / weeks-months / hyperpigmented

Salmon patch



1st wks / face (fade), nuchal/occipital (persist)

Milia




face, gingival of neonates / spontaneous resolution

Urticaria pigmentosa


[dermis]

Atopic dermatitis (see other)

Seborrheic dermatitis (see other)

Linear IgA Dermatosis

IM staining in basement membrane 

Treatment: dapsone, sulfapyridine – colchicine is alternative – usually remits before puberty – flares may not require dosage increase

Very small, vesicular lesions surround bullous lesion, perioral predilection, IM shows at dermal, epidermal junction

Eczematous diseases [dermnet]
spongiosis

inter-cellular edema / formation of vesicle is exocytosis

acanthosis
thickened Malphigian layer

Acanthosis nigricans 





[pic][pic][pic][pic]
Causes:

· Idiopathic – healthy, obese adolescents

· AD infancy/childhood – increases during adolescence / decreases in adulthood

· Pituitary tumor (Cushing’s, acromegaly), PCOS, obesity, diabetes
· drugs (steroids, nicotinic acid, DES)

· Malignant – onset in middle age, progressive (associated with gastric carcinoma, lymphoma, Hodgkin’s, osteogenic sarcoma) [pic]
Associations: adenocarcinoma, porphyria cutanea tarda

Pathology: symmetrical papillomatous epidermal hyperplasia with hyperpigmentation (really just thicker) 
· Flexural areas most common: axilla, antecubital fossa, neck, skin folds, groin

· Occasionally: areolae, periumbilical, lips, buccal mucosa / palms, elbows, knees, interphalangeal joints
hyperkeratosis 

thickened stratum corneum

lichenified

thickened skin from chronic rubbing

parakeratosis

retained nuclei in stratum corneum

Grover’s disease
transient acantholytic disease / Rx: topical / doesn’t respond well to systemic therapy

Eczema 







[pic][pic][dermis]
usually presents at early age / positive family history of allergies / pruritic

Atopic dermatitis – pruritic





[pic][dermnet]
allergies / familial / IgE (80%) / childhood / pruritic / 90% will outgrow condition / defective cell-mediated immunity / superinfection (S.aureus) [treat familial Staph carriers] 

Treatment: moisturizing creams / topical corticosteroids

Severe cases: Cyclosporine A (Neoral) / Tacrolimus / Ascomycin, Macrolactam (under investigation) / recombinant IFN-gamma / Zafirkulast / antimicrobial agents / phototherapy

Seborrheic dermatitis – can be pruritic 



[pic][pic][pic][pic][pic][pic]
common, worse with many neurological diseases / common and severe with AIDS / worse in winter / involvement in areas of prominent sebaceous gland activity / infancy and puberty (can present at any age) / causes dandruff / involvement of Pityrosporum ovale
Treatment: antiseborrheic shampoos (including ketoconazole) / mild topical corticosteroids

Stasis dermatitis [dermis]
lower legs secondary to venous insufficiency / older patients

Contact dermatitis – always pruritic



 [pic]
allergic type IV - DTH occurs 2-3 days after exposure

Appearance: vesicular, bright red / linear configuration, characteristic of exogenous exposure to antigen or irritant

Pathology: spongiosis with intraepidermal vesicle formation
Diagnosis: patch test irritation - dry, scaly, less vesicular / scratch test (different) 

Treatment: baths, wet dressings (Burrow’s/boric acid) 

Acrodermatitis enteropathica


Zinc deficiency associated with malabsorption / long-term TPN / rarely inherited as AR

Nummular eczema

coin-shaped lesions [dermis] / mistaken for tinea 
Dishydrotic eczema

abnormal sweating, associated with stress

Neurodermatitis

chronic scratching behavior

Asteotic (xerotic) eczema
dry skin on extremities / elderly patients with decreased oil on skin

Fungi
Tinea sp.
microsporum, epidermaphyton, trichophyton / pink by PAS / black by GMS / easily visible on KOH prep
Candida 
overgrowth in moist areas (scrotum, unlike true dermatophytes), eczematous or satellite pustules, produces yeast forms and hyphae

Malassezia furfur
yeast resident makes short hyphae and spores (spaghetti and meatballs) 




pityriasis versicolor limited to stratum corneum and follicles

Mycosis fungoides
T-cell lymphoma (not really a fungus at all) / eczematous eruption [dermis] / fungating in later stages / Pautrier microabscesses resemble spongiosis

Papulosquamous diseases

Psoriasis (see psoriatic arthritis) [dermis] 
sharply bordered, often round or plaques with silver scale [pic], (knees [pic], arms [pic], scalp proliferation of keratinocytes / familial / 1% of population / ‘Koebner phenomenon’ (areas of trauma) / ‘auspitz’ sign (blood when you pick at it) / nail problems (onychodystrophy, onycholysis, nail pitting, and subungual keratosis, onychauxis) [pic] / arthritis

Treatment: topical tar, steroids, anthralin, UV light, retinoids, MTX
Guttate parapsoriasis (rare)

rash lasting more than 2 months / confused with pityriasis rosea

Lichen planus – pruritic [dermis]
papulosquamous (purple, polygonal, pruritic) / flat-topped plaques covered by Wickham’s striae (reticulated scale) [pic] / wrists, mucous membranes / nail deformities (NOT pitting) / bandlike infiltrate of histiocytes and lymphocytes in upper dermis, hyperkeratosis, acanthosis / Treatment: topical steroids, oral antihistamines / rare in children / usually self-resolving within 1-3 years

Lichen variagatus [dermis]
Lichen simplex chronicus [dermis]

areas that are tempting to rub / hyperkeratosis, acanthosis, histiocytes, lymphocytes

Treatment: topical steroids / may have underlying cause that is treatable

Pityriasis rosea – very pruritic [dermis]
common, viral origin?, young adults / self-limited within 6 wks / trunk (usually), neck, proximal extremities
· herald patch followed (1-2 wks) by oval lesions (pink papule or plaque with scales) forming Christmas tree pattern (follows tension lines)

· rare inverse form involves distal extremities and face

Ddx: secondary syphilis (serology), tinea corporis (KOH), drug eruptions
Treatment: topical steroids, antihistamines

Secondary syphilis (see micro) 
HA, fever, lymphadenopathy / palms and soles, any form of rash except vesicular / biopsy has variable plasma cells (may not be specific) / RPR, VDRL

· GI syphilis (endoscopy)

Epidermal Tumors [Dermal Tumors / Melanocytic Tumors]
Cowden, Muir-Torre (see tumor syndromes)
Benign

Seborrheic keratosis [dermis]
common over 40s / tan to black papules, plaques / areas with numerous sebaceous glands (face, neck, trunk) / a “barnacle” that looks stuck on / sebaceous adenoma [pic]

Nevus sebaceous [dermis]
yellow linear plaques, elevated, head (hairless area) and neck / sebaceous, apocrine hamartoma / hormone stimulation at puberty causes verrucous growth / surgical excision (can be premalignant lesion for BCC)

Keratoacanthoma [dermis]
fast growing (10-20 mm in weeks) volcano-like / slow involuting / exposed (sun-damaged), hairy skin / more in whites / surgical excision because they mimic SCC

Epidermoid cyst [pic][dermis]

epidermis-lined cyst containing hydrated keratin (white pearl) / surgical excision optional

Pre-malignant

Actinic keratosis – 20% change of becoming malignant

[pic][dermis]
atypical keratinocytes / sun-exposure in older patients / reddish base (not tan/brown) papules or plaques, poorly defined, scaly texture / sun damage causes solar elastosis (yellowish skin, blueish collagen change histologically), wrinkles, telangiectasias, comedomes, hyperpigmentation 

Treatment: cryotherapy (few lesions), topical 5FU (many, ill-defined lesions), excision

Premalignant leukoplakia


may lead to SCC of mucosa / surgical excision

Bowen’s disease (carcinoma in situ) [dermis]

non-sun exposed areas / SCC in situ / several cm’s / Queyrat of penis? / surgical excision 

Malignant

Sebaceous carcinoma [pic][dermis]
Basal cell carcinoma (BCC) (good prognosis) [pic][dermis]
most common neoplasm of humans / rolled edge, ulcerated center / small blue nuclei (basal cells) peripheral palisading, stromal retraction / almost never metastasize

Noduloulcerative
telangiectasia / Treatment: < 1 cm ( cryo, > 1 cm ( excision, high-risk areas ( recur (Moh’s microsurgery)

Superficial – often confused with dermatitis / Treatment: topical 5-FU, cryo

Sclerosing – deep soft tissue invasion / Treatment: Moh’s microsurgery

Squamous cell carcinoma (SCC) (good prognosis) [dermis]
much less common than BCC (still relatively common) but does metastasizes via lymphatics (esp. in non-sun exposed areas such as oral SCC)  / scaling, hyperkeratosis (keratin pearls), ulceration / pink (more cytoplasm, keratin) / sun, tobacco, HPV, immunosuppression, Marjolin’s ulcers [pic] (rare, from burns and osteo and chronic ulcers, long-standing scars) / 35% oral involvement [pic][pic] / regional lymphadenopathy

Treatment: excision (or cryo for small) / non-sun induced means more spread

90% cure rate

Cutaneous small cell carcinoma 

ulcerative, erythematous nodule or superficial erosion, can metastasize / epidermal keratinocytes / sun exposed areas like lower lip
Ddx: metastatic small cell carcinoma of the lung, were squamous cell carcinoma, basal cell carcinoma, amelanotic melanoma, carcinoid tumor, Merkel cell carcinoma, neuroendocrine carcinoma, malignant fibrous histiocytoma, atypical fibroxanthoma, and dermatofibrosarcoma protuberans.

Dermal Tumors

Benign

Neurofibroma [dermis]
tumor of neural tissue (multiple cell types) / soft, skin-colored lesions / single or multiple (neurofibromatosis or von Recklinghausen’s) / optional excision (may grow back) / increase in size over time

Dermatofibroma [pic][dermis]
hard, brownish nodules / anywhere, any age (common in legs) / optional excision / cheloid or keloid [pic] is a form that occurs from excessive healing (common in black earlobes)
Acrochordon [pic] [dermis] 

tags of redundant skin in armpits, neck, groin / common in fat people / Treatment: scissors

Hemangiomas  (mostly benign)





[pic] [dermis]

Cherry

small, red papules on trunks of over 30 yr olds

Strawberry 

congenital, neonatal / may grow to huge size / often regress spontaneously
Nevus flammeous
macular, red-purple lesion / congenital or neonatal / some regress spontaneously, (port wine stain) persistent ones may be treated with laser therapy [dermis]
Spider angioma
common in females, estrogen therapy, liver disease / can be zapped with laser [pic][dermis]
Pyogenic granuloma granulation tissue / weeping, red, juicy nodules [pic] / fingers, mouth / 
common in pregnancy / grows rapidly / resection [dermis]
Kaposi’s sarcoma (malignant)
purplish/blue dermal plaques (violaceous plaques) /oval nodules [pic] / common in AIDS patients (more aggressive) affecting various organs (skin, lungs, GI tract)
Pathology: may not be obvious to detect / endothelial cell proliferation (spindle cells), vascularity 
CXR: peribronchiolar cuffing, patchy infiltrates, effusions

Note: do not forget that these can cause internal organ damage with NO skin findings

Treatment:  radiotherapy or vinblastine in non-AIDS patients

Other Dermal Business
Sweet’s Syndrome (Acute Febrile Neutrophilic Dermatosis) 
[pic][dermis]
Neutrophilic inflammatory disease, red/juicy plaques/nodules/bullae on face/extremities

Biopsy: neutrophils in dermis (not vasculitis) / neutrophilia, fever

Exhibits pathergy – not only contiguous, but if you do sterile pin-prick somewhere else on the skin, it should create a similar lesion

Associations: AML, AMML, CML, CLL, acute lymphoblastic, hairy cell, myelodysplastic syndrome, multiple myeloma, solid tumor (rarely)

Treatment: steroids and work-up for malignancy / also sulfones, SSKI

Pyoderma gangrenosum 




[pic][pic][pic][pic][dermis]
Like an ulcerated version of Sweet’s syndrome / solitary/multiple, inflammatory purple border, necrotic base

Diagnosis: non-specific cultures and biopsy / diagnose by excluding bacterial/mycobacterial infection (must not confuse this with cellulitis) / pathergy ( trauma to lesions begets more lesions (i.e. DO NOT surgically debride lesions)
Associations: IBD, arthritis, gammopathy, malignancy, hepatitis, biliary cirrhosis, SLE

Treatment: steroids (systemic and intra-lesional), dapsone (or cyclosporin A, FK506), sulfapyridine, azulfidine

Dermatofibrosarcoma protuberans (DFSP) [dermis]
special kind of dermatofibroma / CD34 / requires Moh’s surgery

Microcystic adenoid carcinoma (MAC) 

lips, local invasion, neuronal invasion / requires Moh’s surgery

Sebaceous gland carcinoma (SGC) 
requires Moh’s surgery

Melanocytic tumors

Benign

Melanocytic nevi
junctional (brown), intradermal (raised, skin color), compound / may be congenital or acquired / more than 25 moles by age 20 years is marker for increased risk of melanoma (either from nevi in question or future nevi) [pic][pic]
Ephelis (freckle)
normal number of melanocytes, overproducing melanin / darken on exposure

Solar lentigo

brown macules from sun-exposure 

Lentigo simplex
childhood / diffuse proliferation / NOT due to sun-exposure

Cafe-au-lait spot
brown macules [dermis] / more than 6 big ones correlated with neurofibromatosis
Nevus spilus

flat, tan patch with dark spots [dermis] / mistaken for melanoma (excised)

Blue nevus

so deep it looks blue

Mongolian spot
black babies’ bottoms (sacral regions) / resolve by age 3 yrs

Spitz nevus

pink [dermis] / young adults / looks like melanoma / benign course

halo nevus
children and adults / white halo around residual nevus [dermis] / lymphocytic infiltration
Pre-malignant

Lentigo maligna
Hutchinson’s freckle / melanoma in situ / sun-damaged skin / elderly, blacks




macule with notched border / epidermal atrophy, atypical melanocytes 




Treatment: excision
Dysplastic nevus
[pic][pic][pic] / variable color, irregular architecture / surgical excision / watch for others / dysplastic nevus syndrome [pic] – familial condition wherein there are increased number of moles, occur earlier in life, in atypical (and typical) areas / Treatment is sun-avoidance, close follow-up

Malignant Melanoma 








[pic][dermis]
5% of skin CA / 3% of all CA / 50% mortality (different depending on stage)
⅓ arise from nevi, ⅔ de novo / incidence increasing (ozone depletion?)

Risk Factors: intermittent sun-burns, childhood sun-exposure, large congenital nevus (may transform) [pic][pic], 6-12% as part of familial syndrome / can be transmitted across placenta!!!

Diagnosis: DO NOT do shave biopsy / Bx for diagnosis and microstaging / level of invasion (Clark’s) I to V (subQ) / nodal, local, satellite, in transit mets / Stage I – 90% survival /  Stage II – 70% survival / consider: ulceration, vertical growth phase / SLN status most important factor 

Exam: (A)symmetry, irregular (B)order, dark (C)olor, > 6mm (D)iameter, (E)levation

Note: may not be pigmented (amelanotic melanoma) [pic]

Treatment: wide excision [.5 to > 2-3 cm margins, based on size]
Chemo/Adjuvant:
· IFN-a2B (Intron A)

· Aldesleukin (Proleukin)

· Temozolomide (Temodar)

· Dacarbazine (DTIC-Dome)

Uninvolved nodal basin ( selective lymphadenectomy

Get sentinel node – blue dye (given right at surgery)  and colloid radioactive (given 1 hr pre-surgery) – false negative rate of only 5% (80% of which are actually positive using better histological stains and pathologists)

SLN technique ( smaller incision, visual confirmation, rescan later, identifies in transit mets

PCR has too many false positives but does detect all would be recurrences

Prognosis: depth of invasion is the most important factor / women do better than men / truncal location and depigmentation is worse (perhaps due to delayed diagnosis)

Prevention: sun-avoidance (sun block not proven to decrease incidence)

Lentigo maligna melanoma - best prognosis [dermis]

most superficial  


Ddx: basal cell carcinoma, light skin color (especially people who have red hair), history of severe sunburn, porphyria cutanea tarda, Werner syndrome, tyrosine-positive oculocutaneous albinism, xeroderma pigmentosa

Superficial spreading malignant melanoma - medium prognosis [dermis]

most common / non sun-exposed regions 

Acral lentiginous melanoma - medium prognosis


occurs distally (fingers and toes, near nails) / most common malignant melanoma in blacks 

Nodular melanoma - worst prognosis [dermis] 


solid nodule (no macular component), vertical growth [pic]

Acne vulgaris [dermis]
increased sebum, abnormal keratinization (comedome), bacteria produce FFA (inflammation), hormones (androgens promote, estrogens inhibit androgen production, some have increased androgen sensitivity) 


comedomes

topical retinoids


mild inflammatory
topical or, if needed, oral antibiotics


severe inflammatory
oral antibiotics or, if needed, oral isoretinoin

· oral antibiotics

tetracycline, doxycycline, erythromycin, minocycline

· topical antibiotics

clindamycin, erythromycin, sulfur, benzoyl peroxidase (water based less irritating than alcohol based) 

· topical retinoids

adapalene, tazarotene (in microsphere delivery system)

· oral isoretinoin (13-cis-retinoic acid or accutane)

for recalcitrant nodulocystic acne / very teratogenic; no pregnancy at least 30 days after stopping / very expensive medication / monitor lab values during therapy

· other

azaleic acid / acne surgery / intralesional triamcinolone (100ul) / chemical peels (glycolic acid, trichloroacetic acid)

Avoid: thick, oil based makeups / dial, safeguard 2-3 x day, consider oil-free acne wash or salac if 

comedomes present / agents that worsen acne: Dilantin, lithium, steroids, kelp (iodides), bromides 

/ recommend normal diet

Other forms of acne


Rosacea or acne rosacea [dermis]


middle-aged, fair-skinned, sun-damaged areas / exacerbation by stress, alcohol, heat

Presentation: central facial erythema, may have papules, pustules / clinical diagnosis but can be distinguished from SLE, DM with routine skin biopsy (rosacea will not have interface change) / may get rhinophyma [dermis]
Treatment: avoid triggers / rapid cooling of oral cavity (e.g. ice) can abort flushing that follows drinking hot beverages / alcohol, caffeine, sun exposure, spicy food have been implicated but may vary on individual basis

· oral tetracycline, erythromycin, metronidazole (all effective)

· topical erythromycin, metronidazole

Follicular occlusion triad (acne inversa, acne triad, tetrad)[dermis]
acne conglobata [dermis], cellulitis of scalp, hidradenitis suppurativa

Solar acne (Favre-Rachouchout)

Neonatal acne

Steroid acne

Cutting oil acne

Pomade acne (petroleum hygiene products)

Gram negative folliculitis (see Pseudomonas)

pustular lesions with line of demarcation, 8-48 hrs after soaking in hot tub or other

Vesiculobullous skin diseases

Bullous disease in diabetes

SLE
Bullous pemphigoid
Burn

Cellulitis
Congenital syphilis

Contact dermatitis
Dermatitis herpetiformis
Eczema
Epidermolysis bullosa
Erythema multiforme
Fixed drug eruptions

Fungal infections

Hand foot mouth disease

Herpes gestationis, simplex, zoster

Impetigo
Insect bite reaction

Lichen planus
Pemphigus vulgaris/folicaceus
Porphyria cutanea tarda
scabies
Staph scalded skin

Toxic epidermal necrolysis (TEN)
Varicella
Vasculitis (SLE, etc)

Intraepidermal Blisters

ballooning degeneration

HSV/VZV

acantholysis


mainly pemphigus vulgaris

spongiosis




contact dermatitis (type IV)
miliaria (heat rash) 

miliaria rubra, very pruritic [dermis]
eczema 


some infants/children grow out of it [dermis]




adults: eczema herpeticatum (disseminated HSV) [dermis]

impetigo


mild: Bactriban and antibacterial soap  

moderate: 1st generation cephalosporin

rarer form: impetigo herpetiformis [dermis]



tinea (see micro)

scalded skin (see micro) 

cellulitis (see other) 
Subepidermal Blisters

Type I (anaphylaxis) (see immuno)

Urticaria (insects, drugs, cold, sun induced IgE response)

Atopic dermatitis (IgE allergies)

pruritic / more common than erythema multiforme / consider outpatient skin testing / 

systemic steroids hardly ever used for this now

Type II (cytotoxic, cytolytic) (see immuno)

Pemphigus (Pemphigus vulgaris) – serious, rare [dermis]

Pathology: IgG or IgM, complement in epidermis intercellularly / eosinophils

Presentation: can be difficult to diagnose with oral lesions preceding cutaneous lesions by weeks/months

pemphigus vulgaris (oral lesions / intact blisters are common) [pic]

pemphigus foliaceus (superficial, oral lesions / intact blisters are rare)

Findings: skin sloughs away (Nikolsky’s sign) / intraepidermal blisters should be able to be advanced with application of external pressure (there’s probably a name for this)

Complications: loss of electrolytes, super-infections, associated with malignancies (e.g. lymphoma) 

Ddx: paraneoplastic pemphigus

Treatment: high-dose systemic steroids (120-150 qd then prednisone 60-80 mg and steroid-sparing agent (e.g. Immuran 50 mg bid or plasma exchange, Cytoxan, Cellcept) then prednisone 50 mg qod (gradual steroid taper may take up to a year)

· rituximab (newly used; alone and in combination)

Paraneoplastic Pemphigus Syndrome - poor prognosis
painful mucosal ulcerations [pic][pic], polymorphic skin lesions (scalded skin [pic], conjunctivitis [pic], EM [pic] 

lymphoreticular malignancies

Pathology: vacuolization of basal cells, keratinocyte necrosis, acantholysis / pemphigus/pemphigoid-like Ig / special IF on rat bladder shows intracellular Ab’s / HLA-Cw14 and HLA-DRB103
Treatment: treat underlying malignancy / prednisone or cyclosporin or plasmapheresis



Senear-Usher syndrome [dermis]
overlap syndrome with features of lupus erythematosus (LE) and pemphigus foliaceus

Bullous pemphigoid – not-life threatening 



[pic][pic][dermis]
Mainly in elderly 
Presentation: urticaria-like and pruritic, erythematous lesions gradually give way to tense, sub-epidermal bullae on erythematous or normal-appearing skin / groin, axilla, and flexural areas / no acantholysis, minimal or no mucosal lesions / lesions may come and go without treatment / can verify blisters are subepidermal by pressing on the intact blister edge (if it extends it’s likely some other blistering process)
Pathology: linear band of IgG, C3 at basement membrane / eosinophils

Treatment: 1st line tetracycline and niacinamide / 2nd line prednisone +/- azathioprine
Herpes gestationis [dermis]
similar to pemphigoid / 2nd trimester

Epidermolysis bullosa – can be fatal [dermis]
group of diseases (mostly congenital) / lesions mostly in area of friction and trauma /  no immunofluorescence / come and go indefinitely / variable severity, can be fatal / often results in severe anemia (give Epogen and IV iron)

Dermatitis herpetiformis (Duhring-Brocq Disease) – very pruritic [dermis]
uncommon, HLA B8, DR3 / associated with celiac disease (20% with lab-evidence of malabsorption, 4% symptomatic celiac-sprue)

Presentation: clustered small red papules and vesicles symmetrically located on extensor surfaces, particularly elbows, knees, and buttocks / very pruritic

Pathology: vesicles are subepidermal, with neutrophilic infiltrate in upper dermis / direct IF shows IgA along the basement membrane in dermal papillae / some say IgG also present (activates alternative complement)

Linear IgA bullous dermatosis [dermis]
Lesions non-pruritic / can be drug-induced

Type III (immune complex) (see immuno) [dermis]
Erythema Multiforme (minor/major)

pathogenesis is similar to GVHD of skin / lymphocytes may have non-specific immune complex, complement deposition / common reaction to infection, drugs (usu. started 1-3 wks before onset) 
· common: phenytoin, barbiturates, sulfonamides, penicillins, NSAIDs

More severe: Stevens-Johnson syndrome and Toxic epidermal necrolysis

EM Minor [dermis]
acute, self-limited or recurrent / duration: 1-4 weeks from onset to healing / Symmetrically-distributed, fixed lesions lasting > 7 days / discrete, round, erythematous rings or blisters / concentric color changes / target or iris lesions (concentric circles, middle white, outer red) / mucous membrane involvement absent or limited to one surface, usually the mouth / hands [pic] / feet / arms [pic] / legs / back [pic] / palms (back) / soles (top) / extensor


Target lesions [pic][pic][pic] ( > 3 rings ( better prognosis?)


EM Major 
abrupt onset, high fever, prostration followed by extensive lesion eruption, widespread bullae [pic] / involvement of two or more mucosal membranes (oral, lips [pic], ocular, nasal, genital, rectal) (severe oral involvement distinguishes from TSST)
Steven’s Johnson Syndrome (SJS) 



[pic] [dermis]
10-15% of epidermis / 5-10% mortality / sulfa drugs, vancomycin, and others / mechanism for dapsone is different 



Toxic epidermal necrolysis (TEN)
 


[pic] 
> 25% of epidermis / 25-50% mortality / treat at burn center / daily opthalmological exams

Leukocytoclastic vasculitis 
purpura (90%), urticaria (10%) / infection, drugs, autoimmune, malignancy / includes Henoch-Schönlein Purpura (children) / complement attracts neutrophils (fibrinoid necrosis of vessels), increases permeability

Drug eruptions [dermis]
Skin changes from cancer chemotherapy
dystrophic nail changes, sterile cellulitis, phlebitis, ulceration of pressure areas, urticaria, angioedema, exfoliative dermatitis, flagellate hyperpigmentation from bleomycin [pic]

Other drug-induced skin changes

Argyria from silver [pic]

Hyper-pigmentation from amiodarone [pic]

Specific Drug Reactions

Morbilliform 







[pic][pic][pic] 
7-10 morbilliform drug reaction– skin/drug-morbilliform / skin biopsy differentiates from viral exanthem / eosinophils

Urticaria – usually itch 





[pic][pic] 
symptoms that may indicate more serious drug reaction: duration, fever, itching, affected areas, sore throat (SJS), red eyes, painful skin

Treatment: topical steroids? / antihistamines?
Lichenoid 







[pic] 
Drugs: gold, tetracyclines, bromides – work them up for HCV

Pustular 







[pic] 
Drugs: Dilantin, penicillin, tetracyclines, lithium, imipenem, antimalarials, norfloxacin

Specific Drugs

Phenytoin (10%) 






[pic]
occurs within 3 wks / generalized eruptions, patient  feels sick / missing epoxide hydrolase?

Dilantin hypersensitivity [pic] / more likely with high loading dose 

Common: fever, periorbital facial edema, lymphadenopathy

Complications: hepatitis, nephritis, pneumonitis

Labs: elevated WBCs, LFTs

Carbamazepine (5%)

exfoliative dermatitis, eczema, photosensitivity or even a lupus like syndrome, even TEN
Lamotrigine (Lamictal) (20%) 




[pic][pic]
fever (100%), eosinophilia (20%), DIC (10%), LAD (12%), liver > renal > musculoskeletal

rash: exanthomatous (75%), more severe (20%), SJS (5%), TEN (10%) (higher risk with combined use of Lamictal and VPA)

Warfarin - coumadin necrosis

0.7% of coumadin users / women > men / 3-5 days onset / most frequently affects fatty 

areas (single/multiple thighs, breasts, buttocks, shoulders) / localized pain then erythema, 

bullae [pic], necrosis [pic] / happens in patients with protein C deficiency (< 50% normal 

levels) as vitamin K block lowers PrC levels before other clotting factors / fibrin thrombi in 

venules / can this mimic classic SC fat necrosis?


NSAIDS


can cause the whole gambit / even TEN


Tetracyclines
not that common, but do happen / urticaria, morbilliform, photosensitivity, onycholysis, 

fixed drug reaction, lichenoid / minocycline is an exception for causing skin pigmentation 

changes (common) and serum sickness (~ day 16), hypersensitivity syndrome of hepatitis, 

pneumonitis, cellulitis, folliculitis et al (~ day 24), drug-induced lupus (2 yrs)

Congenital Disorders (Skin Involvement)

· Ehlers-Danlos syndrome / NF1 / Tuberous Sclerosis / Sturge-Weber / KTW
Ehlers-Danlos syndrome [dermis]
10 types of faulty collagen synthesis / stretchy skin with poor wound healing, hypermobile joints AD (type IV) - ecchymoses, arterial rupture (acute aortic insufficiency)

AR (type VI) - retinal detachment, corneal rupture)

XLR (type IX) / (type 1) - diaphragmatic hernia

Neurofibromatosis (NF 1 and NF2) [dermis]  
1 in 3000/4000 (NF 2 is 1 in 50,000), AD, 50% of cases are new mutations, variable expression, paternal age effect

Must meet 2 of diagnostic criteria: café au lait, Crowe’s sign, more…

Skin – hyperpigmentation or café au lait spots (97%) (more than 6 big ones, shape is variable), freckling (81%) (Crowe’s sign) in axillary areas?, which is pathognomonic [pic]
CNS – neurofibromas, plexiform neurofibromas (more aggressive invasion, rare), CNS tumors (5-10%), optic gliomas, astrocytomas, acoustic neuromas (classic NF-2 tumor), neurilemmomas, meningiomas, neurofibromas, intracranial tumors usually detected in first decade

Opthalmological – Lisch nodules (30%) (balls of tissue on iris that do not impair vision, get a consult)

Skeletal – pseudoarthroses (bones look bent, osteopenia on XR, common in tibia, use brace to give support), kyphoscoliosis, macrocephaly of post-natal onset (soft signs, absolute or relatively large, not correlated with other features of disease)

GI – constipation

Renal – hypertension (should have BP checks, usually occurs in adulthood)

Associated malignancies: neurofibromasarcomas, malignant peripheral nerve sheath tumors, schwannoma’s (more NF II), Wilm’s tumor, rhabdomyosarcoma, leukemia, pheochromocytoma

Genetics: defective chromosome 17, diagnostic testing usually not necessary

Tuberous Sclerosis Complex (see NF)
1:9000, autosomal dominant, high spontaneous mutation rate, variable expression

skin, brain, retina, heart, kidneys

Prognosis: only small percentage have premature death (often from CNS features, renal failure)

Diagnosis: major/minor criteria

Genetics: chromosome 16 (next to APK gene) / TSC1 on 9q34

Skin – facial angiofibromas (can look like acne), hypomelanotic macules, ungal fibromas, (can be removed, usually grow back), shagreen patch (peau d’orange, pig’s skin), fibrous plaques, dental pitting (5-10%)

CNS – seizures, retardation, brain tumors (astrocytoma et al)
Opthalmological – pigmentary changes, hamartomas (may be associated with peculiar SZ’s)

Renal – angiomyolipomas (renal failure, prognostic factors unknown), cysts similar to APK?

Cardiac – rhabdomyomas (regress with time – unique)

Pulmonary – lymphangiomyomatosis (seen almost exclusively in women) 

Other – hamartomas

Sturge Weber syndrome [dermis]








Rare, sporadic, defect arising in limited part of cephalic neural crest

Skin – ipsilateral facial angiomatous nevus (laser therapy, begin as early as possible on infant)

CNS – telangiectatic venous angioma of the leptomeninges overlying the occipital, parietooccipital regions or entire cerebrum, more? / CT > age 2 yrs may reveal gyriform intracranial calcification in parietooccipital region / association with pheochromocytoma 

Opthalmological – choroidal angioma, glaucoma

Presentation: may cause contralateral hemiparesis/hemisensory loss 

Treatment: control seizures or surgical removal

Klippel-Trenaunay-Weber [dermis]
Rare, sporadic, can effect any part of body

Skin – hemangiomatous nevi (may fade with time), localized overgrowth phenomenon may spread with time (require resection, amputation of extremity),  more-

CNS – ?

Opthalmological – ?

Skeletal – bone hypertrophy


Vascular - ? cavernous . deeper, larger vessels

Skin Ulceration


Ulcers of Legs and Feet


Arterial insufficiency (see PVD) 
toes, heels, anterior shin and extended over malleoli


Venous insufficiency 


above lateral or medial malleoli

Lymphedema

Neuropathic ulcers


under metatarsal head, over toe joints, under heel, on inner 

side of first metatarsal head, over malleoli


Thromboangiitis obliterans

Cholesterol embolization


Antiphospholipid antibody syndrome

Vasculitis (cryoglobulinemia, Wegener’s, RA)


DIC


HIT


Warfarin skin necrosis


Osteomyelitis


Necrotizing fasciitis (Clostridium, Group A Strep, Vibrio)


Tb


Fungus (cryptococcus, coccidioides)


Hematological disorders

PRV

Essential thrombocythemia

Hydroxyurea

Necrobiosis lipoidica diabeticorum
pretibial area

Pyoderma gangrenosum

Sweet’s syndrome

Erythema nodosum

Weber-Christian disease

Cancer (squamous cell carcinoma)

Calciphylaxis
Environmental Pathology / Toxicology

Metals and Inorganic Ingestibles
Aluminum (Al3+)
Chronic hemodialysis patients get too much / acute toxicity: obtundation, coma, seizures / Treatment: deferoxamine (carries risk of mucormycosis?)

Lead (Pb)

binds to disulfide group of proteins

Exposure: ceramics, demolition, plumbing, soldering, exposure to leaded fuels

· Acute intoxication: pallor, abdominal pain (lead colic), lethargy, convulsions, coma, renal failure, cerebral edema

· Chronic intoxication (anemia, neuropathy, hypertension): CNS impairment (ataxia, memory loss), demyelination (foot and wrist drop), SZ, coma, pyuria, Fanconi’s syndrome, azotemia, chronic interstitial nephritis leading to uricemia, lead lines may be seen at gingiva-tooth border
Labs: Pb > 10,80 ug/dl (children, adults), free protoporphyrin > 35,50 ug/dl (blocks Hb synthesis via inhibition of ferrochetalase and ALA dehydrase, [see diagram])

Micro: microcytic anemia (binds Hb causing hemolysis), basophilic stippling, deposits in epiphyses of growing bones 

Route of entry: inhalation, ingestion (PICA) 

Metabolism: stored in bone (80%), blood (10%), soft tissues, kidney, brain / excreted in feces 90%), urine (10%) 

Treatment:  EDTA, dimercaprol, D-penicillamine, succimer (children, oral, side effects: GI/rash)

Arsenic (As)
binds SH groups (As3+), uncouples oxidative phosphorylation (AsO4 substitutes for PO4i), As5+ reduced by glutathione in liver (low levels)

Sources: insecticides, herbicides, wood preserving, smelting, glass manufacturing, microelectronics, contamination of deep water wells, folk remedies)

· acute ingestion: GI necrosis (hypovolemia), fatty change in liver, renal failure, burning, NVD, cyanosis, HT, DT, hemolysis, eosinophilia, ATN, garlic breath, cardiomyopathy (cardiac arrhythmias)
· chronic ingestion: 2-8 wks, erythroderma [pic], hyperkeratosis, hyperpigmentation, exfoliative dermatitis, laryngitis/tracheitis/bronchitis, Aldrich-Mees lines (white transverse lines of fingernails) [pic], polyneuritis, predispose for SCC 
· arsine gas (fatal): hemolysis (binds Hb), abdominal pain, hematuria, jaundice, NVD, tachycardia, dyspnea, acute renal failure (from excessive hemolysis) / development
Diagnosis: radiopaque abdomen on XR, elevated levels in hair/ nails, 24 hour urine sample / absorption of inorganic > organic / liver, kidney, spleen by 24 hrs / skin, hair, bones by 2 wks / crosses placenta, not BBB / renal excretion (90%) 

Treatment: emesis (ipecac) / gastric lavage (charcoal) / dimercaprol, D-penicillamine (chronic), succimer

Nitrites
Cause methemoglobinemia / including nitroglycerin, amyl nitrate / can occur in well water / venous blood drawn will be brown and not turn bright red when shaken in air

Treatment: methylene blue, helps reduce methemoglobin to hemoglobin preventing methemoglobinemia

Mercury (Hg) – usu. presents with variable CNS effects
elemental, salts (topicals, plastics, cathartics), organic (paints, fungicides, seeds, cosmetics)

vapor:  interstitial pneumonitis / tremor, amnesia, insomnia, anorexia, weight-loss (hydrophobic: 
brain and placenta, but quickly oxidized and long-lived in these tissues)

· mercury triad: excitability, tremors, gingivitis

inorganic acute: ATN, GI necrosis (ingestion, low absorption) 

inorganic chronic: nephrotic syndrome (readily absorbed by skin/GI and stored in most tissues)

organic: requires metabolism and mixed excretion (binds cysteine, mimics methionine, actively shuttled across BBB and placenta causing severe CNS toxicity)

Treatment: emesis/lavage, dimercaprol, D-penicillamine (oral, leukopenia causes stomatitis/gingivitis)

Note: organic Hg is NOT chelated (makes it worse), but you can use polythiol resin in GI / hemodialysis is not effective since most of Hg inside RBCs

Cadmium
mining, shellfish, cigarettes / absorbed by lungs (chemical pneumonitis), GI (nausea and vomiting), yellow teeth
cadmium-metalothionin complex gets concentrated in lungs (emphysema) and kidneys (renal tubules) 


Treatment: ?EDTA (do NOT use dimercaprol)


Iron (see Iron Deficiency Anemia)

children overdosing on someone else’s Fe supplements / Fe disrupts mucosal cells, penetrates freely (not coupled to Tf)

Presentation:

Stage I: gastroenteritis (abdominal pain, vomiting, bloody diarrhea), CNS (coma, seizures)

Stage II: up to 48 hrs of quiescence

Stage III: shock, acidosis, coma, death (may have hepatic damage), leukocytosis common

Stage IV (late sequelae): pyloric and antral stenosis and hepatic cirrhosis, atrophy of tongue papilla (also occurs with vitamin B deficiency)

Treatment: lavage, carbonate salts (fecal excretion), phlebotomy / deferoxamine (Desferal) has high affinity for Fe (does not remove protein bound Fe, may cause local reaction at injection site, not for chronic use)

Fe ingestion over 25 mg/kg is toxic / 300-500 mg/dL – use chelating agent / > 500 – high risk of shock

Organochlorides (DDT, etc.)

prolongs falling phase, neuronal hypersensitivity / tremors, SZ, respiratory depression / increased  p450, infertility / cholestyramine, BZs for SZ

Organophosphates (irreversible) 

irreversibly phosphorylates AChE / muscarinic, nicotinic, CNS 
Treatment: 
· decontamination (remove clothes, etc.)

· anticholinergics (atropine)

· anticonvulsants (only benzodiazepines are effective; not other types of SZ meds; may have to give large doses, ~ 40mg)

· 2-pralidoxime (2-PAM) (effective early, does NOT cross BBB, not effective for carbamates determine dose by pseudocholinesterase activity) / TOCP causes MS-like demyelination

Note: some nerve agents create “aged complexes” which are refractory to oxime treatment

Organocarbamates (reversible, mild Sx)
CCl4

free radical (lipid peroxidation) / liver, CNS, renal failure

benzene
linked to acute leukemia, CNS toxicity

hexane

peripheral neuropathy

Alcohols
Ethanol (ETOH)


CNS depression, hypoglycemia, vasodilation (CNS depresses peripheral vasculature) 
chronic: cirrhosis / FAS

· intoxication or inebriation, 100-150 mg/dL

· loss of muscle coordination, 150-200 mg/dL

· decreased level of consciousness, 200-300 mg/dL

· death, 300-500 mg/dL

Methanol (MeOH)

Mechanism: alcohol dehydrogenase (ADH) metabolizes MeOH to formic acid (acidosis) and formaldehyde (retinal ganglion cell blindness, bilateral putamen and claustrum necrosis) at 1/7 th rate of EtOH 

Treatment: hemodialysis if early, ethanol competes for ADH, increased excretion of MeOH, but the latest treatment is fomepizole (inhibitor of ADH) which acts in similar mechanism as ETOH but less toxic, more controlled

Prognosis: 1/3 recover, 1/3 severe blindness, 1/3 die
Isopropanol 

worse than ethanol, not as bad as methanol / slower oxidation, longer CNS effects

Ethylene glycol

CNS depression (EG), renal failure (oxalate stones), metabolic acidosis (oxalate/formate), hypocalcemia

Treatment: hemodialysis, ethanol, bicarbonate, Ca supplement (oxalate chelates Ca)

Other chemicals

Chlorinated aromatic compounds (TCDD ‘agent orange’, PCB)

induces p450 and others by signal transduction pathways / acute:  N&V, HA, irritation, burns  causes chloracne / chronic symptoms: elevated porphyrin excretion, hyperpigmentation, CNS, PNS, liver, teratogen/carcinogen?  

Inhalants
can cause fatal arrhythmias when combined with catecholamines (such as with exercise after inhalant use)

Bioterrorism (acp resources)
Anthrax (see micro)
Smallpox (see micro)

Yersinia pestis

Tularemia

Level IV Viruses (Lassa, Rift, Ebola, Yellow fever)

Radioactivity (pdf)

acute radiation sickness
· prodrome: hours to days / nausea, vomiting, diarrhea

· latent phase: 2 to 6 wks with dose-dependent and variable effects / bone marrow suppression (at 2-3 weeks), GI (malabsorption), SZ, death

Nerve Gases (acp) (pier)


Vapor, early symptoms ( eyes, rhinorrhea, salivation, lacrimation

Later symptoms ( nausea, vomiting, diarrhea, muscle fasciculations, central apnea, status epilepticus 


Treatment: see organophosphates
Sarin (tabun, soman, cyclosarin)

organophosphates / onset within minutes to hours

VX
more stable, can last in environment longer than others, symptoms can occur long after exposure
Mustard Gas (sulfur mustard)

onset 2 hrs to 2 days / skin (erythema), eyes (conjunctivitis, blepharospasm, pain, corneal damage), airway obstruction / late bone marrow suppression (7-21 days) / no antidote / Treatment is supportive


Cyanide
colorless, smell of almonds / eye irritation, flushed skin, confusion, tachypnea, tachycardia, ARDS, hypoxemia, lactic acidosis / Treatment: sodium nitrate, sodium thiosulfate

Drugs of Abuse (see pharm)
Nutritional Pathology / Vitamins

Water soluble

B1 (thiamine) / B2 (riboflavin) / B5 (niacin) / B6 (pyridoxine) / B12 / folate / vitamin C 

Fat soluble

A / D / E / K
Kwashiorkor


lack of protein despite sufficient caloric intake / apathy, edema, subcutaneous fat, enlarged fatty liver, low serum albumin / sometimes pigment changes (flaky-paint sign) / anemia due to decreased iron, protein, transferrin

Marasmus


starvation (lack of caloric intake) / alert and hungry (unlike Kwashiorkor) / stunted growth, loss of subcutaneous fat, muscle atrophy / no edema or liver enlargement
Malnutrition
1. unintentional weight loss > 10% body weight in < 3 months

2. body weight < 90% ideal for height (< 80% malnourished, < 70% severely malnourished, < 60% incompatible with life)

3. BMI < 18.5

Thiamine (B1)

precursor of TPP, a cofactor of pyruvate dehydrogenase (alpha-ketoglutarate), transketolase 
(hexose and pentose phosphate shunt pathways) 
Sources: yeast, pork, beef, legumes, whole grains, nuts

Note: coffee/tea reduces levels (by destroying enzyme)
Dosing: can be given IM or IV / always give thiamine to alcoholic before sugar to prevent acute Wernicke’s (from carbohydrate load)

Dry Beri-beri
 (peripheral neuropathy, Wernicke-Korsakoff) 

Wet Beri-beri (peripheral arteriolar dilatation, high output heart failure)

occurs ≥ 3 months of thiamine deficiency
Treatment: thiamine

Ddx (for high-output heart failure): Paget’s, hyperthyroid, AVM, anemia, pregnancy
Riboflavin (B2)

malnutrition, alcoholism / FMN, FAD precursors / dermatitis, neuritis (carpal-tunnel, spinal cord pain, joint pain), mucous membrane 

Dosing: oral replacement

biotin, pantothenic acid
necessary

choline, carnitine

undetermined

Niacin (B5)

severe malnutrition, alcoholism / NAD, NADPH precursors

Deficiency: pellagra [pic][pic] (dermatitis, dementia, diarrhea), photosensitivity
oral replacement / corn-based diets are low in niacin, tryptophan / high dose treats hyperlipidemias (see pharm) / Symptoms: pruritis, flushing, HA

Hartnup’s disease [pic]
defect in GI uptake of neutral amino acids, increased renal tubular loss / (tryptophan is a precursor which can be converted to niacin, corn is low in tryptophan) / causes attacks of cerebellar ataxia, which resolve spontaneously / Treatment: can be reversed by nicotinic acid
Pyridoxine (B6)

converted to cofactor in amino acid metabolism (including homocysteine to cysthionine) / increases peripheral DOPA decarboxylase (so contraindicated for Parkinson’s) / found in legumes, nuts, wheat bran, meat

Decreased by: malnutrition, INH, L-Dopa, penicillamine, ethanol
Deficiency: dermatitis, glossitis, stomatitis, cheilosis, neuritis, carpal tunnel, microcytic/hypochromic anemia
Excess: large amounts over time can cause neuropathy

Cyanocobalamin (B12)

Physiology: acid pH in stomach cleaves B12 from binding protein, intrinsic factor (IF) binds B12 which is then absorbed by ileum and distributed to liver et al via transcobalamin / B12 necessary for conversion of methylmalonyl-CoA to succinyl-CoA

Diagnosis: can check serum B12 levels, serum methylmalonyl-CoA levels may be ↓ in cases with equivocal or normal B12 levels
Deficiency: (note: normal diet can produce enough B12 stores for 10 years!)
· folate trapping ( hyperhomocysteinemia

· megaloblastic anemia (most commonly macrocytic anemia but can cause pancytopenia) 
· CNS myelin problems (malonyl CoA carboxylation) ( progressive dementia
· subacute combined degeneration ( ataxia, spasticity, loss of proprioception
· degeneration of the corticospinal tracts ( (+) Babinski, weakness
· degeneration of large sensory fibers ( paresthesia, hyporeflexia, absent joint position, vibratory sensation, sensory ataxia

· diarrhea

Replacement: must make diagnosis and replace immediately to prevent permanent neurological damage / SC or IM (PO is usually useless)

Folic acid (Folate)
deficiency from enterohepatic recycling disease, duodenal/jejunal disease (sprue), surgery, 1st trimester syndrome

Deficiency: megaloblastic anemia, neural tube defects (1st trimester deficiency), ischemic heart disease (via homocysteinemia as folate is required for conversion of homocysteine to methionine)

Replacement: PO or IM for alcoholics (do not let folate therapy mask B12 anemia) / found in cow’s milk and breast milk (not in goat’s milk), green leafy vegetables
Pregnancy: DM and VPA therapy necessitates an increase of 4 mg/day folate to prevent neural tube defects

Vitamin C (ascorbic acid)
hydroxylation reactions (collagen crosslinking) / facilitates Fe absorption in GI tract / anti-oxidant immune function (wound healing, infection) / neurotransmitter synthesis / scurvy (skeletal changes, hemorrhages; perifollicular papules, capillary fragility)
Replacement: oral replacement / high doses give false positive urine glucose, false negative guaiac / megadose gives diarrhea, renal damage (oxalate stones), can precipitate hemolysis in G6PD patients
Vitamin A (retinoids)

stored in liver / retinol binding protein / eye: 11-cis-retinal plus opsin gives rhodopsin / tissue: retinoic acid (hormone-like action) induces cell growth and differentiation (morphogenesis, epithelial regeneration)

Deficiency: night blindness, xeropthalmia (Bitot’s spots), GI/respiratory barrier disruption 

Used for treatment of psoriasis (topical, systemic), acne (topical RA and oral accutane), keratinization disorders, photoaging, acute promyelocytic leukemia, head and neck CA chemoprevention / B-carotene (anti-oxidant) may decrease risk of lung cancer

Excess:
· Acute: neurological (increased ICP, vertigo, diplopia, seizures), exfoliative dermatitis

· Chronic (>15mg/d for months): lymphadenopathy, pseudotumor cerebri, hepatic fibrosis, hepatic fibrosis bone demineralization (hyperostosis, spurs, fusion)

· Teratogenic (congenital malformations, spontaneous abortions)
Vitamin D (see parathyroid)

Vitamin E
anti-oxidant (A,C,E) / reduces cholesterol oxidation, decreases atherosclerosis / deficiency causes spinocerebellar degeneration, skeletal muscle changes, hemolytic anemia in infants
Vitamin K (phytonadione)

carboxylation of prothrombin (II)-complex proteins, VII, IX, X / made by GI flora Deficiency: malabsorption (including antibiotic-induced deficiency, biliary insufficiency), poor dietary intake, liver disease / transient deficiency of newborn (pre-colonization) 
increased PT first, then aPTT will also go up later / IM therapy, prophylaxis for newborns

Treatment: can give SC or PO (can give IV but some people think there is increased risk of anaphylaxis; some studies say no) / effect is delayed (so if trying to correct asymptomatic mildly elevated INR, be careful not to give too much)

Deficiencies with Short Bowel Syndrome

Essential fatty acids
Eczemoid dermatitis,[image: image7.png]


20:3/20:4 fatty acid ratio in serum

Vitamin A

night blindness, impaired dark field adaptation

Vitamin E
in vitro platelet hyperaggregation and H2 O2 -induced red blood cell hemolysis; signs and symptoms suggestive of subacute combined degeneration (posterolateral columns) in the presence of a normal serum B12 level

Biotin 
scaly dermatitis, alopecia [dermis] 
Thiamine
Wernicke’s syndrome (encephalopathy, orthostatic hypotension), refractory lactic acidosis, cardiac failure (different?)

Cobalamin (B12 )
weakness, paresthesia, diarrhea, dementia, megaloblastic anemia, subacute combined degeneration

Zinc
nasolabial and perineal acrodermatitis, alopecia, decreased T cell function, decreased alkaline phosphatase, dysgeusia


Excess: nausea, vomiting, fever / chronic (immune dysfunction and hypochromic anemia from secondary copper deficiency)
Chromium

glucose intolerance, peripheral neuropathy

Copper
neutropenia, anemia, scorbutic bone lesions, [image: image8.png]


ceruloplasmin, kinky hair, impaired central nervous system development


Excess: hepatic toxicity and chronic (same as Wilson’s disease)
Selenium

myalgias, cardiomyopathy, [image: image9.png]


glutathione peroxidase and serum selenium

Molybdenum

tachycardia, tachypnea, central scotomas, irritability, [image: image10.png]


uric acid

Surgery

Pre-op evaluation
Trauma/Burns
Organ Transplantation
Cardiac Pre-Op Evaluation/Clearance

· [ACP guidelines 1] [ACP guidelines 2]

General

Pre-Operative Cardiovascular

· use of perioperative B-blockers recommended for patients with CV risk factors or known disease; however, its use is probably not as helpful in low-risk patients / risk of postoperative cardiovascular complications does not appear influenced by stable HTN, elevated cholesterol, obesity, cigarette smoking or BBB

Post-Operative Fever

· atalectesis – occurs early – low temp

· wound infection (Abx, drainage)

· early: Streptococcus (common), Clostridium (uncommon) 

· late: staphylococcus / includes IV site infections

Note: 85% of postoperative S. epidermidis or MRSE (so vancomycin)

· intra-abdominal sepsis/abscess – 5-7 days (get CT abdomen)

Pre-Operative DVT prophylaxis

1/07 current recommendation is to stop Lovenox either night before surgery (12 hrs or some now are saying full 24 hrs before to allow anticoagulation effect to fully wear off)


DVT prophylaxis (in general)

· reduces risk of DVT by 50% and PE 60%

· relative risk increase of severe bleeding episodes 1.3

Post-Operative DVT prophylaxis

many types of surgery requires DVT post-op prophylaxis


Current recommendation for elective surgery for abdominal cancer is 4 weeks Lovenox
Preoperative Endocarditis Prophylaxis (see other)
Fluids

Note: can get tachycardia with volume overload as well as volume depletion

Note: FFP and PRBC’s stay in blood compartment – thus, can have more lasting effects on fragile heart or lungs

Orthostatics: increase of  > 15 HR or > 15 mm Hg (less if diastolic BP)

Other

 
Air in body cavity (iatrogenically caused)


Prevertebral emphysema [pic]
Trauma/Burns

Trauma
Airway
 
Breathing
Circulation
IV access: 2 large-bore (Q = l/r4 / volume status: check urine output

O2: give oxygen to increase O2 sat and dissolved O2 

Plain Films: chest (1st), cervical, pelvis

Labs: CBC, H/H, UA, drug screen, amylase?

must keep spine immobilized (can r/o cervical spine trauma in awake/alert patient)

thoracic spine / cord transection / – rectal exam (feel for prostate/rectal tone)

Causes of internal hemorrhage
· spleen (1st), liver, kidney, mesentery, pancreas, Jejunum more likely to rupture

· bladder (then spleen, liver) most commonly injured intra-abdominal organ from blunt trauma

diagnostic peritoneal lavage (DPL) 

decompress stomach and bladder

open laparotomy if high RBC (over 10,000)

r/o with CT abdomen – triple contrast (oral, rectal, IV) to r/o ureteral injury, colon 

if high-prostrate or frank blood in urine ( don’t put a Foley / get retrograde urethrogram

Chest Trauma

In-depth exam / upright CXR (if possible) / ABG, pulse oximetry / ECG

Blunt cardiac injury

Myocardial contusion (10% with shock or arrhythmias)

Widened mediastinum (10% with aortic rupture)

Pulmonary contusion 

Within 12 hrs of injury – worsens for 48 hrs – then gets better – or progresses to ARDS

Tip: r/o esophageal rupture with barium contrast when suspecting oral-pleural communication because water-soluble contrast creates an ARDS-like picture
Eye Trauma

1 million cases/yr / get optho consult within 24 hrs with acid/base burns, decreased visual acuity, severe conjunctival swelling, corneal clouding

Foreign body (25% of eye trauma) ( consult with any intraocular foreign body (even without physical exam findings) / Wood’s lamp (fluorescein dye given now and serially every day) / antibiotics

· Fe, steel, Cu ( inflammatory reaction

· Glass, lead, stone ( decreased inflammatory reaction

· Vegetable ( purulent endopthalmitis

DO NOT examine a ruptured globe / patch and refer to optho STAT

eyelid laceration can be repaired after ruling out lid margin and lacrimal apparatus involvement

Burns
Rule of 9’s / palm = 1%

Get CO-Hgb levels

Fluids: 2-4 ml/kg per % of involved surface area

give ½ of total in first 8 hrs, next ½ in next 16 hrs (based from time of injury)

Lacerations

Basic laceration repair [video]
Arterial Lines


Placement of arterial lines [video]

Organ Transplantation


Liver

Lung

Renal

Heart

Bone Marrow (see below)

Types of Immunosuppressants

OKT3 (antibodies)
 
decreases T-cell numbers

ALG (antibodies?)

decreases T-cell numbers

Steroids


moves lymphocytes into RES and decreases Il-2 production

Radiation

Azathioprine (Immuran)
decreases DNA synthesis

Cyclosporine (Sandimmune)
blocks IL-2 / decreases T-cell numbers

Types of Rejection

Hyperacute rejection (mins to hours)

vasculitis, thrombosis, necrosis – antibodies to MHC, ABO blood groups

Acute rejection (months)


Repeated attacks

Chronic rejection


Eventual fibrosis


Problems

Neutropenia (common)

Cystitis (with Cytoxan)


Oral mucositis, alopecia (common)

Venoocclusive disease of liver (from hypercoagulable state; peak incidence ~day 16)

Bone marrow transplantation (BMT)
used for AML and others / immunosuppressive agents then used to prevent graft versus host disease (GVHD) of skin, liver, GI tract, eye, ~kidney / timeline of pulmonary complications after BMT [diagram] / syngeneic (identical twins) are less likely to cause GVHD than allogeneic transplants (however they are also less likely to cure malignancy because of lack of “tumor-versus-host” effect)

Problems

Gonadal dysfunction: both men and women


Total body irradiation: cataract formation, thyroid dysfunction


Cognitive dysfunction: reasons not entirely clear

Neutropenic Fever

· Neutropenia: neutrophil count < 500 cells/mm3 or < 1000 cells/mm3 with predicted decrease to < 500 cells/mm3
· Fever: single oral ≥ 38.3 C (101 F) or ≥ 38.0 (100.4 F) for ≥ 1 hour

· Nadir of WBCs 10-14 days after chemotherapy / risk of infection increases with duration/severity of neutropenia (>7-10 days)

· 5-10% of cancer patients die from neutropenia-associated infections

· elderly and immunosuppressed may not mount febrile response: cellulitis may not be obvious, pneumonia without infiltrate on CXR, meningitis without typical CSF findings, UTI without pyuria, etc.

· necrotizing enterocolitis (typhlitis): cecum > large bowel/ileum / may result in bowel perforation or infarction

Treatment:

· remove (non-tunneled) lines/catheters; talk to ID about more permanent/tunneled lines in case there is a need to attempt to treat through it)

· S. aureus and S. epidermidis (coagulase negative) are most common (more likely to be able to treat through line infection with coagulase negative Staph; most other organisms (fungus, gram negative, etc.) or if patient is septic/hemodynamically compromised, line will almost certainly require removal
· pip/tazo or cefepime 

· consider adding cipro or tobramycin for double coverage of Pseudomonas (e.g. if pneumonia suspected)

· add vancomycin if suspect gram positive or (+) lines

· if PCN allergic ( tobra/cipro/metro

· if fever persists 3-5 days, can add amphotericin B and/or vancomycin empirically

G-CSF or GM-CSF can be used to decrease neutropenia

1. if pt has history of febrile neutropenia with previous round of chemotherapy

2. if pt has 40% of becoming neutropenic

give before pt becomes neutropenic (takes 3-5 days to start working)

GCSF has been shown to reduces hospitalization and duration of neutropenia following chemotherapy (no overall change in mortality demonstrated as of time of this notation 8/04)

Note: use of G-CSF once patient already neutropenic controversial 8/04

Erythropoietin can be used to increase red blood cell count but it takes weeks to work, and will probably not work if patients own erythropoietin levels already > 100 mU/mL 

Emergency Medicine (not in other places)

Frostbite


Rapid rewarming in bath 37-40 / give analgesics / can lower temperature if too painful



No medications proven to improve outcome as of 1/07



Usu. best to defer decision about amputation until viable tissue margins become demarcated

Long term complications: neuronal injury with abnormal sympathetic tone, cutaneous carcinomas, nail deformities, epiphyseal damage (in children)

Methemoglobinemia (see other)

Environmental / poisonings / ingestions / etc
Other Topics

Evidence Based Medicine

RRR (relative risk reduction)

ARR (absolute risk reduction)

NNT (number needed to treat) = 1/ARR

Randomization using volunteers eliminates lead time, selection, and length bias (overdiagnosis)

Does not eliminate generalizability error

· Trials using volunteers ( efficacy studies

· Population-based subjects ( effectiveness studies

Disclaimer:
The information on this site is intended for educational purposes only. The information provided on this site is not to be used in the provision of health care to any individuals.
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