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I. BASIC PRINCIPLES
A An organ is in homeostasis with the physiologic stress placed on it
B. An Inerease, decrease or change in stress oncan organ can result ingmwﬂ:_
adaptatbans.

GROWTH ADAPTATIONS ‘

II. HYPERPLASIA AND HYPERTROPHY
A, AR Increase in stress leads 1o an increase in OTEan sie.
L, Oecurivia an incrense in the size {hvpertrophy] and/or the number
[Byperplasia)l of cells
B. Hypertrophy invalves gene activation, protein synthesis, and production of
organelbes,
= Hyperplasia involves the prodection of new cells from stem cells,
[3. Hyperplasia and hypertrophy generally occur together leg., wterus during
pregnancy).
L. Permanent tigaues (eg., cardisc muscle, skeletal muscle, and nerva), however,
cannot make aew cells and undergo hypertrophy only.
2. Tor example, cardiac myocytes undergs hy pertnophy, not hyperplasia, in
response to systemic hypertension (Fig, 1.1).
E Pathologic hyperplasia {e.g.. endometrial hyperplasia) can progress to dysplasia and,
eventually. cancer,
L A notable exception 15 benign prostatic hyperplasia (BPH). which does not
increase the risk for prostate cancer.

il ATROPHY
A A dacriaes im gl nee {EE... decreaced horminnal stimmolation, die, ar decreagad
nutrignts/blood supply) leads to a decreass in organ size latrophy).
1. Occurs via a decrease in the size and number of cells
B, Decrease in cell number ocours vin apoptosis,
C Decrease in cell sixe occurs vin ubiquitin-proteosome degradation of the
cytoskeleton and antophagy of cellalar components.
L Inubiguitin-professome degradation, intermediate hlaments of the cvtoskeleton
are"tagged ™ with ubiguitin and destroved by protecsomes.
2 Autaphagy of cellular components involves generation of autophagic vacuoles.
Thene vacuoles fuse with hysasomes whose hydrolytic ensvmes breakdown
cellular components.

IV, METAPLASIA
AL A change in siress on an organ leads to o change in cell type (metaplasia),
1L Most commonly invelves change of one tvpe of surface epithelium (squamots,
solwmnar, or wrothelial) bxanother
2. Mempiagtic cells are betier able to handie the new stress.
B.. Barrett esophagus i a classic example.




1. Esophagus is normally lined by nonkeratiniding squamons epithelium (suited w
fezmithe friction af 2 food bolas)
2. Acid veffux feom the stomach canses rru-b.]:h_'.iu. i nenciliated, m_uci_n--Fru.d_ucinE_
columioar cells (hetter abie 10 handle the stress of ackd, F'E" L2}
C. Mietaplasia occurs via reprogrammming of stemi eeils, which then produce the new cell
Ve
L. Metaplisia s reversible, in theory, with remdval of the driving stressor,
2. Forexample, treatment ol gastmoesophageal reflux may reverse Barrett
esophagus
I, Under persistent stress, metaplasia can progress 1o dvsplasta and eventually result in
Cander,
1. For example, Barratt esophagus may progress to adendcarei noma of the
-E:a‘:-Ph.aE;us.
2. Anctable exception is apecrine metaplosia of breast, which <arrses no increased
rizk for cancer.
E. Wiamin A deficiency canalso result in melapdasia,
1. Vitamnin A is necessary for differentiation of specialized epithelial surfaces such
as the conjunctiva covering the eve.
L Invitamin A deficiency, the thin squamous lining of the conjunctiva underposs
metaplasia inta stratified keratinizing squamous epithelivm, This change is
cakled keratomalacia (Fig. 1.3
k. Mesenchymal [connectivel tissues con also undergn metaplasa.
L A classic example is myositis ossificans in which muscle tissue changes to bone
during healing after trouma (Fig, L4).

DYSPLASIA

A, Disordersd cellular growth

B. Muost ofien refers to proliferation of precancerous cefls
1. Forexample, cervical intraepithelial neoplasia (CIN) represents dysplasiz and is

@ precursor to cervical cancee.

C. Often arises from longstanding pathologle byperplasia ie.g. endomettal
hyperplasia) ar neetaplasia (e.g.. Barrett ssophague)

v Drysplasin is reversible, ln theory, with alleviation of inciting stress,
L It steess persists, dysplasia progresses 1o carcinoma (irreversible),

VL APLASIA AND HY POPLASIA

A. Aplaziz ks failuse of cell production during embryogenedds (e g, unilateral renal
agenesis]

B. Hypoplasiais a decrease in cell production during embryogenests, resultingin a
relatively small organ (e.g.. streak ovary in Turner syndrome)

Fig. 1.1 Left veptnicular hypertiopdy! (Courtany of - Flg. 1.2 Bamect ésophagus.
Aliya Husain, ML



CELLULAR INJURY

L BASIC PRINCIPLES
A, Cellular injury occurs when a stress exceeds the cell’s ability to adapt.
B. The likelihood of injury depends on the type of stress, it severity. and the type of
cell affecied
. Meurons are highly susceptible to tichemic injury; whereas, skeletal muscle is
r|."".:|.1i'rd.:.' more resistant.

[

Slowly developing ischemia {e.g. renal anery atherosclerosis) results in atrophy;

whereas, acute ischemia (g, Tenal arrery embolis) resulis inanjury

C. Uotmman causes of cellular injury include Inflammarion, nutritional deficiency or
excess, hypoxia, trauma, and gemetic sutations.

Il HYPOXIA
A, Low oxygen delivery To tssue; impoctant cavse of cellular injury
l. Omxygen is the fimal electron acceptor in the electron transport chain of oxidative
phosphorylation.
2. Decreased oxygen impairs oxidative phosphorylation, resulting in decreased
ATE production,
3. Lack of ATP (essentinl eneryy source) leads to cellular tnjury.
B. Causes of hypoxia include ischemia, hypoxemis, and decressed () -carryving capacity
of Dloeid,
€. |schemia ks decreased biood flow through an organ. Arises with
L. Decreased arterial perfusion (e.g.. atherosclerosis)
L. Decreased venous drainage (e.q. Budd-Chiari syndrome)
1, Shock—generalized hypotension resulting in poor tissue perfusion
D. Hypoxemia is  low partial pressure of axygen in the blnad (Pan, < 60 mm Hg, Sa0,
< BV, Arisas with
LH igh altitude— Decreased barometric Pressure results in decreased 'Fm:'u:.

1, Hypoventilition—Increased Paco, ceaulis in decreased Pag,

} Diduston defect—Pao, not able o push a5 much O, intathe blood due toa
thicker diffusion barrier (e.g. Interstital pulmonacy fbrosis)

4. VI mismatch—Blood by passes axygenated lung (circulation problem, e.g.
right-to-left shunt), or exygenated air cannoet reach blood (ventilation problem,
.., atefectasis),

E. Decreased O -carrying capacity arises with hemoglobin (Hb) kiss or dysfunction.
Examples inchide
L Ansmia (decrease in RRC mass)—Pa, norma ls Saiy, normal

1 Carbein maikoxide ppisnnins

Fig- 1.3 Keratomalada, (Courpeyy ol Fig. 1.4 Myosits Qssifcans, (Heprinted with
motherchildrutetion o) permmsion from arthopaedia com|




i. OO binds hemopglobin moremadly than corgen—Pao, normal; Sao,
decreased

ii. Exposures incude smoke from fres and extiaust from cars or gas heaters.:

oL Classie hnding 15 cherry-red appearance of skin.

iv. Earlysign of exposure is headnche: signibicant exposure leads 1o coma and
death.

Methemogiohinemia

L Tron In heme is exidized to Fe**, which cannot bind oxygen—FPao, normal;
San, decreased

b Seen with oxidant steece (o, sulfs and aitrate deuge) or in newborne

bk, Classc inding 15 cyanosid with chicolate-dolored Blocd,

iv, Treatment is intravenous mothylene bhie, which helps reduce Pe' back to
Femslate.

Las

1L REVERSIBELE AND IRREVERSIBLE CELLULAR INJURY
A, Hypoxda impalrs oxidative phosphorylation resniting in decreased ATE.
B Low ATP disrupts key cellufar funclicns inchuding
L Ma'-k* pump, resubting in sodiom and water baildup in thecell
2. Ca'™ pump. resiilting in T buildup in the cytosol of the cell
A Aerobic pheeobysis, resulting in a switch fo anaerobic glveolvais: Lactic ackd
buildup resulis in low pH, which denatures proteing and precipitates DNA.
2 The initial phaseof injuwey is reversible. The ballmark of reversible dmjury s cellufar
swilling.
L Cytosol swelling reaules in loss of microvilli and membrane blebbing.
2. Swelling of the rough endoplasmic reticulum (RER) results dn-dissociation af
ribosomes and decreased protéin synthesls,
In Eventually, the damage becomes irreversible. The hallmark af icpeversible injury is
membrane damag.
L Plsma membrane damapge results in
i C}"bnm'lil: ENEYITIES !e:.ki.ng il the serom (e.q.. cardiae troponin
ii. Additionzl calcium entering inbo the cell
2. Miuoschondrial membrane dqmnﬂe results in
i Loss of the election transposte chitin {inmer mirochond ria | membrane)
i Cytochrome ¢ leaking Inte cytoscel (activates apoptosis]
% Lysosome membrane damage resulis in hydrolytic enzymes leaking into the
cytosal, which, in turn, are activated by the high intracellular calcium.
E, Theend result of itreversible injury is cell death,

Fhg. 1.5 Caagulabive necorosts of kidnay. &, Gross appesande, B, Microscapic appeamnce, €, Mormad kdnely histebogy for comparizon
1A, Coarbesy of Aliya Husain, MO



CELL DEATH

L BASKC PRIMCIPLES
A The morphologic hallmark of cell death §s loss of the ancleus, which coours via
nuciear eondensation (pyknosis), ragmeniation (karvorekesis), and dissolution
[ Karyodvsish
B. The two mechanisms of céll death are nacrosis-and apoptosis,

I, NECROSIS
A. Death of large groups of cells followed by acute inflammation
B. Duetosome underlving pathologic process: never physiologic
., Divided 1nto several types based on gross featires

I GROSS PATTERNS OF MECROSIS
A f.-:laELﬂn.li.vr AECAoEL S
L Necrotic lissue that remains firm (Fig. 1.5A% cell shape and argan structure are
preserved by cougalation of proteins, but the nucleus- disappears (Fig, 1.58).
2 Characteristic of ischemnic infarction of any organ except the brain
3. Area of infarcted tissue i often wedge-shaped {pointing to focus of vascular
dclusion) and pale.
4 Red infarction arises if blood re-enters o boosely organized tissue (e.g.
pulmonary or testicular infarction, Big. 1.4).
B. Liquefactive necross
1. MNecentic tissne that becomes ip:tuuﬁ-ﬂ.:lz envrvmatic brxiz of celles and protein resulis

in I||'|'.|..-Pm:'rmn

2, Charscteristic of
b Brain infarction—Proteclytic enzymes from microglinl cells liguely the |
braim,

il. Abscess—Proteolvtic enzyvmes from neatrophils fiquely fissue,
ili. Pancreatitts—Protealyiic encymes from pancreas liquefy parenchyma.
. Gangrendus necross
I. Coasgulative necrosis that resembles mummibed tissue (dry gangrene, Fig. 1.7}
Characteristic of tschemia of lower limb and G tract
IF superimposed infection of dead tissuss occers, then liquefactive necrosis
fria e sl gangrenel,

ek

. Cagenos necrosie
I Softand frinble necrotic tissue with “cottage cheese-like™ appearance (Fig. 1.8)
2. Combination of coagulative and liquefactive necrosis
3. Characteristic of granulomatous nflammatkon due to tuberculous or fungal
infection

Fligy. 1.6 Hesmcomh agac mfaretion of tasticle. Fip- 1.7 Bry gangrana, Fig. 1.8 Casenes necnosts of lurg iCoustesy of
Comarnesy of hurnpath.com) Yale Rosen, MDY




Fat necrosiy
1. Necrotic adipose tissue with chalky-white appearance due to deposition of

calcium [Fig. 1.9)

2. Chafacteristic ol trauma to ft (g g bréadt) and pancreatitis-mediated dadagd of

]:!eri.'_pﬂrr:r-au.li.c fat

.S f-'.l.l:'l*_r acids réleased |:|-].'|::ru.|.|.mu. :"'5'* 1o bronst) or lifrusu I:E.E., an:rear_'il.ull Fain
with calcium via a process called saponification.

I Haponificarion izan exsmple of dystrophic cakification in which calciom
deposils un dexd tissues. Indvereophic calaficatio, the pecmtic tisiee
203 as a nidus for calcification in The setting of mormai serum calcium and
phosphate,

il Drystrophic calcification is distine from metastatic calcification, fnwhich
high serum calcium or phosphate levels bead toecalciom deposition in normal
tissues o, yperparathy roadism feading 1o nephrocalcinosish

Fihrinaid necrosis

1. Wecratic damage to bload vessel wall

2. Leaking of proteins {inchuding fibrin} into vesesl wall recultein bright pink
sminins of the wall mi:n'.di:-u-]:!brn“‘g’ [|"_IH. L.10}.

3, Charpcleristic nfrn..1|E!:|1q.|:|l; h}']:-eﬂensil;m and vascolitis

v, APOPFTOSIS

A

Fig. 1.9 Fat necrosis of peri-panoreatic ndipose
tisn. (Conirtesy of humpath.com)

Energy [ATP)-dependent, genetically programmed cell death invalving single cells
or small groups of cells. Examples inclde
1. Endometrial shedding during menstrual cvcle
2. Bemueeal of cells during embryogenesis
3 CDE''T cell-mediated killing of virally infected cells
Morphology
L Dwing cell shrinks, leading cytoplasm to become mare essinophilic {pink, Fig. L11),
2. Muoclens oondenses (pyknosisy and fragments (karvorehexid.
3 Apoptotlo bodies fall from the cell and are removed by mmcrophages; apoptoss i
oot followed by inflammation,
Apoptods i mediated by caspases that activite proteeses and endonucdesses,
b Proteases break down the ovioskeleton.
2. Endomucleases break doswn DMNA
Caspases are activated by multiple pathwsys
I, Intrinsic mitochondrial pathway
Lo Ceflular injury, DNA damage, or loss of hormonal stimilation lads to
inactivation of Bell.
i Lack of Bel2 allows cytochrome ¢ to leak from the inner mitochondrial matrix
into the cytoplasm and activate caspases.

g

Fig- 110 Fibinoid necrosis af vessel



1L,

L. Extrinsic receptor-ligand pathway
i. PAS ligand binds FAS death receptor (CD95) on the target cell, activating
caspases (e.g., negative selection of thymocytes in thymus).
L Tumor necrogis factor (TNF) binds TNF receptor on the target cell,
activating caspases.
3. Cyiotosic CDR* T cell-mediated pathway
L Perforing secreled by CD8' T cell create pores in membrrane of target cell,
il Granzyme from CD6° T cell enters pores and activates caspases.
it CO8" Tocell killing of virally infected cells is-an example.

FREE RADICAL INJURY

BASIC PRINCIFLES
A, Free radicals are chemical specles with an unpaired electron in their outer orbit
B, Physiologic generation of free radicals occurs during oxidative phosphorylation
L. Cytochrome ¢ oxldase {complex IV) transfers electrons to oxvgen.
2, Partial reduction of O, yields superoaide (07, hydrogen peroxide (1,03 and
hydroxyl radicals (OHL
iZ. Pathologic generation of free radicals arises with
L. Tomizing radiation—water hydrolyeed to hydroxyl free radical
2. lnflammation—NADPH oxidase penerates superoxide ions during oxygen-
dependent killing by neutrophils.
3, Metls {e.g., copper and iron)—Fe'* generates hydroxyl free radicals (Fenton
reaction).
4. Drugs and chermicals—P450 system of liver metabolizes drugs (e.g.,
acetaminophen), generating free mdicals.
D. Free radicals cause cellular injury via peroxidation of lipids and oxidation of DNA
and proteins; DNA damage is implicated in aging and oncogenesis.
E. Elimination of free rmdicals ocours via maltiple mechanisms.
1. Antioxidamts (e, glutathione and vitamins A . C, and E)
2, Enzymes
L Superoxide dismutase {in mitochondriz) —Superoxide {00 — H O,
ii. Glutathions peroxidase {in mitdchondria)—GSH + fres radical =+ GS5H and
HO
iii, Cotalase (in peroisomes)—H_ O, — 0, and H.O
3. Metal carrier proteins fe.g., transféerrin and ceruloplasmin)

FREE RADICAL INJURY
A, Carbon retrachloride (CCL)
1. Organic sebvent used in the dry cleantng industry
2. Converted o CCl, free radical by P430 system of heparocytes
3. Results in cell injury with swelling of RER; consequently, ribasomes detach,
impairing protein synthesis.
4, Decreased apolipoproteins kead to fatty change in the Hver {Fig. 1.12).
B Rl.‘pm'ﬁmun imjury
- Return of blood to ischemic tissue results tn production of O _-derived free
raclicats, which farsher damage tissoe,
2, Leads 1o a continued rise in cardisc enzymes (g, tropanin] afier reperfusion of
infarcted mipocardial tiscue




Fig. 112 Fatty change of fiver.

AMYLOIDOSIS

[, - BASIC FRINCIPLES

A. Armyloid is o misfolded protein thit depositsin the extracellular space. thereby
damaging tissues,

B, Multiple proteins can depogit az amyloid Shared fatures include
1. ﬂ--TrIH.tcd sheet con ﬁ.gutu'rinn
2. Congo red staining and apple-green birefringence when viewed microscopically

under polarized light (Fig.1.13)
. Depasition can b systemic or localized.

[l SYSTEMIC AMYLOIDOSIS
A, Primary amvhoidoesis is ovstemic deposition of AL sinyloid, which isderived rom
immunoglobuelin light chain,
L. Associated with plasma cell dvscrasias feg:, multiple mvelomal
B Secondaramyloidosis is systemic deposition od AA amyinid, which is-dedved from
seriom amyloid-associated protein (SAA]
I. SAA s an soute phase reactant that is increaced in chronic inflammatory stutes.
mealignancy, and Familial Mediterransan fever (FMF)
FMF is duc toa dysfunction of pestrophils jautosamal recessive) and occurs in
persons of Mediterranean origin.
i. Presents with episodes offever and acute serosal inflammation (an mimis
appendicitis, arkhritis, or myeambal infarctiond
ii. High 5AA during aitacks deposits as A4 amyloid in tissues,
L. Clinical indings of systemic amyloideosis include
L, Mephrofic syndrome; kidoey is the most commion organ lovolved.
3. Restrictive cardiomyopathy or arthythmia
3. Tonguc.enlargement, malabsorption, and hepatosplenomemaly
[0, Mapnosis requires tissue biopsy. Abdominnl fai pad and recoum are eazily accessible
hiopsy targets.
E. Damaged organs must be transplanted. Amyloid cannot be cemoved.

L

ML EOCALTZED AMYLOIDOSLS
A Anvlodd deposition usualhr localized to a slngle organ.
B. Senile cardiac anmyboidosis
1. Mon-murated serum transthyretin deposits in the heart,
2. Usnually isymptomatic: present in 15% of individuals = 80 vears of ape
. Familial amyloid cardismvopathy
1. Mutated serum transthyretin deposits in the heart eading to restrictive
cardiamyopathy.
5% of African Americans carry the mosated gene

bt




13, Non-insulin-dependent diabetes mellitus {tvpe I1)
L. Amylin (derived from insulin} deposits in the islets of the pancreas.
E. Alzheimer disease
L AP amyloid (derived from B-emyloid precursor protein) deposits in the braln
forming amvlaid plagues.
1. Gene for f-APP is present on chromosome 21. Most individuals with Down
syndrome (trisomy 21} develop Alzheimer dis=ase by the age of 40 fearlyv-onser).
F. Dralvsis-associated amyloidosts
L. f2-microglobulin deposits in jolnts.
G. Medullary carcinoma of the thyroid
L. Caleitonin (produced by tumaor cefls) deposits within the tumor (tumor cells in
an amyloid background”)




INTRODUCTION

[ INFLAMMATION
A, Allows inBamematory cells, plasma protelns (eg., complement), and fukd o exit
blood vessels and enter the interstitial space
B, Divided into acute and chronic inflammation

ACUTE INFLAMMATION

[, BASIC PRINCIPLES
A, Characterized by the presence of edema and nentrophils in tissue (Fig 2.1A)
B, Arises in response o infection (to eliminate pathogen) or tissue necrosds o clear
necrotis debeis)
C. Immedsate vesponse with limited specificity (innate immunity)

II. MEDIATORS OF ACUTE INFLAMMATION
A. Tolldike receptors (TLRs)
1. Present on cells of the innate immune system (e.g., macrophages and dendritic
cells)
L Activated by pathogen-associated molecular patterns (PAMPs) that are
commuonly shared by microbes
i, CIN4 s TLR} on macrophages recognizes Hpopolysaccharida (o PAMP) an
the outer membrane of gram-negative bacterl,
% TLR activation resilts In upregulation of NF-2B, a4 nudear transcription factor
that activates immune responsc genes leading 1o preduction ol muoltiple immune
e iators,
4, TLRsarealse present on cells of adaptive immunity {e.g.. lymphocyies] and,
bence, play an important rale in mediating chronic inflammation,
B, Arachidonic acid (A4 ) metabolites
I. AAis released from the phospholipid cell membrane by phospholipase A and
then acted upon by cyclooxygenase or 5-lipaxygenase.
i Cyclooxygenase produces prostaglanding (PG
1. PGL, PG, and PGE, mediate vasodilation and increaced vaseular

permeability
b PGE, also mediates pain.
il. 5-liporygenase produces leukotriencs (LT).
4. LTB, attracis and acthvates neutropiifls.
b LTC, LTD, and LTE, (slow reacting substances of anaphylaxis) mediate
vasaconstriction, bronchospasm, and increased vascular permeability.
C. Mastcells
1. Widely distributed throughout connective tissue
2. Activated by {1} tissse trauma, (2} complement peoteing C3a and CSa, ar (3)
cruss-linking of cefl-surface 1gE by antizen
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i, Imrnediate response imvalves relessanl peeformed histimine pranules, which
mediate vasodilation of arterioles and tncreased viscular permeability.
ii. Delayed response invilves production of srachidonic acid metabolites,
particulary leukotricnes.
B, Complement

L. Pminflammatory serum profeins thal "complement” inflam mation

2, Circulate as inactive precursers; activalion 0ocurEvia
i.  Classical pathwav—Cl binds IgG or lpM that & bonnd toantigen.

ii. Alternsgive pathway—Microbial products directhy sctivate complement
iii. Mannose-binding lectin (MBL} pathway—M B binds to mannoseon
microorganisms and sctivates complement.

3, Al pathways resalt in production of 3 convertass (mediates ©3 — Claand
AZ3hY, whish, in turn, produces C5F convertase (mediates OF — U3a amd S50, C5b
complexes with CH-C9 1o form the membrrang at ack complias (A AC
1 3w and Coa (anaphylatoxins) —~trigger mast cell degranulation, resuliing in

histamine-medisted vasodilation and increased vascular permeability
ii. Che—chemotactic for neutrophils
iii; C3b—opsenin for phagocyiosi
iv, MAC—byses microbes by creating a hole 1o the cell membrane
E. Hapeman factor{Factor X11)

L. Imactive proinflammatory protein prodoced in liver

3. -Activated upon expostre to subendothelinl or tissne collagen; in furn, activates
i Coagulation and Abrinolvtic systerme
ii. Complement
i Kinin svstem—Kinin cleaves high-molecular-weight kininogen {HMWE)

o bradykinin, which mediates vasodilation and [ncreased vascular
permeability (similar fo histamined, as well as pain.

(1L CARDINAL SIGNS OF INFLAMMATION
A, Redness (rubor) and warmth (-abor
1. - Dige to vasadilation, which results in incressed hlood flow
2. Occurs viarelaxation of arteriolar smooth muoscle key mediators are histamine,

prostaglamding, and bradvikinin
B. Swelllng {tumaor)

1. Due s leakage of fuid from posteapillary venuoles inte the interstitial space
{evudate)
I. Keymediators are (1) histamine, which causes endothelial cell contraction and
(2] tissue damage, resulting in endotbelizl cell disrupiion
e Pt blolor)
1. Bradykinin and PGE, sensitize sensory nerve endings.

Fig- 2.0 bnflammarion. A Acute inflammation with nowtrophils. B, Chronic infammation with




o,

Fever

. Pyrogens{e.g., LPS [romm bacterial cause mactophages to release IL-1 and
THF, which increase cyclooxygenase activity in perivascular cells of the
hypothalamus,

2 Increased PGE, raites temperature set point.

IV. NEUTROPHIL ARRIVAL AND FUNCTION
A Step 1—Margination

1, Vasodilation slows blpod flow [0 postcapilary venules.
z. Cells marginate from center of flow to the periphery.

. Step 2—Holling

1. Selectin “speed bumps" areupregulated on endothelal cells.
i. Poselectin release from Wellrel-Palade bodies is mediated by histamine.
il.  E-selectin s induced by THF and [L-1,

2. Selectins bind sialyl Lewis X on leukocyes

3, Imteraction results in rﬂl]inﬂ_ ::lfln.-ui:m.-:.rtc: n.'lmg verzel wall

. Step 3—Adhesion

L. Eellilar odhésion molecules (ICAM and VA M are upregulated on
endothelinm by THEF and 1L-1.
2, Integrins are upregulated on leukocytes by ©5a and LTH,.
). Interacrion berween CAMsand integrins results in firm adhesion of leukocytes
to Ehe vessel wall,
4. Leukocyte adhesion deficiency is most commonly due to an sutosomal recessive
cefect of integrins (CDI8 subunit].
I Chinical fzatures include delaved separation of the winbilical cord, increased
circulating newtrophils idue to impaired adheston of marginated poal of
kukocytes), and recurrent bacterial infections that lack pus formation.

L Step d—Transemigration and Chemotaxis

L. Leukocytes transmigrate across the endothellum of postcapillary venules and
move lward chemical attractants{chemotaxis),

2. Neutrophils are attracted by bacterial products, [L-8, C5a, and LTB,,

step 5—Phagooyioss

T, Consumption of pathogens or necrotic Hasue; phagocytosis §s enhanced by
opsonins (gG and C3a).

I, Fseudopods extend from leskocytes b torm phagosomes, which are internalized
and merge with bysosomes to produce phagolysosomes.

3. Chediak-Higashi syodroms is s protein trafficking defect fantosamal recessive]
characterized by impaived phagolhsocome formation, Clinieal features include
L Incressed risk of progenic infections
it Newtropenia (das to intramedallary death of neatrophiis)
Hil. Glant granules in eukocytes (duwe to fuston of granales artsing from the

Golgl apparates)

tv. Defective primary hemostasis (due to abnormal dense granules in platelets)
v. Albinkm
vi, Perlpherz] neuropathy

Step b—Destruction of phagecytosed material

I, O -dependent Rilling is the most ¢ffective mechanism

2. HOWCK genersted by ovidative burst in phagolysosomes destrovs phagocytosed
tnicrobes,
i 0, converted to O by NADPH oxidase (oxidative burst),
i O i converied to H,O, by superoxide dismutase (SO
il H.O, is comverted to HOCT (bieach) by mycloperoxidase (MPO).




3 Cheonic granulomatons disease (CGDY) s characterized by poor O, -dependent
kiliing,

i, Dhue o MADPH exidase defect (X-linked orautosomal recessive)

ii. Leads to recurrent infection and granuloma formation with catalage-positive
orpanizms. particalarly Stepkylococcs airénd, Preudimionas cepacia,
Lerratia marcescens, Noeardra, and Asp!rgr'ﬂus

iii. Mitrobhoe tetrazolivm test is wsed woseceen for CED. Leukocyies are
insubated with BT d':,'\:. which turns blue if MADPH ozidase can convert O
o, bt remaing colorless if MADPH oxidase is defective. -

2, MPO -;la_-ﬁci:nq.r results in defective conversion of H.O, wm HOCE.

i. Increxsed riskfor Candids infections; however, most patients are
asrmptomatic:

ii. NBT is normal; respiratory burst (O, to H ()} s intact.

5, O, -independent killing is less effective than O -dependent killing and occurs via
enzymes present in leukocyts secondary granules (e.g. Ivsozyme in macroghages
and major basic protein in eosinoghilsl,

G Step 7—Resaolution

1, Meurrophils undergo spoptosis and disappear within 24 hours after rozolstion of

theinflammatory stimuhas.

V. MACROPHAGES

I,

A, Macrophapes predominate after neutrophils and peak 2-3 days after inflarmmation
begins.
L. Derived from monocytes in blood
B, Arrivein tissue via the margination, rolling: adhesion. and transmigration sequence
C. Ingest organisms via pl't-ﬂgﬂt‘_."tﬁ-ﬁis (angmented by opsonins) and destrov
rhagocytosed material using enzymes (g, lysozyme)in secondary granules {O,-
independent killing)
[ Manage the next siep of the inflammatory process. Outcornes dnchnde
1. Resolution and heallng—Anti-inflammatory cytoldnes (e.g., [L-10 and TGF-f)
are produced by macrophages
2. Contioued scute mlammation—macked by persistent puas formation; TL-8 from
miacrophages recruits addidonal neutrophils.
3. Abscess—acute Inflammanon surrcended by fibrasis; macrophages mediate
fibrosis via fibrogenic growth factord and cytakines.
4, Chroais inflammation—Macsophages peesent antigen to activate CDA" helper T
cells, which secrede oytokines that promote chronic inflammation.

CHRONIC INFLAMMATION

BASIC PRINCIPLES

A Characterized by the presence of lymphocrtes and plasma cells in tissue (Fig. 1.18)

B. Delayed response, but more specific (adaptive immunity) than acute inflammation

€. Stimuli include (1) persistent Infection (most common cawsel; (2] Infection with
viruses, mycobacteria, parasttes, and fung; (3) autotmmune disease; [4) foreagn
materdal; and {5) some cancers.

[1, TLYMPHOCYTES

A. Produced in bone marrow as progenitor T cells

B Further develop iothe thymus wheee the T-cell receptor [TCR) undergoes
rearrangement and progeniborcells become CEMT helper T calls or CDET cytomxic T
w1
L T eells.use TCR complex { TCE and C03} for antigen surveillance.




1 TCR eomplex recoghizes antigen presented on MHC molecules
L CD4° T cells—MHC class 11
i, CD8" T cells—MHC class [

3. Activation of T cells requires (1) binding of antigen/MHC complex and (2} an
additional 2nd dgnal.
€. CD4* helper T-cell activation
1. Extracellular antigen {e.g., foreign protein) is phagocytosed, processed, and
presented on MEC chass 11, which is expressed by antigen presenting cells
IAFCs).
2. BV on APC binds CD2B on C047 helper T cells providing 2nd activation signal.
3. Activated CDA" helper T cells secrete ortokines that "help” inflammation and
are divided Into two subsets,
L T, | subsst secretes 1L-2 T cell growth factar and CDE T cell sctivator] and
[EN-y {macmphage sctivalor)
il. T2 subset secretes 1L-4 (facilitates B-cell class switching to 1gG and [gE),
[L-5 {eomnophil chemotaxis and activation, maturition of B cells to plasma
cells, and class switching te IgA) and IL-10 {inhibits T 1 phenotype).
D, CDF cytotoxic T-eell activation
1. Intracellular antigen (derived from proteins in the cytoplasm) is processed and
presented on MHC class 1, which Is expressed by all nucleated cells and platelets.
2. 1L rom CDE" T, 1 cell provides 2nd activation signal,
Cytotoxic T cells are activated for killing:
4. Killing accurs via
i Secretbon of perforin and pranzyme: perforia creates poses that allow
granzyme ko enter the target cell, astivating spoptosis
Il Expression af FasL, which hinds Fas on target cells, activating apoptosis

ik

OL B LYMPHOCYTES
A. Imrmature B cells are produced in the bone marrow and undergo immunoglobalin
rearrangements o become naive B cells that express surface Igh and gD,
B, B-cell activathon occins via
1. Antigen binding by surface Igh or IgD¥ results in maturation to IgM- or IgD-
secreting plasmacells
2. B-cell amtigen presentation to CDE* helper T cells via MHC clas [L
i CDd0receptoron Bocell binds CDMOL on hielper T cell, providing 2nd
sctivation skanal
ii. Helper Tcell thon secretes IL-4 and TL-5 [miediste B-cell isotype switching,
hypermutation. and mamrstion to plasma cdls)

N GREANULOMATOUS INFLAMMATION
A. Subtype of chronic inflammation
B. Characterized by granuloma, which is a collection of epithelloid histiocyies
{macrophages with abundant pink cytoplasm), nsually surrounded by giant cells and
a rim of lymphocytes
C. Divided info noncaseating and caseating subrypes
. Nomcaseating gramstomas lack central siecrodis (Fig. 2240 Commaon etiologies
inclnde reaction to foreign materdal, sarcoidosis, berylium exposure, Crohn
disease, and caf scratch discase.
2. Caseating granulomas exhibit central necrosis and are characieristic of
tuberculosis and fungal infections (Fig. 2.28).
I Steps involved in granuloma formation
L. Macrophages process and present antigen via MHC class 11 o CD4" helper T
cells,




2. Interaction lesds macrophapges to secrete IL-12, Inducing CD4™ helper T cells to
ditferentiate Into T, 1 subtype.

3. Tl cells secrete [FN-y, which converts macrophages to epithelioid histiocytes
and giant cells,

PRIMARY IMMUNODEFICIENCY

I. DIGEORGE SYNDROME
F. D‘tl.'ﬂlhpmn:ntu] failure of the third and foarth ]:l]'hm‘ll,rng:n.l pl:.ui;]';:_-.s
I. Due o 22q11 mistoskeletion
B.. Presents with T-cell deficiency (Jack of thymusk hypocalcemia {lack of parathyroldsk
and abnormalitiesof hexrt. great vessels, and Tace

IL SEVERE COMBINED IMMUNODEFICIENCY (SCLI)
A. Defecrive eell-meadiated and humaral lmmurity
B, Etiodogics include
l. Cytokine receptor defects—Cytokine signaling is necessary for prodiferation and
maturation of B and T cells,
Adenosine deaminase (A DA) deficiency—aA DA s necessary o deaminate
adenasine and demeovadenasine for excretion as waste products: buifdup of
adennsine and deoxyadenosine is tnxic to lymphocytes
3. MHAC dass 11 deficiency —MHC class 11 is necessary for CO4* helper T cell
activation and cvioking production.
C. Characterized by susceptibility 1o fungal, viral, bacrertal, and protozoal infections.
including opportunistic infections and live vaccines
Do Treatmeent is sterile isofation "bubble baby”) and stem cell iransplantation,

4

L X-LINKED AGAMMAGLODBULINEMIA

A. Complete lack of immunoglobulin due to disordered B-cell maturation
1. Naive B cells cannot mature to plasma cells,

B. Due to mutated Bruton tyrosine kinase: X-linked

€. Presents atter 6 months of life with recurrent bacterial, enterovires (2.g.. polio and
coxsackievirusy, and Celnredia lamblia infections maternal antibodies present during
the first & montheaf life ar= protective

D. ldvevhecines |:LE.. ]:ln]iq;r:l st be avoided.

IV, COMMON VARIABLE IMMUNODREFICIENCY (CVIDY
Ay Low immunoglobulin due to B-cell or helper T-cell defects
B. Increased risk for bacterial, enterovirus, and Giardia lambita infections, gsually in
fare childhood

Fig. 2.2 Granuloma. A, Nencaseating B Caeating.



C. Increased risk for autoimmune disease and hrmphoma

V. 1gA DEFICIENCY
A, Low serum and mucosal lgA; most common immunoglobulin deficlency
B. Increased risk for mucnsal infection, especially vieak however, most patients are
asvrnpEarmatic,

VI HYPER-IgM SYNDROME

A. Characierized by elevated IgM

B. Dueto mutated CD40L (on hedper T cells) or CD40 receptor (on B ells)
L Becond signal cannot be delivered to helper T cells during B-cell activation.
2. Consequently, cytokines necessary for immunoglobulin class switching are nol

produced.

C. Low Iga, I, and IgF result in recurrent pyogenic infections (due to pooe

opsonization), especially af mscosal sites.

VIEL WISKOTT-ALDRICH 8¥ NDROME
A, Charscterized by thrombocytopenia, eczema, and recurrent Infections (defective
humorsl and cellular immunity)
B. Due to mutation in the WASFP pene; X-linked

VILCOMPLEMENT DEFICIENCIES
A. C5-C9 deficlencies—increased risk for Neisseria Infection (N gonorthosar and N
pmesingiridis)
B. €1 inhibitor deficiency—results in hereditary angioedema. which is characterized by
ederma of the skin (especially periorbital, Fig. 2.3) and mocnsal surfaces

AUTOIMMUNE DISORDERS

I BASIC PRINCIPLES
A, Chamclerized by immune-mediated damage of tissues
L. 1% prevalence in the US
B, Imvobres Inss of self-tolerance
1. Self-reactive lymphocytes are regulardy genersted bul undergo apoptosis
{ncgative selection) in the thyrus (T cells) or bone marrow (B cells) ar become
anergic {die 10 recognition of antigen in peripheral lymphoid tiesses with nn
2nd signal).
€. More comman in women; classically affects women of childbearing age
2. Etiology is likely an environmental trigger in genetically susceptible individuals
{increased [ncldence in twing and associated with certain HLA a.ul:llj.'pﬁ}.

Fig. 2.3 Angioedema {Cowrtesy of ames
Hallftan, MWD, ‘Wikipedia)




Fig. 2.4 Malar ‘butterfly” rash, SLE

1. SYSTEMIC LUPUS ERY THEMATOSUS

#,

Swstemic antedmmune diseass

L. Antibodies againgt the host damage multiple ticenes via type 11 [cytotoxic) and
type [l {antigen-antibodv complex) hypersensitivioy:

1, Maore commaon in women, especially African American females

Clinical featnres nchide

Fever and weight lods

Malar ‘butterily” rash (Fig. 2.4), especially upon exposure to sunlight

Arthirlris

Pleuritisand pericarditis (invobvement of serasal surfaces)

LS peychosis

Renal damape— Diffuse proliferative glomerulonephritis is the most common

TAICY, thn-lugh nther patiermns ﬂriﬂ.il.l:l.':." ulsn ocrar

7 Endocarditis, m':,'m:ln:lil!i:.. or Fﬂicl‘l‘dil.‘il- {can afiect any lt}mrl;:‘l'-the hiart)
i Libman-facks endocarditis is 4 classic inding and is characterized by small,

sterlle deposits on both sides of the mitral valve.

K. Anemia, theombocylopenii, or leukopenia (due to sutoantibodies against cell
surface proteins)

9. Renal failure and infection ire cominon cimses of death.

Characterized by antinuclear antiboddy [ANA; sensitive, but not specific) and anti-

dsEMA antibodies (highly specific)

Anithistone antibody is characteristic of drug-imduced SLE.

. Hydralazine, procainamide, and isoniazid 4re common catises.

1. Removal of drugusually results in remission.

Antiphospholipid antibody syndrome is associated with SLE 30% of cases).

L. Charscierized by autoantibody against proteins bound to phospholipids.

1. Anticardioiipin and lupus anticoagulant are the most commaon antibodies,
L Lead 1o false-positive syphilis testand falsehy-elevated PTT lab studie,

pespectively

% Results in arterial and venous thrombosis including deep vénous thrombesis,
hepatic vein thrombosis;: placental thrombosis (recurrent pregnancy lossh, and
stroke

4, HRequires lifelong anticoagulation

I e

[T, SIOGREN SYNDROME

A

Aumtoimmune destruction of lacreimal and salivary glands

L. Lymphocyte-mediated damage (type [V hypersensitivity) with fibrosis
Classically presents 28 dry eves {keratsconjunctivitis), dry mouth {xerostomia}, and
recurrent denta] carries in an obder worman (30-60 yearsj—"Can't chew a cracker,
dirt bnoroyoepes”

=1y

Fig. 2.5 Intestinal crypts Flg. 2.6 Basal layer of skin



C. Characterized by ANA and anti-ribonuclecprotein antibodies {ant-55-A/Ro and
anti-55-B/Ta)

I Often associated with other autoimmune disesses, especially rhenmatoid arthritis

E. Increased risk for B-cell (marginal zone) lymphoma, which presents as unilateral
enlargement of the parotid gland late In disease course

V. SCLERODERMA
A, Autcimimune tisue damage with activation of fibroblasts and deposition of collagen
{brosis)
B. Divided into diffuse and localized types
C. Diffuse type exhibits skin and sarly visceral involvement.
L. Almost any crgan can be involved; csophagus is commonly affected, resclting in
dizordered motility (dysphagia for solids and liguids)
2. Characterized by ANA and anti-DNA topeisomerase T [Scl-70) antibody
D Localised type exhibits local skin and late visceral involvement.
L Prototypeis CREST syndrome: Calcinosis/anti-Centromere antibodies, Raynaud
phenomenon, Bsophageal dysmotility, Sclerodacyly, and Telangiectasiny of the
skin

¥. MIXED CONNECTIVE TISSUE DISEASE
A, Auntoimmune-mediated tissue damage with mixed features of SLE, svsiemic
sclerasis and polymyositis
B. Characterized by serum antibodies againse [T ribomucleoprotein

WOUND HEALING

L BASIC FRINCIPLES
A, Healing is initioted when inflammation begins.
B. ‘Occurs via a combination of regeneration and repair

[I. REGENERATION
A Replacement of damaged tissue with native tissue; dependent on regenerative
capacity af tissue
B. Tisaves are divided into three types based on regenerative capacity: labile, stable, and
permanent
L. Labile tigsues possess stem <ells that continpously cycle to regenerate the fissoe.

L. Small and large bowel (stem czlls in muicosal crypts Fig. 2.5)

2, Skin{stem <ells in basal layer, Fig. 2.6)

3, Bone marrow (hematopoietic stem cells)

[0, Stable tssues are comprised of cells that are quiescent (G} but can reenter the cell
cvcle to regenerate tissoe when necessary.

L. Classic exdrnple is repeneration of liver by compensatory hyperplasia after
partial pesection. Esch hepatocyte produces additional cells-and then reenters
UESCETRC e

E. Permanent tissues lack significant regenerative potential (e.g.. myocardium, skeletal
miscle, and neurans),

IIT. REPAIR
A, Replacement of damaged tissue with fibrous scar
B.  Oeurs when repenerative stem cells are lost {e.g., deep skin cut) or when a tissus
lacks regenerative capacity (eg. healing after a myocardial intarction, Fig, 2.7}
. Granulation tissue formation is the initial phase of repair (Fig 2.8).




L. Comsists of fibroblasts idepasit tvpe I collagen), capillaries (provide nutrients),
and myolbroblasts (contract wound)
[n. Eventually results in scar formation, in which type 11 collagen is replaced with type
I collagen
I TypeITl collagen is pliable and present in granilation tssee, embryonic tissne,
uteros; and keloids,

LB

Type 1 collagen has high tensile strempth and s present in shin, bone, tendons,
arsd miost Grginy.
Y. Caolfagenase reamoves type [T collagerand requires zind as & cofsctor.

[V. MECHANISMS OF TISSUE REGENERATION AND REFAIR
A, Mediated by paracrine signaling via growth factors (e, macrophages seceete
growth factors that targel fibroblasts)
B. Interaction of growth factors with receptors (e.q.. epidermal growth factor with
growwth factor receptor) results in gene expression and cellutar groswth:
. Examples-of madistoes include
I. TGF-a—epithelial and fibroblasi growth factor
1. TGF-f—important fibroblast growth factor; also inhibite inflammation
3, Platelet-derived prowth Jhctﬂr—gmmh lactor for endothellum, smaoih musels,
and fibrobiasts
4. Flbroblast growth factor—lmporiant for angiogenesls; also mediates skeletal
development
5. Wascular endothelial growth factor (VEGF)—imporiand for angiogenesds

V. NORMAL AND ABERRANT WOUND HEALING
A Cutancous healing ecours via primary or secondary intention,
l. Primary intention—Wound edpes are broughl together [e.g.. sutaring of 2
surgheal incistand; eads o mintmal 2car Drmation
1. Secondary intention—Edges are not approcimated. Granulation tissue fills the
defect; myohbroblasis then contract the wound, forming a scar.
B, Delayed wound healing ocours in
L Anfection {mast common cause; S auress is the most common offender)
2. Wuamin C, copper, or zing deficiency
L Viamin C 5 an important cofactor in the hydroxylation of proline and
lvsine procollagen residoes; hydrowylation is necessary for eventual collagen
cross-linking,
ii, Copperis & cofactor for lysyl oxidase; which cross-links Iysine and
hydroxyiysdne to formstable collagen.
iii. Zincis 1 cofactor for collagenase. which replaces the type 1T collagen of
granulation [isne with stronger type I collagen,

Fg. 2.7 Myocardiat scaring, |Courtesy of Aliva Fig. 1.8 Granulatsan Clssies
Huspan, ML



1. Chher canses inclode foreign body, ischemia, diabetes, and mautrition.
C. Dehiscence is rupture of a wound; most commenly seen after abdominal surgery
L Hypertrophic scar I5 excess production of scar tissue that is Iocalized to the wound
(Fig. 2.9).
E. Keloid is excess production of scar tissue that is sut of proportion 1o the wound (Fig.
L} [
Characterizad ":nl." Excess type [I1 ;u:lagau

Cremetic predisposition (more common in Afrlcan Amerlcans)
Classically aflects earlobes, face, and upper extremitics

i
1
a
3

Fig. 2.9 Hypertrophic scar, leprnted with Fig. 210 %eindd.
parmissian, M Elemedidinemeadicape comf
article 126404 - cuerlow]




Principles of Neoplasia [

NEOPLASIA

. BASHC PRIMCIPLES
A. Neoplasia is new tissue growth that is unregulated, irreversible, and moneclonal;
these features distinguish it from hyperplasia and repair,
B. Monocloms]l means that the neoplastic cells are derived from 2 single mother cell,
C.. Clomality can be determined by glocose-a-phosphate dehydrogenase (AP
enevie isaforms,
L. Multiple isoforms (g, GEPD, CEPD and GEPDLI exist; enly one isoform is
inherited from each parent,
2. Infemales, one isoform is randomly inactivated i each cell by lronization
(=GP s present on the X chromosomel
3. Mormal o of active ksoforms in cells of any fissue 15 151 (e.g., 30% of cells have
CBFD,, and 50% of cells have GaTD_ ).
4. Ll ratio is mainfained in hyperplasiz, which 15 pedyclonal (odls are derived from
maktiple cells).
5. Only one isoform is present in neoplasia. which is monoclonal.
6. Clorality can also be determined by androgen receptor izsoforms, which are also
present on the X chromosome,
D Clonality of B lymphocytes is determined by immunoglobulin (Ig) lght chatn

phenotype

L Igiscomprised of heavy and light chains,

Z. Each Bcell expresses light chain that is cither kappaorlambda.
3. Mormal kappa to lambda light chain ratio i 31

4. “This ratio is maintained in hyperplasia, which is polyclonal.
3. Ratio increases 1o > 6:1 or isinverted (¢.g., kappa to lambda ratio = 1:3) in
lvenphorma, which is monoclonal,
E. MNesplastic iumors are benign or malignant.
I, Benign tumors remain localized and do not metastasize.
1. Malignant tumors (cancer) invade locally and have the patential to metastasize
F. Tumor nomenclature is based oo lineage of differentlation ftype of tssue produced)
and whether the tumor s benign or malignent (Table 3.1}

Table 3.1; Examples of Tumos Nomenclature

LINEAGE OF B, MALIGNAN
FENFFEREMS PLATIONN X T AN ER]
Eplthelinm Adenoma Adenaeati o
Papilloma Papillary carcinama
Mesenchying Lipoma Llposarcam
Lymphooyte [ Dhae L exi%) TymphomaT.cukenia
Mefanooy e Mevis fmols) Melanoimi




II. EPIDEMIOLOGY
A, Canceristhe Znd leading cavse of death in both adolts and children.
1L Theleading causes.of death in adolts are (1) cardiovascular dizeass, (2) cancer,
and {33 cerebrovascular disesse.
2. Theleading ceuses of death in children are (1) accidents. (2] cancer. and (3)
congenital defects
B. The most common cancers by incidence in adults are (1) breast'prostate, () lung,
and (3} colorectal,
. The miost common caunses of cancer muctality In adults are (1) hang, {2) breast/
prostate, and (3 oodorectal.

I ROLE OF 5CREENING
A, Cancer begins asa single mutated cell.
B. Approximatety 30 divisions occur before the cardiest clinical symptoms arise,
. Each division {(doubling time] results in increased mutations.
1. Cancers that do not produce symptonts until late kn disgease will have undergone
additiomal divisions and, hence, addéitlona] muiations.
2, Cancers that are detected late tend to bave a poor prognosis,
I} Goal of screening is ta catch dysplastas (precancerous change) before it hecomes
carcinoma of carcinoma before clindcal symptorms arize.
E. Common screening methods inclade
I. Papsmwear—detects cervical dysplasia (CIN) before it becomes carcinoma
2. Mammography—detects in situ bredst cancer (e.g., DCIS) before it invades o
Imvaskve carcinema before it becomes dinically palpsble
3. Prostate specific antigen (F5A} and digital rectal exam—detects prostate
carcinoma before it spreads
4. Hemoccult test (for occult Mood in stool) and colonoscopy—detect colonlic
adenoma before it becomes colonic carcinoma or carcinons before it spreads

CARCINOGENESIS

L BASIC PRINCIPLES
A Cancer formation is initiated by damage to DNA of stem cells. The damage
owercomes DINA repair mechanisme, but is not kethal.
1. Carcinogens are agents that damage DNA, increasing the risk for cancer,
Important carcinogens include chemicals, oncogenic virses, and radiation
(TaHe 5.2)
B, DiNA mutations eventually disropt key regulatory systems, alldwing for tumer
promation {growthl and progression (spread)
L iJi.sruptu:d systems include profo-oncogenss, [Umor suppressor gens; and
regulaiors of apopiosts.

. ONCOGENES
A, Proto-oncoeenes are exsenitinl for cell growth and differentiation: muiations of
profo-omeopenes form oncogenes that lead to unregulated cellular growth.
B. Categories of ancogenes inchide growth factors, grosth factor receptors, signal
transducers, nuclear regulators, and cell cycle regulators (Table 3.3).
1. Growth factors induce callular growth (e.g., RDGER in astrocytoma).
2. Growth factor receprors inediste signals from growth factors (e.p., ERBSZ
[HER 2 meu] In beeast cancer).
3. Signal rransducers relsy receptor actvation te the nucléus (o.g. ras),
i Rasisassociated with growth faclor recepiors in andnactive GDP-bound
stale;



Table 3.2: Imponant Caranogens and Associated Cancers

CARCINOGENIC AGENT

WSSOMCTATED CANCER

COMMENTS

CHEMICALS
Aflabinis

Alkykating apents

Alcohil

Arsemnic

Ashestos

Clgarette moke

Mitrnsamines
Huplﬂhrlqminw
Vimyl chloride

Wickel, chroumbum,
berylliwm, or sifica

Hepatocelislar carcinome

Lenkemallymphama

Sooamicos ol cartinama of oropharymo and
uppeT esophages. pancrestic carcimoma, and
hepatocelfular tarchvoma

SEEIA TR £ el carcinena ol ckin, i PG LT

anel anglesafoma of lver

1J.II'IE CAFCITLAmA and mesethelioma

Carcinoma ol eeopharynz, esophagus, lung,

kebdney; and bladder

Stamach carcinos
Urethetial carcimoma of bladder

Angiusaroomin of fer

i I.ll'l_ﬂ_ Carcinoma

Drermved froan ."I.rr'u'rgﬂm. '|.l.'h||:h_|:.|n
coniminae siond grains

Side etfect of chemotherapy

ATSENIC 1% presenlin ::i_|_.;1r|.".h' sk
Expriauire fe wsbesto 18 more Tikele i Lead m
lusig cameet than mesthelisama.

Yot codrEnon casls {ERET) W o il

]'I:\I'h YL lic halrascarbans are !_'I:Il_'l_i.q.'l_1|_1 ri'l.'

CAfCInagzenn

Foarnd v smodead foods TIL'@I?&HHJ.' for h—lﬂh

ral= ol stomach carcinnena in ]a'Pan
Derved from cigarette smake

Cicciipationil exposiie uged 10 niake.
podyving! chilaride (EVCE for oz i plpes

l:ll_'l_'ll'!_"'..l:'u'\-m1| EXposuCe

OCOGENIC VIRUSES

EBY

HHV-4
HBY and HCY

HTLY-I

High-risk HIY ie.g,

Masoplarrigeal carcinomma, Bugkin
lpmphomai-and © 85 lrmphainas in A 105

Kapadi sarcama
Hepatouelhelar cargimones
Adualt Tecell lenkemtalvmphoma

Saquansius cell carcdndmi of vakva, vagina

salty pes 16; 18,31, 33) datkis, wnd cervi Atz nocancinona of Cervix
RATMATION
Innl:l,].u.a tmuclear o Tt -
e AMLII::ML. anif pagdliaey covcive i of thi PRPERTR I B N N TR
s oid ;
radiatheespiyi :

Monbenizing (L'V B

siapilbrht 1 most comimean

soncel

Basal cell carclnoma, EJIRA PTIIEE cel
carcinoma. and velanoma of skin

Besultsin formation of pyrimidine dimers
im DA, which dre normally excksed by
TESEMICELOR End0nEcl i
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ii. Receptor binding causes GIWP 1o be replacad with GTP, activating ras.

iii. Activated ras-sends growth sigoals 1o the moclens,

iv. Pz inactivates ite=lf I}'!.' clemei ng TP b GEY: thig iz mgm:‘ntvd |:-1I.'{'r"l'l-’.aw
ALtvating protein

v, Moiated ras inhibis Ihq-m'ri\'il:':.'-:ul' LT Pase activating protein. This projongs
thie activaied state of ras, 'r:-:'.ull'::l.g in increased gl'-:'-wlh :»:El:u.h

4. Cell cyche regulators mediate progression through the cell eycle (¢.g., cyclinand

cyclin-dependent Kinase)

i Cvelins and cyclin-dependent kinases (CDKs) form 2 complex which
phosphorylates proteins that drive the cell through the cell cycle

iL- Porexarple, the orclinD/CDES complex phosphorviates the retinoblastoma
protein, which promotes progresston through the G /5 checkpuint,

L. TOCMOR SUPTRESSOR GENES
&, Regulate cell growth and, hence, decrease ("suppress”™) the risk of tomer formation
p53 and Bb (retinoblastoma) are classic examples.
B. p53 regulates progression of the cell oyele from G, to § phake.
1. In FESPOIESE Lo DNA damage, p5d slowes the cell cycle and upre ulates DIRA
CEpair £0EY TIES.

Table 3.3: Important Oncagenes and Associated Tumaors

SMECHAMNISN

KASONCTATER TIMECHER

GROWTH FACTOR

FIMGTE Platelet-dérived grovwth factar Checrexpression, putocring losp Astrocybinma

GROWTH FACTOR RECEPTORS

HB! i § r -
“E (HERZ Epidermal growth factor Ammpdificatidin Swmlrart off Breatr carcinGisag
nes| receplor
; PEEN 24, MEN 2 |y
RET Mearal groswth factar receptor Paoint mutation AT l]-J“‘ 2 e 4 '*:*ﬁ'b
m l.Il.l I Y FRDCEMUETH adft l"'- ""R.Hl\.‘l
EIT Sténs cell growth factor reoepior Poinl sutatim Geastraintestinal stromal tumor
—— e ——
SIGNAL TRANSDUCERS
ol i ; . Claps irnmine, welanomia, wwl
BAS pene family GTP-Hnding protein Peint mugarion g
AL Trvrosdme kinase 523 with BCR CAL and same types ol ALL

NUCLEAR REGULATORS

R Tratiacr ipaion fadny W14 tosalving Tght Backit lymphogia

M-MYC Franscription factor Amplification Isqrroastorma

L-MYCT Transcription factos Apdificarson Lieap cancinorses (small cedl|
CELLCYCLEREGULATORS

Eﬁlﬂ'ﬂ AEFSRES Cyclin LIE:E4] dmvdving Tpld Muanele cell lymphoma

CInEd Cyclin-dependent kinase Amplificarion Mplanoma




2 IFONA repair is not pesathle, p33 induces apoptosis
. p33 upregilases BAX, which disrupis B2,
ii; Cytwochrome ¢leaks from Lhe mitochondria activating spoptesis.

3. Bothcopizsof the p33 gene must be knodied oot for tumer formation (Knodson
two-hit by pothesis).

i. Lossisseen in>50% of cancers:

ii. Germldine mutation resulis in Li-Fraumend syndreme (2nd bin is comatic),
characterized by the propensity to develop multiple 1ypes of cardnomas and
54 FCOMNE.
C. Rbaler regulales propression from G io & phase,
1. Rb "holds™ the E2F transcription -.|.-ﬂl:|.‘DI. which is necessary for transition to the 5
phase.
EZF s released when B L phosphorviated by the cvelinDyevelin-dependent
kinase 4 (CDE4) complex,
3. Rb mutation redults in constitutively free B2F, allowing progeession through the
cell oyele and uncontrolled growth of cells,
4. Both copies of Bb gene must be knocked out for tumor formation (Enudson two-
kit hypothesis),
i.  Sporadic mutation [both hits are somatic) is characterized by unifateral
retinoblastoma (Fig 3.1)
ii. ' Germiine mutation results in familial retinoblastoma (2nd hit s somatic),
characterized by bilaferal retinoblastoma and osfecsarcomn.

(&Y}
v

IV, REGULATORS OF AFQOPTOSIS
A. Prevent apoprosis In normal cefls, bur promete apoprosis in mutated cells whose
DA canmot be repaired (e, B2}
1. BelZ pormallystabilizes the mitechondrial membrane, Mocking releass of
cytochrome c.
2, Diisyuption of Bel2 allews cytnchrome ¢ 10 leave the mitochondria and sctivate
ApOpOsE.
B, Bel2 is overexpressed in follicular lymphoma,
L tl14:18) moves Bl 2 ichromosome 131 o the Ig heavy chain loons {chromosome
14}, resulting in increased Bel2,
2. Mitnchomdrial membrane is further stabilized, prohibiting apoptosis.
3, Beells thot would normally undergo apoptoss during sematic hypermutation in
the fymph node germinal center accumulate, leading {o lymphoma.

V., OTHER IMPORTANT FEATURES OF TUMOR DEYELOPMENT
A. Telomerase is necessary for cell immortality

Fig. 3.1 Fetirablzstomi (Deumesy of berome Figs 3.3 Seseding of the omsnum by cantinoma,
Ty, MDY (Cirtety o Jerosne Taxy, MO}




L Normally, lelomeres shorten ‘with serial cell divisions, eventually resulting in
cellularsenescence
2. Cancersoften have upregulated telomersse, which preserves telomeres.
B. Angingenasis [production of new blood vassalsyis necessary for tumos survival and
growih.
1, FGFand VEGF [angiogenis factors) are commmonly prodeced by tameoer cells.
. Avolding immune survetllence is necessary for tumor survival,
1. Mimtations offen resalt in production of abnormal proteins, which are expressed
on MHC class L
2, (D& T cells detect and destrov such mutated cells.
3. Tumor cells can evade immane surveillance by downregulating expression of
MHC class L
4; Immupodeficiency {both primary and secondarylincreases risk for cancer,

TUMOR PROGRESSION

I TUMORINVASION AMD SPREAD
A, Accumubition of mutations eventually résults in tumor Invaslon and spread

L Epithelial tvemor odls are normally attached 1o one another by cellular adhesion
madecules fe:g., E-cadherin).

2. Downregutaton of E-cadberin leads wo dissoctation of attached cells.

3. Cellsattach o laminin and destroy basement membrane (collagen type [V ] via
collagenase.

4, Cells attach o Gbeomectin i the exiracellular matrix and spread locally,

5. Entrance into vascular or lymphatic spaces allows for metastasis (distant spread),

Il. ROUTESOF METASTASIS

A. Lymphatic spread {5 characteristic of carsinomas.
1. Iniedal .'ipu:ﬂd. 1515 I:I!EIDI‘H! dmlniﬁﬁl}uﬂph nodes fhg. 33y

B. Hm‘l.a.l:uE:nm.u- .1.]1“!1!.‘ is characteristic of sarcomas and some carcinoneas,
1. Renal cell carcinoms {often invades renal i
2. Beparocellolar carcinoma (ollen invades hepatic veing
3, Follicular carcinoma of the thyrald
4 Choriocarcinoma

. Seeding of body cavities is characteristic of vvarian carcinoma; which often involves
the peritoneum { omental caking, Fig. 3.3),

o

Fig. 3.4 Histologe: feamures of neoplasia, A Waell differennated, follioular aden sma of thyvoid. B, Fig. 3.5 Immunsckstochemica stain far keratin
Fooshy difeceniansd, anaplastic cangingma of (o, arking eplthelial cells (i Brawn).
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CLINICAL CHARACTERISTICS

I, CLINICAL FEATURES

A. Benign tumanrs tend to be slow growing, well circumscribed, distinet, and mobile

B. Mallgnant tumors are wsoally rapid growing, poorly ciroumseribed. infiltrative, sad
fixed to surroanding tissues and Jocal structures.

€. Blopsy or excision is generally required before & tumor can be classified as benkgn or
malignant with certainty.
L. Some benign tumors can grow in a malignant-like fashion, and some malignant

tiLmcrs an giow in a benign-like fashion.

I, HISTOLOGIC FEATURES

A. Benign rumors are wsually well differentiated (Fig. 3.4A), Characteristics inchide

I. Chrganized growth

I, Unitorm maclei

3, Low nuclear to cytoplasmic ratic

4, DMlinomal mitotic activity

5 Lack of lavasloo (of besement membrane or local tissoe)

B o metastatic potential
B. Malignant tumors dre classically poorly differentisted (anaplastic, Fig. 3.4B).
Characteristics Include
L. Dizorganized growth (loss of polarity)
1. RMuclear pleomorphism and hyperchromasia
3. High nuclear to cytoplasmic ratio
4. High mirotic activity with atvpical mitosis
5. Imvasion (throngh basement membrane ar into local tissue)
Merastatic potential &s the hallnark of malignaney—benign tumors never

)

metnslanze,

Table 3.4: Common Immunchistochemical Stains and Target Cell Types

TR LG PR S E H EMBCAL STATN TISSUE TY P

INTEEMEDIATE FILAMENTS

ot Epthelivin
Vimentin Mesenchyme
Diecinkn Muascle
GEAR Neuroglia
Nasratilamet ST

OTHERS
PSA e
ER Tiresst epithelinm
Thyroghohelin Thyroid follicular cells

Nenzpendecring oclls feg, small cell

Chmfiﬂln
capcimora of hing and carcinoid namars)

S0 Belancma




I Immunohistochemistry is osed o dharzcierize tumors that are difficult to classify
on histology {Fig. 3.3, Table 3.4).

1T, SERUM TUMOR MARKERS
Ay Proteins released by tumaor into serem fe.g., PSA)
B Useful for screening: monitoring responss to treatment, and menitoring recurrencs
. Elevated levels require tissue blopsy for diagnosis of carcinoma (e.g., biopsy of
prostate with ¢levated PSAL

IV. GRADING OF CANCER
A, Microscopic assessment of differentiation [i.c., how much a cancer resembles the
tiseue in which it grows); takes into account architectural and nuclear features
L Well differentiated (Jow gradel—resembles normal parent lissue
2. Poorly differentiated {high gradel—docs nod resemble parent fissue
B, Trmpoctznt for determining prognosis: well-differentioted cancers heve hetter
prognoss than poody-differentiated cancers

V. FTAGING OF CAMCER

A, Assessment of size and spread of o cancer

B, Key prognostic facton more impoertant than grade

C. Dwtermined after final surgical resection of the tumor

0. Utlizes THM staging system
. T—tumar [size andfor depth of invasion)
2. N—spread to regional lymph nodes; second miost important prognostic factor
3, M—metastasis; single most important prognostic factor
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INTRODUCTION

HEMOSTASIS
A. Integrity of the blood vessel 18 necessary Lo carry blood to tissues.
1. Damage to the wall is repaired by hemostasis, which involves iirmation of 2
thrombaes [clot) at the site of vessel injury:
B. Hemosasis ocours in two stages: primary and secondary.
L. Primary hemostasis lorms a weak platelet plug and 15 mediated by interaction
between platelets and the vessel wall
2 Secondary hemostasis stabilizes the platelet plug and is mediated by the
coagubation cascade,

PRIMARY HEMOSTASIS AND RELATED BLEEDING DISORDERS

PRIMARY HEMOSTASIS
A, Siep I—Transient vasoconstriction of damaged vessel
1. Mediated by reflex neural stimulation andendothelin refease from endothelial
cetls
B Sep2-—Plaglet adheson to the surlace of disrupted vessel
1. Voo Willebramd factor (¥WF) hinds exposed subendothelial collagen.
L Platelets bind vWF using the GPIb receptor.
3. vWF is derived from the Weibel-Palade bodies of endathelial cells and
a-granuies of platelets.
C. Step 3—Platelet degranutation
1. Adbesion Indoces shape changein: platelets and degranulation with rele=ase of
multlple nrediators,
L ADP s refeased from plateler dense granules; promotes exposure of GPIIh/
Mla receptor on platelets.
i, THA, s syothesized by platelet cyclooxygenase [(COX) and released;
promotes platelet aggregation
I3, Sep4—FPlatelet aggregition
I. FPlatelets aggrepate at the site of injury via GPIIITIa using fibrinogen (from
plasma) as a linking molecule; results in formation of platelet plug
2. Platelet plug is weaks coagulation cascade (secondary hemastasis) stabilises i,

DISORDERS OF FRIMARY HEMOSTASLS

Ay Usually doe to-abnormalities in plarelets; divided into quantitative or qualicative
disorders

B, Clinical features include mucosal and skin bleeding.

[ Symptoms of mocosal bieeding include eplstaxis (most common overall
symptom), hemoptysis, GI bleeding, hematuria, and menorrhagia. Intracranial
bleeding occurs with severs thrombocyiopenia.

2 Eympum:;n ol skin bleeding include petechize {1-2 mom; Fig. .10, ecclyrnoses
[# 3 mm), purpura (= 1.cm), and casy broising petechiac are & algn of
thrombacytopenizand are notusially seen with qualitative disorders:




L, Useful laborarory studies include
Lo Platelet count—noemal 150400 5Kpl; = 50 K/ul eads to sy mpionms,
2 Bleeding time—normal 27 minutes; prolonged with quantitative and qualitative
platebet disorders:
3 Blood smear—used to asssis sumber and size of platelers
4. Bone marrmw Bopsy—used 10 assess megakaryocyies, which produce platedets

MLIMMUNE THROMBOCY TOPENIC PURPURA (ITP)
AL Aptoimmune Pn:-dui;[i;;:-n nl']'gl: upinsl Flu.Tl:|=t un!iEv:n.u Ife.ﬂ;_, GPIE1 )
1. Most common casse of thrombocvtopenia in children and adults
B. Autoantibodies are produced by plasma cells in the spleen,
C, Antibody-bound phitelets ate consumed by splenic macnoghuges, resulting in
thrombocytopenia,
v Divided into acute and chronis forms
L. Acute form arises in children weeks afer s vieal infection or immunization; self-
limited; usually resolving within weeks of presentation
2, Chronic form arises in adults, usoally women of childbesring ape, May be
primary or secondary (eg., SLEL May cause short-lived thrombosytopenia in
nffspring since antiplatelet Igh can cross the placenta,
E. lahoratory findings include
1. 4 platelet count, often < 50 KL
2. Nomal PT/PTT—Coagulation fectors are not affected
: megikarvocybes on bone marrow biopsy
F. Initial treatment is corticosteraids, Children respond well; adulls may show early
response, but often relapss,
L TV1G is weed toraiss the platelet count in symptomatic bleeding, but its effeci is
shiort-Tived,
&, Splenectomy eliminates the primary spurce of antibody and the site of platelet
destruction (performed in refractory casesh

IV MICROANGIOPATHIC HEMOLYTIC ANEMIA

A. Pathologic formation of plateler microthrombd in small vessels
. Matelets are constmeed in the formation of microthrombt.
2, BBCs are “sheared” a5 they cross microthrombi, résulting in hemobytic anemia

wilh achih‘l:-l:h:].'tﬂ [I-'EE. 4.3}

E. Seen inthrombaotic l:hmrrﬂ:mqﬂupeni.: pLrpura [TTFand }E'nni':r'rit: LLreTTic
syndrome [HLTS)

L. TTPis duc to decreased ADANMTSIA, an enzyme that normally cleaves vWF
mulimers inte smaller monomers fr eventual degradation

Flg. 8.1 Petachesie imnthaing skin Fig. 4.3 Schistogyte



I, Large uncleaved multimers lead to dbnormal platelet adhesion, resulting in
mbcrofhromi.
L Decréased APAMTS 3 is usually due tooan acquired auteantibody; most
commonhy seen in adult emaks
[ HUS is doe 10 endothelial damage by drugs or infection.
l. Chassically scen in children with £ coli O157HT dysentery, which resalts from
exposure to underconked beef
2 Ecoli verotokin damages endothelinl cells resulting in plstelet microthrombi.
E. Clinical findings (HU% and TTF) includs
Skin and mucosal bleeding
Micrcangiopathic hemuolytic anemila
Fever
Renal insufficiency [more comimon in HUS|—Thrombi irvolve vessels of the
kidney.
CHE abnermalities (more cormmon In TTP)—Thrambl frvelve vessels of the
CHS
F. Laberatory Godings inclusde
I, Thrombcytopenia with T bleeding time
1 Normal PIPTT (cosgulation cascade is not activated)
1 Anemiz with prh'iﬂm:'!.' tig
4. $ m.:-Eﬂ:nr:.rucftH on bone mareow hiﬂpﬁ-‘:«'
G, Treatment involves plasmapheresis and corticosterolds, particulardy in TTR

PRV
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V. QUALITATIVE PLATELET DISORDERS

& Bernard-Soalier syndrnome 15 due to 2 genetic GPIb deficiency: platelet adhesion is
impaired.
l. Blood smear shows mild thrombocytopenia with enlarged platefets.

B. Glanzmann thrombasthenia is due to a genetic GPIb/11la debciency; platelet
Aggregition is impaired.

C. Aspirin irreversibly Inactivates cyclooxygenase; Tack of TX A impairs aggregation.

. Uremta disrupts platelet function; both adhesion and aggregation are impaired.

SECONDARY HEMOSTASIS AND RELATED DISORDERS

1. SECONDARY HEMOSTASIS
A Stabilizes the weak platelet plug via the coagulation cascade
I Coagulation cascade generates thrombin, Which converts fibrinogen in the
plateler plug o fibrin,
2 Fltwrin is then cross-linked, yielding a stable platelet-fibrin thrombus.
B, Factors of the coagulation cascade dre peoduced by thie liver in 4n inactive state,
Activation requires
|| . Exposure toan aclivaling substance
[ Thsswe thromboplastin sctivates factor V1T fextrinsic pathway L
. Subendothelial collagen activates Factor XTI (intrinsic pathway).
2. Phospholipad sarface of platelets
3. Cabcium (derived from platelet dense granules)

1. MSORDERS OF SECONDARY HEMOSTASIS

A, Usunlly dog to factor abnormalities

v, Climical features 1]',;{1,::':&:.:3:! finsme Heedinginm- mvscles and }uﬁ.ntl Lhm:nrthrmiﬂ]-
and rebleeding after surgical procedurey (g, sircumeizion and wisdom tooth
exhraction),

. Laboratory stadies include




L. Prothrombin time{P1 —measures exirinsic {izctor VD and common (Rctors
11, V. X, and dbrinogen) pathways-of the coaginlation caseade

2. Partial thromboplastin time (PTT)—meassres intrinese (factors XTI X1, 1X,
W and common (fsctors 11, Y, X, and El:lri.nuﬁen}l pu.ﬂ'l.m].'s af lbemagulal;i.-pn
cascads

. HEMOPHILIA A
A, Genetic tactor VITL{FVII) deficiency
1. XK-linked recessive {predominantly affects males)
I Canarlse froms a new mutation (de novo) without sov family history
B. Presents with deep tizsue. joint, and postsurgxal Bleeding
L. Clinfcal severity dependson the degree of deficiency.
C, Laboratory findings include
L TPTT noroial PT
% LFvIN
3. Normal platelet coant and bleeding time
D. Treatment involves recormbinant FY 1L

V. HEMOPHILIA B (CHRISTMAS DISEASE)
A, Genetic factor IX deficiency
1. Besembles hemophilfa A except FIN levels are decreased instead of FVIL

V. COAGULATION FACTOR INHIRITOR
A A-:quue-d antifmd;- ag:u:i:nad. u.tm.ﬁuhunn I:_acl-nrm-:.ulﬁ.us in i.rnp.':in:n;t factor
functhon; anti-FV I is most comimai,
1. Clinkcal and kab findings are slinilar tohemophilia A,
L. PTT doesnot correct upon mixing normal plasma with patient’s plasma {mixing
studv} due to inhibitar; FIT does correct in bemophibia A.

V1L VON WILLEBRAND DISEASE
A Genetle vWF dehciency
I. Magtcamrmon inherited coagulation disorder
B. Multiple cubtypes exist, causing quantitative and qualitative defects; the most
cammaon type is antosomal dominant with decreased vWF Tevels.
. Presents with mild mucosal and skin bleeding; low vWEFE Impairs placler adbesion.
D. Laboratory findings inchade
1. T bleeding time
2. TPTT; normal PT—Decreased FVIIhalf-dife (vWF noemally stabilizes FVIID);
however, deep tissue, joint, and postsurgical bleeding are wssally not seen.
3. Abnormal ristocetin test—Ristocetin induces platelet agpregation by cousing
vWE to bind platelet GPLD; lsck of vWT — impalred aggregation — abnormal test,
E. Treatment s desmopeessin (ATH analog), which increaces vWTF release from
Waibel-Balade bodies of endothelial cells.

VIL VITAMIN K DEFICIENCY
A, Disrupts funcrion of muktiple coagulation faciors
L. Witamin K is activated by epoxide reductas in the liver.
L Activated vitamin K gamma carboxylates factors 11, VIL, IX, X, and proteins C
and & gamma carboxylation isnecessary for factor function,
B. Deficiency occursin
1. Mewhorns—due to lack of G colonization by bacteria that normally syathesize
vitamin K vitamin K injection is given prophylactically to all newbersns at birth
o prevent hemorrhagic disease of the newbarn.



2, Long-term antibiotic theripy—disrupts vitamin K-producing bacteria in the GI
tract
3. Malabsorption—leads to deficiency of far-soluble vitamins, incloding vitamin K

VIILOTHER CAUSES OF ABNOBEMAL SECONDARY HEMOSTASIS
A Liver failure—decreased production of ceagnlation factors and decreased activation
of vitwmin K by gpocide reductase; affect of liver fallure on coagulation Is followed
nang P,
B. Large-volume transfusion—dilutes coagulaton fctors, resulting 1o a relative
deficiency

OTHER DISORDERS OF HEMOSTASIS

L HEPARIN-INKDUCED THROMBOCY TOPENIA
A. Platelet destruction that arises secondary 10 heparin Uherapy
B. Fragments of destroyed platelets may activate remaining platelets. leading to
thirambagis.

II. DISSEMINATED INTRAVASCULAR COAGULATION
A Pathologic activation of the soagulation cascade

I Widespread microthrombi result in ischemia and infarction.

2, Consumption of platelets and factors results in bleeding, especially from [V sites
and mucosal surfaces (bleeding from body orifices).

B, Almost always secondary to another disease process

L. Obstetric complications—Tissue thromboplassin in the amn b Aoid activates
coagulntion,

1. Sepsis (especially with E Coll or N mieningitidis) —Endotoxing from the hacterial
wall and cytoldines (e.p., TNF and IL-1) induce endothalial cells to make tssine
factor.

3. Adenccarcinoma—bucin activates coagulation.

4. Acute promyelocytic leakemis—Primary granules activale coagulaiion,

3. Rattlesnake Dite—Yenom activates coagulation.

C. Laboratory findings include

L. ipl.il:ht conng

2. TPIPTT

3. = fibrinogen

4. Microangiopathic hemolytic anemia

5. Elevared fibrin split products, particulady D-dimer
L Elevated Ddimser is the best screening test for DIC.
i1, Deelved from upl:.itlins of cross-linked fbring D-dirmer & not Fmdu:mi from

splitting of fibrinogen
B Treatment Invodves addressing the underdying cause and transfusing blood producs
and cryoprecipitate [contalns coagulatkon factors), 48 necessary.

I DISORDERS OF FIBRINOLYSIS

A. Normal fibrinolysis removes thrombus after damaged vessel heals.
I. Tissue plasminogen activator (IPA)} converts plasminogen 1o plasmin,
2. Plasmin cleaves fibsinand serum fibrnogen, destrovs coagulation factors, and

blocks platelet aggregation.

3. al-antiplasmin iactivates plasmin,

B, Disorders of fibrinolysis-are due to plasmin sveractivity Tesulting in excessive
cleavage of serum fibrinogen. Examples include
1. Radical prosiatectomy—Release of qrokinese activates plasmin,




L

2. Cirrhosis of liver—reduced prodection of a2-antiplasmin
. Presents with increased bieeding (resembles DN
[ Laboratory findings include
1. T PT/PTT—Plasmin destroys coagulation factars.
2. T bleeding time with normal platelet counl—Plasmin blocks platelet aggregation,
3. lacreased fibrinogen split products without D-dimers—Serom fibrinagen is
Iysed; however, D-dimers.ane not formed because fbrin thrombl are absan.
E. Tremtment is aminocaproic acid, which hlocks activation of plasminogen

THROMBOSIS
BASIC PREIMNCIPLES
A, Pathologic formation of an intravascular blood cioet (thrombus)
[ Camociurinanariery or vein
I, Maost commmon location s the deep veins (DVT) of the leg helow the knee.
B Characterized by (1) lines of Eahin (alernating lavers of plateletsfdibrin and RBCS,
Fip. 43V and (2) sttachment 10 vessel wall
L. Both features distinguish thrombus from postmortem clot,
. Three major risk factors for thrombosis ape disroption in bloed fow, endothelial call
damage, amd bypercoagulable state (Virchow triad).

DISEUPTION IN NOEMAL BLOOD FLOW
A Stasis and turbubence of bloond flow increases risk for thrombaosis
1. Blood flow is normally continusus and liminar keeps platelets and factors
di;Pzrsnd and ipactivaied
E. Exu.mPl-:: inclade
L lmmobilization—increased risk for deep venous thrombesis
2. Cardiac wall dysfunction (e.g.. arthythmia or myocardial Infarciion)
3. Anturysm

ENDOTHELIAL CELL DAMAGE
A. Endothelinl damage disrupts the protective function of endothelial cells, increasing
the risk for thrombosis,
B, Endothelial cells prevent thrombaosis by several mechanisms.
L - Block expesire o subendothelial colligen and underbying tisswe factor
L. Produce prostacyclin (PGI ) and NO—vasoditation and inhibitioa of platsled
Sgregation
3. Secrete heparin-like molecules —angment antithrombin 111 (ATII), which
inactivates thrombin and coagulation factors

Fly. 4.3 Lines of Zahr characteinsd by
Jrernating faparcal plarelesdfbrinand RBCS.



4. Secrele lasue plasminegen activalor (PA)—converts plasminiogen ta plasmin,
which {1} cleaves Bibrin and serum Bbrinogen, (21 destrovs coapulation factor,
and (3) Blocks platelet ageregation

5, Secrete thrombomodulin—redirects thrombin to activate protein ., which
inactivates factors W and V11

C. Conses of endothelial coll damage includs atherosclerosis, vasculitis, and high levels
of homocysteing,

L ¥Vitamin Bi2 and folate defickency result in mildly elevaled bomocystedne hevels,
increasing the risk for thrombosis,

i. Folic acid (tetrahydrodolate, THF) circulates as methyl-THF in the serum.

it. Methyl is transferred to cobalamin (vitamin B12), allowing THF to
participate in the synthesis of DNA precursors,

iii Cobalamin transfers methyl to homocysteine resalting In methlomine.

iv. Lack of vitamin B12 or folate leads to decreased conversion of homocysteine
ta methionine resulting in buildup of homacystal e

o C?ﬁh!hluﬂ].h: it .-.-:rl:'d:ha:r CRBS] :I:E.ci.enr_}f resulis in I:l:iﬂ.h bt;mn-::,-ﬂ-'lr_-'im lewels
with homocystinaria.

L CHSconverts homoecysteine to cystathioning; enzvme deficiency leacds
himocysieine buikiup,

i, Characierized by vessel thoombosis. mental retandation, lens dislocation, and
lomg slender fingers.

IV, HYPERCOAGULABLE STATE
A, Dheeto excessive procoagulant proteins or defective anticoagulant proteins: may be
imherited or scquired
B. Classic presentation s recurrent DV Tsor DV at a voung age.
. Usually occurs in the deep veins of the leg other sites inchude hepatic and
cerebral veins,
C. Protein € or 5§ deficiency (sutesomal dominant) decreases neyative feedback on the
coagrulation cascade,
I. Proteins C and 5 normally inactivate factors Vand V111,
2. Increased risk for warfarin skin necrasis
i TInitia} stage of warfarin therapy results in a temporary deficiency of proteins
Cand 5 (due to shorter half-life) relative to tactors TT, VT, [X, and X
il. In preexisting Cor S deficiency. a severe deficiancy is seen at the onset of
warfarin therapy increasing risk for thrombaosis, especially in the skin
B Factor V Leiden (s a mutated form of ficter ¥V that lacks the cleavage site for
deactivation by proteins Cand &
L Mlost common inherited casse ol by percoagulable state
E. Prothrombin 202104 is aninhertted point mutation in prothrombin that results in
incredsed gense CXpression.
. mcreased prothrombin resulis in incressed thrombin, promoting thrombis
formation.
F. AT deficiency decreases the protective effect of heparin-like molecules produced
b the endothelium, Increasing the risk for thrombos.
1. Heparin-like molecules normally activate ATIIL which inactivates thrombin and
coagulatkon factors.
2. In ATHI deficiency, PTT does not rise with standird heparin dosing,
L Pharmacologe heparin works by binding and activating ATILL
il Hiph doses of heparin activate Imied ATHE cowmadin is then glven io
maintain an anticoagulated state.
G, Oral contracepiives are associated with a hypercoagulable state.




L

M

L. Estrogen induces increased production of coaguiation factors, thereby mcreasing
the rizk for thrombosis,

EMBOLISM

L BASIC FRINCIPLES

Intravascular mass that travels and occhudes downstream vessels; symptoms depend

on the vessel invnlved.

Thramboembolus i due 1o a thrombas that dislodges; most common tvpe of

erbaliss (>95%)

Atherosclerofic embaolus is due 1o an atherosclerotic plague that dislodges.

1. Characierized by the presence of chalesterol clefis in the embolus (Fig. 4.44)

Fat embalus is associated with bone fractures. particularly long Bones, and soft

tlsgoe trauma.

1. Dewelops while fractureis still present or shorily after repale

2. Characterized by dyspnea (fat, often with booe marrow dements, is seen in
palmondry vessels, Fig. 4.48) and petechiae on the skin everlying the chest

Gias embolus i classically seen in decompression sickness,

L Nitrogen gas precipitaies out of blood due to rapid ascent by a diver.

. Presents with joint and muscle pain ("bends”) and respiratory symptoms
(churkes’).

A Chrenic form (Chisson disease) is characterized by multifocal ischemic necrosis
of bone,

4. Gax embolus may also ocour during laparoscopic surgery (air is pumped into the
abdomen).

Amniotic fuid embolus enters maternal circulation during labor o delivery

1. Presenis with shoriness of breath, nearologic sympeoms, and DIC (due to the
thrombogenic nature of amniotic foid)

2. Characterized by squamous cells and keeatin debels, from fetal skin, in embalus
(Fig. 4.4}

PULMONARY EMBOLISM (FE)

i

B.

Usasally due to thromboembnlie: the most common sonrce i deep venions thromibus
(DVT) af the lower extremity, usually invalving the femoral, iliac, o popliteal veins.
Mast often clinfenlly stlest because (1) the lang has a dual blood supphy (via
pulmonary and broechial arterles) and §2) the embolus is usually small {seli-
resodves

. Pulmonary infarction acours ifa large. or medium-szed artery is obstructed in

patients with pre-existing cardiopulmoniry compromise; only 10% of PR3 cause
infarciion.

Fig. 3.4 Emball, A, Atheresclerstic embalus characterized by chosesternl clefrs; B, Fat smbodus with bone maeravealements. © Amnisis foid embalia
with dgquamnsia ceds and kesatin detbris from fetal soe, (4 Coortesy of Professor & Garfia. & Cowteay of Shakunials Teas; MO}
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L. Presents with shortness of breath, hemoptysis, plenritic chest pain, and pleural
elfusion
L ¥/Q hang scan shows mismatch; perfusion is abnormal.
3. Spiral CT shows a vascular filling defect in the lung.
i. Lower extremity Doppler ultrasound is useful to detect DVT.
5. D-climer i= elevated,
8. Grows examination reveale a hemorrhagle, wadge-ehaped infaser
| Iy Sudden death occurs with = large saddle embolus that blecks both left and right
pubmonary arteries or with significant occluslon of a Lerge pulmapiry arery (Fig
4.5 death is due to deciromechanical dissocdaron.
| E. Pulmaonary hypertension may arse with chronie emboli that are reonganized over
time,

I, SYSTEMIC EMBOLISM
Usyally due to thromboembodus
B, Maostcommanh ardze in the befl heart
C. Travel doswn systemie cireulation to occlude flow to organs, most commonly the
lowwer extremithes

rl.
. Hﬂr ‘1." e

L

Fig. 4.5 Sadiile embaliss ||‘|l.~'.'l|'.l‘illg pulmaonary
arqany (Lourtasy of Yale Rosap, WD)




ANEMIA

BASIC FRINCIPLES
A. Reduction in circulating red blood cell (RBC) mass
B. Presents with signs and symptoms of hypexia
1, Weakness, fatigue, and dyspoes
2. Paleconjunctiva and skin
% Hewdache and lighthesdednoss
4. Angina, espacially with preexisting coronary artery disease
- Hemnglahin (Hb), hematoerit {Het), and REC count are used 25 surrogates for RBC
mass, which L5 difficult 1o measure
1, Anemia i3 defined 5 Hbr< 133 gAL in males and < 12.5 g/dl in females (normal
Hb s 13.5-175 gfdl in males and 12.5=[6.0 g/dL in females).
D. Based on mean corpuscular vobume (MCV ), anemia can be classified as microeytic
(MCV < 80 pm '}, normocytic {(MCV = 80-100 pm*), or macrocylic (MCV > [00
um’'}k

T

MICROCYTIC AMEMIAS

BASIC PRINCIPLES
A, Anemis with MCV < 80 pm!
B. Microcytic anemias are due to decreased production of hemoglobin.
L RBC progenitor ceils in the bone marrow are large and normally divide multiple
times to produce smaller mature cells (MCV = 80-100 wm'),
2. Micsocylosis is due to an "extra” division which eccurs to malntain hemoglobin
comeniration.
. Hemoglobin is made.of heme and globin; heme is composed of iron snd
protoporphyrin: A decrease in any of these components leads 1o microcytic anemis.
D, Microcytic anemias include (13 iran deficlency aneme. (23 anemis of chronic
disease, (3] sideeohlactic amemia, and (1) thalasiernia.

IRON DEFICIENCY ANEMIA
A. Due o decreased levels of fron
1. =iron — « heme — & hemoglobin — microcytic anemia
B. Maost common type of anemia
L Lack ofiron is the most common nutritional deficlency in the world, affecting
roughly 173 of world s population.
C. ITron is consumed in heme (meat-derived) and non-heme (vegetable-derived) forms.
1, Absorprion occurs m the duodenom. Enterocvies have heme and non-heme
(OMTL transporters; thie heme form s more readily absarhed.
2. Enterocytes transport iron across the cell membrane into blood via ferroportin,
3. Transterrin transports iron i the Mood and delivers it to liver and bone marrow
macrophiges for slorige.
4. Swred infraceliulir iron bs bound 1o ferritin, which prevents iron from forming
[ree ricicals via the Fenton reaction,




[, Laboratory measurensents of Inosstatns
I Serom iron—measire . of iron mﬂ!‘hhud.
2. Total irom-hinding capacity {TTRC)—measure af transferrin molecules in the
Bload
3. % saruration—percentage of transferrin mokecules that are bound by iron
{morneal iz 335
4. Serum ferrilin—reflects iron stores in macrophages and the fiver
E. Irondeficiency is usually caused by dietary lack orblond fnss.
L Infanis—breast-feeding (humsn mifk i lowin iron|
3 fJI.iI:dren—'pﬂ:lr diet
3 Adults (20-50 years) - peptic ulcer disease in males and menorrhagia or
pregnancy in females
4. Eldedy—colon polypsicarcinoma in the Western werlsd; hookworm
IAncylsmm deods rale and Necafor americmus) in the developing world
5 Other cagses include malnutrition, malabsosption, and gastrectomy (acid aids
troen absoeplion by maintaining the Fe™ state, whichis more readily absorbed
than Fa’*),
F. Stapes of icon debciency
L. Storage iron s depleted— & ferriting T TIBC
2 Serum iron is depleted —4 serum iron; + % saturation
3, MormecyEic anemis—Bone marrow makes fewer, but normal -sized, RBCs,
4. Microcytic, hypochromic anemiz—Bone marnow makes smafler and Ewer
RBCs.
. Clinical features of iron deficiency inchide anemia, koilonychia, and pica.
H. Lﬁﬁ-ﬂlﬂ-lm.-lr Enﬂinsr. inclode
L Microcytic, hypochromic RBCs with T red cell distesbution width (RDW, Fig
5.1)
2, -+ ferriting T TIBC; & serum Lrom; 4 % saturation
3. T Free erythrocyte protoporphyrin (FEF)
L Treatment involves supplemental iron (fersous suifate)
I, Plummer-Vinson spndrome is iron deficiency anemia with esophageal web-and
atrophic glossitis; presents with anemia, dysphagia, and beefy-red tongue

[1I. ANEMIA OF CHRONIC DISEASE
A, Anemiz-asaocisted with chronic inflammation {e.g., endocardits or autoirmone
conditions) or cancer: most common type of anemia in hospitalized patients
B. Chromi disesse results in production of acute phase reactants from the liver,
Incleding hapeidin.
L Hepcidin sequesters iron in storage dites by (1) Iimiting iron transfer from
macrophages to ervthrold precursors and (2) suppressing eythropoietin (EPO)

Fig. 5.7 Wicrocyt, hypochingmic BBCs of inon Fig, 5.2 Ringed sidermblals (Prastdan blee stain)
defickency anesmila,
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production: 3m is 1o prevent bacteria from accessing iron, which is necessary for
their survival
3. ~available iron — & heme —+ < hemoglobin — microcytic anemia
. Labaorat oy ﬁm‘fingx includs=
1. T ferritin, & TIBC, + serum iron; and + % saturation
2. T Free ervthrocyte protoporphyrin (FEF)
). Treatment mvolves addressing the anderlving canse: exogenoas EPO i ueeful in a
suhset 41r'|:1=!'|r1'||::-;, espicially thoee with cancer.

. SIDERODBEASTIC ANEMIA
A, Anemia due to defective protoporphyrin syntheasks
L +protoporphytin — < heme — + hemoglobln — micracytic anemia
B. Protoporphyrin is synthesized via a sepfes of reactions
. Aminolevulinicacid synthetase (ALAS) converts suscinyl Cod to
aminodevulinie scid (ATA) using vitamin Bo-as a cofacior (rate-limiting step).
Aminolevulinic acid dehydropenass (ALA D} converts ALA to porphobilinegen.
Additional reactions convert parphobilinogen to protoporphyrin
4. Ferrochelatass attaches protoporphyrin to iron to make beme {fAnal reaction:

o b

oecars m The miln:.u:hn:md:u.a]
. Iron s transferred to ervthrold precursors and enters the mitochendriz to form
heme. I protoporphyrin is deficient, iron remains trapped (n mitochondria.
L. lron-laden mitochondria form a ring around the nudeus of erythroid precursorns:
these cefls are called ringed sideroblasts (hence, the term sideroblastic anemia,
Fig. 5.2}
[, “Sideroblastic anemia con be congenital or acquired,
1. Comgenital defect most commonly involves ALAS {rate-limiting enzyme).
2. Acquired causes include
i. Alcoholism—mitochondrial pofsnn
i, Lead paiganing—inhibe: ALAD and ferrochalatase
il Vitamin B& ﬁE.ﬁiL-l’."l!llL:r—rL‘-’.lu.l.l.‘L‘d calsetor for ALAS; maost com rn.-lml:,-' SEEr A8
o side effect of isonincd trestment for tubercalosis
E. Laboratory findings Inclode 1 {erritin, 3% TIBG, T serwm inomn, amd o W satration
(irpn-overteaded state).

V., THALASSEMIA
A, Anemia due to decreased synthesis of the globin chains of hemeghabin
L.+ globin — + hemoglobin — microcytic anemia
B. Inhernted mutation: carriers are protected againsl Plasmodicem faleiparions malaria
C, Divided into a- pnd fotholassemia based on decressed production ef alphs or beta
globin chains.

Table 5.1: Laboratory Findings in Microcytic Anamia

Normal = 309 pgidL. 100 el 3%
Iron Theficiency Anemin Lo High L 1o
Anemia of Chronic Disease High Low Law Low
Sideroblastic Anemia High L Hegh High

Pregmansy and oral contraceptives . - High - 1o




Fig- 5.3 'I'atget -:ells.

1

2

Nommial types of hemoglobin dre HBF {a,p. ) HBA (o B ) and HbA fa 8.,
a-Thalassemia is nsuatly due to gene debetion: normally, 4 alpha genes are present an
chrommeome 16

One gene cleleted —asyrapiomatic

T gemves deleted —mild anemis with T RBC count; ¢is deletion is associated

with an inereased risk of severe thaladsemis in offipring,

. Cis deletion is when both deletions occur an the same dhromosomes seen in
Aslans

i, Trame debetion |1swhen one deletkon ooours on each chromnaoine; ween in
Africans, including African Americans

Three genes deleved —severe anemiby; B chaing form tetramers (HbhH) that

damage RBCs; HbH is seen on electrophoresis.

Four genes deleted—lethal in uters {hyvdrops fetalisk y chains form etramers

{Hb Barts) that damage RECs; Hb Barts s seen on ebectrophoresis,

< Prlalassemia is wvaally due to pene mutations (paoint mutatbons in promater o
tpli:‘ing gitesh sman in individoals of African and Mdaediterrunean descent

[

Twa ﬂgcm.-l are pregent on chromesome L7 mutations fesull in ;.d:uml'.':lﬂ-"!l £

diminished (B") production of the f-globin chain.

f-Thalassemia mbmor (P87 Is the mildest focm of discase and is usually

asvimptonratic with-an Increased RIMC count.

L Microcytic, hvpochromic RBCs and targer cells are seen on blood smear ( Fig,
53

i Hemoglobin eecteophoress shows shightly decreased HbA with increased
HbA, (5%, normal 2 5%) and HbF (2%, normal 1%,

p-Thalassemia major (Y% is the most-severe form of disease and presents with

severe anemia o few months after bicth; high HBE {a.y, b at birth is temporarily

profective. E

L o betramers ageregats and darru;ﬁe RBLCs, resulting in ineffective
erythropoiesis and extravascular hemolysis (removal of circalating RBCs by
the spleen).

i, Massive erythroid by perpiosia ensoes resulting in (1) expansion of
hematopoiesis into the skull {reactive bone formation leads to ‘crewcut’
appearance on x-ray, Fig, 5.4) and facial bones {‘chipmunk factes?), (2)
extramedublary hematopoiesis with hepatosplenomegaly, and (3) risk of
aplastic crisis with parvovirus B19 infection of erythroid precursors.

iii, Chronic transfusions are often necessiry; leads to risk for secondary
hemochromatosis

i Smear shows microcyiic, bypochromic BBCs with targel cells and nucleated
red bload calls

v. Electrophoresis shows litthe or ng HbA with increaged Hl:m_, and HbE.

Fig. 5.4 " Crewoat appesmance. (Regaduced with  Fig. 5.5 Hypersegmented newtrcabd in
permaEsan. wwworthopaadiscomitmgovaDl macrocytic anemia,



MACROCYTIC ANEMIA

[. BASIC PRINCIPLES
A Anemia with MCV =100 pm®; most commonly due to folate or vitamin B12
deficlency (megaloblastic anemia)
B Faolate and vitamin B12 sre necessary for synthesis of DNA precurusrs.
1, Falate circulates in the serum a: methylterrahydrofolate (methyl THF); removal
of the methyl group allows for participation in the synthesis of DNA precursors,
2. Methyl groug s transferred 1o viamin B12 (cobalamin).
3. Vitamin B12 then transfers it to homocysieine, producing methionine,
C. Lack of folate or vitamin B12 fmpairs synthesis of ONA precuraors,
1. Impaired division and enlargement of RBC precursors leads to megaloblastic
(et T
2. Impaired division of granulocytic precursors leads 1o hypersegmented
neutroptils,
3 Mepaloblastic change is also seen in rapidly-dividing (=.g., intestinal} epithelial
cells.
D. Other comses ufn:a..:mcfrj: anemia fwithout megaloblestic chonge) Include
alcohvolism, liver disease, and drugs {e.g. 5-FU).

Il. FOLATE DEFICIENCY
A. Dietary folate is obtained from green vegetables and some fruits,
l. Absorbed in the fEjumm
B. Folate deficlency develops within months, as body stores are minimal,
€. Caukes Include poor dict (e.g., alcohalics and eldetly). increased démand (e,
pregnancy, cancer. and hemolytic anemia), and fiolate antagonists (0.2, methotrexats,
which inhibits dihvdmofolats reductase).
D Clinical and lnbaratory fmdings include
Macrocytic RBCs and hypersegmented neutrophils {= 5 Tobes, Fig. 5.5)
(alossitis
. & serum folate
. T serum homacysteine (incresses risk for thrombasis)
Normal methylmalonic acid

LN ode b g

I VITAMIN Bi2 DEFICIENCY
A Dietary vitamin Bi2 is complexed to animal-derived profeing.
L E.il.l'.-':i:l"}' El:.h.d EEVITIER I:-Lﬁ,_. nm':.'].ue]' liberzte vitnmin BIL2, which 12 then bound
b:r B-biader I:-ulm.l Irom the nli'l.ru:':-' Eland] and carried !']:rnqﬂh the stomnch.
& Pancreatic proteases in the dusdenum detach vitamin B12 from B-binder,
A& Viamin B2 Blads lntrinsic facror (msade by gasiric parietal cells) in the small
bowel; the intrinsic factor-vitamin BIZ complex is absorbed in the ilewm.
B, Vitamin B12 deficiency 15 less common than folate deficlency and takes vears o
develop due to large hepatic stores of vitamin B12
€. Pernicious anemia is the most commaon cadse of vitamin B12 deficiency.
L. Autoimmune destruction of parietal cells (body of stomach) leads to mtrinsic
factor deficiency
[ Other causes of vitamin Bi2 deficiency inchide pancreatic insafheiency and
d:magr to the teemiial teum I::E..ﬁ... Croho dissaes= or Dip.krﬂnbnl‘hn'nm Lt |ﬁ.r.'h
tapeworm|); dietary deficiency is rare, excepl m vegana.
E. Clinkcal and laboratory findings include
1. Macrocytic RHCs with hypersegmenied neutrophils
2. (losgitis
3. Subacute combined depeneration of the spinal cord




i Vitamin B12 isa cofactor for the conversion of methylmalonic acid 1o
succimyl CoA (important in fafly acid mesabolism).
ii. Vitamin B12 defbciency results in increased levels of methyl malomic acid,
which impairs spinal cord myelinization.
iii, Damage results in poor proprioception and vibratory sensation (posterior
column} and spastic paresis {lateral corticospinal tract),
4. = serum vitamin B12
5 7 serum homocysteine (similar to folate deficiency), which increases risk for
thrombosis
6. T methylmalonic acid (undike folate deficizncy}

NORMOCYTIC ANEMIA

I, BASIC PRINCIPLES
A Anemia-with normal-sized RBCs (MO = B0-T00 pm?)
B. Dueteincreased peripheral destruction or underproduction
1. Feticulocyte count helps todistinguish between these two etiologies.

IL RETICULOCYTES
A, Young RBCs released from the bone marrow
1. Identified on blood smear as larger cells with blaish cviopdasm (due 1o residual
RINA, Fig. 5.6)
B. Normal reticubocyte count (RC) is 1-2%.
. RBC lifespan is 120 days; each day roughly 1-2% of RBCs are removed from
circulation and replaced by reticulocytes.
. A properly functioning marsow responds to anemiza by increasing the RC to »3%.
. R, however, is falesly elevated in anemia.
1. RC iz messured as percentage of total RBCs; decrease in toral RRCs falsely
elevates percentage of reticulosyles,
E. RCis corrected by multiplying reticulecyte connt by Het/5,
1. Correcied conmt = 3% Indicawes good marrow response and suggests peripheral
destruction,
2. Corrected coumt < 3% Indlcates poor marnow response and suggests
underproduction,

M1, PERIPHERAL REC DESTRUCTION (HEMOLYSIS!
A Divided into extrovascular and intravascular hemolysis; both result inanemia with a
gond Marmow response,

& o ©
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B Extravascular hemolysis involves RBC destruction by the reticulnendothalial system

(macrophages of the spleen, liver, and lymph nodes).
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L. Macrophages consume RBCs and break down hemoglobin.

i, Globin is broken down into amino acids

i ‘Heme is broken down intn iron and profoporphyring iron is recycled,

Lit, Prowoporphyrin is broken down inte snconjugated bilirubin, which is bound
to servim albumin and delivered to the liver for conjugation and excietion
into bile,

2. Clinical and labomatory findings inciude

L Anemia with splenomegaly, faundice due to unconjugated bilirubin, ind |
increased risk for hilirwhin gallstones

i Marrow hyperplasia with corrected reticalocyte count > 3%

C. Intravascular hemolvsis involves destruction of RBCs within vessels,
L Clinical and laboratory findings include

i. Hemoglobinemia

it. Hemoglobinuria

iil, Hemosidednuria—Resal tubular cells 'Pi-:L'_ up some aof the hern-u_ujubi.n that
is filtered intethe urine and break it down into iron. which accu milates as
hemosidering tubuler cells are eventually shed resulting in hemosiderinuria.

Iv, Decreased seram baptoglobin

NORMOCYTIC ANEMIAS WITH PREDOMINANT
EXTRAVASCULAR HEMOLYSIS

L. HEREDITARY SPHEROCYTOSIS
A, Inberiied defect of RBC cytoskeleton-membrane tethering proteing
1. Most commanty involves spectrin, ankyrin, or band 3.1
B, Membrane blebs are formed and lost over time.
' I. Loss of membrane renders cells round (spherocytes) instead of disc-shaped.
L. Epherocytes are less able to maneuver through splenic sinussids and are
consumed by splenic macrophages, resulting inanemia,
€. Clinical and laboratory findings inchade
L. Spherocytes with lnss of central pallor (Flg. 5.7}
2 TRDW and T mean carpuscular hemoglobin concentration (MCHC)
3. Splencmegaly, jaundice with unconjugated bilirubin, and increased risk for
Billrubin gallstones {extravascular hemolysis)
4. TIncreased risk for aplastic crisis with parvovirus B9 infection of ervthroid
precursoes
[l Dhagnosed by cumotié fragility taet, which reveals incrensed spherocyte fragility in
hypotonie solution
H Tmtmemhapknuctdmﬂmmin reschoes, but q:hh:rn-:rtr_: persist and I-Enw-:ll-fn“]r
berdies (fragments of nuclear materfal in RBCs) emerge on blood smear (Fig: 5.8)

II. SICELE CELL AMEMIA

A Autosomazl recessive mutation in (b chain of hemoglobin; 1 single amine acid change
replaces normal glutamic acid (hydrophilic) with valine (hydrophebic).

B. Gene is carried by 10% of individuals of African descent, likely due to protective role
egainst falciparum malaria,

C. Sickle cell disease arises when two abnormal f genes are present: results in =90%
HbS in RECs

L. HbS polymerizes when decxygenated; polymers aggregate into necdle-like
steuctures, resulting in gickle cells {Fig. 5.9)
L Increased risk of sickling occurs with hyposemia, dehydration, and acidosis.
2, HbF protecis against sickling: high HbF ax birth {5 protective for the st few

montls of life, Treatment with hydrosyures increases levels of HbE
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Cells continuously sickle and de-sickle while passing through the microcirculation,
resulting in complications related to BBC membrane damage.

1. Extravascular hemolysis—Reticuloendothetizl sysiem removes RBCs with

damaged membranes, leading to anemia; jaundice with uncons ugated

hyperbilirabinemia, and increased risk for bilirnbin gallstones:

Intravascular hemolysis— R ACs with damaged membranes dehyd rate, leading to

hemolysic with decreased haptoglobin and target cells on blood smear.

Massive erythroid hyperplasia ensucs resulting in

| Expansion of hematopoiesis into the skall {'crewout” appearance on x-ray)
and fackl bones (chdpraunk facies)

i Extramedullary hematopodesis with hepatomegaly

iii, Fiskof aplastic crisis with parvovirus BI9 infection of eryihroid precursors

Trreversible sickling leads to complications of vaso-occlusion,

. Dactylitis—swollen hands and feet due to vaso-occlusive infarcts in bones;

common presentlng sign in infants

Auntosplenectomy—shrunken, fibrotic spleen. Conseguences inclade

I, Increased risk of infection with encapsulated organisms such as Streptacocous
preueoniae and Haemophiles inffienzee (most common cause of death in
children); affected children should be vaccinated by 5 yeare of age.

L Incressed risk of Salwoweillia paratyphid osteomyelitis

L Howell-Jolly bodies on blood smear

Acute chest syndpdame—vaso-ooclusion In pulmonary microcircnlation

I Presents with chest paln, shortness of breath, and lung infiltranes

il. Crfien precipiaed by poewmonis

iid. Most common canse -of death in adall patients

Pain o3isis

Renal papillury pecrosis—results in gross hematuria and proteinaria

i

4

a,

. Sickle cell trait b the presence of one mutated and ene normal P chain; results in <

S0 HES i RBECs (HbA 15 slighthy more efficiently produced than HbS)
I Geperally asymptomatic with no anemia; BIMC: with < 50% HbS do nat slckle in
vivo except in the renal madolla
i. Extremehyporia and hypertonicity of the medulla cause sickling, which
results in micrainfarctions leading to microscopic hematuria and, eventually,
decreased ability to concentrate uring,

. Laboratory findings
L. Sickle cells and target cells arc scen on blood smear In sickle cell disease, but noc
in sickie cell trait.
& Metabisulfite screen causes cells with any amount of HbS to sickle; positive in
both disease and trait
3. Hbelectrophoresis confirms the presence and amount of HbS.
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L Disease—90% Hb5, 8% HbE, 2% HoA, (oo HbA)
. Trait—55% HbA, 43% HbS, 2% Hba_

NI HEMOGLORIN C
A, Autpsomal recessive mutation in f chain of hernoglobin
1 Mormal glutamic scid is replaced by bisine.
2, Les common than sickle cell disease
E. Presents with mild anemia due to extravascular hemohsis
€ Characteristic HbC crystals are seen in RECs on blood smear {Fig. 5.10),

NORMOCYTIC ANEMIAS WITH PREDOMINANT
INTRAVASCULAR HEMOLYSIS

[, PAROXYSMALNOCTURNAL HEMOGLOBINURIA (PNH)

A Acquired defect in royeloid stem cells resulting in absent
ghycosytphosphatidylinositel (GP1): renders cells susceptible 10 destruction b
commplernent
1, Bload ealls coexing with :ump]-:mn:nl;.

2. Decayaccelerating factor (DAF) on the surface of blood cells protects against
complemeni-mediated damage by inhibiting C3 convertase.

4. DAF is secured to the cell membrane by GP1 {an anchoring protein).

4. Absence of GPI leads to absence of DAF, rendering cells sasceptible 1o
cumplement-mediated damage,

B. Intravascular hemolysis occurs episodically, often ar night during seep.

1. Mild respiratory acidosis develops with shallow breathing during sheep and
activates complemeni.

2. RBCs, WHCs, and platelets are Tysed.

3 Intravascular hemolysis leads to hemoglobinemia and hemoglobinur
iespecially in the momingh hemosiderinuria is seen days afier hemolysis.

€. Swerose test is wsed 1o screen for disease; confirmatory test is the acidified serum test
or [ow cylometry 1o detect Jack of S5 (DAF) on blood cells,

v Main cause of death is thrombosis of the hepatic, portal, or cerebral veins,

I. Destroyed platelets velease cytoplasmic contents into creulation, inducing
thromibrosis,

E. Complications include iron deficiency anemia (due 1o chronk loss of hemoglobin in
the urined and acute niyelold leukemia (AMLY which develops in 10% of patients

Il GLUCOSE-6-PFHOSPHATE DEHYDROGENASE (GsPD) DEFICIENCY
A, Xlinked recessive disorder n:an]:in.g,i.n redoced hallf-life of GEPD; renders cells
suseeptible 1o oxidutive stress
L, RBCsare normally exposed o oxidative stress, in particular HO,
2. Glutathione (an antioxidant) pewiratizes H O, but becomes oxidized in the
privcess. '
3. NADFH. a by-product of GEPL, is needed to regenerate reduced ghatathione.
4+ GEPD ~» + RADPH — + reduced glatathione — oxidative injury by H,O, —
intravescular hemolysis
B. G6PD deficiency hias twomagor variants,
1. African variant—mildly reduced half-life of GEPD leading to mild intravascular
hemalveis with oxsdative stress
2, Mediterrancan variunt—markedly reduced halfife of GEPLD leading to mearked
intravasoular hemolysis with oxidative stress
3. High carsler frequency in both populations is likely due to protective role against
falciparum malaria.




.. Oxidative stress precipitates Hb as Heinz Todies.
[. Causes of oxidative siress include infections, drigs (e.g.. primaguine. sullfa drogs,
anl dapsone), and fava beans
1, Heinzbodies are removed from EBCs by splenic macnophages, resulting in bite
cefla (Fig. 500}
3, Leads wo predominantly intravasculber hemolysis
D, Presens with bemoghobinurkis and back palo hoars after exposure tooxidatie siress
E. Heinz preparation is axed to screen or disease (precipitated hemoglobin can only
be seen with 4 special Heinz staln, Fig. 5.12); enzyme studies confirns deficiency
(periprmed weeks after hemolytic episods rasplves).

T, IMMUNE HEMOLYTIC ANEMIA (THA)

A Antibodv-mediared (gt oor Igh) destructlon of RECs

B, lglG-mediated disease usually involves extravascular hemolysis
1. JIgG binds RRCs in thevelatively warm temperature of the ceniral body fwarm

spplutinin); membrane of antibody-coated BBC is conaumed by splenic

uun:rqphaﬂ:—.:,rmll:inﬁ In .rp’l'n:n;l-:'_n’!ﬂ

Associated with SLE {most common cause), CLL; and cértain drogs (classically,

penicillin and cephakosporing

i Drugmayattach b0 BBC membrane {eg., penicilling with subsequent
binding of intbody to drug-membrane complex

i, Drugmay induce production ofauoantibodies (eg., a-metiyidops) that hind
self antigens on RBCs

3. Treatment involves cessation of the sffending drug. steroids, 1V 1G, and, if
necersry, splenaciomy,

O IgMemed mted diseass usually involves intravascuiar hemolysis

1. IgM binds RBCs and fixes complement inthe relatively cold temperature of the
extremilies old apphotinin).

2 Associated with Mycoplasma prevmonias and infectious mononucheosis

. Coombs test is used to diagnose THA; testing can be dircet or lndirect.

1. Direct Cooambes test confirms the presence of antibedy-costed RBCs, Anti-IgG
is pddded to paticat RBC s agglutination ocours if RBCs are already coated with
antibody. This i the most important test for THA,

2. Indirect Coombs fest confirms the presence of antibodies in patient serum. Antk-
lgGand test RBCs are mixed with the patient serumy; agglulination occurs iF
sernm antibodies are present.

P

IV, MICROARNGIOPATHIC HEMOLYTIC ANEMIA
A Intravascubior hernolyals that results feom vascular pathology; BBCs are destroyed as
thaey pass throtgh the circalation

Fig. 5.11 fite Cefl

- N

F""oq G"" ’|
Qo O 0@
0000
& &

Fig. 502 Heinz bodies {Heinz preparation]. Flg: 5.13 schistocyte.




L Iron deficiency anemia occurs with chronic hemalysis,
B, Owcurs with microthrombi (TTP-HUS, DIC, HELLPY, prosthétic heart valves, and
aortic stenosis; microthrombi produce schistocytes on blood smear (Fig. 5.13)

V. MALARIA

A. Infection of RBCsand liver with Plasmodinm (Fig. 5.14); transmitted by the female
Artopheles mosquite

B. RBCsrapture as a part of the Plagmodises life cycle, msulting in intravascular
hemolysis and cycical fever.
L. P faiciparum—daily fever
2. Pvivaxand Povale—fever every other day

C. Spleen also consumes some infected RBECs results in mild extravascular hemolysis
with splenomegaly

ANEMIA DUETO UNDERPRODUCTION

L BASIC PRINCIPLES
A. Decreased production of RBCs by bone marsow; characterized by low corrected
rericulocyte count
B Etslogies include
L. Causes of microcytic and macrocythe anenia
1. Renal failure—decreased production of EPO by peritubular interstitial cells
1, Damage to bone marrow precursor cells (may result in anemis or pancytopenia)

[T PARVOVIRLS B19
A. [nfects progenbor red cells and tempormarily halis erythropobesis; leads to significant
ancrnda in the setting of preexisting marrow siTess (6. slekic ool anemial
B. Treatment b supportive (infection is self-limited ).

L APLASTIC ANEMIA

A. Damage io hematopiietic stem cells, resulting in pancytopenia (anemia,
thrombocytopenia, and leukopenia) with low reticulocyte count

B, Etiologies include drugs or chemicals, viral infections, and autolmmune damage.

€. Biopsy reveals an empty. fatty marrow (Fig. 5055

1. Treatment includes cessation of any cansative drugs and suppartive care with
transfusions and marrow-stimulsting factors {eq., erythropodetin, GM-CSF, and
G- CEF).
L. Immunosuppression may be helpful as some Idtopathle cases are due to

abnormal T-cell acthvation with release of cytokines.

1. May require bone marrow transplantation as a last resort

o000l F N
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Fiig. 514 trythroe s Infected with Plaldamam Fig: 518 Bolastic anemia,
ICourtesy of Paulo Moo, MO




I, MYELOPHTHISIC PROCESS
A. Pathologle process (e, metastatic cancer) that replices bone marros;

| hernabopolesis i impaired, resulting in pancytopenia.



LEUKOPENIA AND LEUKOCYTOSIS

1. BASIC PRINCIPLES

A, Hematopolesis occurs vid a stepwise maturation of CD34" hematopoietic stem cells.
(Fig. 6.1}

8. Cells mature and are released from the bone marrow into the blood.

. A normal white blood cell (WBC) connt is approximately 5-10 Kl
L Aloawr WEBC count (2 5 K} is called leukopenin.
2. Ahigh WBC count (> 10 K] is called leukocytosis.
3. Alow or high WBC count is usually due to o decrsase or increase in one

particular cell linsage,

IL LEUKOFENIA
A. Neutrpenia refers 1o o decreised number of clrculating neutrophils, Causes include
1. rug toxicity (e.g.. chemotherapy with alkviating agents) —Damage to stem cells
results in decreased production of WERCs, expecially nevtrophils.
X Severe infection le.g., gram-niegalive sepsisl—Increased movement of reutrophils
into tissues results in decreased cirenlating nevtrophils.
3, GM-CSF or G-C5F may be used pharmacologically to boost geanulocyte
_plﬂdm:lbl.‘ru, ll]ﬂ'dr:r dminﬁ rizk ot infection.
B, Lymphopenia refers to 2 decreased number of circulating lymphocy tes, Causes
Lnchade
L. Immunedeficiency (e.g, DiGearge syndrome or HIV)
1. High cortisol state [e.g., eaogenous corticostercids or Cushing syndrome)—
induces apopiosis of vmphocytes
A Autolmmune destruction {e.g, systemic lupas erythematosus;
4. Whaole body radiation—[ymphocytes are highly sensitive to radiation;
Iymphapenia is the earliest change o emerge after whole body radiation,

III LEUKOCYTOSIS
{ A Meatrophilic leekocytosis refers to incrensed circolating nevtrophils, Causes include
1. Bacterial infection or tissue necrosis—induces release of marginated pool and
bonie marrow neutrophils, incheding immatore forms (Beft shiftl; immature cells
are characeerized by decreased Fo receprors (CDIGYL

Hemmnopodete: CEME" Shem Cell
l
Miwlaxl :E'I-Hut.lr.ll I-'!'Whnl-l:‘ Sueen Cell

Erprhpablase Hr-h'-hhu Mmih{an: Ml_-qualrpnbhu B Lpmphibdasi T Lymsgphoblaso

RACH Meutrophis Monicytes Negaharmacyres “Waos Boelka Matve T cells
Byl | 1

Ensinnphils Plasms cells COR T celly

0T cetls

Fig. 81 Hernaloposesiy,
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1. High cortisol state—impairs leukocyte adhesion, feading to relense of
marginated pool of neutrophils

Monocytosis refers 1o incressed clroulating monocyies. Canses include chromic

Iriflarrmatony states =g, autoimmume and infections) and malignancy.

Eostnophila cefers to inereased |.":r|:l.1'|:||1ing r.-.'u:im‘:rphil_'.. Cans=s include :;.]_I.l:'rg'ic

rea-.'r_i-:ms»m-p.: [ i'l.}']:!urr-rnaiti.'.-ilj;l. parEitic indectinns, and I-'lndgka n lymphoma,

F.l.l-:'-i.nﬂ-l:ﬂiil'ia is driven h':.' increased :'uain-uphiJ chematactis factor

Basephilia refers to ivcreased circulsting basophils; classically seen in chronic

mivelold lewkenia

- Lymphocytic leakocyTosis refers 1o increased circulating lymphecytes. Causes

include

L Vieal infections—1 lymphescytes underge hyperplasia in respanse 1o virally
Iivfected cells,

2, Bordetelly perbussts infection—acteria produce lvmphocytosis-promoting
factor, which blocks circulating wmphocyies from leaving the blood to enter the
lvmph node.

IV INFECTIOUS MONONUCLECGSIS (IM)
A

EBV infection that results in a lymphocytic bukocytosis comprised of reactive CDR*
T cells: CMVY iz a less commen caose.

I EBV is transmitted by saliva (“kissing disease™); classically affects teenagers
EBY primarily infects

I Oropharyno, resulting in pharyngitis

L Liver, resulting in hepatitis with hepatomegaly and elevated liver enzymes

3. Boeslis

COE™ T-cell response leads ta

I, eneralired ymphadenopathy (LAD) doe to T-cell hyperplasia in the lymph
node paracartex

plenomegaly due to T-cell hyperplasia in the periarierial lymphatic sheath
IPALS)

High WEBC count with atypical |}'|n|.1-]:-:‘:-|.'1l.':¢'| [Peactive CDEY T callgh in the Blood
[Fig. 6:2)

The monospot test b used for scresning.

1 Detects ],'l;}-'f antibodies that eross-roact with horse or sheep red blood cells
theterephile antibodies)

Usially turns pogitive within 1 week after infection

A Tegative monaspot test suggests UMY as g possible cause of Th.

Lrefinitive diagnosis is made by serodogic testing tor the EBV viral capsid
antigen,

| %]

o

e

Fig. 8.2 atypical mahacyte ofinfectsc Fig. £.0 Spdenic rugbure. (Courtesy ofE5Y
mOononEensis,; Sanfosh, MO



L.

E. Complicatioas
L Increased risk for splenic rupture {Fig. 6.3); patients ate generally advised to
avoid contact sports for one year.
2. Rash il éxposed toampicillin
3 Dormancy of wiras in Boells leads to increased rick for both recurrence and
B.cell lymphoma, especally if immunodefciency (e.g. HIV) develops,

ACUTE LEUKEMIA

BASIC PRINCIPLES

A, Neoplastic proliferation of blasts; defined as the accumulation of » 208 blasts in the
bane marrow,

B. Increased blasts “crowd-out” normal hematopoiesis, resulting in an “scute”
presentation with anemia (fatigue), thrombocytopenia (bleeding), or nentromsnia
{infection)

C. Blasts usually enter the blood stream, resulting In a high WBC count,

L. Blasts are large, immature cells, often with punched out nucleoli (Fig. 6.4),

L. Acute beukemia is subdivided into acute lymphoblastic leukemia (ALL) or acute

myelogenous leukemis (AML) based on the phenotype of the blasts.

» ACUTELYMPHOBLASTIC LEUKEMIA

A, Neoplastic accumulation of lymphoblasts (> 20%) in the bone marrow
L. Lymphoblasts are characterized by positive nuclear staining for TdT, 2 DNA
polymerase.
2. TdT is absent in myelaid blasts and matore lvmphocytes.
B. Most commonly arises in children; associated with Down syndrome {usually arbses
afterthe age of 5 years)
. Subclassifed into B-ALL and T-ALL based on surface markers
0. B-ALL is the most common type of ALL
L. Usually characterized by Iymphoblases [TdT+ that express CDI0, CDE9, and
€02,
2. Excellent response to chemotherapy; requires prophylaxis to scrotum and C5F
tFig. 6.5
3. Frognosis is bused on cytopenetic abnormalities.
L H12:20) has s good propnosis more commonly seen in children
B t9;22) has a poor prognosiss more commaonly seen in adults (Philadelphlas
ALL)
E. T-ALL is characterized by lymphoblasts {TdT+} that cxpress markers ranging from
CO2 1o CDB fe.g. CD3, CD4, CO7), The blasis do not express CD10,

O

)

Fig. & Blasts of acute lsukemia. Flg, 6.5 Acute lymsphabilaste lsukemia imalving
mEnirges




I Usually presents in teenagers as 2 mediastinal {thymic) mass (called acute
Ivraphoblastic Ivmphomia because the malignant cells form.a mass)

ML ACUTEMYELOID LEUKEMIA

I'-:'-l!ﬂpl:.u!‘i.: accumulation of anelabiasts (> 209%) in the bone marmow

; M}'Elﬁ:-'b]::m are I.LEI.I.I:IJJ':I- characterizad 'ir}' pnldLi.".-'r.- c]'!unp]nsm.ic |1..1'i.r|.i.|:|5 for

m‘:«"eiﬂFl’.':l‘ﬂ'.l:idﬂ.lE 8 P-f,}}.

L Crystal aggregates of MPCO may be scen as Auer rods (Fig. 6.6

Muost commonly arises in older adulis faverage age is 30-60 vears)

Subclassified based on ¢viogenstic abnarmalities, linexge ol myeboblasts, and surface

markers, High-yiekd subiypes include

1 Acute promyvelecyiic leukemia (APL)
i Characterized by t(15:17), which involves trandocaton of the retinoic acid
recepior (RAR) on chromosame 17 to chromosome 15 BAR discuption
Blocks maturation and promyelocytes (blasts) accurmulate.

i, Abnormal promyelocyies confain mumenous primary granubes that increase
the risk for DIC

i, Treatment iswith-all-fransrétinoi acd (ATRA, o vitamin A derivative),
which kinde the alterad receptor and camses the blasts bo matare (and
evenbaally diel.

Acute monocytic lenkemia

[ Proliferation of monoblasts; esually lack MPO

i, Blasts characteristically inhitcate pums (Fig 6.7)

3 Acite megakarpoblastic lRukémiz
i Proliferation of megakarvoblasts; lack MPO
il. Associated with Down syndrome {nsually arises before the age of 5)

AML may also arise from pre-existing dysplasia (myelodysplastic synd romes),

especially with prior exposure to alkylating agents or radintherapy.

1. Myelodysplastic syndromes usually present with cytopenkas; lypercellular bone
marvow, abnormal maturation of cells and increased blasts (< 20%)

2. Mogt patients die from infection or bleeding, thoogh tome progress to acute
leaukernia

L

CHRONIC LEUKEMIA

L BASIC PRINCIPLES

A

B.

Fig- 5.6 Acuite rveloponals |Bakemia wilhy Lusai
rod. (Courtesy of Faulo Mouraa. MO}

Meoplastic profiferation of mature circulating lymphocyies; characterized by a-high
WEL count
Usually insidious in onsst and seén in older adults

Fig. 6.7 Acute monscytle lsibemia (Courtésy ol Flg. £:8 Choanic lymphocytic laukemia
Des, H, Fred and H. van Dijk, oapes of Memarnable
Cazees)



[1. CHRONIC LYMFHOCYTIC LEUKEMIA (CLL)
A. Neoplastic profiferation of naive B cells that co-express CD5 and CD20; most
common leukemia overall
B. Increased lymphocytesand smudge cells are seen an blood smear (Fig. 6.8),
C. Involvement of lymph nodes leads to generalized lrmiphadenopathy and is called
small lymphoeytic vaphoma.
D. Complications incdude
L. Hypogammaglobulinemia—Infection is the most common cause of death in
CLL.
2. Adoimmune bemolylic anemiaz
3. Transformation to diffuse lairge B-éall lymiphoma { Richier transformation) —
marked clinically by an enlarging hemph node or spleen

I HAIRY CELL LEUKEMIA

A Neoplstic profiferation of mature B cells characterized by hairy cvtoplasmic
processes [Fig 6.4)

B. Cells are positive for tartrate-resistant acid phosphatsse (TRAP),

C.' Clinical features inchade splenomegaly {due to accamulation of hairy cells in
red pulpl and “dey tap” on bone marrow aspiration {(dwe to marrow fibrosgs):
Ly mphadenopathy |s usually abseni

[r Excellent response to-2-CDA (cladrifdne), an adenosine deaminase |nhidtor;
adenosing accumulates to toxic levels in neoplastic B cells.

IV. ADULT T-CELL LEUKEMIA/LYMPHOMA (ATLL}
A, Neoplastic profiferation of mature CD4™ T cells
B. Assnciated with HTLY-1: most commanly seen in Japan and the Caribbean
. Clinical fearures incliude rach (skin inhltration}, generalived lymphadenopathy
with hepatosplennmegaly, and lvtic ([punched.oul) bone lesions with

hyperculcemia,

W MYCOS5]S FUNGOIDES
A. Neoplastic profiferation of mature CD4* T cells that infilvrate the skin, producing
localized skin rash, plagues, and nodules. Aggrepates of neoplastic cells in the
epidermis are called Pautrier microahscesses,
B. Cells can spread to tovolve the blood, producing Sezary syndrome.
1. Characteristic lvmphocyles with cerebriform nuclei [Sezary c2llsh are szen on
blood smear (Fig 6.0,

Fig. 6.9 Haity cell leuieimia. (Courtedy of Paulo Figg, .80 Sexaiy csily, (Courtesy of Packa Moursa,
oo, MICY MO
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MYELOPROLIFERATIVE DISORDERS (MPD)

BASIC PRINCIPLES
A Neoplastic proliferation of mature cells of mveloid lineage: diseass of late adulthood
[average age s S0-6{0 vears)
B Resoles in high WEC count with hypercellular bone marrow
L Cells of all myeload Iineages are Incressed: classified based on the dominant
myyeloid cell produced
L Complications includs
L Increased risk for hyperuricamia and goit doe 1o high ternover of cells
2. Progression to marrow fibrosis or transformation to acute leukemia

CHRONIC MYELOID LEUKEMI A {CML}
A Neaplastic praliferation of matire myeloid cells, especially granulocytes and their
précirsors basophilsare characteristically Increased (Fig. 6010
B. Driven by 10%;22) (Philadeiphia chromosome) which generates a BCR-ABL fosion
profein with increased tyrosine kinase actbvity,
I First line treatment i imatini, which blocks tyrosine kinase activity,
C Splenomegaly is common, Enlarging spleen supggesats sceelerated phase of disease;
transformation toacute lenkena usually follows shortly thereafter,
1. Can transterm to AML (/3 of cases) or ALL (173 of Gigeg) since mutation isina
pluripotent stem cell,
[ CML i d'i.l:tin!a.l.is'!'ped fromm a leukemadd reaction (reactive 'un.!trﬂphil:i-l: |=u|.'n-:yl-|:|-si:5:|
by
l. Wegative leukocyte alkaline phosphatase (LAP] stain (granulocytes ima
leukemoid reaction are LAP positive)
2 Incressed basophils [absent with lenkemoid reaction)
3. 1%:22] (absent in lenkemoad reaction)

(1L POLYCYTHEMIA VERA (PV)

A Neoplastic proliferation of mature myeloid cells, especially RBCs
1. Gramulocytes and platelets are also increased.
B, Associated with JTAR? kinase motation
€. Clinical symproms are mostly doe to hyperviscosity of blood.
I. Bhugry vislon and headachs
1. Tnereased risk of venous thrombosis (e.g., hepatic vein, postal vein, and dural
EHL
3, Flushed face due to congestion {plethoral
4. Iching, especially afier bathing (due o histamine refease from increased mast
cellal
O Treatmend is phlebotamy; second-line therapy is hydroxyumnea.

Fig. &1 Chrombc myelagenous leukernia Fig. 8.12 Esserlal thrombacythemia



L ‘Without treatment. death usually accurs within one year,
E. PV must be distinguished from reactive polycythemia:
L. In PV, erythropoietin (EPO) levels are decreased, and S0 is normal,
2. Inreactive palycythemia due to high altitude or lung disease, Sao_ is low, and
EPCr s increated.
3. In reactive palycythemia due to ectople EPO production from renal cell
carcinoma. EPO is high, and Sao, is normal.

V. ESSENTIAL THROMBOCYTHEMIA (ET)
A, Neoplastic profiferation of mature myelold cells; especially platelets {Fig. 5.2
L RBCs and granulocytes are also increased,
B. Associated with JAK2 kinase mutation
C. Symptoms are related to an increased risk of bleeding and/or thrombeosis,
1. Rarely progresses m marrow fibrosis or acute leukemia
2. Mo significant risk for hyperuricemia nr pout

V. MYELOFIBROSIS
A, Neoplastic proliferation of mature myeloid cells, especially megakaryocytey
L Associsted with JAKZ kinase mastation [30% of cases)
B, Megakaryocyies produce excess platelet-derived growth factor (FIDNSF) causing
marrow fibrosls [Fig. 613,
€. Clinical features include

L. Splenomegaly due 1o extramedullary hematopolesis
2. Leukoervthroblsstic smear (tear-drop RBCs. nucleated RBCs, and immature

granulocyies, Fig. o.14)
3. Increased risk of infectiom, thrambaosis, and hleeding

LYMPHADENOPATHY (LAD)

L BASIC FRINCIFLES
A, LAD refers to enlarged lymph nedes.
L Painful LAD is usually seen in lymph nodes that are draining a region of acute
infection {acute lymphadenitis).
2, Painless LAD can be seen with chronic inflammation (chronic lrmphadenitis),
metastatic carcinoma, of [vmphoma,
B. Ininflammation, lymph node enlargement is due to hyperplasia of particular
regions of the lymph node (Fig. 6.15).
1. Follicular h}'ih!:.l‘pllﬁi [B-cell region} is seen with rhewmatoid arthriths and carky
stages of HIV infuction, for example.

Flg. 613 Myalohbeass Fig. 6.14 Tear-drop REC. Flg- 6.15 Moamal lyenpsh nede.




2 Paracortex hyperplasia [T-cell region) is seen with viral infections {e.g.,
imfectaos momanucleosisy

3. Hypeiplasiaof sirns histiocyies is seen inTymph nodes that are draining a tsos
with camcer:

LYMPHOMA

[, BASIC PRINCIPLES
A Teoplastic proliferation of wmphoid cells-that forms a mass may arise inalymph
node or in extranodal tissue
i, Divided into |.'|1'|F.|'HI_1|.1!.1C'iT'| l:,fmphm'na I.HH'] . B amd Hl.nﬂﬁ]:ll! |:'!|-'I:'|'l|:'rl'||:]-1'na I.HL,

40} (Table 6.1)

C. WHL is further classified based on cell vype {e.g.. B versus T), cell size, pattern of cell
growth, expression of surface markers, and cytopenetic translocations.

I Small B eells={ollicular bvmphoma, mantle cell lvmphoma, narginal zone
|!.':r|.'|p'|'5||:|m:|. and rmall |':.'m'p-}.|r|-|.'1l.-l'ir_' |'|.'1'.|1p|:-|:'|m.1 e, CLL calls that ineolve e
Intermediate-sized B cells—Burkitt lymphoma
[..:.[g;: B cells—diffuse iu:rE,r B-c2ll ]rmphuml.

B4

o]

Table 6.1;: Differences Between Nan-Hodgkin Lymphoma and Hodakin Lymphama

NON-TIODGRTN LYMPHOMA HODGEDS LY MPEOMA
Overall fraquency L %
Malignant cells Lymphodd cells Eeed-faernberg cells
TRl : i i FPredominantly reactive cells.
Guoapastiion of gmes Lyraghhond cells linflammatory cells and Shrosis:

Fainlesz lymphadenopathy cccasionally

Fainless lymphadenopathy, wsually arses itk Ao iy b R

Clinical

i bave adulthood i
Spread Diirfuse; often extranodal Contigwoang rareh-extranndal
Staging Limited invporiance :.r.l;iiiigfniw' FRditonis the muniryy
Laleentic phase Dieeure Dises nistaccur

Fig. 8.4 Folicular irphama. &, Disruptian of noemal mph: node architectize by necplastic folicles. B, Neoplastic folicles lacking tinglble bady
macrophages. . Reactve fallicular hyparpiaia with tingibla body macrephages for comparissn,



[l FOLLICULAR LYMPHOMA

A. Neoplastic profiferativa of small B cefls {CD207) that form follicle-like nodules (Fig.
G.i6A)

B. Clinically presents in late adulihood with painless lvmphadenopathy
C. Driven by o{14:18)
L. BCI2on chromosome 18 translocates to the Ty heavy chain locus on
coromneome 14,
1. Besulis in overexpression of Bel2, which inhibits apepiosts
D Treatment is reserved for patients who are symiptomatic and bvvelves low-dose
chematherapy of rituximab fanti-CO20 antdbody).
E. Progression to diffuse large B-cell lymphoma 15 an important complication; presents
as nn enlarging lymph node
E. Follicular lymphoma is distinguished from reactive follicular hyperplasia by
1. Dlgruption of normal lymph nede architesture (matntainegd in fellicular
hyperpasa)
Lack of tingible body macrophages in germinal centers (tingibde body
macrophages are present in follicular hyperplasia, g, 8. 188.0)
3 B2 expression in follicles fnot expressed: in fodlicular h!.'pcq,'-l.._\ij;].:l
4. Monoclonality follicular lerperplasia is polyclomal)

Fa

HL MANTLE CELL LNXMPHOM A
A. Neoplastic proliferation of small B cells iCD207) that expands the manile zone
B. Clinically presents in Lite sdulthood with painless lymphadenopathy
C. Driven by t{11;14)
L. Cyclin D1 gene on chromoseme 11 translocates to Ig heavy chain locus on
COTOSHe 14,
1. Overexpression of cyclin DI promotes GLS transitlon i the el cycle,
f:]l.'1]|.1:'|!1n|_J_ henpl:.:li.: praliferation

[¥, MARGINAL ZONE LYMPHOM A
A. Neoplastic proliferation of small B cells {CD207) that expands the marginal some
B. Associated with chronic inflammatory staties such as Hashimouo thveosditis, Sjdgren
syndrome, and M pweri gastritis
1, The marginal zone is formed by post-germinal center B calls.
MALToma is marginal zone ymphoma fn mucnsal sites.
L Gastric MALToma may regress with treatment of H Pplori

L

V. BURKITT LYMPHOMA
A. Neoplastic proliferatinn of intermediate-sized B cells ({CD207); associated with EBY
B. Classically prerents as an extranodal mass in a child or young sdult

Fig. 617 Burkitt lymobama: & Irndlvement of jea: B, Sarngsky’ spgearanca. (4, Goumesy Miks
Edyth




L African form usually invelves the jaw [Fig 6.17A)
2. Sporadic form usaally invelves the abdomen.
o Driven by translocations of e+ (chromosome 8)
L. t8:14) ismost common, resalting in transbocation of c-mye to the 1g heavy chaln
locus on chromosomse 14
1, Drerexpression of c-mpe oncogene promotes cell groavth
Iv Characterized by high mitatic index and ‘sturry-sky” appearance on microscopy (Fig.
6. iTH]

V0L DIFFUSE LARGE B-CELL LYMPHOMA
A, Neoplastic proliferation of large B cells (C020°) that grow diffusedy in sheets
L. Most commaon form of MHL
1. Clingcally aggressive (high-grade}
B. Arises sporadically or from transformation of 8 low-grade lymphoma fe.g, follicular
lymphoma)

L. Presents in late adulthood as an enlarging lrmph node or an extranodal mass

HODGKIN LYMPHOMA (HL)

I BASICPRINCIFLES

A; Meoplistic proliferation of Reed-Sternbers (R5) cells, which are karge Beells with
multilobed auded and peovainent sucleoll ("owl-eved nuclel, Fig. 6.18); classically
positive for CDNS and CD30

B. RS cells secrete cytokines.
L. Crocasionally results in "B sympioms {fever, chills, and night sweats)
1. Atiract reactive lymiphocytes, plasma cells, macrophages, and eosinophils
i May lead to fibrosis

C, Reactive inflammatory celis make up a bulk of the tumor and form the basis for
classification of HL, Sublypes inchade
I Modular sclerosis
1. Lymphocyte-rich
3. Mised cellularity
4 Lymphocyte-depleted

0. Moduelar sclercsis is the most common subtype of HL {70% of all cases],
l, Classic presentation is an enlarging cervical or mediastinal Tymph node ina

youlng adull, usually female,
2. Lymph node is divided by bands of sclerosis (Fig. 6.13%A); BS celis are present in
lake-like spaces [lacunar cells, Fig. 6198}
E Important considerations regarding other subtypes of HL

L. Lymphocyte-rich has the best prognosis of all types.

Flig. 618 Resel-Stesnbeg osll.

Fig. §.19 Hodgkin emphome padolar scleradds ey pe. & Sclernsis aof lymph node. B, Boed-Sternbang
cedls indacunar spaces.



2. Mized cellulaciny is often sssociated with shundant ecsinophils (RS cells produce
IL.5).

3. L}mphnq‘t:-ﬂdplzlﬂl ix bhe miod! aBﬂ;nds:'rue af all by peds uiu'.l-ﬂ.]." sempy i the
dd.eﬂ}'nnd H]"-'-Pnsirire individual

PLASMA CELL DISORDERS (DYSCRASIAS)

. MULTIPLE MYELOMA
A, Malignant proliferation of plasma cells in the bone marrow
l. Most common primary malignancy of bone; metastatic cancer, however, is the
most commion malignant lesion of bone overall.
2. High serum IL-6 iz sametimes present; stimulates plasma cefl growth and
immunoglobulin production
B, Clindeal featured include
L. Boee pain with hypercalcemia—MNeaplastic plasma cells activate the RANK
teceptor oi ostesclasts, leading to bone destruction. Lytic; 'punched-out” skeletal
lesinns are seen on x-ray (Fig. 6.204), especially in the vertebrae amd skull;
imcreased risk for feacture
Elevated serum protéin—MNeoplastic plasma cells produce immunoglobiling M
spike is present on serum protein elecirophoresis (SPEF)L most commonly dis fo
mopuclopal Il or [gA.
3 Increased risk of infection—Monocknal antibody lacks antigenic diversity;
infection is the most common cause of death inmultiple myeloma.
4, Roulesux formation of RBCs on blond smear—Inoreased serum protein
decreases charge between RBC: (Fig. 6.208)
& Primary AL amyloidosic—Free light choins circulste in seram apd deposit in
tlssnes
6. Proteinurda—TFree light chain is excreted in the urine as Bence Junes protein;
deposition in kidney tubules deads to risk for renal faihore imyeloma Kidnoey),

Id

M. MONOCLONAL GAMMOPATHY OF UNDETERMINED SIGNIFICANCE [MGUS)
A, Incréased serum proteln with M spike on SPEP; other features of multiple myrloma
are absent {e.g., no Iytic hone lesions, hypercalcemia, AL amyloid, or Bence Jones
proseinurinh,
R Common in elderly (s2en in 5% of 7i-vear-old individuals); 1% of patients with
MGUS develop multiple mysloma each year.

(1], WALDENSTROM MACROGLOBULINEMIA
A Brcell Iymiphoma with monechsal fghd prodaction
B, Clinical features inclwde

Flg. 620 Maligle mveloma. A, Purcheg-out’ besians mwalving skull, =y B, Rauleaus farmation of  Fig. &.21 E-i.rbl:l:g.ranul-l‘.'.de-:u\-u-n MiCIosoEY,

gBCs |Courtesy of humpath.codm)




Generalized lymphadenopathy: Ivtic bone lesions are absent.

Tneressed serum prozein with M spile (Comprised of JgM)

Visual and neurologic deficits (eg.. retiml hemorrhage or strokej—IgM (large
pentamer) canses sendm hyperviscasity.

4 Bleeding—Viscous serurm restilts in defective platelet sgorepation,

. Acute mmp]i-::lL‘u:ns are treated with F‘::ﬂ'napherﬂh.ﬂich removes lgM from the
Aoy LT,

i pa

LANGERHANS CELL HISTIOCYTOSIS

L BASICPRINCIPLES
A, Langerhans cells are specinlized dendritic célls lound predominanithy in the skin.
L Derived from bone marrow mobocyies
1. Present antigen to naive T cells
B Langerhang cell histipoviosis & a nenplastic proliferation of Langerhans cells.
1. - Charscieristic Birbeck tennis racker) granulbes are seen oneclectron microscopy
{Fig. 621k cells are CI0a* and SLN" by immunohistachemisiry,

IL LETTERER-SIWE DISEASE
A h!:]i.gnn.n]: i:u'nii.ﬁ:l:!:inn nELan.Eer[un.: cells
B. Classic presentation is skin rash and cystic sheletal defects in an infant (= 2 years old)
C Muligle organs may be nvobed; rapidly fatal

ML EDSINOPHILIC GRANULOMA
A Benign prodiferation of Langerhans cells in bone
B. Classic presentation is pathologic (racture in an adolescent; skin is not mvolved.
.. Biopsy shows Langerhans cells with mived inflammatory cells, including numenous
ensinophils,

V. HAND-SCHULLER-CHRISTIAN DISEASE
A Malipnant proliferation of Targerhans calls
B. Clagsic presentation i scalp rash, bytic deull defects, dinbetes insipidus, and
exophthalmos tn a child.



VASCULITIS

L BASIC PRINCIPLES
A, Inflammation of the blood vessel wall
1. Arterial wall is comprised of three layers: endochelial intima, smooth muscle
mitdia, and connective tissue adventitia (Fig. 7.10.
B. Etiokagy is usnally unknown: mast cases aee mob infaction.
| . Clinical features inchode
1. Monspecific symptoms of inflammation ie.g., fever, fatigue, weight foss, and
I mvalgias)
2. Sympioms of vrgan schemia—due to luninal narrowing or thromboss of the
inflamed vessels
D. Divided into large-, medium-. and seall-vessel vasculitides
L. Large-vessel vasculitis involves the aorta and its major branches.
2. Medinm-vessel vasculitis involves muscular arteries that supply organs.
3, Small-vessel vasculitis involves arterioles, capillaries, and venules..

1. LARGE-VESSEL VASCULITIS
A Temparal (Glant Cell) Arteritis

L. Granulomatous vasculitis that classically involvres branches of the carotid artery

2, Most common form of vasculitis in oldes adults (> 50 yearsh usually affects
[Femiles

3. Presentsad headache (temporal artery involvement), visual disturbances
{fophthalmic artery involvernent), and jaw claudication. Flu-like symptoms
with joint and muscle pain (polymvalgia theumatica) are often present. ESR is
elevated.

4 DBiopsy revealsinflamed vessel wall with giant cells and intimal fibrosls {Fig. 7.2).
i Lesionsare segmental: diagrosis raquires biopay of 4 long segment af vessel,

and a negative binpey does not exclude diseaze
5. Treatment is corticosteroids; high risk of blind ness without treatment
B, Takayasw Arteritiz

1. Granulomatous vasculitis that classically involves the @ortic asch at branch
peinis

2. Presentsin adults < 50 vears old (chassically, voung Asian fernales) as visual
and neuralogic symptoms with & weak or absent pulse in the upper extremity
("pulseless disease”). ESR is elevated.

3, Treatment is corticostenoids.

I MEDIUM=-VESSEL VASCIILITIS
A. Palyarteritis Nodosa
L. Mecrotizing vasculitis involving multiple organs; lungs are spared.
1, Classically presents in young adilis as hypertension {renal artery involvement),
abdominal pain with melera {mesenteric artery nvolvement], nearclogic
disturbances, and skin lesions. Assoctated with serum HBsAg




3. Lesions of varylng stages are present. Eaely lesion consists of transmural
inflammation with fibrinoid necrosks (Fig. 730 eventually heals with fibrosis,
producing a “itring-of-pearls’ appearnee on fmaging

4. Teestmentis corticasteraids and syclophosphamide; fatal if not treated

B. Eawasaki Disease

L. Classically affects Asian children < 4 jrm'pq-hl

2. Presents with nonspecific signs including fever, conjunctivitis, erythematons
rash of palms and soles, and enfarged cervical lymph nodes

3. Coronary artery involvement is cormmon and leads to rigk for (1) thrombosis
with myocardial infarction and (2) aneurysm with rapture.

4. Treatmend is aspirin and IVIG; discase 55 sl imited,

L. Bugrper Disease

1. Necrotizing vascalitis involving digits

2. Presents with nlceration, gangrene. and autoampotation of Angets and toes;
R:s.'nnuﬂ p.ht-.'rhnmmm iz aften present.

3. Highly associated with heavy smoking: treatment is smoking cessation,

IV, SMALL-VESSEL VASCULITIS
A Wegener Granulomatosis
1, MNecrotizing granulomatous vasculitis involving nasopharyme, uings, and
kidneys
2. Classic presentation is a middle-aged male with sinusitis or nasppharvngeal
alceration, hemoptysis with bilateral nodolar lung infilirates, and hematuria due
to rapidly progressive glomeralonephritis.
3. Serum c-ARCA levels correlate with disease activity.
4. Biopsy reverls large nécrotizing granulomas with sdjacent necrotiring vasenlitis
(Fig, 74).
5, Treatment bs cvelophosphamide and steroids; relapses are commaon,
B Microscopic Polyanglitis
L. Mecrotiring vasculitls involving muliiple organs, especially lung and kidney
1. Presenlation is similar to Wegener granulomatosis, but nasopharyngeal
invalvement end granalomas are absent.
3. Serum p-ANCA levels correlate with dbease activity.
4. Treatment L5 corticosteronds and cyclophosphamide relapses are common.
C.. Churg-Strauss Syndrome
L. Mecrotizing granulomatous inflammation with ensinophils involving multiple
OTRANE, erpecinﬂ:p huﬂs and heart
2. Asthma and peripheral eosinophilia are often present.
3. Berum p-ANCA levels correlate with discase activity.

Fig. 7.7 Moamal muscutar artery, Fig. 7.2 Temporal [giant cefll arteritis. Fig, 7.3 Fibringhd necross, polyarteitis nodogs,




1. Henoch-Schinlein Parpura
L. Vasculitis dueto [gA immune complex deposition; most comman vasculitis in
children
1. Presents with palpahle purpura on buttocks and lege, GT pain and bleeding, and
henvaturia g A nephropathy); usually occnrs following an upper respiratory
tract infection
3, Discase is self-imited, bot may recur; treated with sterolds, I severe

HYPERTENSION (HTN)
L. BASIC PRINCIPLES
A. Increased blood pressure; may invelve pulmonary (see chapter %) or systemic
clreulution
B Swstemic HTN is defined as pressure = 1400040 mim Hg (normal £ 120080 mm Hglk
divided into primary or secondary types based on etiology

L PRIMARY HTN
A, HTN of unknown etiology (95% of cases)
B. Risk [actors include age, race {(increased risk in African Americans, decreased risk in
Asians), obesity, stress, lack of physical activity, and high-salt diet.

[l SECONDARY HTN
A, HTN due toan identifiable etiology (5% of cases)
B, Renal artery stenosds s a common cause [renovascular hypertension)

I Stenpsis decreases blood fAow to glomerulbas.

L Juxtaglomerular apparatus (JGA) responds by secreting renin, which converts
anglolensinogen to angiotensin L

1. Angiotensin 1 is converted to angiotensin IT {ATIT) by anglotensin converting
enzyme (ACE)L

4. ATIE raises blood pressure by (1) contracting arterioksr smooth musde,
Increasing total peripheral resistance and [2} promoting adrenal releage af
aldosterone, which increases resorption of sodiam in the distal convoluted
tubule {expanding plasma volume}.

5, Leads to HTN with increased plasma renin and unilateral atraphy (due ta
benwe blaod flow] of the affected kidmey: neither feature is seen in primary
hypertension,

€., Tmportant causes of stenosis include atherosderosis (elderly mabes) and
fibromuscular dysplasia (young females).

L

Flg. 74 Wagenar grarulomatasie L Neomtiziag granuloma B, Glant calls 3t edge of granilomia, Fig. 7.5 Ak heroscheros,
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Professor A, Gerfig)

L. Fibromescular dysplasia i3 3 developmental defect of the blood vesse] wall
resulting in rregular thickening of large- and madium-sized arteries, especially
the renal artery,

BENIGN AND MALIGNANT HTN

A, HTHN can also be classified a8 benign or malignant

B. Benign HTN iss mild or mederate elevation in blood pressure; mast casesof HTN
are h-en.isn.
1. L.'iin'u:uli:.'.s-ji:nt vessels and OFjAns are cl.am.;!;{:d sionady over thme,

€. Malignant TITN is severe elevation in blood pressure (> 2001120 mm Hg) comprises
£ 3% 0E Cases
L. May azise from preexisting benign BTN or dé novo
2 Presends with acute end-organ damage (e.g., acpte senal failure, headache, and

papilledemal and is o medical emergency

ARTERIOSCLEROSIS

BASIC PRINCIPLES

A Titerally, “hard arteriess” due to thickening of the blood veses] wall

A Thres pathologic patterns—atheroaclernzis, arterindoeclorosis, and Minckeberg
medial calcific sclerasls

ATHEROSCLEROSIS
A Intlmal plagque that obstrects blood flow
1. Congists of a necrotic lipid core (mosely cholesteroly with a ibssmuscalar cap
{Fip 7.5); often undergoes dystrophic calcification
B. lmvobves large- and medium-sized arteries; abdominal sorta, coronary irtery,
poplitesl actery, and internal carotid artery are commgniy affecied,
. Riskfacrers for atherosclerasis are divided intn modifiable and nonmodifiable

I, Modifiable risk factors include hypertension, hypercholesterolemia (LDL
increases rigk; HDL decreases risk ], smoking, and diabetes:

2. Nonmodifisble risk factors include age {namber and severity of lesions increase
with nge], Efrl.ile:r {increased rick o makes and J.'Iﬂ!-il:Tl'IEﬁI'lFli.ﬂEHI females: eElTHEeT
is protectivel, and genetics (multifectorial, but family history is highly predicrive
of rizk).

v Pathogenesis

. Damape toendothelium allows fipids to leak into the intima.

2, Lipids are oxidized and then consumed by macrophages via SCIVENger (eceptors,
resulting in Bam cells,

Fig. 7.8 Athwragcleratic embolus. [Cowsesy of Fig. 7.7 Hyabne arfericlasclerasis. Fig. 7.8 trerilefephroscleronis (Courteyy of

Jesorme Taxy, MDI



3, Inflammation and bealing leads to deposition of extracellular matrix and
proliferation of smooth muscle,
E. Muorpholigic stages
I Beging as fatly streaks (flat yellow besions of the intima consdsting of lipid-laden
macrophages): arise early in life {present in most teenagers)
1. Progressesto stherosclerntic plagque
E  Complications of stherosclerosls account for > 50% of disease in Western countries.
1. Stenusis ol medium-sized vessels results in impatred blood Sow and ischeniia
teading o
i, Penipheral vascular disease {lower extremity arteries, e.o, popliteal)
. Angina (cdronary arteries)
iii. Ischemic bowel disease (mesenteric arteries)
Flague rupture with thrombosis results in myocardial infanction (coronary
arteries)and stroke fe.g., middle cerebeal artery).
3. Plague rupture with embolization results in atheroscleratic emboll, charactenzed
by cholesterol crvstals within the embolus (Fig, 7.6},
4. Weakening of vessel wall resulis in anesoysm (e, abdominal acreal

L

L. ARTERIOLOSCLEROSIS
A Narrowing of small artesioles; divided into byaline and hyperplastic 1ypes
B. Hyaline arteriolosclerosis is caused by proteins keaking into the vessel wall,
producing vascular thickening; proteins arc seen as pink hyaline on microscopy (Fig.
7
L. Congequence of long-standing benign hyperterision or dizbates
1. Results in redoced vesgel caliber with end-osgan ischemia dassically prodoces
glomerular ecarring larteriolonephrosclenssis, Fig. 7.8} that slowly progresses to
chromic renal failore
€. Hyperplastic arterinlosclerosis involves thickening of vessel wall by hy perplasia of
smooth muscle ('onjon-skin® appearance, Fig. 7.9).
L Conssquence of malignant hypertension
I, Resulls in reduced vessel caliber with end-organ ischemia
3. May lead to fibrinoid necrosis of the vessel wall with hermorchage; classically
causes acute renal faifure with a characteristic fea-bitten appearance

1V, MONCKERERG MEDIAL CALCIFIC SCLERDSIS
A, Calcification of the media of musculbar Imedinm- sized) arleries; nonochatroctive I:Fig.
T10A)
B, Motclinkcally significast; seenas an incidental fndimg on x-ray or mammagraphy
(Tig. 7.A0B)

Fig. 7.2 Hypearphastic arteraloscd ercsis Fig- 7.10 Maine kibire migdial calddfe iclerads, A, Micorsapdk spoedrance. B, Marmemogeamr.
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AORTIC DISSECTION AND ANEURYSM

AORTIC DISSECTION

A, Intimal tear with dissection of blood through media of the aortic wall {Fg. 7113

B. Occurs inthe proximal 10cm of the aorta (high steese region) swith preexizting
weakness of the media

C. Mot common copse & byvpertension (odder pdultsl alzo aeeociated with Inherled
defects of connective tissne [younger Individuals)
1. Hyvpertension vesults In hyvallne srteriosclorosis of the vass vasorum; decreasad

flow canses atrophy of the media.
2. Marfan syndrome and Ehlers-Dankes syndrome clissically lead to weakness of
the conmective tissue in the media (oysfic medial necrosis).

[ Prescntsas sharp, tearing chest pain that radistes o the back

E. Complications inchede pericardial tamponade (most common cause of death),
ruptuse with fatal hemonrrhage, and obstTuction of branching arterics fc.z., coronary
or renal} with resultant end-organ izchemia.

THORACIC ANEURYSEM

A, Ballooa-like dilation of the thovadc agrta

B Dwe toweakoess in the aortlc wall, Classicaliy soen In fertlary syphills; endarteritis
of the vasa vasorum resubts in uminal narrosving, decreased fiow, and atrophy of the
vessel wall Resultzin a ‘tree-bark’ appearance of the apria (Fig. 713}

C. Major complication is dilation ol the aortic valve root, resulting in-aortic valve

insufficlency.
L. Other complications indude compression of mediastinal structures [eg., Alrway
oresophagus) and thrombosslembolism.

1L ABDOMIMAL AORTIC ANEURYSM

A

B

G
I

Fig. 711 Aortic dissection. (Courtesy of humpath

Hallzon-1lke dilation of the abdorminal aorta; u:u.:]]:,'.n:i.s:s bl the renal arteries,

but above the adetic bilurcation {Fig. 7.13)

Erimarly due to-atherosclerosts chassically seen in mabe smokers > 60 years odd with

by pertenskon

L. Atherosclerasic increases the diffugion barciér to the media, resulting in atrophy
and weakness of the vessel wall,

Prezemis a5 ¢ pulsatile abdominal mass that grows with time

Major complication is rmeptore, especially when > 5 tm in diameter; presents with

triad of hypotension, pukatile abdominal mass, and Jank pain

1. Deher complications include compression of local structures (a5, ureter) and
thrombeosis/embotism

Fig. 7.12 Tae-ban appearance of aorta, dugta  Flg, 713 abdaminal 20mic anearpsm, ICoarecy
wywhilts [Courtesy of Allya Hosaln, ME4 of Aliva Husain, i




VASCULAR TUMORS

. HEMANGIOMA
A, Benign tumor comprised of bleod vessels (Fig. 7.04)
B Commonly present al birth: often regresses doring childhood
€. Most ofien avelves skin amnd Thver

I AMGIOSARCOMA
A Malignant proliferation of endothelial cells; Righly sggressive
B. Commonsites inchede skin, breast, 2nd liver.
I Liver anglosnrcomi is associaied with exposure to pafyvinyl chloulde, arsenic,
and Thorotrast.

I, KAPOSI SARCOMA
A, Low-grade malignant prodiferation of endothelial cells; asociared with HHV-8
B Presents as purple patches, plaques, and nodules on the skin {Fe 7155 may also
imvohve visceral organs
C. Classically seen in
I. Oider Eastern European males—tumor remains localized 1o sking trentment
Iivvolves surgical removal.
1. AIDS—tumor spreads early; treatment bs antiretrovinel agents (to boost imimune
system).
3. Transplant reciplents—tumaor spreads eary: treatment Involves decreasing
IMmMUNOSUPPression.

Fig. .14 Hamaniiaims, Fig. .18 Kapasi sancama.




ISCHEMIC HEART DISEASE (IHD)

I BASIC FRINCIFLES
A. Group of syndromes related to myocardial ischemia; THI s the leading cause of
dieath in the Us.
B. Usually doe to atheeosclenosis of coronary arteries, which decreazes blood flow to the
myocardium
1. Risk factors for THDY are similar to those of atherosclerosis; incidence increases
with age.

I1. ANGINA
A. Slable angina is chest pain that arlses with exertion or emotional stress.

1. Due toatheroscierosis of coronury arteries with = 70% stenosis; decreased blooed
flow is ot able fo meet the metabolic demands of the myocardinm during
exerthnn.

L. Hepresents reversible imfury to myocytes (no necrosis)

3. Presents as chest pain {lasting < 20 minutes) that radiates to the left arm or jaw,
diaphoresis, and shortness of breath

4. EKG shows ST-segment depression due to subendocardial ischemia,

5. Believed by rest or nitroglycerin
B, Unstahle angina is chest pain that ocewrs at rest.

. Usially due to ruptiice of an atherosdlematic plague with thromboais and
incomplete occhusion of a coronary artery (Fig 8.1AL
Bepresents reveraible injury o myocytes (no necrosis)
ERG shows 5T-segment depression doe to subsndocardial ischemia,
o Helieved by ndtraglveerin

High risk of progression to myocardial infarction

C. Prln:mml angina is episodic chest pain unrelated to exertion.

L. Dueto coronary arlery vasospasm

2. Pepresents reversible injury to myocyies {no necrosks)

3. ERG shows ST-segment elevation due to tranemueal ischamsia.

4 Relieved by nitroglyeerin or calciom channel Blockers

e

Rl

TE MYCCARDLAL INFARCTION

A Necrosds of cardiae myocytes

B, Usually due 2o rupture of an atheresclerotic plaque wish thrombosis and complere
occluston of a coronary artery (Fig. §.1B)
L. Other canses inclwde coronary artery vasospasm (due to Prinzmetal 2ngina or

cocalne usel, embali, and vasculitis (e.g. Kawasali disease).

€. Clinical features include severe, crushing chest pain (Tasting > 20 minutes) that
radiates to the keft arm or iaw, diaphoresis, and dyspaea; symproms are not relieved
by nitraglyeerin,

D Infarction asually invobees the left ventricle (IV ) right ventricle (AV) and both atrin
are generally spared.




E.

LE,

H.

1, Declusion of beft anterior descending artery (LADY) leads to infarction of the
anterior wall'and anterior septum of the TV LAD is the most commanly
involved artery [n MI(45% o cases)

Ohzelusion of right coronary artery (RCA] lesds to infarction of the pasterior

wall, posterior sepbunt, and papillacy muascles-of the LY: RCA is the 2nd meost

commmanly tnvolved anery In M1

3, Ocduslon of left clroumlex artery keads to Infarction of lateral wall of the TV,

Instial phase of infarction leads to subendocardial necross involving < 0% of the

myocardial thickness (subendocardial infarction, Fig. 8.25 ERG shows ST-segment

depression

1. Continued or severe lschemia leads to transmural necrosis imvolving most of the
nryocardial wall (transmoural infarctiont; ERG shows ST-sepment elevation,

Labowstory tests detect elevated cardiac enzymes.

1. TraponinT b the most sensitive and specific marker (gold standard) for ML
Lavals rise 2-4 hours after infarction, peak at 24 hoors. and refucn 10 normal by
=10 days.

2. CE-MB i3 uselul for detecting relnfarction that oecurs days after an initial M1;
creatine kinase MB (CE-MB) levels rise 4-6 hours after infarction, peak at 24
heaes, and retarm 1o normal by 72 hours

Treatment Includes

Lo Aspirin and/or heparm—limits thrombosis

Bd

2. Supplemental O, —minimizes ischemia

3. Nitrates—vascdilate coranary arteres

4. Pblocker—slows heart rate, decreasing O, demand and risk for archythomis
5. ACE inhiblior—decreases LY dilatbon

& Fibrinolysis or angloplasty—opens blecked vassel

L REPE'H-IJMI_'-I'. |.'|:|':r:r-."'-'|.'|.'5||:l|:.' d:l:l:uuged colls results o calciom i.|:.:||.|.1:l|.. .Eil.llil:%
i’ E.:.'purq:unlru;li.m l\Ji-J:I.:u'I:IFI brils (comtraction band necross, I-'iF. 3.3}
i Return of cxygen and inflamymatocy cells may lead to free radical generation,
further damaging myocyies (reperfision njuryl
Complications of myocardial infarction are ciosely refated to grossand microscopic
changes (Table 8.1),

Table B.1: Marphalogie Changes in Myoeardial Infarction

FIME FRCE
INFARCTIURN

Lkt iss CHA Nk

W ICROSCOPIC CHAMNGES LOENEPLEC AL IUEN

=4 hoars

4-X4 houars

I~} dovs

4-T days

1-3 wenkiy

Months

NL‘IIH

[ark discokratinn

Yellow pallns

Yellew palloy

Red bocdor ererpes a5
grailalion Heoe eilers
frinn adze of infarct

W Brile sear | Fig. B6A)

Cardingenic shock fmassive infarction),

i ; 2
L conpestive hedrt Bilure, and arrhvilimid

Coapgudolres necross | Fig.

A} ety
: : Fibrinons pericardits (Fig. 8. 541 presents 5
Meuwtrophils{Fig. 548 TIE
oo L chest piain with fricion ruh
Ropure of ventricular free wall (Fig- 8.55; leads
o cardiac lampenade}, interventmicular septum
Macroplgpes

{leads to shont), or papillany muscle {Fig. 850
Eeads to mdtral incufhciency)

Granulation tissse with
plamip Ahroblasts, dollapen,
and bl veciels:

ArLCnryET |_'F"__. 4.5, mwral theombazg, or

Fibross (Fig. 8.68) Drisdler emd roms




Fig. 8.1 Thrgimbaosis af coronany artery, A, Inoomglee oodusion. B, Complete occusion (Camenecy of - Flg- 8.2 Early Infarction < § day ald],
Alya Husaln, B predoménzntly subendocartial, (Cedmesy of
Jermm Taxy, MY

T i :t::.ﬁﬁv

_.l,'r...m..rl

L

Fig. 8.5 Complicatiors of myocandial infanczion, A&, Flbrisous pericarditis. B, Buptane of venticwar free wal. ©, Buptune of papiflany muscle, (Court=sy of
Allya Hissadn, MDY

Fig. 8.8 Shyocardial scar A, Gross appearance. B, Microscope: appesranoe. (A, Courtesy of Ajt Paintsl, Fig. 8.7 YenDndular aneurysm.
LUl




V. SUDDEN CARDIAC DEATH

A, Unexpected death dueto candiac diseises occurs- without sympiomsor < 1 hour afler
Symptioms arise
[, Usaally due to fatal ventricular archythmia

A Bdost commaon erl.-'_'.lng_}' iz acebs inchamin; O -:|I:'F|=.Iienls have preexisting severs

atherocclerasic.

I Lesseammon causes inclpde mitral vabee p'r\nlu.p:r.c:_ cnrdinml'upa.lh}'._ amd cocaing
ahuse,

L CHRONICISCHEMIC HEART IMSEASE

A, Poormyocardial lunction dug o chromic ischemic damage (with or withou
infarctionk; progresses to congestive hedrt failore (CHF)

CONGESTIVE HEART FAILURE (CHF)

BRASIC PRINCIFLES
A, Pump failore: divided intn ﬁgh:- snd lefi-gidad failure

LEFT-5IDED HEART FATLURE
& Causes inelede ischemia, by pertension, didated cardiomyopathy, myocardial
infarction. and restrictive cardiomyopathy.
B, Clinical festires are due tordecreased forward perfusion and pulmonary congestion.
1. Pulmonary conpestion leads to pulmonary cdema.
i. Resalts in dyspnea, paroxysmal nocturnal dyspnea (due to increased venous
return when bying flat), orthopnea, and crackles
i, Small, conpested capillaries may burst, leading to intraalveolar hemorrhage:
martked by hemosiderin-laden macrophages (hean-fallure’ cells, Fig. 8.8)
2 Dwereased flovw 1o kidoevd Teads to activation of renln-angiotenin sviten,
L. Fluid retention exscerbates CHE.
L. Mainstay of treatment s ACE [nhibitar

L RIGHT-5IDED HEART FAILURE

A Most commonly due folefi-sided heard failure; other Imporiant causes [nelude lefi-
be-right shunt and chronks Tung desease [cor pulmonale,

B, Clinlcal features are:.dug i congestion.
L. Jugular venous distension
2. Painful hepatosplenomegaly with charscteristic mutmeg” liver (Fig. 85k may
fead o cardiac ciTrhosis

%, [].:p-endenl pitting edeama [due ey increasad h-_rd.r:nnﬂir pressure

Fig. B.8 Hemosiderin-laden madrophasges Cheart  Fig. 09 'Nutmeg’ liver, congestive heart laihee. PFig: 8230 'Booi-shaped” heart, tetralogy of Fallet.
failune” [y



CONGENITAL DEFECTS

L BASIC PRINCIPLES
A, Arise during embryogenesis (usually weeks 3 through 8); seen in 1% of live births

I. Most defects are sporadic.

B Often result in shunting between Lefi (systermnic) and right (pulmanary} circulations.
€ Defects with lafi-to-right shunting may be relatively asymptomatic at birth, but the
shunt can evenivally rewverse.

L Inereased fow through the pulmonary circulation results in hypertrophy of
pulmonary vessels and pulmonary hypertension.

1 Increased pulmonary resistance eventually resuits in reverssl of shunt, leading
ey late cyanesis (Eisenmenger syndrome) with right ventricular hypertrophy,
polycythemia, and clubbing.

. Defects with right-io-left shumting tsually present as cvanosis shoethy after Birth,

. VENTRICULAR SEPTAL DEFECT (VSD)

A Defect in the septum that divides the right and left ventricles
L. Mozt common congenital heart defect
20 Associabed with fetal alcohol svndrome

B. Results in lefi-to-right shunt size of defect determines exten: of shunting and age
al presentation. Small defects are ofien esymprommanc; [arge defects can lead to
Elsenmenger svndrome,

C. Treatment involves surgical closure; small defects may ¢lose spontaneously.

L ATRIAL SEFTAL DEFECT (ASD)
A. Delect in the septum that divides right and lef atris: most common rype is astium
secundom (90% of cases)
B. Ostiwm primum typeis associated with Down syndrome,
€. Resultsin lef-to-right shunl and split 8, on auscultation (increased blood in right
heart delays chosure of pulmonary valve)
. Parsdoxlcal embobl are an imporiant complication.

IV. PATENT DUCTUS ARTERIOSUS (PDA)

A Fallure of ductus arteriosus i close; associated with congenital mabells

B. Resultsin left-to-right shunt between the aorta and the pulmonary artery
L. During development, the ductus arteriosus normally shunts blood from the

pulmanary artery tao the anrta. bypassing the lungs.

C. Asymptomatic at hirth with hadnsystolic ‘machine-like’ murmur; may lead 1o
Eisenmenger svndrome, resulting in lower extremity cvanodsis

D, Treatment involvesindomethacin which decreases PGE, resulting in PDM closure
(PGE maintains paiescy of the ducies areriosus),

V. TETRALOGY OF FALLDT

A. Characterized by (1} stenosis of the right ventricular outflow tract, {2) right
venitricular hyperteophy, (3) VD), and (4) an aorta that overrides the V5D

B. Right-to-lefi shunt leads to early cyanosis; degree of stenosis determines the extent of
shunting and cyanosis,

C. Patlents learn tosqnat in response toa cyanotic spell: increased arterial resistance
decresses shunting and allows more blooad 1o reach the tungs.

v "Boot-shaped’ heart on x-ray (Fig. #.10)

VL TEANSPOSITION OF THE GREAT VESSELS
A. Characterzed by pulmonary artery arising from the left ventricle and aorta arising
from the right veniricle




B, Assnociated with masernal dizbenes

. Presents with early cyanosis; pulmonsry and syafemic circuits do not mix.
1. Creation of shunt {2llowing blaod to mix) after birth is required for survival,
2 PGE canbe administered to maintain a PDA until definitive surgical repair is
performed.
D Results in by pertrophy of the right ventricle and strophy of the left ventricle

VIL TRUNCUS ARTERIOSUS
A, Charactérized by a single large vessel arising from both ventricles
1. Trumncos fails to divide
B. Present=with :u.r|:|-' CNAMOsiE] den’,c:rgen.a.led blood from rlght ventricle mixes with

oxygenated blood frem lefi ventricks before pulmonary and aertic circulations
ﬂ?ﬂ'ﬂtﬂ.

VIILTRICUSPID ATRESIA
A, Tricuspid valve orifice fails to develop; right ventricle is hypoplastic.
B. Ofienassociated with ASD), resulting in a right-to-left shunt; presents with early
CVANNSIE

[ COARCTATION OF THE ADRTA
A. Karmowing of the aorta (Fig. 8.11.A% classicalby divided Into infanstile and adalt forms
B. Infantile form s associated with n P13 coarctation lies afier (distal ol the anrtic
arch, but before (proxzimal to) the PIA,
1. Presents as lower extremity cyangals in Infants, often at birth
2. Associated with Turner syndromte
Adult form is ot associated with a PDA; coactathon lies afier (distal 10) the aoric
arch.

£

L. Presents as hypertension in the upper extremities and hypotension with weak
pulses in the lower extremities; classically discoversd in adulthond

2. Collateral circulation develops acrogs the intercaital arteries; engorged arteries
cause ‘notching’ of ribs on x-ray (Fig. &.118).

3 Awmociated with bicuespld aortic valve

VALVULAR DISORDERS
I BASIC PRINCIPLES

A Theheart has four valves -II!r.in:u:T.lid, |:v-|.|.|r:lu.'||1,:.r_rI mibtral, aosd sortc) tlat prevent
brack o,

B, Valvular lessons generally result in stenosis (decreused caliber of the valve arifice) or
regurgitation (backiflow],

Fig. 811 Coarctation of the aorta. &, Gross specimen. B, ‘Natching of s o sy (% Courtesy af
BEva Hussn, MO B, Courtesy of bmoge Pasdiatr Cardiol J00938:7-5)



[l ACUTE RHEUMATIC FEVER
A, Systemic complication of pharyngitis doe togroup A B-bemolytic streptococc;
affects children -3 weeks after an episode of streptococcal pharyngitis (“strep
throat™)
B. Caused by molecolar mimicry; bacterial M prosein resembles proteins in human

Hssue

C. Dizgnosis is based on fones criteria,
L Evidence of prioe group A p-fremobyrtic strepiococcal infection (eg., elevated
A or anti-DiNase B titers) with the presence of majorand mingr criteria
2. Minor criteria are nonspecific and incnde fever and elevated E5E.
3, Major criteria
i Migratory polyarthritis—swellingand pain ina large jolnt (eq., wrist, knees,
ankles) that resolves within days and “migrates™ o involve another Targe
Jeint
ii. Pancarditis

a. Endacarditis—Mitral vabeeis imvobed more :nmm:-n]':," than the aortic
valve. Characterized by small vegetations along lines of closare that lead
10 regurgitation | Fig. 8.124)

b, Myocarditis with Aschodf bodies that are characterized by feci of chrond:
inflammation, reactive histiocytes with slender, wavy nuded (Anitschkow
cellsy, giant cells, and fibrinoid material {Fg. §.128,C); mrocarditis is the
most consmen cause of death during the acute phase.

¢ Pericarditis—leads to friction rub and chest pain

il Suhemianeous nadules
iv, Erythema marginatum—annular, nonproritic rash with erythematous
borders, commonly involving trunk and limbs
v Spdenham chorea (rapid, Involuntary muscle movements)
D Acuteattack wually resolves, but may progress to chronic thenmatic heart disease;
repeal expagure (o grous A f-hemobytic streptocodci results in relapse of the acuie
phaze and increases risk for chronic disease.

. CHRONIC RHEUMATIC HEART IMSEASE
A Valve scarring that arises as-a consequence of rheumatic fever
B. Resulis ko stenosis with a dassle ‘fish-mouth’ appearance
L Almest alwayvs imeolves the mitral valve; leads to thickening of chordae tendineae

and cusps
2. Occastonally bvolves the sortic valve: leads to fusion of the commissures {Fig.
8,13
S Oeher valves nre léss commonly invobved,
C. Complications include infections endocarditis. |

Fig: .13 Acute theurnatic heat decase. &, Mitral valve vegetators. B, Aschold body Ineeiving mivocandissy, €, Anltschios: calle (A, Cowmacy of Aliva
Husain, MOL B, Courbesy of Bd Uthman, MBI




I,

AQRTIC STENOSIS

A. Narmowing of the aortic valve orifice {Fig. 8,14
B. Usuaally due o fibrosis and calcification froen “wear and tear”

I. Presents in lste adulthood (=60 vears)
Bicuspid anrtic valve increases risk ond Tastens discases onser. A normal aoeric
walve has three cusps; fewer cusps fesulls in increased “wear and t2ar™ aneach
COEP.
. May alaoarice ata cofsEgence aff chranie rheumatic vabve disease; coexislng

Ful

mitral stenosis dad fuson of the aortic valve commissares distfingulsh rhoumatic
discase from “wearand wear,”
D. Cerdiac compensathon leads 1o a prolanged asymglomatic stage during which a
systolic ejection click followed by a crescendo-decresCende muormur & heard.
E. Complications include
L. Concentric left ventricular by pertrophy—may progress to cardiac failure
2; Anginaandsyncope with exercite—Limited ability to increase blood flow across
the stenotic valve leads (o decreased perfusion of the myocardism and brain.
3. Microangiopathic bemodviic anemia—RBCs-are damaged {producing
schistocyies) while crossing the caleificd valwe,
F. Treatment Is valve replacement after onsel of complications,

AORTIC REGURGITATION
A Backflowr of blood from the aorta into the left ventricle diring diastole
B, Arises due toaortic root dilation {e.g. syphilitic ancarysim and aostic dissection}
or valve damage (e.g., infectious endocarditls) moest common canse 15 isolated root
diiation
i Clinecal features include
L. Ezrly, blowing diasiodic murmuor
2. Hyperdynamic ciroulation due 1o incressed pulse pressure
L Pulse pressure is the difference between systolic and diastolic pressares.
il. Diastolic pressure decreases due 1o regurgitation, while systolic pressore
increases due to increased stroke volume.
iil, Presents with bounding pulse (water-hamrner pulse), pulsating nail bed
(Quincke pulsel and hesd babbing
3. Resultsin IV dilation and eccentric lyperirophy (due to volume overoad)
D Treatment Is valve replacement once LY dvslunction develops,

V1. MITRAL VALVE PROLAPSE

A, Ballooning of mitral vaive Into lefi atriem during systole
I. Seenin 2-3%of US adols

Fig. B.13 fusion ol aortic vahes commisiues Flg. 833 Aprmic stanodis [Caustey of Sliva
chronic rheumatic Beart itz e (T our pasy ol Hasadn, M1
Alla Huigain, M



8, Due o myxoid degeneration faccumulation of ground substance) of the valve,
making it floppy {Fig. 815}
1. Eliclopy is unkmown: sy be seen b Marfan symdoome or Bhlérs-Dankos
synilrome
C. Presents with an ineidental mhi-:}l:d:-u[il: click Follemwed I:r:.- - ru—ﬁu:rg:i!:.ﬁ.-l.m TREETITETE
usually asymptomatic

1. Click and murmur become louder with squatting (increased systemic resistance
decreases k2 vencricular emptying).
D. Complications are rare, but include inféctions endocarditis, archythmia, and severs
milfral regurgitation,
B Treatment & valve replacement.

VIL MITRAL REGURGITATION

A, Beeflux of blood from the keft ventricle inte the Eft atrivm during systodle
B Usaalby nrises as g complication of mitral valve prolapse; other canses include LV
dilstation {e.g., left-sided cordisc failure), Infective endocardiily; acule theumatbc
heart diseass, and papillary puscle ropture after a mvocaedial Infarction.
C. Clinical [eatures
L. Holosystolic “blowing” murmur; louder with squatting (increased systemilc
resistance decreases left ventricular emprying) and expiration (increased retorn
iy lefi atrium)
2. Results in volume overioad and befi-sided heart fallure

VIIEMITRAL STENDSIS

A. Marrowing of the mitral valve orifice
L. Usually dise to chianbe rhewmatic valve diseacs
B. ‘Clinfcal features
1 Opening saap followed by dizstelic rumble
2. Voelume overload beads to dilatation of the keft arrium, resuliing in
i, Pulmonary congestion with edema and alveofar hemorrhage
it, Pulmanary bypertension and eventual nghi-sded heart Rilure
iih. Atrial fibrillation with assocated risk for mural thrombh [Fig 8.16)

ENDOCARDITIS

BASIC PRINCIPLES

A&, InHammation of endocardinm that linss the surface of cardiac valyes: |.|5.'ual|:.' diwe 19
hacterial infection

B, Streptococeus vicidans i the most common overall eause 1t is a bow-virulence
pegrstizan that infects previowsly damaged valves (o2, chronic rheumatic heart

Fig. B.AS Mitral vahe piolegis [Courlmsyod v Fige 8,18 Mural thmmbus Bvsaleing lalt sthem
Hussain, MDY [Courpesy of Afya Husain, ME)
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disease and mitral valve prolapssl. Resulis in small vegetations that do not desiroy

thevalie (subacute-endocanditis)

I. Damaged endocardial surface dovelops thrombotic vegetations {platelets and
fibrink

2. Transient bacteremia leads 10 trapping of bactera in the vegetations;
prophylactic antibiotics decrease risk of erpdocandiits,

Staphylococous auress is the most common cause im IV drug abusers,

I. High-virmlence crpanism that infects normal valves, most cornmaonty the
tricuspld.

X, Resulis In large vegetations that destroy the valve facute endocarditls, Fig. 8.17)

Tv  Staphyiococcus epidersidis i3 associated with endocardites of prosthetic valves

E. Streprococces Sowis ks associated with endocanditis in patients with underlying
colorectal carelnoma

F. HACEK orginisens {Haemiephilz, Achinobreillus Cavdiobacrerive, Blkenella,
Kingella) are associated with endocarditis with negstive blood culfures,

G Clinical fEatures of bacterial endecarditls inchode
. Fever—due to bacteremis
1, Murmur—due to vegetations on heart vale
1. Japeway lestons fervthematous nontender lesions on palms and soles], Osker

nodes (tender lestons on fingers ar toes), and splinter hemorrhages in nail bed—
due'to epbolization of sepilc vegetations
4. Anemiaof chronke disesse—due 1o chronle inflammal ban

H. laboratory indings
[. Positive blood cultures
1 Anemiaof chonie disease (L Hb, JMOV: T ferriting | TIBC, L sarum ion, and

L % saruration)
3 Tmn:rnr]ﬂm.g,u:t! =i:|'.||:|r.'.l.rd|.-|.13r.:|'rn is ndeful for ﬁc:qc!ing lesions on vabves,

L Moabacterial thrombotic esdecarditis is due to steribe vegetations that arise in
association with a hypercosgulable state or underlying sdemscarcinoma, Vegetations
arize on the mitral valve along lines of closure and result in mitral regurgitation.

I Libman-5acks endocarditis is due to sterile vegetations that arise in association with
SLE. Vegetations are present on the surface and undersurface of the mitral valve and
result in mitrad regurgitation.

CARDIOMYOPATHY
BASIC PRINCIPLES
A, Group of myocardial disedses that resulf in cardiac dysfunction

Flg. 817 Large wegetations invaiving triouspad.  Flg. 818 Dilaied candiomyopathy. Cournesy of
vabaa, (Courtesy af Aliya Husaing b laméa Sreinmerz. M)



I, DILATED CARDIOMYOPATHY
A. Dilation of all four chambers of the heart (Fig. 8185 most common form of
cardiomyopathy
B Resalts in systollc dysfunction (ventricles cannot pump), leading to hiventricular

CHF; complications include mitral and tricuspid valve regurgitation and

arrhythmia,

. Most commeonly disspathic; other causes inclade

L. Genetic mutation (nsoally autosomal Somimnt)

L. Myocarditis (nsually due to coxsackie A or Bl —characterized by & lymphocytic
infiltrate in the myocardiim (Fig. 8.19); results in chest pain, arrhythmia with
sudden death, or heart failare. Dilated cardiomyopathy is a late complication.

1 Akobuol shase

4. Dreugs (8.8 dosorubacin)

5. Pregnancy—seen during late pregnisncy or soon (weeks ts months) aftes
childblrth

[ Treateient is heart transplant,

IIl. HYPFERTROPHIC CARINOMYODOPATHY
A Magsive hyperirophy of the left ventricle
B. Usually due 1o genetic mutations (n sarcomere protelns; most common frm is
autesanal deminant,
., Clinical features inchude
I. Decreased cardiac output—Left ventricular hypertrophy leads to dinstolic
dysfunction frentricls cannot Gl
2. Sudden death due to vesteicular arthythmios: bypertrophic cﬁrdium:,rnpim}r iaa
common cavse of sudden death in young athletes.
3 Svncope with exercisd—Subavrtic hypertrophy of the ventricular septum results
in functional aortlc stenosis.

D. Biopsy shows mviafiber hypertrophy with disarray (Fg 820

IV RESTRICTIVECARDIOMYOPATHY

A Decreased compliance of the ventricular endomyo rdinm that restricts filling
during diastole

B. Causes include amyloidosis. sancoidosis. hemechromatosis. endocardial
fihroelastosis (children, FiE_ B.21), and Loefflar r!.rndrnme Iendmn?n:nrd'inl fibirmeia
with aty Ebﬁﬂﬂphi ls infiltrats and :.:lsin;:l[ﬂ.‘ti.lin.:l.

. Presenls as :nnﬁetﬁw heart failure: classic findi ng iﬁ.]-;rw-wlras-: EKGwith
diminished QRS amplitsde

Fig. 8.9 Myorarditic Figg. 8.20 Mycifiber degm hypertraphic Fig. 8.1 Endocardial fibeoelastasic. (Courtecy of
cardiarmopathy. humpath.comd




CARDIAC TUMORS

L MYXOMA
A Benlgn mesenchymal tumor with a gelatinons appesrance and sbundant ground
suhstance on histalogy
1. Moslcommon primary cardiac tumor g adule:
E. LTBL:HU.}' formsa l:ru'-l:lum:uJu.'I:-nd masd in the e sirem that carses FTOCOPE due 1o
obsiraction of the mitmal valve

I RHABDOMYUMA
A, Benign hamartoma of cardiac muscle
L Mostcommon primary cardias turmor in:chifdren: associzled with tuberous
sclerosis
B, Usually arises in the ventricle

1. METASTASIS
A, Wlstastatic tumars are more cormmon it the heart than primacy tumaors:
I Cammaon metastaess to the hear! inclode breast and leng carcinama, melanoma,
and hrmphoma:
B Mest commaonby invalve the pericardinm, resulting in a pericardial effusion



NASOPHARYNX

l. RHINITIS
A. Inflammation of the nasal mucosa; adenpvirus is the most common casse,
B. Presents with sneezing. congestion, and runny nuose (common cold)
C. Allergic rhinitis is a subtype of thinitis due to 3 type [ hypersensitivity reaction fe.g.,
ko palien )
I Characterized by an iaflammalory infilrate with eosinophils
2. Associated with asthra ond eczema .

I, MASAL POLYP
A, Pmotrusionof edemiatous, inflamed nasal muscosa
B. Usoally secondary to repested bouts of chinitis; also occurs-in cystic fibrosis and
aspirin-intolerant asthmae
L Aspirin-intolerant asthma is characterized by the triad of asthma, aspirine
induced bronchospasms, and nasal polyps; seen (o 10% of asthmatic aduls

L ANGIOFIBEROMA
AL Benign tumor of nasal mucosa composed of lasge blood vessels and fibrous tissue;
classically scen in adolescent males
B Presents with proluse epistazis

IV, NASOPHARYNGEAL CARCINOMA
A, Malignanl tumor of nasopharyngesl epithelinm
B Associpied with EBY; dassically seen in Afglcan children and Chinese sdults
. Biopsy usually reveals pleomorphic keratin-positive epithelial cells (poarly
differentiated squamous cell carcinama) bn o background of hemphocytes.
[, CHten presents with imvolverment of cervical lymph nodes

LARYNX

I, ACUTE EPIGLOTTITIS
A, Inflammation of the epughottis (Fig. 9.1 H influerezae type b is the most common
canse, eaeciplly in nonimmunized children
B. Presents with high fever, sore throat, drooling with dysphagla, mufled voice, and
inspiratory stridor; risk of airway ohstruction '

1. LARYNGOTRACHEORRONCHITIS (CROUP)
A. Infammation of the upper aieway: parainfluenia virus is the most commen cause.
B. Presentswith a hoarse, “barking™ cough and inspiratocy stridor

M. VOCAL CORD NODULE (SINGER'S NODULE)
A, Modube that arises on the true vocal cord
B Due to excessive nseof vocal cords; usaally bifareral (Fig 9.2A1
1. Composed of degenerative (myxoid) connective tissue (Fig. .28




L. Presents with hoarseness resobves witl rasting of vaice

V. LABRYNGEAL PAPILLOMA
A, Benign papillary tumaor of the vocal cord
B. Due o HFY 6and 17; papilomasare wsally single inadals aod multiple in
[ children,
. Presents with hoarséness

V. LARYNGEAL CARCINOMA
A, Sguamons cell carcinoma usually arising from the epithelial lining of the vocal cord
B. Risk factorsare alcohol and tobacoo; can rarehy arise from a larmgeal papillama
. Presents with hoarseness: other signeinchode coagh and stridor

PULMONARY INFECTIONS

. PNEUMONIA

A, Infection of Lhe lung parenchyma

B. Qccurs when normal defenses are impaired (¢.g., impaired cough reflex, damage to
mucacilisry escalator, or mucus plugging)

C. Clinical features include fever and chills, productive cough with vellow-green {pus)
or risty (hloody) sputum, tachvprea with plearitic chest pain, decreased breath
sounds, dullness to percussion, and elevated WBC count.

D. Diagnosds is made by chest T-ray, sputum gram stain and culture, and blood

caltures.
Thres patterns are claesically peen on cheet x-ray: lobar preamoni,
bronchopneumaonia; and interstitial preumaonka,

-

Fig. 9.0 Acute e pglottite. [Couttesy of Sephanie  Fig. 9.2 Vool cord nodules. &, Gross aporarances; B, Micrcscore: appearance. (B Bsproduced from
R, M0 wikip=dia,org, CCEY-5A 1.0

Fig. &3 Lober pneumonia, A, X-ray appearance. B, Bed hepatization. € Acute mfammation nvalving sheealar sace, (&, Courtesy of lamas Hellman, 810,
Wikinedia. B, Caourtesy of Yale Fosen, M)



I LOBAR PNEUMONIA

A. Characterized by consolidition of an entire lobe of the lung (Fig. 9.34)

B. Usually bacierial: most common causes are Streplococous preumoniae (95%) dnd
Kiebsiella preurmonioe (Tablc 9.1

€. Classic gross phases of lobar pneamonia
L. Congestion—due to congested vessels and edema
1. Hed hepatizativn—dne to exudate, neutrophily, and hemorrhage flling the abvealar

air spaces. giving the normally spongy lueg a solid consstency (Fig. 9.38.0)

3. Gray hepatization—due 1o degradation of red cells within the exudate
4. Resolufiog

I[IL BRONCHOPHEUMONIA
Ao Characterized by scattered patchy consolidation centered around bronchinles: often
multifocal and bilateral (Fig. %4}
L. Cansed by a variery of bacterial organisms (Table §.2)

IV, INTERSTITIAL (ATYPICAL) PRNEUMONTA
A. Charassterized by diffuse interstitial infiltrates (Plg %.5)
B. Presents with refatively mild upper respiratory symptoms {omininial gpatuim and low
lever); “atypical’ presentation
C. Caised by bacteria or virusey (Table 9.3

V. ASPIRATION PNEUMONIA
A. Seen in patients ot risk for aspiration (e g aleoholics and comatnse patients)
B. Mostoften due to anaerobic bacterta in the aropharynx (e.g. Bacterside:,
Fusobacteriune, and Pepiocaccus)

Fig, 8.5 Incersiitial preumonia, A X-ray appeamance: B, Infiasmpton infoa imaluing itantinuem,




FUNDAMENTALS OF PATHOLOGY

Table 9.1: Causes of Lobar Pneugmonia

CVRG A RTSN HHEH-YVIELIY ASSOCTATIONS

Kot comnmos cawse of community-aoquiresd poearnenie: ninally seen o rslddle-
agial adielts dnd elderly

Sreoptacacc s pHd i snfae

Affects malnourished and debilifated individuals, especially elderly br nursing
Klelalella preamianfas homies, alomhalics, and dighetics (=nteric Bora that #easpirated), Thick o
capsade results in pelatinogs spatum foarrant jelivie ofhen complicabed by abscess

Table 9.2: Causes of Bronchapneurmonla

(MR A NS HIGH-YTELTF ASSOCTATICNS

Mizsr coommesn couse ofF secondary premnn in (huclerial pREmanin
Stapkylococces maran suparimpnsed o @ vral uppes respinglocy trac inlecticn], aBes complicated by
ahsdess urempyema

) Commmn cduss af wecondary alibianalal b % bl alait S RRERLT: I'r_|i|r|"‘-H"‘-\.: of ey COPD
Huq-lnﬂpmru:' (aflnenzae : R L
: {leads t exacerbatiom of COPL)

Prrudomopas aeroginosa Freumaniy in cestic fibrogs pafients

Cae Ly -poyaired minmz and pnsumonia sapenmposed oo COPL | lead
ﬂ-{l’l!lrkﬁllll |'|'.|Jﬂr|‘.|||l|l|'5 CHETLTIILLTY '\l. oy r:..n_ |."'11?:"II'I OELE G50 PrsurmHiintG sOp-ermpossd ool LU CililE
i exacerhation of COPDY)

Communip-icguired preamniia, prenmonia supeclmpased on OOFD, o
Legionella prewmaphiia fmonmanka i immunocempromised stotes; tronsatitted oo waker gounte
Intraccllalar orgentsm that fs et visabized by silver staln

Table 9.3; Causes of Interstitial (Atyplcal) Pneumania

CVEGANISAL HIGH-YIELD ASSCMUIATIONS

Meest cremmion cause afatypict prciisonia. viually sftedts poung aduks
(ctassically mikitary resrubi o callepe stodents Jivbng b adormbitory)

Mycoplagera preumoniag Cormplcatiens include sutabmmane hemoltle aoemis (Jghf agaimst 1 antizen oo
R BCs camicoe vold hemodnic amemialaml eryvilens mokiforme: Mot visible on
gram srain due b0 lack of cell wall

Chiamydia pneummonioe Second miost common cause of abypical pneamonia in young adalis
Respirabery synepifal viris (RSV] Aol cormmion cease s alpmcd] poewmoniz b infants
4."|.'J'11.I||¢3.'.|.'-|r|'u'us LAY -'-.I'J'p'_.'.l PR with '_,'ll,:lﬁl‘l‘r.a,ll'i:'hllll LIS AT RTessIre Eyerany

Sbypical preumeniz in theslderly, immunocompromised. and thas=with
Influersz wiris preexisting lung dissase Adsoinoeares (he sk e superimprs=d S iourcus or H
imiTarnsae haciésial preamonm

Atypdcal posamonis with bigh fewer (0 fever); sec i firmers and weiesinarians
(Cagiella spores are deposited on cattle by ticks of are presentin cattle
Placentas) Coxlelli is a rickenzEal onganisi, but (o disdino rom meost
ricketlsiac beoawse il (1] souses poeuvmonia, (21 does ot require arthroped
veetor for tranamisticn Crurvives as highly heat-résistant endeapores) and [3)

Coxiella brersatii

doses 0ol prodlod o ikin rach




.- Classically results in a right lower lobe abscess
L Anatomically, the right main stem bronchus branches ata less acote angle than
the left,

VI TUBERCULOSIS (TR}

A, Due to inhalation of asrosolized Mycobacterion tubercilosis
B. Primary TB arises with initial exposurs

L. Besults in focal, caseating necrosis in the lower Jobe of the Tung and hilar rmph
nodes that undergoes fibrosis and calcification, forming a Ghen comglex (Fig
64
L Primary TB is generally asymptomatic, bt keads to a positive PP,
L. Secondiary B arises with reactivation of Mycobacteriim fuberenligs,

1. Heagtivation is commonly doe to AIDS; may also be seen with aging
2. ©ccurs of apex of lung {high moygen tension)
3. Porms cavitary foc of caseous neceosis; may also lead to miliary pulmonary TH

or tubercubous hronchoprisimonia
£ Clinical featoresanclude fevers and niE:h!r pwmate, |.'n1:IE|'I with hemoptvsis, and
weight loss,
Biopsy reveals caseating granulomas; AFE stain reveals acid-tast bacilli (Pig.
2.6B;C).
&, Systemic spread often occursand Can imalve any tissoe; common sites inchade
meninges {meningitis), cervical lymph nodes, kidneys (sterile pruria), and
lumbrar vertebrae (Polt disease].

e

CHRONIC OBSTRUCTIVE PULMONARY DISEASE
I BASIC PRINCIPLES
A, Group of disenses characterized l'l':r pirway abstruction: hung does nol empty, and air
i mepﬂd.
L Waluwme of air that con be forcefully explred ls decreased (+ FVC), especially
during the first sccond of expieation (44 FEV J; resulis in + FEV FVC ratio
2. Totil luog capacity [TLCY s usually increased due to-alr trapping,

[l CHRONIC BROMCHITIS
A, Chronic productive cough lasting at least 3 months over a minimum of 2 years; [
highly associated with smoking
B. Characterized by hypertrophy of bronchial mucinows glands (Fig. 9.7)
I Leadsinincreased thickness of mucus glands relative to overall bronchzal wall ‘
thickness (Reid index Increases o= 500 normal i« 4000,

Flg. %6 Tuberculasiz A, Ghar camples. B Caspating granuloma, € AFB staining of M ruberculogio (4, Counesy of fals Rosen. MO




Fig. 2.7 Chronk: bronchstis.

Climical features

L Prodductive cough due 1o excesiive titicns produstion

1. Cyanosis ["bhae bloaters’)—Mucis phigs trap carbon dioxide; 7 Paco, and
+ Paoy,

3, Increased risk of infection and cor pulmonale

N EMPHYSEM A

A

Destruction of alvesdar air sacs [ Fig, 9.8;
L. Lo of elastic recoil and collapse of airways during-exhalation resulls in
obatruction and alr trapping.
D b benbalavice of profeasss and antiprodcases
I, Inflemmation in the lung normally leads to releass of protesses by neatrophils
and macrophages,
2. o-antitrypsin (A1AT) neutralizes proteases.
3. Excessive inflammation or lock of ALAT leads o destruction of the alveodar air
SECE
Servoking is the most common cause of epiphysema.
L Pollutants in smoke kead to excessive inflammation and protease-mediated
damage.
2. ‘Resulis incentriacinar emphysema that is most severe incthe upper lobes
ALAT deficlency is a rare canse of emphysema.
I. Lack of antiprotease Teaves the'air sace vulnerable to profease-mediated damage:
1. Resuls in panacinar emphysema that b most severe in the lower bobas
3, Liver cirrhosis may aléo be present.
kL ATAT deficiency ls due to misfolding of the mutated progein.
ik Mutapt ALAT accumulates in the endoplasmic reticulum of hepatocyTes.
resulting in liver damage,
. Blopsy reveals pink; PAS-positive globales in hepatocytes (Fig. 39%
4. Diseace severity s bazed on the degree of ALAT deficiency.
ko PM i3 the norol allele two copies are usually expressed [PiMM)
I P2 is the most common clinically relevant mutation; results in significantly
Iow Jevels of circulating ALAT
til. FibiZ heteroeygodes are ussally asvmypromatic with decreased circulating
levels af ATAT: hiowever, significant risk for emphysema with smoking exists.
i PiFET hn'rm::-'.l:!r'gnh:'s are it signi hcantrisk 'Fnrimn:finar eml'.-'l'l].'.;.:ma and
cirrhosis.
Clinical festures of emphysena include
1. Dwysprea and couph with minimal spatum
2. Profonged expiration with pursed lips (pink-puaffer)

Flg. 9.8 Emphysema; A eoss appaaranie. B, Microscoplc appesrance, (8, Coumesy of Yale
Fosan, MDY




1 Weight loss

4. Increased anterior-posterior diameter of chest {"barrel-chest, Fig. 5.10)

5. Hypoxemia (due to destruction of capillaries in the alveolar sac) and cor
pulmonale are fate complications,

V. ASTHMA
A Revergible airway bronchoconstriction, most often due to albergic stinuli (type |
l'::,-]'.ll:;mn:ili.\"ir:.']
B. Presentsin childhood; often assoclated with allerglc thinits, eczema, and = family
history of atopy
. Pathogenesis
I Allergens induce T, 2 phenotype in (14" T cells of genetically susceptible
individuals.
Z. T2 cells secrete 1L-4 (mediates class switch to IgEL 1L-5 {attracts éosinophils),
and [L-10 stimulates T, 2 cells and inhibies T, 1)
3 Resxposure to E.ﬂ-l!'r'g-:'.'ﬂ lesds o '[EE-rnl‘:di.ﬂled ackivatinn of most cells
i,  Release of l.'d":'fﬁu'::l.ed hilstamiime Er:u:u]:: and Eenentbr.-:n af lenkatrienss 4,
M and B4 lead to bronchooonst riction inflammation. and edema [“[]}'\-
phase reaction),
(L Inflammarion, especially major bagic protein derived [rom eosinophils,
damages cells and perpetuates bronchpoonstriction (late-phase reaction).
0. Clintcal features are episodic and related to allergen exposure,
I Dyspnea and wheezing
2. Productive cough, classically with spiral-shaped mucus plugs (Curschmann
spirals) and eosinophil-derived crystals (Charcot-Leyden crystals, Fig-2.11),
3. Severe, unrelenting attack can result in status asthmaticus and death.
E. Asthmamay aleo arise from nonallergic causes such as exercise, viral infection,
asplrin (g, aspirin intelerant asthmal, and occupational exposures

V. BRONCHIECTASLS
A Permanent dilatation of bronchioles and bronchi (Fig. 912} Ioss:of airway tone
resulis in air trapping.
B. Due to necrotizing inflammation with damage to alrway walls. Causes include
1. Crstic fibrosis
2. Kartagener syndrome —inherited defect of the dynein arm, which s necessary
for ciliary movement. Associated with sinusiris, infertility (poor motilay of
sperm}, and situs imeersns fpositlon of major organs s reversed, e g beart ison
right side of thorax)
3, Tumor or foreign body
4. Mecrotiring infection

Fig. 8.8 ATAT actumsiisthan in hepatocytes. Flg. 310 increased AF dameter. emphysema. Fige 3.1 Chancoi-Lepden crystals; asthrma
\Courtesy of fames Heffoman, MO, Wikipedis)




5. Allergic bronchopulmanary aspergiilosis—Hrpersensigivity reaction o
Aspergiilies leads to chronic inflammmatory damage; nsually sqen in individuals
with asthina or cystic brosis

. Clindcal features

1. Cough, dvepoea, and foul-smelling sputum
2. Complications inchude hvpoxemia with cor pulmonale and secondary (AA)
Ry ks,

RESTRICTIVE DISEASES

L BASIC PRINCIFLES
A, Chacacterized by restricted filling of the tong 4 TLC and = ¥V FEVFVE ritio is
increased,
B Most commonly due to interstitial disenses of the lung; may also arise with chest
wall sbhnormalities (=g, massive almsity]

I IDIOPATHIC PULMONARY FIBROSIS
A, Fibrosis of lung interstitium (Fig. 513)
B, Etiologyis unknown. Likely related tocyelical lung infury; TGF-§ from injured
prcomocyies induces fbmosis,
I. Secondarycauses of interstitinl fibrosis such as drugs (=g, bleomycin and
amiodarone) and radiatéon therapy must be excluded.
C, Clinical features
1. Propressive dvapnes and cough
2. Fibrosiz on lang CT; initially scen in subpleural patches, but eventually results in
diffuse fibrosls with end-stage ‘honeycomb’ lung
3. Treatment is lung transplantation,

1L PNEUMOCONIDSES
A, Interstitial Abrosls due to occupational exposure; requlres chiromic exposure to small
particles that are fibrogenic (Table 4]
L Alveslar macraophages engulf foreign particles and induce Gbrosis,

IV, SARCOIDOSTS
A, ‘i}m‘tmi: dic=gae= chiracter rad h:r' nocaseating Ennu.l.nnu.: in r|1.1.1|1'i.]'|'|e BTN
classically seen in African American females
i Etiology is unknown; likely due to C4* helper T-cell response toan unknown antigen
C. Granulomas most commeaonty involve the hilar lymph nodes and og (Fig. 9.034%,
leading w restrictive lung dissase,

Fig, 973 8ronchlecrasis. (Coumesy of Yale Rosen,  Fig. 303 Imesstica fhrosis, idicparhic
W) pulmicaary frasis.



Table 9.4: Summary of Preumeconioses

EMITLY

PATHOLOGIE FINDINGS

ﬂnﬂﬂﬂr_klmt P T L TR
Prainocidane - TRORANE pern o coal et
e b SHiCE seen in sandblesters and

Silicosis ;

SHCE MineTS
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Aslsenuasds consiuction workers, plumbers,

il shignard workers

Fﬂnﬂiﬂ-ﬂ'“ﬁ:’clhng"ﬁ aszaciated
unu‘h ri:em;umd arthritis (Caplan
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Hm&aﬂnggmnulmm&m the
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Fireapdeof lwng and pleasra
Lplasques) with tncreazed ek for
Teng carcineme acd mesothelioms
leng capcinoms (2 more cosdmoan
thas asesathelioma i expoded
individusals,

polltion) results in anthracoss
{eallectinvns of carbar-laden
maciophages): nat clitcally
slg,u[ﬁ;:mt

Increased rick for TH: silica irqpairs
pheapobysoseine formetion Ty
maCrophages,

Incpesed risk for lumg cancer

Legicans may conitin bag golden-
becawn fibers with asseciabed ron
fashiesios bedics, Fig, 8143, which
ceailirm expisiare Lo asbestos

L Characteristic steliate inclusions (asteroid bodies’) are often seen within giant

cells of the gramilomas (Fig. S.158),

L. (ther commonly Involved tissues include the uvea (uesitis), skin (cotaneons
nodules of erviberns nodosumy, and salivary and lacrimal glands {mimics §jagren

gynd remal; almest any tiave can be inrolred,

E. Clinical features

1. Diyspaea or cough {Imash common presaniing symplam)

2, Elevated serom ACE

3 Hypercalcenia {1-alpha bydrosviase activity of epithelioid histiocyies converis

vitamin [} to its active form)

4, Treatment iz steroids often resolves spontaneously without trestment,

V. HYPERSENSITIVITY PNEUMONITES
A. Granulomatous reaction to inhaled organic antigens (e.g., pigenn hresder’s hanyg)

B Fresents with tever, cough, and dyspnea hours after exposare; reschves with remoral

of the exposure

C, Ghronie sxposure leads i interstitial fibrosis

Fig. %14 Eshesros bodies, (Courtaay of Nephmn,
GHRU-FOL v 1.5

Fig. 9,18 Samrcedosis. A NescadesEmg grafulams invakang lung. B Sotsesic body,




PULMONARY HYPERTENSION

L. BASIC PRINCIPLES

A. High pressure in the pulmanary circolt imesn arterial pressure > 23 mm Hg; normal
i 10 mm Hgl

B, Characterized by atherosclerosiz of the palmonary trunk, smooth muscle
hypertrophy of pulmonary anterics, and mtimal Abresis; plexiform lesions are scen
with severe, long-standing disease (Fig, 916),

€. leadsio right ventricular hypertrophy sith eventual cor palmonale

I Presents with exertional dyépnes or right-sided hieart failore

E. Subclassified as primary or secondary based on cticlogy

II. FRIMARY PULMONARY HYPFERTENSIIN
A, Classically seen in young adult females
B, Etiplogy i unbknown: some familial forms are related to inactivaring mutations of
BMPR2, leading to proliferation of vascular smoath muscie,

1L SECONDARY FULMONARY HYPERTENSION
A Duoe to hypoxemia (eg., COPD and interstitial lang disease) or increased volume in
the pulmonary circuit {e.g. congenital heart diseasel; may also arise with recurrent
pilmemary embolism

RESPIRATORY DISTRESS SYNDROMES

L ACUTE RESPIRATORY DISTRESS SYNDROME
A, Diffuse damage to the alveolar-capiliary Inferface (difuse alveolar damage)
B Leakape of procewn-rich flusd leads woedema and formanon of hyaline membranes in
alveali {Fig. S.17A ).
C. Clinical leatures
L. Hypeoxemls and cyanosls with resplratory distress—due 1o thickened diffusion
barrier and collapse of air sacs (increased surface tension)
L, "Whiké-oul" on chest s-ray (Fig. 9.17H]
B secondary toa variety of disesse processes including sepsis. infection, shock
fravima. aspiration, pancreatitis, DIC, hypersensitivity reactions. and drugs.
. Activatinn ql-'l’r:ﬂ:'rn:-]:lhils indocis i1;|1re-nm-mrdimé and tree radical darnage of
type land 1l pricumpCy e
E. Treatment
L Address underlying cause
&, Ventilation with positive end-expiratory pressare {PEEF)
E  Recovery may be complicated by inlerssitinl hiboosis; damage and loss of type [T
preumocyies keads to scarring and Gbrosis,

Flg. 9.16 Plexiform lesion, primary polmaonary Flg. .17 ARD5. A Hyaling mambranes, B Whine-ou " of lung on x-ray (B, Courtesy of Sermr, GHNU-
i FDLvLE



II. NEONATAL RESPIRATORY DISTRESS SYNDROME
A. Respiratory distress due bo inadequate surfactant levels
1. Sorfactantis made by type 11 poeumocyics phosphatidyicholine (lecithin) s the
major compoment,
2. Surfactani decreases surfnce fension in the lung, preventing collapse of alveolar
air sacs after expiration,
¥ lackof surfactunt keads to collapse of abr sacs and formation of byaline
membranes,
B, Associated with
L. Prematarity—Surfsctant production begins at 28 weeks; adequate jevels ire not

reached until 34 weeks.
i, Ammiotic fluld lecithin o sphingomyelin ratio is wsed 1o sereen for lung
faturity.

i Phosphatidyvlcholdine (lecithin} levels increage as curfactant is produced;
iphingomyelin remaine constant.
. A& ratlo>2 indicates ndﬂqu.n.‘l:c surfactant pml;luctl'-lm.
2, Caesariansection delivery—due to lack of stress-induced steroids; steraids
bncrese sy mibesis of surfctmn:.
3. Natermal diabetes—Insulin decrezses surfactant production.
C, Clinical features
L. Increasing respiratory efflort after birth, tachypnea with nse of accessory muscles,
and grunting
1. Hyposemia with cyanosis
3. Diffuse granularity of the long ('ground-glass' appearance) on e-ray (Fig 9.18)
[ D‘m‘rj:l:ifnl:iun:
I, Hypoxemin increases the risk for persistence of patent ductiis arteriisis and
necrotizing enterocokitis.
2. Supplemental oxygen increases the risk for free radical injury, Retlnal infury
leads to blindness; lung damage keads to bronchopulmonary dysplasia

LUNG CANCER

L BASIC PRINCIFLES
A. Mostcommion cause of cancer martality incthe US; average ige af presentation is &0
Vears
B. Koy rigk factors are cigarette smoke, radon, and adhestos.
L. Clgareite smoke contains over &0 nn':i.nngen_'-.; B of lung cancér ocours in
AMOKETH,
L Polpcycllc aromatic hydrocarbons and arsenic are particularly mustagenic.
i, Cancer risk is directhy related 1o the daration and amount of smoking ('pack-
vears L
Radon is formed by radicactive decay of uranbum, which ls present in sofl.
i. Accumulates in chosed spaces sach a5 basements
il. Responsible fior most-of the public exposure to jonizing radiation: Ind most
Irequent cause of lung carcinoma in 175
il Incressed risk of long cancer i ales seen in uraniom miners
= PNMI.‘LI‘J.I‘IE s:.-mptﬂm: H.l.'E.D.l:lni-]:‘El:I.E-l: !,E.E.. nrulgh.. wai.t;]:.'l hm,'hmlnptrﬁ:. and
postobsiructive preamonda).
Do lmaging often reveals & sefitary oodule Cooin-ision’; biogsy @ necessary for a
diagnosis of cancer.
1. Benign lesions, which often occur in younger patients, can alio produce o ‘coin-
besion,' Examples include

|-|.'|




i Granuloma—often due to THOr fangos (especially Histoplossain the
Midwest)

ii. Bromchial hamartoma—benign tumor composed of lung tissue and cartilage,
often calcilied on imaging

E. Lung carcinoma is classically divided into 2 catesories { Teble 9.5).
L. Small cell carcinoma (15%)—usually notamenable to surgical resection [treated
with chemotherapy)
2. Non-small cell carcinoms (85%) —treated updront with surgical resection (does not
respond weli o chematherapy) subtypes include sdenocarcinoma (40%), sguamous
cell carcinoma (30%), large cell carcinema (%), and carcinosd pamor [54).
F. THM staging

P

Table9.5; Cancers of the | ng

CHARACTERISTIC

l. T—Tumaor=ize and local exiension

Plearal imrobvement is classicallyseen with adeascarcinoma

Dstruction of 5VC eads to distended head and neck veins with edema and
bl discoloration of arms and face (superiorvena cave syndrome).
Invoivernent of recurrent Larvageal (hoarseness) or phrenic (diaphragmatic

paralysis] nerve

Compression of sympatietic chain leads to Horner synorome charactesized
by prosis (drooping eyvelid), miosis (pinpoint popil), aod anhideosis fno
eweatingh usaally doe to an apical (Pancoast) tumoe

M —spread to reglonal lymph nodes  hitar and mediastinal)
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Flg. 9.18 Gramdaity of lung meonatal iespiratony Fige 9.9 5mall c=ll carcnoma.
distress syndrome, (Pablkshed whin permiission
from LearningRadioingy.oom)

Fig. 8.4 Sguamous coll cartinoma: A, Keratln pearls B, Invescelula bridges € Centrsl location. 8, Courtesy Thomas Erausz, MO C Courtaosof Yala
Horsem, MO

Fig. 5.1 Adenocarcinoma. &, Gland formaion and mizcin production. B, Peripheal izcation, (B, Fla. 9.21 Bmnchininalsecdar tarcinogma
Courtesy al Thomas Krausy, MO

Fhg 833 Carcinadif trmnoe. & Mitreacapic appearards B Chramaagrmin sxprsisios by immuischatachemistre © Polia-Hioe growth inthe bronches (o,
Courtedy of Yale Rosen, MO




3 M—unigque site of distant metastasis is the adrenad gland.
4. Ovverall, 15% 5-year survival; often prezents lats dise to the absence of an effective
screening method

PLEURA

. PHMEUMOTHORAX
A, Accumulation of airin'the pleural space

E. 5[llilt1.[.’|liél:lui- Fu:u:l.l.n:l:.l[]l.-:-ux ie dize to ru plure of oy mphﬁ'ser.u;m:-; bieb: zeen L
poung adulis
L. Results in collapse ofa portion of the leng (Fig. 9240 trachea shifts to the side of
cotlapse
G, Tenskon preumothorax anses with penetrating clest wall injury
L. Amr enters the pleural space, but cannat eXil; trachea i pushed vpposite o the

side-of injury,

2. Medical EIerEen ey treatedd with Ingertion of a chest tube

I MESOTHELIOMA

A, Matignant neapdosm af mesothel ial celis; highly associated with ocoupational
SxpoEle to asheshos

B. Presents with recurrent pleural effusions, dyspnea. and chest paln: tamor encases
the ||.|.|1|:: [ Fig. 435

Fig 924 Spontarecus pneumothons, (Courtesy - Fig. 8.25 Masathelicena. 0aurtany of Jamis
of Jarnes Hetfman, MO, Wikioeda) sreinmetys MOY



ORAL CAVITY

I CLEFT LIP AND PALATE
A. Fullthickness defect of lip or palate [Fig. 10.1)
B. Due to failure of fsclal prominences to fuse
1. During early pregnancy, factal prominences (one from supersor, two from the
sides, and two from inferkor) grow and fuse together to form the face.
C. Cleft lip and palate usually occur together; isolated cleft lip or palate s Jess comman.

‘. APHTHOUS ULCER
A. Painful, superficial ulceration of the oral mucesa (Fig. 10,2}
B. Arises in relation to stress and resolves spontaneoasty, bat often recurs
C. Charscterized by a grayish base surrounded by ervthema

11l BEHCET SYNDROME
A. Recurrent aphthous aleers, penital ulcers: and uveitis
B, Due o immune complex vascualitis involving small vessels
€. Can be seen after viral infection, but etiology is unknown

IV. ORAL HERPES
A, Vesidles invalving oral mucosa that ruptore, resulting in shallow, painful, red ulcars
B. Usually die 1o H3V-1
C. Primary infection accuss tn childhood; lesions heal, but virus remmains dormant in
ganglis of the trigeminal nerve.
. Stress and sunlight cause reactivation of the virus, leading 1o vesscles that ofien arise
o the lips (oold sore, Fig. 10.3),

V. SQUAMOUS CELL CARCINOMA
A. Malignant neoplasm of squamous cells lining the oral mucosa
B. Tobacco and aleahol are masor risk factors.
C. Floor of mouth is the most common location.
. Oral lenkopéakia and erythroplakia are pracursor lesions,
1. Leukoplakis 15 a white plaque that cannot be scraped away; often represents
squamous cell dvsplasia
2. Leukoplakia is distinct from oral candidiasis (thrush) and hairy leukoplakis,
& Oral candidiasis is.a whire deposit on the tongue, which is easily scraped
away (Fig. 10.4); usually seen in Immunocompromised states
ii. Hairy leukoplakia is a white, rough {"hairy") patch that arises on the latera]
tongue, It is wsually seen In immunocompromised Individuals e.g., AIDS)
and i due to EBV-induced squamious cell hyperplasia; not pre-malignant
). Erythropiakia (red plague) represents vascularized leukoplakia and is highly
suggestive of squamons cell dysplasia.
d. Erythroplakia and leukoplakia are often biopsied to rule out carcinoma.




SALIVARY GLAND

L. BASIC FRINCIPLES
A. Salivary glandsare exocrine glands that secrete saliva.
B Divided into major {paratid, submandibular and swblingual ghinds) and minos
glands (hundreds of microscopic glands distributed throughout the oral mucosi}

. MUMPS
A. Infection with mwmps viros resulting in bilateral inflamcd parotid glands
K. Orchitis, pancreatitis; and aseptic meningitis mav also be present.
I Seérum amylase i increassd die to salivary gland ar pancreatic involvement,
2. Orchitis carried risk of sterility, especially in teenagers.

L SIALADENITIS
A Inflammiation of the salivary gland
B Most commonly due to anobstructing stone (aaledithiss] leading to Staplhwlecocous
atereirg infection; l|.u-1.|nJJ:r unilateral

IV, PLEOMORPHIC ADENOMA
A. Benbgn tumor composed of stromal {eg, cartilagel-and epithebal tisswe; most
common wmaor of the salivary gland
| B. Usually ariues in parotid: presents asa mobile, palnless, circumsceibed mass ot the
angle of the faw
C. High rate of recorrence; extension ol small idands of iumor theough tumor capsale
oftén leads to incomplete resection {Fig. 10.5).
D Rarely may transform ko carcinoma, which presents with signs of facial nerve
da fLARE facial nerve runs I]‘!II.‘-IJIIEH ]Jirl:rlld _E]H el |

S, WARTHIN TUMOR
A, Banign ovetic tumor with abundant lymphocvies and germinal centers {vmph
node-like stromal; 2nd most commeon tamear of the salivary gland
B. Almost always arises in the parotid

VI MUCOEPIDERMOID CARCINOMA
A Malignant tumor cemposed of mucinous ind squamous cells: most common
malignant tumor of the safivary gland
B, Usuolly orises in the purstid; commmoanly involves the fcial nerve

Flig. 10.1 Clely lipand palare, (Courtesy ol Jamas  Fg. 1002 Aphthous uicern [Regreduced from Fig.: 10.3 Cold sare. [Cawesy of D, Hermnans,

Hedlman, MD, 'Wikipedial

vkl el o, LEAY-58 3.4) COxE)



ESOPHAGUS

I TRACHEOESOFPHAGEAL FISTULA
A {_.'u;'mynj!u.l defecy rﬂu]l:ing in @ comnection between Uhe eu:lj!lha.gun and teachies
B, Modt canmmiod variait consi s 1l|"|:|r|'.'l~:i1'.|u| ei-l"lph:lséﬂ] strexia with the distal
raupﬁ;su; .tr:'l\:ln!; frams the frachea -I'Fig. LA [
I Presents with vamiting, pelybydramnios, abdominal distension, and aspiration

IL ESOPHAGEAL WER
A, Thin protruston of esophageal mucosa, most often in the upper esophagus !
B, Presents with dysphagla for pooely chewed food |
. Increased risk for esophageal squamous cell carcinoma
D, Plummes-Vinson svndrome |3 characterized by severe iron deficiency anamin, |

esophageal web, and beefv-red tongue due 1o atrophic glossitis. [

L ZFENKER DIVERTICULUM
A Qutpouching of pharyngeal mucosa through an acquiced defect in the muscutar
wall (false divertbealum)
B. Arlses shove the upper esophageal sphincter at the junction of the esophagus and
pharynx
C. Proents with dysphagla, obstrection, and halitosds (bad breath)

[V MALLORY-WEISS SYNDROME
A Longltudinal laceration of mucosa al the gastroesophageal (GE) junction
B. Caused by severe vomiting, usually due to alcoholism ar bulimia
. Presents with painful hematemnesis
0. Risk of Boerhasve syndrome—rupiucs of esophagus leading 1o air in the
mediastinom and suboutaneous emphursema

V. ESOPHAGEAL VARICES
A. Diloeed submuogosal veins in the lower esophagus
B, Arise secondary 10 portal hypertension
I.  Distal esophageal vein normally drains intothe portal vein via the left gastric
VEIN.,
2, In portal hypertension, the left gastric vein backsup into the esophageal vein,
resulting in dilation [varices),
C. Asymptematic, bus risk of rupture exists
I. Presenis with painless hematemesis
3. Most common cause of death in cirrhosis

Flig. 1004 Orad candidinsin iCowrtesy of lames Fig. 10.5 Pleamanphic adenoma. |Coirtesy of Fig. 106 Trachege sophagpeal fsula. (Courtesy of
Hedlman, M1 Wikipedial Bulent Celasun, MEY hmpath.Lom|
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. Sguamous cell carcinoma i3 malignant proliferation of squamous cells; most
CONT 00N empl:ageul cancer worldwide
1. Usually arises in upper o middle thisd of the esophagus; maor risk factors
inchide
i, Alcphol amd tobaceo {most commion causes]
i, Yery hedt ten
fii. Achalasia
48 Em-lﬂLaE-EaJ aweh [E'.E.I Pli s r- Vi s!.-'mh‘nm':_l
v, Esophagenlinjury (eg., e ingession)
% Esophageal carcinoma presents late (poor prognosish
I, Symptoms include progreasive dysphagia (solids e liquids), welght boss, pain,
and hematemesis.
1, Sguameus cell carcinomma may sdditionally present with hoarse voice (recurrent
laryngeal nerve invelvement) and cough (tracheal invelvement].
E. Location of lymiph node spread depends on the devel of the esophagus that is
imrodved,
Upper i3 —cervical nodes

Lib d —

Middle 1/53—=medkastinal or trachenbronchial nodes
Lower 1f3—celiac and gastric nodes
STOMACH
[, GASTROSCHISIS

A, Congenital malformation of the anterior abdominal wall keading to exposure of
abdominal contents (Fig. 10.9)

1. OMPHALOCELE
A. Peraistent herniation of bawel inta umbilical cosd
B. Drue to failure of herniated imestines to return te the body cavity during

dﬂ\-'l!'ll:l'PmEI'I"
L Contents are coversd by peritonenm and amnion of the umbilical cord (Fig,
10,1

I PYLORIC STENDSIS
A, Cﬂ]iﬂh]i[:ﬂ h}'].h&'rtrﬂphﬁ'ﬂfpr]uri.{‘ wmeoth mutcle more comman in males
B, Classically presents twao weeks after barth as
I. Projectile nonbilious vomiting
2. Visible peristalsis
3. Olive-Jike sy in the abdomen
. Treatment is oopolemy,

Fig. 10.9 Gaziroachisiz. {Caurtesy of humpath. Fig. 100 Omphalocele. Courtesy of IT. Stocker,  Flg. 10:11 intesting! metaplasis, chroréc gatris
o) MO
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IV ACUTE GASTRITIS
A

Acidic damage 1o U stamach mpooss

D b imbalance between muocoxal delenses and acidie envirormen

[ Digfenses |nclode mudin laver produced by foveokar cells, bicarbonate secretion
by surface rpili helinm, and normal Blisod 1.|.1|_1[l|'!.' |:]1:\-|wi|J|:ﬂ reutrisnds and ].'\:il."iE up

leaked acid),

. Hisk factors

L Severe burn (Curling wleer)—Hypovolemia leads 1o decreased blood supphy

2, WHAMM (decrseied PGE)

1. Heavy aleoknl .:v.-.-ns.u'.'nnt;'luﬁ

Chemotherapy

. Increased intracranial pressure (Cashing ulcerk—Increased stimulation of vagus
ILEFYVE I‘Eﬂ.d.‘- in] ITIIJI'-EH!.EI:' ﬂui.'l.d r‘l'l:IIJ'lI.l;.l.il:Iﬂ.

b, Shock—Multiple {stress] ulcers may be seen (n JCU patients.

Acid damage results in superficial inflamnuation, erosion {loss of super bl

epithelinml, or uleer {loss of moucasal laver)

V., CHRONIC GASTRITITS

Al
H.

Chronic inffammation of stomach mocosa
Divided inw rwo aypes based on underlying etiology: chronic sutolmmune gascritis
and chronke H prpderd gastritis
L hmnic andofmmia e gamrhia e dae bo aatoimmune destruction of g..'ﬁ.rl:ir ]:-.a'ri-:-'l al
cells, which are located in the stomach rody and fundus
1. Associuled with antibedies against parlensl cells and/for Inlrinsic Gotor; aseful
for diagnosis, but pathogenesis {s mediated by T cells ftype IV hypersensitivity)
Lolimicul femtures
i ."|.['|'|'l|:||'|:.I o ooy swith fntestingl n1|:ll:{.'lm-:i.1. (Fig. 10,11]
. Achlorhydris with incressed gastrbn levels and anteal G-cell hyperplasia
iii. Megaloblastic [pernicious) anemin due fo lack of infrinsic factor
tv. Inereased rgh for yusiric adenocarcinoma (intestinal v pel
Chromic H pplor: gastritls is due to H pplor-induced acwte nnd chronie
mflammation; most common form of gastritis (90%)
- H patird wrenses amd proteases along with inflammation weaken mucasal
defenses; antruny bs the mos) common site (Fig. 10121
2. Presents with epigastric abdominal pain: increased risk for ulceration {poptic
ulcer diseane], paskric adenocarciniems (intestinal typel, angl MLALT |.g.'11:|l1|1|:u|1.1
5. Trearment invobees tripke therapy,
L Redilve F:a:l'r:il:i inléer and severses intestinal melnphsi.l
u :"-E-EE,.J.Li.".*E urea breath b2t and lack of stood antigen confirm eradication of

H pvlori,

b

=

Flg: T A rvford, JCourteiy of Ed Uthman, MO0

Fig. 10,33 Gasric wioer, A, Pegtic ulier diaase B, Canisama, iCouresy ol Aliya Husein, MES



Gastrointestinal Pathology

V9L PFEPTIC ULCER DMSEASE

solifary mucosal wlesr |n'.'-.'r'I".'||1g pm_v.:'mﬂ! doodenum (90%) or distal stormech (10%:)

Phandenal wlcer is almost abways due 10 H pdord (> 95%) mrely, may be due to ZE

sy ndrome

1. Presents walh epigastric pain that improves with meals

2. Dhngmastic endokcopic binpsy shows aleerwith by pertrophy of Bromner _5.'|:|.'|c-

. Way rplre ||'.1.:|:r|¥: Ecx hlu-rd::li-'_ frorm the !:‘.-":".ll'i'\llilllI|.|l\.'|":.|| artery (afiter o wWeer)
ar ackide pani realits l_!'.'-'-'.-c-rillr ileer;

Ceastric wleer s wsnally dse o 5 pward [73%E oher causes include NSATDs and bile

TeliuE.

. Presents with ¢pigacteic pain that wersens with meals

Y Uleer is uswally located on the lesser curvatiine of the

antrum

arlersy

1. Rupture carries risk n'."ﬂ.'ﬁ'imf_ from lefr gastric
Diferential d S EMaEE of vléers inclsdes carcinon
1, Drsodenal nleers are almost never :|1.'.I:::_:'.'..|n| [duodenal carcinama s extremely
Farel,
Crastric ulcers can be capsed by gastric carcimoma (ntestinal subtypel
I.  Benign peptic uleers are usually small (< 3 emb sharply démancaned
“punched-out™h and surroanded by radiating folds of mucosa (Fig 10.134]
it Malignant ulcere are lorge and |rregular with hezped op marging (Fig.
10,136

{10, Biopsy is required for definfive diagnosis.

WIL GASTRIC CARCTNON A

A
H.
L

l’ullg::..:l: pridaleration ol surlace :J_'lil!l:-,'li.'.l cells fadenoca reimnomal
subclassified into intestinal and diffuse tvpes

[ntestinal type (more commaon| presents aga borge, irregular uloer with heaped up

T s EOED Coaiebtdaiady Ihvielived 1B lesdet Siirviitiite of (he dnlfaii { hmidlar 1o

gosiric uléer) .

L, Risgk fuctors include testinal .'|'.=|.:|.|,:-|.|-\.|u e, due (o H fylari and aulcammune
gasiltis}, nklrosamines in smoksd foods (fapan), and blood type A

IHifuze type is characterized by signet ring cells that diffusely infiltrate the gastric

wall (Fig. 1 14B); desmoplasia resuits (o thickening of stamach wall { Hnirs plastics

Fig. 101440

. Mot associated with M pplorr. incestinal metanlasio, or nitrosanmines

Lraslric carcinoma presents late with I-l.-.*'u_:h'. Wome, abcdminal palin, anemin. and carly

sabbety; rarely presents as aca nbhosi nigricans or Leser- [relai sign

Spread 10 Iymph nedes can iovabee the left supeacivicular node (Viechow nosde).

Digtant metastasis most commonly involves Hver: ather sited inchede

I, Perlumbilical region {%ister Mlary Josepa nodulel seen with intestinal fype

g 1074 Gasinic Earciname, difuss fypes. A Linitls Hestics. B, Sgnet-nng cells (A, Couney of Ed
L Emrer, D)
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2. Bilateral ovaries {(Krukenberg tumor]; seen with diffuse type

SMALL BOWEL

[ BUODENAL ATRESIA
A. Congenital filwre of duodenum to canolize; associated with Down syndrome
B. Climical fsttures
L Palvhydramnios
2, Drstensbon of stomnch and blind koop of dusdennm "double bubhble’ slign, Fig
i 15)

3. Bilious vomiting

. MECKELDIVERTICULUM
A. Durpouching of ull three lnyers of the bowel wall (troe diverticulum, Fig. 10.16)
B. Arises due ta failure of the vitelline duct to freolute
. 'Buleot 2s
L. Seen in 2% of the population {most common congenital snomaly of the GI tract)
2. Zinches long and located in the small bowel within 2 feet of the ileocecal valve
5, Can present during the first 2 vears of life with bleeding (due o heterotoplc
gastric muocosa), valvulis, ntussusception, or sbatructlon (mimics appendicitis);
hevvever, mast Saeeg are agympamathe.

[, VOLYVULUS
A. Twisting of bowel along s mesentery
| B. Resultsin obstruction and disruption of the blood supply with infarction (Fig. 10:47)
. Mast commiom focations are sigmnid colan (elderdy) and ceoum (yoing aduls),

—
-~
£

INTUSSUSCEPTION
A, Telescoping of proximal segment of bowel forward into distal segment
l. ||:|l:h|:|.IFIILlIi sEgmEnt % rlul|-.-.|] forward |.|':.' Ferial:hi.-.. I":‘S'..IJ':‘.:I.'L!.;_ in obstrection and
disruption of bleed supply with infarctlon.
B Associated with a leading edge (focus af traction)
L Tnchildren, the most caommon canse is lymphoid hyperplasiz (g, doe to
rotavires); usually arises in the termingl lewm, leading to infussusception into
the cecum

1 In ﬂ.d.l.l.l'll.. ||:IE IO SOUTRMIOnN Sause ik lurmor

¥ SMALL BOWEL INFARCT ICEN

A. Smnll bowel is highly susceptible 1o ischermic injury

Fig. 10,15 Touble bubbie sigr. dundenal Figa 1018 Pechied divestticiitum. (Courtesy of Fig. W7 Infarcicn due e vabeulus Kourtesy of
atresis. [Courtesy of Aucklznd Esteict Health hairrpath.com! humpath.com)
BEanard)



i, Transmral infarction occurs with thrombosis'embolism of the superiar
mesenleric artery or thrombesis of the mesenteric vein
1. Mucosal infarction oecurs with marked hypolension.
B. Clinkcal features include abdeaninal pain, bloody diarrhes, and decreased bowel
sounds,

V9 LACTOSE INTOLERANCE

A. Decreased funciion of the lactase enzyme found in the brusk border of enterocytes
L. Lactase normally breaks down lactose into ghecose and galactoss,

B. Presents with abdominal distension and diarrhes upon consumpteon of milk
products undigested laciose is cemotically active

C. Deficiency may he congenital (rare autosomal recessive disorder) or ncquired {often
develops in lute childhood); temporary defciency is seen afier small bowel Infection
lactase is highly susceptible to injury),

VIL CELIAC DISEASE
A, ITmmune-mediated damage of small bowel villi due (o gheten exposure; assoclated
with HLA-DQ2 and DQE
B. Gloten is present in wheat and grains; it most pathogenic component is glladin

L. Omce absorbed, gliadin is deamidated by tissue transghutaminose ((TGL

2. Deamidared glladin Is presented by antigen presenting cells via MHC class 11,

3, Helper T cells mediate tissoe damage.

C. Climical presentstion

L Children classically presemt with abdominal distension. diarrhea, and failwre to
thrive.

2, Adubs classically present with chronic diarrhes and Boating:

3. Small, herpes-like vesicles may ariss on skin (dermatitis herpetiformis). Due to
IgA depasition af the Hes of dermal papillag; rezolves with ghuten-free diet

0. Laberatory findings

L IgA antibodics against endomysium, tTG, or gliadin IgG antibodies are also
present and are useful for dingnosis inindividuals with TgA deficiency (increased
incidence of lgA deficiency is seen in celinc disenss).

L Dusdenal blopay reveals Battening of villi, byperplasia of érypis, and incréased
i.n.unepl'th!lill]rmpﬁﬂ:}'l‘.ﬂ-iﬁﬂ. 10,185, Dﬁl‘;’lﬂiﬂ' i mcead ?rqr.rli.m:ut in the
duodenuwm; fejunum and fleum are less [nvalved,

E. Symptoms resolve with glaten-free dies,

1. Small bowel mrcinoms and T-cell lymphorma are lue complications that present

a5 refractory disease despite good dietary confral.

Fig. 10U18 Ciliee drsass. &, Flattened il B Marsmal Wil fos camgarsan.



VEIILTROPICALSPRUE
A, Darmage tosmall bowel villi chee foran unknown organism resulting Lo
malabsarption
B Similar to celiac disease excepl
L Ocours in tropical reglons (e.g., Caribbean}
Arpses alter infectious diarrhes snd responds o antibiotics
Damage is most promisent injgunun and lewm -iai-e{l:ll:'l.dﬂ.r':f' vitamin Bl2 ar
folwte deficiency moy enasel dupdenum is kess commonly mvolved.

ol

[X. WHIPPLE DSEASE

A. Systemic Hssue damage characterized by macrophages loaded with Troplieryma
whippelii organisms; partialty destroved arganisms are present in macrophage
lysasarmes (positive for PASE

B. Classic site of invalvement s the srmall bowel lamina propria (Fig. 10,19,
L Macrophages compress lacteals.
a1, I:hr]nm:in;rl:_lm connnl e transferred from enterocyies o |'!.'J1.'I.Ph|]1‘i.n.'5-.
3. Hesulisim fat |1:|'.|.|.a|.1:|.1:|.11 o and steatorrhea

| . Other commen sites of fnvolvement include syaovium of joinis farthritis), ca rinc
vlves, lvmph nodes, and CNS

X ABETALIPOPROTEINEMIA
A, Autosomal recessive deficiency of apolipoprotein B-48 and B-100
B. Clinical featuras
. Malabsarption—due to defective chyvlomicron formation (requires B-44)
2. Absent plasima VILDL and LD (require B-100)

KL CARCINOID TUMOR
A, Maligonant proliteration of nevroendocrine cells; bow-grade maligmancy
I. Tumor eslls contiin neurssscretory gramules that are positive for chromograning
B, Canarise anywhere along the guts small bowel is the most comimon site
L. Grows as 2 submucosal polvp-Tike nodhabe (Fig. 10.20)
C, Oten secretes serotonin
L. Serotonin is rebeased into the portal cirenlation and metabolized by liver
moonoamlne o ldase [MAGY Into 5-HEAA,
2. 5-HIAA s excreted i the urine,
[ Metastasts af carcinmid tomor 1o the Tiver allrws serotomin to bypass Hver
metabolism
L. Serotonin s released luto the hepaticvein and leaks into systemic ciroulation via

hepato-systeme shunts. resulting in carcanoid syndromes and carcinoid heart
disense.

Fig. 10.19Whipple disease. &, Macrophages within lamina progria of smiall bewsd villl B, Tehlgpeil  Flg. 10.20 Carcinedd tumar
organisms highiighted by PAS stain.



2 Carcinoid syndrome is-characterized by bronchospasm, diarrhes, and floshing of
akin; symptomscan be triggered by abeohod or emiotional stress, which stimulate
serotonin releass from the tumor,

3. Carcinnid heart dizsenze is &:n:tnl:edbrri.g]ll:-ﬁi]ed valvular Rlrasgis

{increased collagen) leading to tricuspid regurgitation and pulmanary valve

stenoais; Ri-sded valvolar lgsions arg nof seen due to présence of mondsamine

uxidase (metabolizes serotomin) in the lung.

APPENDIX

ACUTE APPENIMCITIS
A, Acuteinfammation of the appendix; mest common canse of acute abdomen

B, Helated o obstruction of the gppendix by lpmphoid hyper plasia [children) ora
fecalith {aduls)

., Clintcal fearores include
1, Perinmbilical pain, fever, nnd nansea; pain eventually localizes to right lower

gquadeant (McBurney pointl
Rupture results in peritonitis that presents with guarding and rebaund

tenderiess,
3 Perfappendiceal abscess §s 2 common complication.

I

INFLAMMATORY BOWEL DISEASE

BASIC PRINCIPLES

A, Chronic, refapsing inflammation of bowel

B, Possibly due to abnornual imiming response 1o enterks florn

€. Classically presénts in young women (teens to 3] as fecurrent bouts of bloody
dinrrhes and abdominal pain
1. More prévalent in the West, particulardy in Caucasiansand Eastern Buropean

Jews

[ MHagnosis of exchusion: symptoms mimic other causes of bowel inflammation (e.g..
infestion],

E. Subclassified as oleerative colitis or Crohn dizezse (Table 10,1)

COLON

HIRSCHSPRUNG DISEASE
A Drefective relaxation and peristalsis of rectum and distal sigrooid codon
I, Assoctated with Downsyndroe
B, Due to congenital faiture of ganghon cells (neural crost-derived) to descend into
myenteric and submucosal plesus
. Myenteric (Auerhach) plexus is located between the liner circular and caler
lopgitudingl muscle Invers of the muscularis proprin and regulates motiliy,
2. Submucosal (Metssner) plexios i located in the submuscosa and regulates blood
M, secretions, and absarption.
. Clinical features are based on obstruction.
1. Foilore to pass meconium
2. Empty rectal vault on digital rectal exam
3. Massive dilatation (megacolon) of bowel proxiotal Lo obstruction with risk for
ruptire
I, Rectal suction biopsy revenls lack of ganglion cells,
E. Treatment involves pesection of the imvolved bewed; ganglion cells ave present in the
bowe! proximal to the diseased segment.
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Table 10.%: Main Features of Ulcerative Colitis and Crohin Cisease

ULCERATIVE COLITIS {UC) CROHN DMSEASE

Faull-thich nesis imflammation with knibe: like

Wall Invedvement Mocosal and submmoodal ulcen A
[ Lot Ll
Bepina in rectum and can axtend prosimaiby up ,rnwhers Erom mouth 16 anis with skip lesidng
Locatlon o thie cecmmy (hrvolvement s contlnuons, Fig termimal ilenm s the most commmon w1l rectin

HRETA) resaaeder of the G tract lsunafected, lzast common
. Lef lower quadmnt pain {rectam) with hloodf Right lowser guead fant gaide ilenim] witl o
3y nuploms ) ; :

dlarrfien boady diarrhen

" . . 2 - Lrmiphald agpregades with pramelomas 145 ol
Inflammation Crypt ahscesses with neutraphils {Fig, HEZ1LE Tl BETRE E
CaEeil

| - Cobhlestane mocosa [Fig. HR2XAN creeping fal
Pecudiopolypsn boss of haustra {lead pipe’ sign on

Graws A
oy 2 S fmnging, Fig. 10.21C)

amd strictures {‘strng-sign on imaging, Fig
1228

Toxic megacoln and carclnoma (risk bs based . : .
N Malabsorption with mutritional dehcienc

bilsely on extent ol celenis invalvement and duration of e .
Ifnmpln. Al imns _ calcinm oxalale nephml ithasis, hstula lortiatiog,
dizsease; penerally not & concern yntil 0 years ol o

. ! and carcinoma, L colonks dissase s preseni

HISEREE |

Primary scherosing cholangitis and p-AMNUA Angylosing spoad ylifss, sacrailiitas, migratory
Azsoclations T : = :

positivity pabyarthritise, erpibema nodosum, and weeitls
smoking Protects againat UL Increases risk tor Crohn discase

Fig. 10.21 Ulcorative colitis. &, Gioss apoearance. 0 Crpp whae e, O Lead pagee” sign |A Cowrtesy of Jamie Steirerneds, BADL T Publissud with permissson
fram LearningRadiology.com)

Fig. 10.72 Ceothr diveasee. A Cabblestoss moces with drictum. B, “Sting’ siga. (A, Courmagy of
Fumpath com. B, Published st pesenlidan (rovm | u-||.-|I|||__|FI.1: Thil s Lol




nal Pathology n

I, COLONIC IVERTICULA
A, Outpouchings of mucosa and submucosa through the muscularis propria (Fig. W23,
false diverticulim)
W, Hehted towall siress
I.  Aszociited with constipatins, stralnbng. and low-hber diet; commonly seen in
older adulis (risk Increases with age)
2. Arise where the vasa recta traverse the muscularis propria (weak point in eolomic
wall); slgmodd colon [ the most common lacation
Cy Usually asympiomatic; complications include
I. Rectal bleeding (hemuatochezia)
2. Diverticulilis=—duoe b 1_1h$rr|_1|;1ing fecal rmaterial; prée sty with JFII.'lL'Ile:il:I”.'S-'“!':E
svmiptome in the leff lower quadrant
3. Fistula—Inflamed diverticalum ruptures and aftaches toa local structure.
Colovesicular fatula presents with air (or stoal) in uring.

A, Acquited malformation of rucosal snd submucosal capillary beds
B, Uspally arises o the cecum and fight colon due to high wall tension
. Rupture classically presents as hematochezia in an older adult

M. ANGIODYSPLASIA ‘

IV, HEREDMTARY HEMORRHAGIC TELANGIECTASIA
A Autoromal dominant disorder resulting in thin-walled blood vesuels, especially in
the mautl and G tract |HE.- 10,245
B. Rupture presents as bleeding.

V. ISCHEMIC COLITIS
A lechemic damage to the colon; usaslly ar the splenic flevure (watershed arex of
superior mesenterlc artery |SMAT)
B Atherosclerasis of SMA is the most commaon cause.
C. Presents with postprandial pain and weight loss; infarction results in pain and
hlgody diarrhea,

VI IRRITABLE BOWELSYNDROME
A R-:'Iu.ps.lnj_a, abdswmiinal ]:u:in with |:r:1-|:\|a||::|11g|ﬂ flatulence, and :h,,mgg it el labdes
(dizrrhea or constipation) that emproves with defecation; classically seen in middle-
aped females
B. Related w disturbed intestinal morility; no identifisble pathologic danges
C. Increased dietary fiber may improve symploms.

Fig. 10.23 {olori: divertcula. &, Grots appewance, B, Micostopic aopoamngs, Fiig. 124 Heseditary hemorrhagic
tean prectatia. (Courtesy of Dire W Fred ard H
win DHEM. fnciges ol eroroble Coses)



YIL COLONIC POLYPS

A, Rased profroswns of codonic mucosa
B. Most common types are hyperplastic and pdenomatons polyps.
1. Hyperplastic polyps are due to lyperplasia of glands; classically show a ‘serrated”
dppeatifice o hiln:l:u.lw.p]:lr
L Most common type of polypr asually arlse in the left colon {rectosigmaild)
i, Benign, with no malignant potential
L Adenomatous polyps are due io neoplastic proliferstbon of glands {Fig. 10,25
2nd most comimon type of colonic polvp
. Benign, but premalignant; may progress to adenocarcinoma via the
adeoma-carcinom sequence
1. Adenoma-carcinoma sequence describes the molecular progression from normal
colonic musosa to pdenomalons polyp to carcinoma.
L APC (adenomatous polvposts coll gene) mutations (sporadic or germiine)
increase risk for formation of polyp.
i E-ras mutation lesds o formation I:b]'pulﬂi
iii. p53 mutation and Inereased expression of COX allow for progression o
carcinoms; aspirin impedes progression from adenoma to carcinoma.
C. Screening for polyps is performed by colonoscopy and testing for fecal ocoult bload:
polvps are asnally clinically silent, but can bieed,
L Goal ks to meniove adenomatous polyps before pregression (o carcinoma.
[} O colenoscopy, livperplostic and adenomatous polvps look identical. Henie, all
polvps are removed and éxamined microscopicakly.
1. Grestest riek for progression from sdénama o carcinoma & reloted to fze > 2
e, sessile wrowth, and villous histology

VILFAMILIAL ADENOMATOUS POLYPOSIS (FAP)

A Autosomal dominant disorder characterized by 10405 20 10005 of sdenomatous
colonie polvps (Fig 10036}

B, Doe o inheried APC mutation [chromosome 51 increases propensity o develop
il TR b Pﬂ}p& througheot cobon and rectum

C. Colon and rectum are removed prophylactically; otherwise, almost all patienis
develop carcinoma by 40 vears of age,

It Gardner symdrome 18 FAF with fibramatosis and osteomas.
I. Fibromatosis is 4 non-neoplastic proliferathon of filroblasta; arises in

retraperitonenm |desmaold) and locally destrovs tissue

2, LUlsteinma is a bemign tumor of bone that weaally arises o the skull,

E, Turcot sypdrome is FAP with CKS tumors imedalioblastoma and glial tumors)

Fig. 10,35 Adenmmatous pobyp. Fig. 10.28 Famnilisl adenamatous paiypasis.
WCourtesy af humgath.cam)



IX. JUVENILE POLYP
A. Sporadic, hamartematous (benign) polvp that arises in children (< 5 years)
I Usually presents as o solitary rectal polyp that prolapses and bleeds
B. Juvenile Pﬂi:rpl;lsl._t is charactenized by multiple juvenile polyps in the stomach
and colion: large numbers of juvenile polyps increase the risk of progression to
CRTCANENLRL.

% PEUTZJEGHERS SYNDROME
A. Hamarinmatous {benign) polvps throughost GI trect and mucocutaneois
hyperpigmentation (freckle-like spots) on lips, oral mucosa, and genital skin;:
autosomal dominant disorder
B. Incressed risk for colorectal, bréast, and gynecologic cancer

AL COLORECTAL CARCINOMA

A, Carcinoma arising from colonlc or recial mucosa: 3nd most common site of cancer
and 3rd most comeenn cavse of cancer-related death
L, Peak Incidence is 60-70 years of ape.
B. Most commonly arises from sdenoma-carcinoma sequence: @ second important
molecular pathway is microsatellite instability {MSI}.
L. Microsatellites are repeating sequences of noncoding DNA; integrity of sequence
istability} is maintained during cell diviskon.
1 Instability Indicates defective DNA copy mechanisms (5., DNA mismatch
repair enzymes).
3. Hereditary nonpolyposis colorectal carcinoma (HNPCC) is due 10 inherited
mtitations in DNA mismatch repair enzymes.
L Increased rigk for colorectal, ovarian, and endometrial carcinoma
I Calorectal carcinoma arizes de novo (ol from odenomatous polyps) et a
refatively early age: usually right-sided
C. Screening for calorectal carcinoma scours vis endoscopy and fecal ocoult blood
testing: begins at 50 years of age
L. Gaal s to remove adénomatous polyps before carcinoma develops and to detect
cancer early (before clinical symptoms arise),
[ Carcinoma can develop anywhere abong entire length of colon,
I Left-sided carcinoma usoally grows as 0 ‘napkin-ring’ lesion; presents with
decreased stool caliber, left lower quadrant pain, and blood-streaked stool
2. Right-sided carcinoma usually grows as a raised lesion; presents with iron-
dehciency anemin (occult bleeding) and vague pain. An older adult with iron
deficiency anemin has colorectal carcinoma until proven other wise.
E. Colonic carcinoma Is associzted with an increased risk for Streptococius bovis

endocarditis.
F Staging
. T—depth of invasion: tumors limited to the mucosa generally do not spread due
to lack of iy mphatics in the mocosa,

2. N—spread to regional lymph nodes
3, M—distant spread; most commonly involves the liver

G CEA is a serum tumor marker that bs useful tor assessing treatment response and
detecting recurremce; mist useful fmum.-nlug




EXOCRINE PANCREAS

ANNULAR PANCREAS
A. Developmental malioemation tn which the pancreas forms a ring around the
dundenum: risk of dundenal obstruction

. ACUTE PANCREATITIS

A, Inflammation asd hemorchage of the pancreas
B Due to sutodigestion of pancreatic parenchyma by panersatic eneymes
I, Premature octivation of trypsin keads to activation of other pancreatic enzymies.
€. Resultsin liguefactive hemosrhagic necrosis of the pancreas and fat necrosis of the
peripancreatic fat (Fig. 11.1)
0. Most commonly dug to alcohol and gallstones; other causes include tranma,
by percaleemia, hyperlipidemia, drogs, scorpion stings, mumps; and rupbwrneof a
posterior duodenal ulcer.
E. Clinical features.
L. Epigastric abdominal pain that radiates to the back
2. Mauses and vomiting
3. Periumbilical and flank hemorrhage (necrosis spreads into the periumbilical soft
rissue and retroperitoneoum)
4. Elevated serum lipase and amylase: lipage (¢ more specific for pancreatic damage.
5. Hypoealcemnia (caleium 15 consumed during saponificaron in fat necrosis)
E Eumpllﬂﬂnm
Shock—due to peripancreatic hemarrhage and fluid sequestration
E. Pancreatic pseudocyst—formed by fibvows thasue surrounding liquefactive
nesrosis and pancreatic eneymes
i, Presents asan abdominal mass with persistently elevated serum amylase
L Rupture is sssociated with release aof enzymes into the abdominal cavity and
hemorrhage.
3 Pancreatic abscess—aoften due o E coli; presents with abdominal pain, high fever,
and persistently elevated amylase
4, DIC and ARDS

. CHRONIC PANCREATITIS

A, Fibrosis of pancreatic parenchyma, most often secondary 1o recurrent aoute
“pancreatsiis
l. Most commaonky due to alcahol (adubts} and cystic fibrasis (children); however,
many cases are idiogathic
B, Clinical fratures
1. Epigastric abdominal pain that radiates to the back
2. Pancreatic insutficiency—results in malabsorption with steatorrhea and fat-
sotubde vitamin deficiencies. Amyiase and lipase are not uselul serologic markers
of chronke pancreatitis.
3. Dystrophic calcification of pancreatie parenchymas on Imigling; contrast studies
reveal a ‘chain of lakes" pattern due to dilatataon of pancreatic ducts.




Fg. 11,1 Acute pancreatily, ievriesy af
fumpath.com;

FUNDAMENTALS OF PATHOLOGY

4. Secondary diabetes mellitus—late complication doe to destroction of islets

5 Increased risk for panrentic carc rivaria

IV, PANCREATIC CARCINOMA
A, Adenocarcinoma arlsing from the pancreatic ducts
I Most commonly seen in the elderty average age s 70 yvears
K, Maior risk factors are ':-1n|1'|.'|115 gnd chronic |'-:|n;|:'n|1li'.
. Clinical featwres (oswally ocenr late in ditegsa)
I Eplgastricabdeminal pain sind weight loss
1. Obstrsctive jaundice with pa |z stools and .,H.Llﬁ.l.l:lh.' gillbladder: asocianed sl
turmnes that arlse i the bead of the pancress {most comimdn |ecation]
1 Secondary dizbetes mellitus nssociated with tumors that arisein the body or fail
4. Pancreatitis
5 "-.115r.'.r;'-r:; thirivm ."-c'|'-I:|:".'-|I 16 ] ol ssesi -.Igl'-"'. prese s a8 :-.'.l-.'HLuE.. ervihicma,
and tendemeass in the extremitios (eeen dn T0% of patlents)
6. Serum umor marker is OA 195
[ &lrgz..':|l resection imvolves en bloc remeval of the heod and neck |'\-I’pu1'.n_|.'-:'.|=-.
proxcimal dusdenam, and gallbladder [Whipple procedurel.

E, Wery poor prignaesis; |-pear survival is < 109,

GALLBELADDER AND BILIARY TRACT
[. BILTARY ATRESIA

A Failure to form or sarly destruction of extrabepatie biliary tree
B. Leads to biliary ebstruction within the aret 3 months of Gile
. Presents with jaundice and progresses to cirrhosis

[ CHOLELITHIASIS (GALLSTONES)
h, Solid, round stones in the pallbiadder
I e o pruri_:lll.:l:uln o chadesteral (cirdesiernl stones) or bRlirabdn [balirebin stoases)
bt bile
I, Arises with (1) superssturation of cholesteral or bilirubin, (2] decreased
prcspholpacs 2R lecithun or bile acids l1|-::-r.'||.|||:|' IDCTEISE "\.Il|!I|:lI|i|:.':. ar il
slasis
C. Cholesternl stones [velkng) are the most comman type (90%), especially in the West
f!'iE;. 11.2A41
I, Ussally radisiucest (10% dre radiopasuie doe o adsociated calchum)
2. Risk tactors tncluae e (40s), estrogen Hemale gende, ahesily, muaktipie
pregnancies and oral contraceptives), clofibrate, Native American ethnicity,
Crohn disesse, and cirrhasis:

Fig. 11.2 Galstgnes A, Chadesternl siones B Riieufnin siamned, |&, Couftasy af 1LV, Sancosh, MO,
Courtesy of nismpath.oom)



[r. Billrubin stones (pigmented) are commposed al hilirubin {Fig 11,28,
1. Uhseially radispague
2. Riak factors include extravascular hemolysis (increased hiltirabin in bile) and
billary fract Infection (e.g., B calf, Ascarls umbricoldes, and Clenorchis smensisy
i Ascaris lumbricoides isa comman roundworm that infects 25% af the
workd's population, especially in aréas with poor sanatation (fecal-oral
transmission): infects the biliary tract, increasing the risk for gallstones
it Clasrorchis simensis is endemic in China, Korea, and Vietnam [Chiness
Iiver flukel; infects the biliary tract, increasing the risk for gallstones,
cholangitis, and cholangiocarcinoma
E. Gallstones are usually asymptomatic: complications include biliary colic, acute
and chronic cholecwstitis, ascending cholangitizs, gallstone ileus, and gallsladder
cancer,

1. BILTARY COLIC
A. Waxing and waning right upper quadrant pain
B. Dueto the gallbladder contracting agatnst a stone lodged in the cvstic duct
C. Symptoms are relieved if the stone passes.
I Commeon bile dect obstruction may reswlt in acute pancreatitis of abatructive
faundice,

N ACUTE CHOLECYSTITIS

A, Acute inflimmation of the galibladder wall

B. Impacted stone in the cystic duct resulis o dilacathon with prescure ischenla.
bacterial overgrowth (E coli), and inflammation.

C. Presents with right upper quadrant pain, often radlating to right scapula. fever with
T WBC count, nausea, vomiting, and T seruem alkaline phosphatase (from duct
damage)

v Risk of rupfure if Jeft untreated

¥, CHRONIC CHOLECYSTITIS
A Chronie inflammation of the gallbladder
B. Due to chemical irritation from longstand ing cholelithiasis, with or without
supecimposed bouts of acute cholecvsiitis
C. Characterized by hernibation of galibladder mutcss into the muscalar wall
{ Rokitansky-Aschoff slous, Fig. 11.34)
Presents with vague right upper quadrant pain, especially after eating
Porcelain gallbiadder is a late comnplication [Fig. 11.38),
L Shrunken, hard gallbladder due to chronik inflammation, fbrosts, and
dystrophic caleification

m

e S
Fig. 11.3 Chronk cholecysticls. A, Bokitansiy- Aschaff snus. B, Parcalain galibladder. B Courtesy of
Drs, K. Fred and H, van Dk images of Wemanchiz Cons)




2 Increased risk for earcinoma
F. Treatmsent is chaolecysiéctamy, especially if porcelain gallbladder is present

V9 ASCENDING CHOLANGITIS
A. Bacterinl infzction of the bils ducts
B. Usually due to ascending Infection with enterle gram-negative bacteria
C. Presents as sepsis (high fever and chills), jaundice, and abdominal pain
[ Incremsed incidence with choledocholithiasis {stone tn biliary dudis)

VILGALLSTONE ILELS
A. Gallstone enters and obstracts the small bowes|
B. Due to cholecvstitis with fistula formation betwesn the gallbladder and small bowel

VILGALLBLADDER CARCENOMA
A. Adenocarcinoma arising from the glandular epithelium that lises the gallbladder
wall {Fig. 11.4}
B. Gallstones are o major risk factor, sspechally when complicated by porcelain
gallbladder,
C. Classically presentsas cholecystitls in an elderly woeman
B Poor proginosts

LIVER
| I JAUNDICE
& Yellow dizcodoration of the skin (Pig. 11.5); earliest sign is scleral dcterus {vellow
I discadoration of the scleTal
| B. Duete T serum bilirubin, uiuall}' - mﬂ.l'd.].
. Arises with distosbances in bilirobin metabobizm [Tﬂhﬁﬁ 11.1)
Ce Wormal billrabd s metabol o
RBCsare consumed by macrophages of the reticuloendothelial system
Protoporphyrin (from keme) is converted to unconpugated bilirubin (UCHE)
Albumin carries UCH o the liver.
Uriding glucurony] transferase (UGT) in hepatocytes conjugates bilirubin
Conjugated bilirubin (CB) 15 transferred to bile canaliculi to Earm bile, which is
sbored i the g,lll'rl:;d.d:-rr
6, Bile is released into the small Bowel w aid in digestion,
v Intestimal flova convert CB to urobillnogen, which mukes the stool brown,
Urobllimogen is also partéally reabsorbed into the blood and hitered by the
kidney, making the urine yellow.

L e A Bd =

Fig. 11.4 Gaoladder carcimoma. [Courtedy of KA. Fig. 1.5 Jaundice. (Courtesy of fames Heflman,  Fig 1186 Acune hepatis:
Eariosh, MDY ML Wikipedias
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Table 11.1: Causes of Jaundice

ISEASE

LABORATORY

(] 1Y
BHOLAGY EINDIMGS

LCEENILAL FEALLURES

Extravascualar heminlvals or
Ineffective erythropeicsis

Physialogic pundice of the
newborm

Cailheeri ﬂ:,-nﬂrnmc

Crigler-Mallar syl rame

[rubin- Johosen syndrome

Billwry tract obairuction
[obstructive laundice)

Viral hepatitis

High bevely of UCH
oerwbelm the conjugating
ahility ol the liver,

Tuch

Meswoorn I.'.I.'I as

tramaienily low UGT LicH
ATy

Mikdly low UNGET activ 1by = urH
wutoscanal recessive i
i hsenice of LG i

Deficiency of hilirahin
camalicular iTAnspar R
protein; nutosamal recersive

L lafec] with enclsioises, -
o VG, & urine

THINCTCALLS CArsIngia -

T | AT inOgEen,

ErATI L CATCIN DT g

i | alkaline

DArANHAES, A6 J1veET ke 2

'.'||'l'":rl".'||.|'|:-l\.'

{Cionmrc iy sinch sis}

Inflammatiin disrepis
hepatacytes and amall bile

ductules,

T i both CB and
(R 1

=
Drask aring due o 1 arine urobilinogen [UCE
i ol waler seluble and, thus, 3 absent {rom
wrine)

Inereased risk for pigniented bilindbii gallsones

LHZE 1s a1 sob
g lia [kernicierus) ieading to nelrodegicat
diencits and desth

aned can deposit in Lhe baszl

| Fesdd i B prhialar Berapy (akes LCH water

zolablel

laumdice during stress leg., severe infection);
otheswise, not chimcally ssgnifcant

FetTiicteruts usus iy gl

Liver isdarkpatherwise; not clinizaliy
wigmilrean
Roror sy ndroae 18 similer to Dubin-Johnson
sindrome, but lacks liver discodoration,

e ph i r e (e 1 B rubdniaia nd | i le-spial

-
wwuritusdae ro | plasma e acids

Hyvperchalesterolemin with xanthomas
Steatorrhea with malabsorption of fat-sotuble

VELATTIIE

Pk wrime die 1o it wrame bulsrabing urine
wrohilieogen i nisrmal or decreased

Table 11.2: importam Features of Hepatitis Viruses

TRANSMISSION

COMMENTS

Hepatitis A [HAV] aml
Hepatitis E (HEV)

Hepatitiz B {HEY)

Heputitie C (HCW)

Hepatitis I (HDY)

Fecal-oral transmmssion

HAY i commonty acguired by travelers.

HEY & commonly soqaired foom contaminated
water of undeecooked seafnad.

Parenleral transmmisison peg., chikdbirth,
unprabecied intercoarse, and intravenous drug

phiage [1VDATH

Parenteral transmission (2 ;W IV, .,:n|,-r-::ﬁ¢.;|;|:~:;|

imtercanrse, need e siwck s risk fros tranabusion s

almast nonexisient dise fo sereenlng of the Blood
supply.

Acute hepiatis no chrosic stagg

Anti-wirag Ieh nacks active infection, Anti-
VITRS I#(' 1E EII olechne, Il|.|'||,| k& pr CREiod Lisd ICATEs
prior infection or immunization (immunizaticn
is available for HAY anly)

HEY imlection in pregnant somen isassociabed
with tukmiranl hepatitis | liver fallure with
sy Hyer necrass)

Eesiis i acuie hepatices; chironic diseass oocurs

I 2515 of cases Table 11,2

Resalls in acute hepatitis; chronic disease ocowrs
if ot cases

HCY-RNA test conbrms inbection: decrensed
REda levels indbcate redonvery) perskstence
indicates chrondc disease

D pendent on HEY foe infection: sapenalciin
o gxisinp HBY (& e severs hian
coinfection {(infactlon with HBY amd HDY at the
sl Ll
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Table 11.3: Serologic Markers of Hepatitis B Wi

HBeAt: AND HIFY

+ (frst gerologic
Acuie ) | Tehd =
marker b rised &
Wimdow - - I
Reslved = - [LE] Igts (prafectivel
+ \PrEsere = -1 prESende o
Chronic maiths defines | II'!e.Ju_H_ or FIEY DA Ipts
chirmnic stale indicabes miectivity
L lzatbon - Igll fprdectived

[, VIRAL HEFATITIS
A, Inflammation of liver parenchyma, usuzlly due to hepatitis viras (Table 112k other
causes Inchede EBY and CMY
B, Hepatitis viras causes acute hepatitis, which may progress o chronic hepatitis
C. Agute hepatits presents a5 janmdlce (mixed OB and UCH} with dark orine (doc to
CR|. tever, malaise, nausey, and eievated liver eneymes (ALT = AST)
I, Inflammation mvolves lobules of the Hver and portal tracts and is churacterized
|y .|.rl|1rll.|.1\i~: il I'II.'PJlIZ!{.'.'lL':- | I':t[ 11.6&],
! Some cases may be asympiomatic with ebevated Hver enzymes
% Bymptoms last < 6 months
B, Chronic bepatitis s charasterized by symptioms that last > & months,
| I, Inflapimation predominantly involves postal tract (Fig, 11.7)
2 Risk of progression to cirrhasis

Il CIRRHOSIS
A End IRT |1'.Erd.1.'|1.1.3= choracternred by |:|1:.r|.|.|:lri.-:a-n of the nurmal ||=3.|u.ln.
parenchyma by bands of fibrosis and regenerative nodules of hepatociies (Fig. 11.8)
B. Fibrosls is mediated by TGE-{ from stellate cells which e benesth the endothelial
cells thut lin= the sinusoids
C. Clinical features
. Fortal hypertension lads (o
L Ascites (fuid in the peritonieal cavity)
Il Congestive splenomegaly/bypersplenisn

i, Portosvstemic shumis {esophapeal varices, hemorrsoids, and caput medisac)

Fig. 1.7 Chranie kepatits. Fig. 178 Crrhoats. &, Micracapic appearsnoe. B, Grass appesrance (B, Coaimasy of humparthycami)



Exocrine Pancreas, Gallbladder, and Liver Pathology 121

lv. Hepatorenal syndrome (rapidly developing renal fallure secondary to
cirrhosis)

3 [Decreazed detoxifeation results in
i Mental status-changes, asterixis, and eventual cuma {daie e T serum
ammeniak metabolic, henoe reversible
Ik Gvnecomasta, splder anglomata, ond palmar ervthema doe to rperestringsm
iii, laundice
3. Decreased protein synthesiz leads 1o

I. Hypoalbuminemis with edema
. Coagulopathy due to decreased synthesis of chotiing factors; degres of
deficlency is followed by PT.

V. ALCOHOL-RELATED LIVER DISEASE
A. Damage 1o hepatic parenchvma due to consumption of alcohel
1. Most commion avse of liver dasease in the West
B, Fatty liver is the accumulation of fat in hepatocvies (Fhg 11.94].
L Besultsin a heavy, greasy liver; reschves with abstinence (Fig 1198}
C. Alcoholic hepatitis results from chemical injury 1o hepatocvies; generally seen with
binge drinking
L Aceialdehwde (metnbolite of alechol) mediates damage.
2. Characterized by swelling of hepatocytes with formation of Mallory bodies
idamaged cytokeratin Glaments, Fig. 11.18), necrosis, and acute inflammation
5, Presentsowith paintul hepatomegaly and elevated liver enzymes (ART = ALTH
may vesult in death
0. Clrehosls is a complication of long-term, chranic aleohol-induced Bver damage;

necurd in 10=20% of aleohalics

V., NONALCOHGLIC FATTY LIVER DISEASE
A. Fatty change, hepatitls, andfor clrrhosis that develop without exposure toalcohel {or
ather known insol)
B, Aszociated with obesity

L. Dhagnoss of axclugion; ALT = AR

Vi HEMOCHROMATOSIS
A, Excess body iron leading to deposition in tissues (hemesideroasist and organ damage
| hermach romatosis)
I Tissue damage is mediated by generation of free cadicals.
B, Dioe toautosomal recessve delfiect iniran .II‘IaII'l='."1‘iI:'\-I1 Lprimacy} or chronic
trafdfesioas (eeconda |

%o LGOS

=

gl ¥ E
'.:ﬂir;:;i'- ;?—; h,-':-' ,ﬁ:-

'-'h-»n?

Fig, 11,8 Farty liver, &, Wicrosoopac appearance, B, Gaoss appearande, (B Covmesy of Jerome Tany, Fig. 11,70 Mallcry badies, akcohalic be patitis,
MY



1. Primary hemochromatosis is due to mutations in the HFE gene, usually C2EIY
(cvsteine is replaced by tyrosing a1 amino acid 282),
. Presents in Jate adulthood
L Classic triad ks clechosts, secondary diabetes mellitus, and bronze sking other
findings include cardiac arthythmias and gonadal dystunction {due to testicular
atrophy),
1. Labsshow T ferritin, + TIBC, 7 serum iron,and T % saturation,
3. Liver biopsy reveals accumulation of brown pigment in hepatocytes (Fig. 11.114]):
Prussinn blue stain distinguishes iron {bhue) from lipofuscin (Fg, 11118
i Lipofuscin s brown pigment that isa by-product from the turnever ('wear and
tear') of peroxidized lipids: it is commonly present in hepatocytes (Fig- 11.11C),
1, Increased risk of hepatocellular earcinoma
£, Treatment is phlebotomy,

VIL WILSON DISEASE
A Aulosomal recesalve defect (ATFFR gene) in ATP-mediated hepatocyte copper
framsport
l. Results in lack of copper transport into bile and lack of copper incorporation
into ceruboplasmin
B. Copper bailds up in hepatocytes, leaks inta serum, and deposis tn tiagues,
l. Copper-mediated production of hyd roxyl free mdicals leads 1o tissue damage.
. Presents in childhoad with
1. Cirrhosis
2. Meurclogic msantfestations {behaviorzl changes, dementia, chores, and
Parkinsonian symptoms due to deposition of copper In basal ganglial
3. Kayser-Fleisher cings in the cormen
0. Labs shoaw T urinary copper, 4 serum ceruboplasmin, and T copper on liver biopsy.
E, Increased risk of hepatocellular carcinoma
E. Trestment Is D-penicillamine (chelates copper).

VILPRIMARY BILTARY CIRRHOSIS
AL Autelmmune granulomatous destruction of intrabepatic bile ducts
L Classically arises in wormen (average age is 40 years)
2. Associated with other autoirmmunse disesses
B. Etiology is unknown; antimbtechondrlal antibody 15 present.
C. Presents with features of obstructive jaundice
0. Circhosis is a bnte complication.

(X PRIMARY SCLERDSING CHOLANGITIES
A Inflasmmation and fibmosts of intrahepatic and extrahepatic bile ducts

Fig. 11.11 Hemnochromatoals. &, kon deppsifion in hepatooyies. B, Prusssan blee stain, €, Lpofuscin in hepatocybes for cormnpasison,



1. Periductsl fibrssis with an “ookes-skin' appearance (Fig, 11.12)
2. Uninvolred regions are ditated resulting in a "beadsd”™ appearance on contrast
imaging.
H. Etclopy is unknown, bur assoclated with ulcecative colitis; p-ANCA i often positive,
(. Presents with obstrustive foundice; cirrhosis i5 a late complication.
[ Inereased risk for cholingiocarsinoma

. REYESYNDROME

Ao Pulmmioant bver failaee and -\.'nn.'L?]l.aJ-::-palh}' i childeen with viral itlaess whe toke

asplrin
1. f.ii.ul::,' related mr mitochond rial -.‘|.'||1'|:|Jg;=n1 hfrlnl;n:n::.'w!
B, Presentswith hypoglvoemia, elevated liver enzymes, and navsea with vamiting may

progtress to ooma and death

X HEPATIC ADENOMA

A, Bendgn tumor of hepalocy les |

B, Associated with oral contraceptive use; regresses upon cessation of drug
s Risk of rupture and intraperiioneal bleeding, especially during pregnancy
. Tumogs are subagsulor-and grow with exposire oestrogen,

NIL HEPATOCELLULAR CARCINOMA

A, Malignont tumor of bepatacytes

B, Bivk Factiwrs include
. Chronie hepatitbs (e g, HEV and HOV)
2. Cirrhosis {e.g, alcohol, monalooholic fatty Hyver disease, hemoch ramatosis,

Wilson disease, and ATAT deficiency]

1. Aflntoxins derived from Aspergiias (nduce p33 mutations)

. Ineregsed risk for Budd-Chior syndmome
L Liver infarction secondary to hepatic vein-obstruction
2. Presents with painful hepatomeialy and ascites

D Tumorsare often detected late becavse symptoms are maskid by clerhosls; poor
|'-rn_ll.|1-.m|-.

E. Serum tamor marker 5 alpha-fetoprotein.

XL METASTASIS TOLIVER
A Mopre common than primaey liver tieemors; most common saarces include colon,
pancreas, lung, and breast carcinemas
B. Resulizin 1|:'|LIJI!||.'I|H' moduies in the liver !F'ig. 11,13}

Lo Clinlcally may be detecked as hepatomegaly with o nodular free edge of the liver

Fig. 11,12 Tinion-skin fibeos, primary sckeosing Fig, 1113 Matastanc canama involving lor.
ehalangitis: ICeETEsy af Jertemi Taxy, MIH

[



Kidney and Urinary
Tract Pathology

CONGENITAL
[ HOBRSESHOE KIDNEY
A Conmined kidnevs ususlly connected at the kawer pole (Fig 1213 most common
conpenital Tenal anmmaly
B, kiginey is abnormally located in the lower abd omen; horseshoe kid ney pets coughi
on the inferior mesentersc.a rtery rood .‘!|1r|.r|g tim uscent from the T--:*.I'.'-n to the

ﬂ:I'll.'l.aﬂ'lle |

I. REMAL AGENESIS
A Absent kidney tormation; miay be woilateral o blaecal
B Unilateral agenesis lesds to hvpertrophy ol the existing Kidney; hvperfilteation
inereases rigk of rennl Gailure laver in Life,
€. Bilateral agenests leads 1o oligohyd rartnios with lung hvpoplasi, fat Gce with low
wet s, and develapmental defects of the extremities (Patter seuence, | i_I.'. 122

incompatible with lite

L DYSPLASTIC KIDNEY I
A, Moninherited, congenital malformation of the rénnl parenchyma charmcterieed by
cvsts and shnormal tssue (eg., cartilage, Fla. 12.3]
B. Usoally gnilateral: when bilateral, muet be distiinguished from inherited polyevatic
k||,|r.|-::r dinense
V. POLYCYSTIC KIDNEY DISEASE (PED}
A, Inherited defect keading wo bilateral enlarged kidneys with cystain the renal comex
and medulla {Fig, 12.4)
B, Autosomal recessive form presents in infants a5 worsening renal Bifure and
bypertension; newborns moyv present with Potter sequenice.
I, Associbed with congenital bepatic fibrosls (beads 1o portal hypertenseon) and
hepatle cvats
C. Autosomal domisant form presents in voung adultses hyperiension [due o
imcreased remin), hematira, and wossening renal faihire. [
. e to mutation in the APETH or APKTE gene; evats develop over thme
Associated with berry anturyvsm, hepatic cvets; and mitral valve prolapse I
V., MEDULLARY CYSTIC KIDNEY DISEASE
A Inherited {autosomal dominant) defect leading to cysts in the medullary collecting
dncts
B. Parenchymal Abrosis results in shrunken kideeys and worsening renal fallure.
[

ACUTE REMAL FAILURE (ARF)
[ HASIC PRINCIPLES
Ao Acure, severe decrense in renal funcrion [develops within days)
B. Huallmark ks azotemla (Increased BU N and creatlnlong [Crl) often with alijgurta.

pathoma.com m
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C. Divided into presenal, postrenal, and intranenal azatemia based on etinlogy

I, PRERENAL AZOTEMIA
A, Dueto decreased blood flow 1o kidneys (e.g., cardiac fallurel; common cause of ARF
B. Decreased blood flow results in + GFR, azotemia, and oliguria.,
. Beabsorption of Auid and AUKN enswes (serwm BLUN-2Cr ralbo > 153 twbulsr fincnon
remalns intact [rsctiopal excretion of sedbem [FEMNa| < 1% and wrine osmolality
[-::dm.'l] = 500 rrlL'han'k.p,J.

1. POSTRENAL AZDTEMIA

A, Dueto obstruction of uninary tract dewnstream from the kidney fe.g. urcters)

A. Decreased outflow results in + GFR, azotemda, and oligoria.

C. During early stage of obstruction, increased tubular pressure “forces” BUN into the
blood Serum BUN-Cr mtio > 15); tubular functlon remains intact (FEWa < 1% andd
uring osm = 500 mOsm g}

0O With long-standing obsrruction, tubular damage ensues, resuliing in decreased
réabsorption of BUN (serum BUNZCr ratio £ 13}, decressed reabsorplion af sl bum
fFEMa > 2%, and inability 1o concentrate wrine furing osm < 500 mOsm/ika)

Iv. ACUTE TUBULAR NECROSIS
A Injury and necrosis of tubalar epithelial cells (Fig- 12,55 most common caase of

seyte remal filure fintrarenal azotemia)

B. Mecrotlc cells phag rubules; obstroction decreases GFR,

I, Brown, granular casts are seen in the urine.

1 _D;-'h!'unl,:ll:cmnl tisbular :-pilhr]lum resulis in decreased :Ea|!-nl:|1'lﬂiml of BLIM {serum
BUNCr ratior <13}, decreased reabsorption of sodium [FENa » 2%, and inability to
cincenirate wrlne (urine oam < 500 mCsmekgl

Er Etiology may be lschemic or nephrotoxic
1. Ischemin—Decreased hlood supply resulis in necrosis ol tubailes.

i. CHien ;lrrl.'ed.cd b Fll'El.'Ellﬂl wrolemia

ik Proximal tubule and medullary segruent of the thick ascending limb are
particularly susceptible to ischemic damage

Mephrotoxic—Toxic agente result in necrosis of tubules

Lo Proximal fubule s particulady susceptible.

Il Canses include aminogiveosides [most cormmon ], heavy metals (eg., kead),
rryoeiobinuria (e, from crush injuey to musclel, echvlene ghrool (associaned
with exalute crystals inurinel. radiccontrss dye, and wrate (eg., tomor lysis
syndrame)

il Hydration and allspurinogl wee used prior to initiation of chemotherapy to
decrease risk of urate-induced ATN

k2

Fig- 12.1 Harseshes kidmey, iCourteny of Fig- 122 Potter sequere, {ourtesy of humpath,  Flig, 12.2 Drpsplagtic kkdrary, (Couresy of Sliya
Pumpach.com) ol Husain, KT



E. Clinical features
I Oliguria with brown, granular casts
2 Elewated BUMN and creatini e
3, Hyperkademin {dwe to decreased remal excretion) with metabolic acidosis
F. Reversible, but often requires supportive dialysis since dlectrolye imbalances can be
fatal
L Oligurin can persist for 2-3 weeks before recovery; tubular cells (stabde cells] ke
time to reenter the cefl cycle and regenerate

V. ACUTE INTERSTITIAL NEPHRITIS

AL Drug-induced hypezsensitivity lvalving the interstitlany and tubules [Fig, 11.6);
resiLlis in acuite renal faklure (infrarenal azotemia)

B.. Causes include N3AIDs; penicillin end diuretics.

€. Presents as oliguria, fever, and rash days to weeks after starting o drug; eosinophils
may be seen in urine.

[ Hesplves with cessation of drug
May progress to renal paplllary necrosis

VI. RENAL PAPILLARY NECROSIS

AL Mecrosis of renal papiilae

B. Presents with gross hematurio and flnnk pain

. Couess include
L Chronic analgesic abaiie e, g, long-term phenacetin or aspirin use)
2 THabetes melliing
3 Sickle cell trait or disease
4. Severs acute pyelonepiritis

NEPHROTIC 5YNDROME

[ BASIC PRINCIPLES
A, Glomerolar disorders characterized by proteinuria (> 3.5 g/day) resulting in
Hypoalbuminemia—pitting edema
. Hypommmaglobulinemis—increased risk of nfection
Hypercoagulable state—due to loss of antithrombin 111
Hyperlipidermia and hypercholegerolemia —may resull in fatty casts in urine

4 =

d= L

11, MINIMAL CHANGE DISEASE [(MCDv)
A. Most common casss of nephrotic syndrome in children
8. Usually idiopathic: may be associated with Hodgkin lymphoma

Flg: 1.4 Polyeystic Kidney disease. (Courtesyof  Fig. 12.5 Aoube tabuler necrasis. Fiig. 12,0 Acute interstitlal nephirnis,
Jamids Seinrmets, MO0



m FUNDAMEMNTALS OF PATHOLOGY

. Moemal glomesull on HEE stain (Pig. 12740 lpid may be seen in procimal fubule
cells,

Effacement of fnot processes on electron microscopy (EM, Fig. 12.7E)

Mo immune complex deposits; negative immunoflucrescemsse {IF)

Selective protelniria (loss of albumin, but not immunaglobuling

Excellent response tocsterolds (damage is mediated by cytokines from T cells)

o mm

11, FOCAL SEGMENTAL GLOMERULDSCLEROSIS (FRGS)

Most commen canse of nephrosic syndrome in Hispanies and Afebzan Americans
Lisnally bdlopathic: may be assoclated with HI'W, hesoln use, and sickle cell disease
Focal (some glomerulil and segmental (involving only part of the glomerelus)
sclercsis on HE&E stuin lfl,-'ig. 12.8)

D. Effacemeént of foot processes on EM

E. ‘Mo mmune comsplex deposits; negative IF

F, Poor response to steroids; progresses to chronie renal failure

R

IV MEMBRANOUS NEPHROPATHY

A, Most common cause of nephrotc syndrome in Caucasian adults

B. Usnally idiopathic: may be associated with hepatitis B or C, solid tumors, SLE, or
drugs {e.g. MaA s and pericitlamine]

C. Thick Elumcrulur bazement membrane on H&E i["i__'.;. 1284)

D. Drueto immone complex deposition (granalar IF, Fig 1298} subepithelial depocits
with spike and dome’ appearance on EM (Fg. 12.80C)

| E. Poor e b sherodids; PIogresses i chrontic renal failure

V. MEMBRANOPROLIFERATIVE GLOMERULONEPHRITIS
&, Thick glomerular basement membrane on HEE, often with *tram-tracl’ appearance
B, Duoet immune complex deposition {granular [F)
C. Divided into two types based on location of deposits
L Tvpe I—subéndothelbal (Fig. 12.10); assoctated with HBV and HCW
2. Tvpe Il (denise deposit discase)—intramembranons; associated with ©3 nephritic
factar -Iu.ul-::-:l111i|;|-;|-:,|1l,' that stabilizes 3 comertase, J-l,:.'|1:|int_l; iy overachvation of
completnent, [nflammation, and low levels of circdlating C3)
[, Ppor response 1o sterodds; progresses to chrondc renal fallure

VL HMABETES MELLITUS
A, High serum glocese leads to nonenzymatie glvcosylation of the vascular basensent
memnbrane resultbng Lo hvallne arteslolosclerosts,

Fig. 12.7 Minimal change divease. A, Normal glomerulos, B, Efscement of foot processes on BM, Fiig. 12.8 Focal segrental glome rulosclenosis,
Couetesy of Tany Chang, MDY
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Glomerular efferent arteriole is more affected than the afferent arveriobe, leading o
high glomerular iltration pressure.
. | J'n.'r:-rl"lirr.irlr-n imary leads 1o microalbuminuria

L. Eventually ProgresLes (o :I1-:'|'l|1TI i svyndrome
I, Characterized by sclarosis of the mesangiom with formation of Kimmelstiel-
WA Reoa sWsdiales |:T'IH 12.11)

; ACE inhibibors sbow progression of hyperfiliration-induced damage

VIL SYSTEMIC AMYLOIDOSIS

A, Kidney is the most commenly inmlved organ in systemic amyleddosts |
B, Amvioid deposits in the mesangiom, resulling in néphrodic syndrome,

(.. Charucterized by apple-green birefringence under polarized light after stalning with
Longo red

MNMEPHRITIC SYNDROME
1. BASIC PRINCIPLES
A. Glomeriler disorders characterized e glome rular inflammation and beeding
1, Limited profeinuris (= 3.5 giday)

Olignirla amd 4 rolebls

i ek

Sult retentlon with pefior bital edestia and hyperiension
RBC casts and dysmorphic KBCs (o urine
B. Riopsy revedls hypercellulsr, infamed glomerull (Fig 1212}

Fig. 12.8 Memrdiidindis Hephiapathy, R, Thick gameiilis Basment membraehes. B, Geanolsr IF, €, Subepithellal dépaiits with Spike sht daime’
Appearance, Kowmesy of Tory Chang, MO)

Fig. 12.78 Subendothelial deposity,

memarancgraliferative glomeruloheparitis (fype - nephropathsy nephitic spnolacma
1k Pl owsriey of Tony Chang. MO

Flg. 12,11 Kimmelste -dilson nodulies, diabeti Fig. 12.12 Hyperoelular Inflamed glomenulus,



FUNDAMENTALS OF PATHOLOGY

L. Immune-complex deposition activates |.'|l|1|.p'i|.'|:|'.q.'|:rl: L5 nflracts ﬂu'JEr|1|*I|I1$.

which mediate damage

POSTETREFTOCOCCAL GLOMERULONEPHRITIS (PSGHR)
A ,‘\.'tpl'nr!,' syidrome that arlses after group A B-hemalytic :1|up:t-c-.-;:.a.' tnfection of

the skin [impetkgo) or pharyms

I Ocenrs with nephritogenic strains {which caery the M proteln virulence hactor

2. May ocoar after infection with nonstreptococcal crganisms as v
B. Predenis 2-% weeks afies infection as hemamuria foola-colored wrinel, aliguria,

I'.'."|1|.*-r'.|.".1.-:i|.1n and perioriital eclemn

. Uwsually seen in children, bt may ocour in adides
. Hypercellular, inflamed glomerull on H&E
[ Medinted by immune complex deposition (granular [F); subepithelial “umps” on

EM (Flg 12.19)
E. Treptment s s tive,

I. Children rarely (1%} progress 1o repal Failure.

1. Sorme adulte [25%] .‘.ﬂ'.l!.lp r.'.|1ull'.' progressive glomeralaneplring (RGN

Il RAPIDLY PROGRESSIVE GLOMERULONEPHRITIS

A Mepheltic syndrome that progresses 40 renal failure in weeles ta monithi

Table 12.7; immumoflugeescence Findings in Bapidly Progressive Glomerusonephritis

I M TETESH

FLLUMORESCENCE
Pl FERN

CIMENTS

Linear (anti-lasement membrane
nntihody, Flg. 1215}

Granular (immune complex

|l.r|1:|-.'lli:|r|_l

Megative IF (paici-imimiine

Casnifpaskiere sy ndronms

BSGHN (most comeon) or diffuse praoliferative
elemmeruls |||c|_'|"|: i

Wegener gransilomitndis, missmsengic
oy aesgiiths, amed Chisg-Serasss syndromie

Antihody apalng callagen [n glomedalar nd
alvealar besament membranes;

presdnis as hematirie and hemanpaisis,
classically-in voung, adult makes

|_|'I|||'ﬂ"|-||:|iI|'J'.|'\"|' |:||-||-.' nknepnrids s
die e diffuse antgen-aatibody compies
J._-P'u-:-l-fm_ usdaliv sub-endathelial; minst
commoan type of renad diedse in 5L

Wi gratilomaieads |5 sssnciated with
C-ANCAD micrascophc podvangiitisand
Chwrg-Stramss are assncmted with p-ARNCA
Giramulomatous infonymetion, eoxinophilis,
uited wsthmma distinguish Churg-Stravss from
pricrascopic polyanghitls
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Fig. Y23 Subepithatial humos” PSES Coortesy  Fig, 13,74 Crrioenl Tadmatan, ranidly

@l Tars Chang, M

procresslve glomeruloreahiis.



Kidney and Urinary Tract Pathology

B Characterized by crescenls in Bowmar space [of glon eruldi] on H& E stiin: crescents

i f 17 147
apa ool ged of fibri and macriilinges [ Fig. 12,141

. Clinkcal pleture and IF help resobve stiology (Table 121

V. IgA NEPHROPATHY (BERGER DISEASE)

v leA immune .-:':I'||'|-""-Z (B PO CLOA BN IELES AR Py O ZIEIEr il MOST COarL M

nep

i Presents during childhood as l.'_:"l'u'l-\.‘l--\.' gross or microscopic hematuria with BBC

hropathy worldwide

casts, usuably following mucosal infections (e.p gastroenteritisl

I A producticod 18 Increased during infectbon

|
Co lgA Immune complex deposition n the mesangium & seen on IF (Fig. 12.16)

[ May slowly progiessto fenal faluze

V. ALPORT SYNDROME
b, Inherited defect in type IV collagen: most commonly K-Linked
i, Besulis o thinning and split g oo thi l‘|--'|||'.'il: ir basement mismbr

] i 1 E — ! " i s dhian -
L PPresenls as inlilad Nemalora, sensory neanng qosl, and ocuir disiurbdnoes

URINARY TRACT INFECTION
l. BASIC PRINCIFLES

i, Imfection of urethra, bladder, or kidney

i, Mot commonly arises due to ascending i noreased incidense in females

£, Hisk factors inclode sl inlercomars: asls, ano colheters

IL. CYSTITIS
L Infection of the bladde;
B, Presents &5 dysurla, urinary frequency, LFfency, and suprapabic peing systemicsigns
[&.g. teveT) -r--||w.||;:||:. 1hsent

. Laboratory Anding

l. Urinaslysis—clondy urine with = 10 W EBCs'high power feld {hpd )
Dipsi e k— Posiidve leukoovie esterase (e i » pivuria ) and nlirites | acieris
COIVErS NELEAESE D0 NETEIEES)

Y, Culture—gmater than 100,000 colony forming wnits {pold standand)

tinlney

E cinde [B{FH)

Staphylococis supropledticus—Increased Incldence Lo voung, sexually active
wornen [hot B coll 35 still more comrnon in this popalation]

— dirde k- -y . " " . .
FalfCRis FRirR G —altkadling o & W |I TIWIEETE B - SEET ]

Fig- 12,78 Lingas IF, Goosd padiure oy radromg Fig. 1286 Igh raphropathy ;:.'*:-:.rrr-::.“:-l :l'.l":h'

 iairtesy o Toey Charg, MK Clarg, MD

L



5 Enteracoceius faecalis
E. Sterile pyuria is the presence of pyuria (> 10°WBCs/hpf and lenkocyte esternee] with
& negative wrine calfure.
1. Suggests urethritis due to Chlosmydie trachomaiis or Netsserti gonarmosd
(dominant presenting sign of urethritis is dysoria)

1, PYELONEPHRITIS

&, Infection of the kidney
1. Usaally duse to ascending Infection; increased risk with vesicoureteral reflux
B. Presents with fever, flank pain, WBC caste and leokocytoms in addition o
symphems of cystitis
. Modr common pathogeny are
1. Feali (90%)
1. Rletwivila species
3. Enterococcus fiecalis

IV, CHRONIC PYELONEPHRITIS

I

1

A, Interstitial fbrosis and atrophy of tubules due 1o multiple boats of acute
P:ﬁ:].:m;ph:i!il.

B, Due o vesicoureteral reflux (children) or obstruction (e, BFH or cervical
carciiomal

iZ. Leads tscortical scurring with blunted calvees; scarring of upper and lower poles is
characteristic of vesicoureteral reflux.

1. Atrophic fubules containing eosinophilic proteinacesus moterial resemble thyrokd
folliches ("thyraidization’ of the kidney, Fig. 12.37) waxy casis may b seen bn urkne

NEPHROLITHIASIS

BASIC PRINCIPLES
A, Precipitstion of s urinary solute as a stone [Table 12.7)
B. Risk factors include high concentration of solute in the urinary Altrate and low arine
wolLme.
. Presents as ondicky pain with hematuria and unilateral fank tenderness
I. Stone ts wsmally passed within howrs; if not, surgical intervention may be
requined.

CHRONIC RENAL FAILURE

BASIC PRINCIPLES
A, End-stape kidney failure

[ May result from glomerular, tubular, inflammatory, or vascular insults

2. Most common causes are diabetes mellitus, hyperiension, and glomerular

tlisease.

B. Clintcal Fearares

l. Uremia—Increased nitrogenous waste products in blood (azotemia) result
in nauses, anorexia, pericarditis; platelet dysfunction, encephakopathy with
asterixis, and deposition of urea crystals in skin.
Salt and water retention with reseltant hl."pl':ﬂemil‘.'ﬁ.ﬂ
Hvperkalemia with metabolic ackdisis
Anemia due to decreased erythropeictin production by rema] peritubular
imtersiitial ceils

o g
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Kidney and Urinary Tract Pathology 13

5 Hypocalcemia due to decreased 1-alpha-hydroxylation of vitamin [ by proximal |
refial tubule cells and hyperphosphatemia
& Renal n'\.1¢-.n|:|:l.'$rrv.-.-'|'\-|'.f.' due to secomda Ty h1_.' perparat hrrotdiam, osteamalacia, and
OstEQPOrGss
C. Treeatment Invoves dialyiis or renal transplant
I, Cysts often develop within shrunken end-stage kidnevs during dialysis,
increasing risk tor renal cell carcinoma

REMAL NEOPLASIA

[ ANGIOMYOLIPOMA
A Hamaroma comprised of blood vessels, smooth muscle, and adipose tissus

B. |ncreased frequency [n tuberous sclerosis

[l RENALCELL CARCINGMA
A, Mallgnant epithelial tumor arizing from kidoney tubules

Table 12.2: Features af Nephrofithiasis

URMPOEST 1T FIREAFL BN L ALISES TREATMENT

Mlost commin cause 15 idopahic
Calcium onalste and!  Most comemon type; by percaleincia; bvpercalcemiaand s Treamen 35 bydrochlorothiazide
of calclom phosphate  usaallvsen in adulte relaved causes mist be encloded. fcibcium-sparing diureticl,

Alss wedn with Crohn isease

L |"|-'=\.|L|||I'. fesubis i |*~I*|‘.'| Wit calcull

Sliost conrrmon cause is infeclion it retal q.-d|'.q.l:': (Fig. 12.38). which acy
A mipavinm
S0 sl CaeLm en wilh urdase-positive orgnisms (eg, a4 & niches foe urinary tract Infectioms
MEAZ eI ; o - T : i
iFpe Protens vidlgaris or Kishialnh alkaline Treatmend ivvolves surgical pemdeeal
phiosphate ! A
orine leads 1o farmation of sakone. af sisme (due o stzel and eradication
alb pathegen (b prevent recurrende]
Tl - Hisk faceors inchide bot, ard climates,
{Ha L CORTLIT
S A rusialacent lowr urine volume, and acidc pil Treatment invalhves yakration and
A ; vy Muast commion stane seen in patients nllcalinization of urine {potassum
Urlcacld (a5 opopsed bo ot her ! ] . ;
£ with gout] byperuricesnia e, in bicarhonratel; allopuringl is also
typesal stones which are f T = : ! :
AR leukemiz ar myeloproliferative aclrminisfered in patients with gout.
r disprdars) increases rick.
Rare canse ol .
T ussoclated with cystinurfa (s pereth sy form staghoin calosll; treatment
: iephivolithiesis; modt - il ?
Cysteine detect of tubales that resulis in Invalves hydeation arl slkalinization
r comanonly seen di :
decressed I|_'|||'\'".|"|'r\-lll"r| of 0 L= 11 ol arineg.

children

Flig. 127 Tryscddization’ af kidrery: cheonic Fig. 12,98 Arnemanium enagnesium phosphate
wrlanssphirnths, B, U0 cnirtesy ol wehpaihmogyoom
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Presents with classse trind of hematuria, palpable mass, and fank pain
I Allthrée symptoms rarely occur together; hematuris is the most commaon
sy plos,
1, Fever, weight loss, or paranecplastic sy aid rome {e.g EPO, renin, PTHeP, o
ACTH) may also be present.
3. Rarely may present with lefi-sided varicocele
[, Divedvernent of the left renal veln by carcinoma blocks drainage of the left
spermatic vein leading to varicocebe.
ik, Right spermatic vein drains directly into the IVC; hence, right-sided
varicocelé Is not see.

. Grossexam revesls o vellow mass (Fig 12.09A% microscopically, the most comimon

variant exhibits clear cvtoplasm lclear cell type, Fig. 12198}

Fathogenesis invodves loss of VHL (3p) tumor suppresser gene, which keads

0 increased IGF-1 [promotes growth) and increased HIF transcription faucor

(increases VEGF and PDGE)

Tumgrs may be hereditary or sporadic.

I, Sporadic tumeors classically arise in adult males (average age 15 60 yearsas a
single tumor in the upper pode of the Kidney; major risk factor for sporodic
turnors is clgarette smoke,

2. Hereditary tumors arise in younger adulis and are often bilsteral
i Voo Hippel-Lindau disgase isan aptosomal dominant disorder

associsled with inactivation of the VHL gene leading 1o increased risk for
hemangloblastoma of the cerebellum and renal cell carcinoma.

Slaging

L T—based on size and involvement of the renal vein (occurs commenly and
increases risk of hematogenous spread to the lungs and bone|

2. M—spread oretroperitoneal lymph nodes

IIL WILMS TUMOR

A

e

Malignant kidney tumor comprised of blastema (immature kidney mesenchyme,
primitive glomerall and mebubes, and stromal cells (Rig. 12,200

L Mostcommon malignant renal tunvor io children; average age is 3 years.
Presents as & large, unilateral fank mass with hemataria and hypertension [due to
renim secretion)

Ascociated with WTI mutation, especially in syndromic cases

L. WAGE syndrome—Wilms tumor, Aniridia. Genital abnormalities, and mental
and muster Retardation

Beckwith-Wiedemann syndrome—Wilms tumor, neonatal bypoglycemia,
miuscalar hemihy pertrophy, and organomegalv (including wague)

|-

Hg- 12.78 Renal coll carcingme &, Gross appearance. 8, Microscopic appearance, Fig. 12,20 Wilms qurmos,
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LOWER URINARY TRACT CARCINOMA
[ UROTHELIAL (TRANSITIONAL CELL} CARCINOMA

Malignant tumor arising from the urothelial lining of the renal pelvis, wreter,

bladder, ar urethra

1. Mast commmon trpe of lower urinary tract cancer; uaually arises in the badder

Major risk factor is cigaretts smoke; additional risk factors are naphthylamine, azo

dyvis, and long-term cvclophosphamide or phenacetin wse,

Geperally seen in older adults; classically presents with painless hematuria

Arires via teo disthnce pathways [Fie 13.21)

I Flat—develops as s high-grade flat tomor and then invades: associnted with early
A% mutations

1. Papillary—develogs &5 2 low-grade paplRary tumor that progresses 1o a high-
grade papillary tumvor and then invades; not agsociated with early p53 mutations

Tumors are often muoltifocal and recor “field defect™),

IL SQUAMOUS CELL CARCINGOMA

A
B

L

Malignant proliferation of squamons cells. vswally Involving the bladder

Ariscs in @ background of squamous metaplasia (normal bladder surface k& not lined
by sguamos epithefiun)

Risk factors inclode chronic ¢yatitis (older woman), Seliistosomea hermatobiuny
Infection {Egvpilan male), and long-standing nephrolithiasis,

1L ADENQCARCINOMA

Al

Malignant pralifération of glands, usually imvolving bladder

B. Arises from a urachal remoant (fumor develops at the dome of the bladder), cvstitis -
glandularis, or exstrophy {congenital fallure o foem the caudal portion of the
anterior abdominal and bladder walls)
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Female Genital System
and Gestational Pathology

VULVA

BASIC PRINCIPLES

A .-'l.|_'|.3||'|n11u||1l,' inchides the skin and mucosa of the femals E_rnllili'.:l extiriial 16 the
hymen (labia majors, labia minom, mons pubis, and vestibule)

B. Lined by squamous epithelium

BARTHOLIN CYST

A, Cyeticdilstion of the Bartholin gland
1. One Bartholin gland is present on each side of the vaginal canal and producss

rmcws-lEke Huid thet drains via docts info the lonver vestibule

B, Arises doe to inflammatlon and obstructlon of gland
1. Usually occurs in women of ceprodisceive age

. Presendz 25 o unilateral, painful eystic lesion at the lower vestibule adiacent to the
vaginal canal

CONIYLOMA

A, Warty neoplasm of vulvar skin, often large

B. Most commonly due to HFV types & or 11 {condyloma acaminatum, Flg 131A)
secondary syphills fcondyloma latam} is a less common cause. Both are sexually
cransmicted.
Histologicallyv, HFV-assocmted condyvlomas are characterized by koilocyies
{Challmask of HPV-lnfected cells, Fit: 13.18)
L-:LIL'Id.:-'!LIIH.Lh rult]:. progTess carcinoma (G amd 11 are lowe-risk HPY I:.'rﬂ:"'-'l.

LICHEN SCLERDS1S
\ Cheracterized by thinning of the epldermis and Abrosts {sclerosis) of the dermis
2. Presents s a white patch (Jeukoplakia) with parchment-Hke vubar ckin

AMlost commonly seen in postmenopausal women: poasible autodimmune etlology
2 Benign, but aseociated with a stightly Increased risk for squamous cell cardnoma

LICHEN SIMPLEX CHRONICUS

A E'.._l r..'n,.li:ri..:tsl v |'|'g.']!r|!|‘|‘.||..t$i.1. cf The v |.|'|r;rr SCBA MTEOLUS cpllh-:l jLimi

% Presents o leukoplakia with thick. leathery valvar skin
Lssociated with chronic irritation and scratching

2 Bernign: noincreased risk of squamous cell carcinoma

SLULVAR CARCIMNOMA

& Carginomaarising from squamouos epithelinm lining the vulva

8 Relatively rare, accounting for only a small percentape of female genital cancers

C Presents.as lenkopdakia: biopsy may be required to distinguish carcinoma from other
causes of lenkoplakia.

B Sicloay may be HPY related or non-HPV related.

SP0-retated wvulvar carcinoma f=-due to high-risk HFY types 16.and 18
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1. Risk factors are related to HPV exposure and include multiple partners and sarly
first age of intercourse; generally occurs in women of veproductive age

2, Arises from vulvar intracpithellal neoplasia (YN}, a drsplastic precursor lesion
charvacterized by koilocytic change, disordered cellular maturation, nuclear
atypia, and increased mitotic activity

E MNon-HPY refated vulvar carcinoma arises, most often, from long-standing lichen

selerosis.

1. Chronic inflammation and irritation evenvually lead w carcinoma.

2, Generally seen in elderly women {average age is > 70 years)

VIL EXTRAMAMMARY PAGET DISEASE
A. Characterized by malignant epithelial cells in the epidermis of the vulva {Fig. 13.2}
B. Presents as erythematous, pruritic, ulcerated vulvar skin
. Represents carcinoma in situ, wsoally with no underhang carcinoma
l. Paget disease of the nipple is alsn characterized by malignant epithelial cells in
the epidermis of the aipple. but it is almost always associated with an onderying
CRLTGTTIT R,
. Must be distinguished from melanoma, which rarely ¢an oceur on the volva
1. Paget cells are PAS+, Keratin, and 100
2. Melanoma is PAS-, keratin-, and S1004,

VAGINA

[. BASIC PRINCIPLES

A, Canal leading to the cervix
B Mucosa is lined by non-keratinizing squamous epithelizm

'| [, ADENOSIS

A. Focal persistence of columnar epithelivm in the upper 1/3 of the vaging
I 1. During development, squamous epithellum from the lower 2/3 of the vaglna
{derived from the urogenital sinus) grows upward to replace the columnar
epithelium lining of the upper 1/2 of the vagina (derived from the Millerian
duicta),
B. Ingreased incidence in females who were expased to dicthyistilbestral (DES] in utero

IIL CLEAR CELL ADENOQCARCINOMA
i Mﬂl\gmnt‘pmhﬁmm of glands with clear cytoplasm
B. Rare but Rared, complication of DES-associated vaginal adenosis
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Fig. 13.1 Candyama acummimata, &, Micrascops: appeaance, B, Hoilooync charge
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. Dhscovery of this complication (along with other DES-induced abnarmalities of
the gvnecologhc tract such as abrormal shape of the oteras) led to cessation of IES

usage,

IV, EMBRYONAL RHABDOMYOSARCOM A
A, Malignant mesenchymal profiferation of immmatire skeletal muscle; rare
B Pregentd 2s bleeding and a grape-like mags protrodiog from the vaging of penis af 1
child (uswally = 5 yrs of agel also known a5 sarcoma botryoides (Fig. 13.3)
i, Rhabdomyoblast, the characteristic cell, exhibits ovtoplasmic cross-striationsand
positive immunohistechemical staining for desmin and myogenin,

V. VAGINAL CARCINGOMA
A, Carcinoma arising from squamous epithetium lining the vaginal mcesa
B. Usually related to high-risk HPY
. Precursor lesion is vaginal intraepithelial neoplasia (VAT
D When spread to reglonal lymph nodes occurs, cancer from the fower 203 of vagina
goes to Inguinal nodes, and concer fram the upper 1/3 goes to regional iliac nodes.

CERVIX

| BASIC PRINCIPLES
A, Apatomically, comprises the "neck” of the uterus
B, Divided into the exocerviz (visible onvaginal exam) and endocerviz
I Exocervix is lined by nonkertinizing squamous epithelinm,
2, Endocervix is lined by a single layver of colummnar cells,
3 Junction between the exocervix and endocervix is called the transformation
zone (Fig 1344),

1L HPFY

A Bexvally transmitted DNA virvs that infects the lower genital tract, especially the
cervix in the ransformation zone

B. Infection is usually eradicated b acute inflammation; persistent infection leads o
an increased risk for cervical divsplasin (cervical intracpithelial neoplasia, CTIND.

. Risk of CIN depends on HPV type, which is determined by DNA sequencing,
I. High-risk—HPY tvpes 14, 18, 31, and 33
2. Low-rishk—HPV typeséand 11

I High-risk HPY produce E6 and E7 protelns which result in increased destroction of
p33 and B, respectively, Loss af these tumaor suppressar protelng increases the risk
for CIK,

#ig. 13.2 Extramammary Paget divesse of the Fig. 13.3 Embryonal thabdomyosacoma.
v, M ourtesy of webpathalegywoom) (Courbzsy of humpath.com)




. CERVICAL INTRAEPITHELIAL NEQPLASIA

A. Charscterized by koilocytic changs, disordered cellular maturation, nudlear atypla,
and increased mitotic activity within the cervical epithelium.
B. Divided into grades based on the extent of epithelial involvement by immature
d}.rs.pﬂutlc cells
CIN | inyphves < 1/3 of the thickness of the epithelium,
2, CIN Ilinvolves < 2/3 of the thickness of the epitheliwn.
3. CIN IIEimvelves slightly less than the entire thickness of the epithelium (Flg.
|3.4H},
4, Carcinoma in situ (C15) involves the entire thickness of the epithelium,
€. CIN clagsically progresses in a stepwise fashion through CIN 1, CIN [1, CIM 111 and
CI5 1o become invasive squamous cell carclnoma
. Progression is not inevitable {e.g., CIN 1 often régressedy
2. The higher the grade of dveplasia, the maore likely it is to progress to carcinnma
and the Jess likely it s to regness to normal.

IV, CERVICAL CARCINOMA

A. Invasive carcinoma that arises from the cérvical epithelium

B. Most commaonly seen in middle-aged women {average age is40-50 years)

€. Presents as vaginal bleeding, especially postcoital Bleeding, or cervical discharge

D. Kev risk factor is high-risk HFYV infection; secondary risk factors include smoking
and immunodeficlency {e.g. cervical carcinoma is an AIDS-defining illness).

E. Most commaon subtypes of cervical carcinoma are squamous cell carcinoma (E0% of
cises) and adenocarcinama (15% of cases). Both rypes are felated 10 HPY Infection,

F. Advanced tumors often invade through the anterior wterine wall into the Bladder,
blocking the ureters. Hydronephrosis with postrenal failure is @ common canse of
death in advanced cervical carcinoma

¥, SCREENING AND PREVENTION OF CERVICAL CARCINOMA
A, The goal of screening is to carch dyspiasia (CIN) before it develops into carcinoma,
L Progresion from CIM to carcinoma, on average, takes 10-20 years.
2 Screening begins at age 21 wnd is initially performed vearly.
BE. Papsmaaris the gold standard for screening,
L. Cells are scraped [vom the transformation zone using a brush and analyzed
under 4 microsope,
2. Displastic cells are clossified as fow grade [CIM 1) or high grade (C1N [and T
3. High-grade dysplasia is characterized by cells with hyperchromatic (dark) nuclei
and high nuclear to cvtoplasmic ratios (Fig. 13400,
C. Pap smear is the mast successful screening test developed to date.

Flg: 124 Candx, A, Condcal rarsfarmation 2are, rermal, B, CIN I C, High-grade dysplasia Pap sk, iLawrmasy of B4 Uthman, MO}
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It 45 responsible for a stgnificant reduction in the morbidity and moreality of
cervical carcimarmn (cervical carcinoma wenl from being the most commean (o
one of the least common types of gynecologle carcingma in the US),

Warnen who develop invasive cervical carcinoma nsually have not tndergone
CreEning,

[ Anabnormal Pap smear is-followed by confirmatory colposcopy (visualization of
cervix with a magnifving glass) and hiopsy.

E. Limitations of the Pap smear includs inadequate sampling of the transformation
wone {false negative screening) and limited efficacy in sereeming for adenocarcineima.

Jic

Despite Pap smear screening, the incidence of adenacarcinoma has not
decreased significantly.

F. Immunization is effective in preventing HPV Infections.

1.
2.
ER

4
A

The quadrivalent vaccine covers HPV types 6, 11, 16, and 18,

Antibodies generated againet types &and 11 protect agrinst condylomas.
Antibodics generated apgainst tvoes 16 and 138 protect against CIMN and
CarCinmI,

Protection lasts for 5 years.

Pap smeare ore still necessary due to the limited number of HPY types covered
by the vaceine.

ENDOMETRIUM AND MYOMETRIUM

I, BASIC PRINCIPLES
A. Endometrium is the mucosal lining of the uterine cavity.
B. Myometrinm is the smoath muscle wall underlving the endometrium (Fig. 13.5).
C. Endometrium is hormonally sensitive.

1.
&

3

Growth of the endometrinm s estrogen driven (proliferative phasel.
Pregaration of the endometrinm for implantation is progesterone driven
isecratory phase),

Shedding ocours with loss of progestecone support (menstrual phase).

1. ASHERMAN SYNDROME
A. Secondary amenorrhes doe to liss of the basalis and scarring
B, Result of overaggressrve dilation and curcttage (&)

[ ANOVULATORY CYCLE
A, Lack of ovalation
B, Results in an estrogen-driven proliferative phase without a subsequent progesterane-

driven secretory phase

L.

Froliterative glands break down and shed resulting in uterine bleeding.

Fig. 13.5 Enclomet fium ovartying mysmetdom,.  Fg 13.6 Endametrial palyp.
el




1. Represents o cominon cause of dvsfunctional uterine bleeding, especially during
menarche and menopatse

V. ACUTE ENDOMETRITIS
AL Bacterial infection of the endomseteiim
B, Usually due to retained prodocts of conception [2.g., alter delivery or miscarriage);
retained products act asa nidus for infection,
C. Presents as fever, abnormal wierine bleeding, and pelvicpain

V. CHROKIC ENDOMETRITIS

A, Chronic inflammation of the endometrium

B Characterized by lrmphocytes and plasma cells
1. Plasma cells are necessary for the diagnosis of chronic endometritis given that

lymphocytes are normally found in the endomecrum,

C. Causes include retained products of conception, chronic pelvic inflammatory
disease (g.g., Chlfamypdial, [UD, and TB.

IV Presentsas abnormal uterine bleeding. paln, and infertility

VI ENDOMETRIAL POLYP
A, Hyperplastic protrusion of endomeétcium {Fig 13.6)
B. Presentsas abnormal uterine hileecing
0 Can arise asa side effect of tamoxifen, which has anti-estropenic effects on the breast
but weak pro-estrogenic efects on the endometrium

VIL ENDOMETHIOSNS
A. Endometrial glands and stroms outside of the uterine endometrial lining
L Maost likeby due to retrograde menstroation with implantation at an ectopic site
B, Presents as dysmenorrhea {pain during menstruation) and pelvic pain; may canse
infertility
|. Endemetriosis oycles just like normal endometriuim.
€, Most common siteof involvement is the ovary, which classically results in formation

ot a ‘chocolate’ cyst (Fig. 13.74).

L. Other sites of involvement Include the uterine ligaments {pelvic painl, pouch of
Douglas (paln with defécation), bladder wall {pain with urination}, bowel serosa
{abdaminal pabn and adhesions), and Fallopian ube mecoss (searring incredsss
risk for ectopic tubal pregnancyl; mplants classically appear as vellow-brown
‘Bun-powder” nodules ( Fig. 13.78),

2. Invoevernent of the uterine myometrivnm is called adenamyosis

D There s un imcreased rlsk of carcinoma af the sie of endometrioss, sspecially in the
oAy,

Fig. 13.7 Endomatriosis. A, ‘Chocolste oyt of ovary. B, ‘Gun pawder nodules. [A, Courtesyof Bulent  Flg. 12.8 Endametrial hyperplasia, iCaurtesy of
Celassn, MDUB, Courtesy af humpathopm) El {ithman, M)



VILENDOMETRIAL HYPERPLASIA
A. Hyperplasia of endomerrial glands relative wo stroma (Fig. 13.8)
B, Occurs asa consequence of unopposed estrogen [e.g, obesity, polycystic ovary
syndrome, and sstrogen replacement)
€. Classically presents as postmenopansal uterine bleading
. Chassified histolagically based on architectural groseth pattern (simple or complexh
anad The presence ar absence of celiular atypia
1. Mostimportant predictor for progression to carcinoma {major complication) is
the presence of cellular abvpia; simple hyperplasts with atypia often progresses to
cancer (3% whereas, complex hypecplasia without aty pia rarely does [<5%),

I% ENDOMETRIAL CARCINOMA
A, Malignant proliferation of endometrial glands [Fig, 13.94)
l. Most common lewasive carcinomas of the fémale genltal tract
B Presents as postmenopansa! bleeding
. Arises via two distinct pathways: hyperplasia and sporadic
B. Inthe hyperplasia pathway (75% of cases), carcinoma arises from endometrial
hyperplasia
1. Risk Faciors are related Ly eslrogen exposuing and mnclude -l,'.:lrl:l' menarchellate
menopause, milliparity, infertility with anovulatory cveles, and obesity.
L. Average age of presentation is 60 vears.
3. Histology is endemetriodd (Le., normal endometrium-hike, Fig 1398
E. [nthesporadic pathway (25% of cased), carcinama arises in an ateophic
endometrinm with neoevident Precursor lesdom,
I, Mwecoge age ab presentation is 70 vears.
2. Histology is uswally serons-and is characterized by papiilary structures (Fig
13.9C) with PEANIEITL bud.!.' tarmatiosng |.1.'1d mickabine 1€ coamrnon, 2nd tha
tumor exhibits aggressive behavior |

© LEIOMYOMA (FIBROIDS]

A, Benign meoplastic proliferation of smoath muscle arising from myomerciam; moss
cofmmon o in females

B Edlated to estropen exposire
l. Common in premenopaasal women
2. Often multicde
3.. Enlarge during pregnancy; shrink after mennopause

. Gross exam shows multiple, well-defined, white, whorled masses that may distort the
urerus and impinge on pelvic structures (Feg. 13.10)

B Usually asympromatic;, when present, symptoms include abnormal vterine bleeding,
infertifity, and a pelvic mass.

Fig. 138 Ervdomatrial cardinoma. A, Gross sppearanoe. B, Endamatriaid type. C, Sevous tpe, 04, Courtesy of shwuedndtoméapateogics. com,bin



144 FUNDAMEMNTALS OF PATHOLOGY

2L LEIOMYOSARCOMA
A, Malignant proliferation of smooth mscle asising from the myemetzium
#, Arees de novo; lEomyosrcomas-do aob ariee from leompomas
. Usually seen in postmenopanss] wormen
D Gensgexnm often shows a "::“:'-E'-It lesion with areas of necrosts and htn:-‘-rl'&;ﬂs:l:.

histological features Include neceosis, mitotk activity, and cellular atypia

OVARY

L BASICPRINCIPLES
A, The functional unit of the evary bs the follicle.
B. A follicle consists of an eocyte surrownded by granulosa and theca cells [Fig. 1311LA)
1. LH zctsan theca cells to induce androgen production.
F. F5H stirmulates t‘:l'ﬂl'ﬂ.llll‘\.:l cells to opmvert .|.|'||J|l.|5|.'|‘_ to estradiol (drives the
proliferative phase of the endometrial cyela),
3 Estradiol surge inducesan LH surge, which leads to ovulation (marking the
beginning of the secretory phase of the endometrial cyole),
. After ovnelation, the residual follicks becomes 3 corpus luteam (Flg 13.118), which
Fl'!".rII:II'”!. BECTELES PrOfesternne (dyives e soe reLory |1||:|.u.' which prepares the
| endometrising fora |"|'\o.:-;i'l'-|r' preguincy)
I |¢|1'||,17:'|'|.1!:|.: ko & coT Pus lstevrm can resull inoa I'!I'rI1II:I'T|I:L!l.i|. COrgics luteal ¢ i,
| espectally dunng early pregnancy
D, Depeneration of folliclées results in folliculac cysts, Smakl numbers of foflicular cvsrs
are common in women and have no clinical sgnificance,

[I, POLYCYSTIC OVARLAN DISEASE (POOD
A, Multiple cvarian folilcular cvsts due o bormone imbalance
L Affects reasghly 5% of women of reproductive age
B. Churacterized by increased [H aod low FSH {LH:F5H

Increased LH induces excess androgen prodection (from theca cells] resulting in

&1

buirsutdsim dexeess halr (o e male distribation).
I Androgen is converted to esimone in adipose Tissue.
i Estrope feedback decreases FSH resulting (i cystic degenesation of folllcles.
il High levels of circulating esirone increase risk for endomerrial carcinoma
[ sk '!:"rt'.'-rl'ﬂillil::"!'. K A odsase FOLITHE Wi w ith :rll't'rl'.':il:.. l::liiHIIII'll:'!Il::ll Peiesl, i
lilesutbsmm; soane pitlients have in antlin resistamnce and iy |JL-1.=||I|I by pe 2 dinkeres

metlitus =15 years Lter.

Fig, 1390 WMeripe lsamryomas, [Courtesy of -I-'ig, 13,11 Drearian fallicle, A, Normal. B, Corpus lutesinn, (B, Coartedy of B Lithrmar, M)
Jamide Sheinmetz, RO




Femala Genital System and Gestational Pathology

OVARIAN TUMORS
L. BASIC PRINCIPLES

A, Ovary is composed of three cell types: surface epithelium, germ cells; and sex cord-
&1L,

B. Tumorcan arise from any of these cell fypes or from metastases

1L SURFACE EFITHELIAL TUMOCHHES

A. Mlost commaon type of ovackan twmor [70% of cases)

B. Derived from coclomic epithelium that lines the ovary; coelomic epithelivm
embryologically produces the epithelial lining of the fallopian tube (serons cells),
endometrivm, and endocervik (muclnous cells].

1 he two most common subd Yk of surface ._=|1|I;'!'. stinl funyors are seroes and
rmtcinous; both are uswally cstic,

I, Serouss tumors are full of watery Muid.

2, Mucinous tumors oz full of mocus-like fuid
0. Mucinousand sercus tumors can be benipn, borderline, or maligrant

[. Benign tumors [cystadenomas) are composed of & single oyst with 4 simple flat

lining (Fig. 13.12) most commaonly arise in premenopausal women (30=40 vears
oid]
'ﬁ!:||ig||.||1l FuLrmiars I{}'hla|_|r|1|l-.'.|_r|.'|nr_||1|:|:1l aATe |_'|l||1|1|_r-:q-.! |:a-|'|'|:-|r||,1|r::-: CyELY Wikt
o thick, shaggy lining: most commonly arise in postmenopausal wornen (50-70
wears nld)

I, Borderling tumors have featores in between benign and malignant tumeors.

i Betrer progrosis than cleardy malipnant tumers, bat still carrr metastatic
podentlal

4. BRCAT mutation carriers have an increased risk for serous carclnoma of the
ovary and fallopian tube
i, BRCAI carriers often etect 1o have a prophylactic salpingo-oophorectonmy

{along with prophyvlactic mastectomy due to the Increased risk for breast
Cancer),
E. lLess commaon sebiypes of surface epithelial tumors inclwde endometrioid apd

Brenner Himor,

l. Endometrioid tumors are ..l.'lI:'I.I_F'LISEI\J. of endometrial-like Eiandﬁ and are naally
:I:|..;||E:;r1:||'|r.

i, May arise from endometriosis
ii. 15% of endometriold carclnomas of the avaryare assochated with an
independent endbmetrial careinoma endometrioid Ly ek

2, Bbenner Luitodd are o pused il hladder-like urli||1;=|i|.||1'| and are II:‘i'-IiI”‘_-' :.'1-q:|1ij.l__n

F. Surface tumors clindcally present late with vague abdonminal svmptoms (pain and

fullméssl or signs of compression (urinary freguency)

Flg. 1312 Chearian cystadanomn.
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'FUNDAMENTALS OF PATHOLOGY

L. Prognosis isgenerally poar for surtace epitheélinl carcinoma tworst prognosis of
fernale genlial tract cancers)y

2, Epithelia] carcindiias tend o spread locally, especially to the peritoreum

CA-125 s 3 useful serom marker to manitor treatment TRApInSE and screen for

FELUTTETICE.

M. GERM CELL TUMORS

Ind most common type of ovarian tumor [15% ol cases)

Usially occar in women of reproductive age

Tamear subtypes mimic tissaes normally produced by germ cells,

1. Peral tssue—coystic teratoma and embryonal carcinoma

I lf_flln:'!.'rf!.—n:l'!.'m__r.t'rmil'-urru

3, Yolk sac—endodermal sinus tumaor

4. Placental fiasue—choriocarcinoma

Cvslic teratoma

I Cystic tumor composed of fetal tissue dertved from two or three embryalogle
lavers le.g., skin, hair, bone, cartilage, put, sod thyroid, Fig. 13.13)
L Most common germ cell tumor in fem ales: bilateral in 10% of cases

2. Benign, but presence of immature tissue (ususlly newral) or somatlc mallgndncy
(usually squamous cell carcinoma of skin} indicates malignant potential.

3. Struma ovaril is 3 teratoma composed primarily of thyroid tissue

r'-"'.'l.l!frn:lirl-::-rnu

L Tumor composed of large cells with chear cvtoplasm and central nucled (resemble

ooevies, Fip, 13140 most common malignant germ sell tumor

Testicular counterpart is called seminoma. which Is a relatively commaon germ

[

coll tumor in males.

3. Good prognosis; responds to rndiotherapy

4. Serum LDH maey be elevated.

Endoder mal sinus tumore

I, Malignant tamors thar mimics the volk sac most common germ cell tumor in
children

[

serum AFP is often elevated.
3. Schiller-Duval bodies (glomerulus-like structures) are classically seen on
histology (Fig. 1315

1. Choriocarcinoma

L. Malignant tumor compesed of trophoblasts and synoviiotrophoblasts; mimies
placental tissue, but villf are absent

[

Small remorchagic tumor with early hematogenous spread
3. High p-hiCG s charactersstic {produced by synovtiotrophoblasts); may lead 1o
thecal cysts in the ovary

Fig. 1312 Cyatk teratama.

Fig. 1314 Dysge rmincma Fig. 1215 Schilles-DOuval bady. (Courtasy
Wb aTn Ol Lo



4, Poor response to chemotherapy

H. Embryonal carcinoma
1. Malignant tumor composed of lirge primitive cells
2. Apgressive with éarly metastasic

IV, SEX CORD-STROMAL TUMORS
A, Tumorsthat resemble sex cord-stromal tissues of the ovary
B Granulosa-theca cell tumor
1, Meoplastic proliferation of granuloss and theea cells
2. DMien produces éstrogen; presents with signs of estrogen excess
i Prior to puberty—prococions pubsrty
i, Reproductive age—menorrhagia or metrorragia
iii. Postmenopause {most common setting for granubosa-theca cell tumors)—
endometrial hyperplasta with postmenopausal uterine bleeding
3. Malignaot, but mininal risk for metastasis
. Aertoli-Levdig cell tumer
L. Compaosed of Sertofi cells that form tubules and Leydig cells (between tubules)
with characterigtic Heinke crestals
2. Mav produce androgen; assoctatad with hirsutism and virilization
[v. Fibromma
[.  Benign tumor of fibrablasts {Fig. 13,16
2, Associated with pleursl effusions and ascites (Meigs syndmma); svndrote
rosobves with removal of tumor.

V. METASTASIS
A. Krukenberg tumor is & metastatic mucinoes tumor that involves both cvaries: most
comnmonly due o metastatic gastric cercinoma (diffuse typel
L. Bilaterality helps distinguish metastases from primary mucinogs corcingma of
the ovary, which is vsually anilateral.
B. Fseudomyxoma peritonel 5 massive amounts of mucus In the peritoneun,
L. Duetoa mucinous tumos of the appandix, ususdly with metastasis 1o the ovary

GESTATIONAL PATHOLOGY

L ECTOPIC PREGNAMNCY
A Implantutlnn of fertilized ovum at a site other than the oterine wall; most common
sate e the lumen of the ra:ll{:-l:u.nn liabee I:FLE;. 13.17]).
B. Koy risk facior 15 scarring fe.g. secondary to pelvic inflammatory dississ or
endometriosish

Flg. 13.98 Crvanian fibaoimia. Fig. 1317 Ectopic tubal pragrardy, {Caurtesy af
humipath.cami)




FUNDAMENTALS OF PATHOLOGY

. Classic presentation islower quadrant abdeminal pain a few weeks after a missed
period.

[ Surpical emergency; major complications are bleeding inte fallopian fube

{hematpaalping] arid rupture

I, SPONTANEQUS ABUORTION

&, Miscarriage of fetus occurring before 20 weeks gestation {usually during first
trimester)

[ Conmon; oconrs i up o 14 of recognizable preprancies

Presents as 1."..,|,gin.?|| Hqﬁiing, |,'r.'|rr||,1-|i|-;,|,: i, and pu% s g of fetal tissues

Most often due to chromesomal anomalics (especially trisomy 16); other canses

include hypercnagulable szates (e.g., antiphospholipid syndromel, congenital

intection, and exposure to teratogens fespesially during the first 2 weeks of
emtbryogenesis).

L

Effect of teratopens gensrally depends oo the dose, agent, and time of exposure
[Table 121}

L. Firsi pwoweeks of gestation—spontaneons sbortion

it Weeks 3-B—risk ol i 1Tl malformation

U Menths 3-%—risk of organ hypoplasia

[, PLACENTA PREVIA

&, Implantation of the placenta in the lower uterine segment: placenta overlies cervical
o5 openingl.
B. Presents as third-trimester bleeding

. Often requires delivery of fetus by cassarian section

IV, PLACENTAL ABRUFTION

A, Separation of placenta from the decldua prior to delivery of the fetus (Fig. 1318}
B, Common cause of still birth

C. Presents with third-trimester bleeding and fetal insufficiency

V., PLACENTA ACCRETA
AL Improper impiantation of placénta into the myometriom with little or no
intervening dacidua

B. Presents with dithoult delivery of the placenta and postpartum bleeding

Table 12.1: Common Teratogens and Associabed Effects

TERATOEMN

Aleakal ¥l ost comman canse of mental resardation: also keads 1o facial
abnormalitics and mEcrocephaly

Cocalne Listramiterine growth retardation apd placenial abroption

Thalidemide Livoh defects

Cigatetie sindhe birmaterine griverth feagdasion

Isatretinoin Spontaneous abiartion, keazing and visual impairment
letracycline Dizcabored recth

Warfarln Fetal bleeding

Phenytoin

Drigic by poplasia and clef Tipfpalare




Female Genital System and Gestational Pathology

L. Often requires hysterectomy

VL PREECLAMPSIA
A, Pregnancy-induced hyvpertension, preteinuria, and edema, osually arising in the
third teimester; seen in approximately 5% of pregnancics
[. Hvpertension may be severe, leading to-headaches and visual abmormalities,
B, Duie tor abnermality of the matecmal-fetal vascular interface in the placenta; resolves
wilh c!nr'.il.-r'r!.'
- Eclampsin is presclampsiz with seizures.
I3 HELLP is presclampsia with thrombssiic microangiopathy involving the liver;

characterized by Hemalysds, Elevared Liver esevymes, and Low Plareiess

E Barh |‘|:'|:II11Elhi'£I and HELLF |'.-:a.uu.||':. searrant immeadiate delivery.

VILSUDDEN INFANT DEATH SYNDROME
A. Death of o healthy infant {1 month to | vear old) without obvrieus couse
B. Infants psually expire during sieep
C. Risk factors include sleeping on stomach, exposure 1o cigarelte smoke, and
premalurity

VIILHYDATIDIFORM MOLE
AL Abnormal conception characterized by swollen and edematous villi with
proliferation of trophiobiasis

Tabla 12.2: Features of Complete and Partial Malas

PARTIAL MOLE COMPLETE MO¥LI

Hormal ovum fertilized by two Empty oo fertilzed b two
Crepetics spesm (or one spermn that dupticates  speim (o one sperm that duplicates

chromogomesh &9 chromosames chromosomesk 46 chrpmaosomes
Fetal Lissus Presenl Absenl

Some sl are Bixlrogic. il suane

Willons edema
neg normal.

hbost villi are hydropic (Fig. 13. 198

Trophoblastic Focal proliteratinon present aroumd [xfFuse, clrcuomberential
praliteration Fredrapde villi prodiferatiom arannd hydropis il
Risk for ;

. H Mionmumal Dea Xy
chri i reEReTi

Fig. 13,16 Placemtal absupton, (Cournesy af Fig. 13.9% Complne irele A Swallen 'grape-ika' wlli, B, Hyoroplc «illl, (4, Coarbesy of Stewen
reseme Taxy, MDI C'Connor, ML



. Utérus expands as [f a normal pregnancy is present, but the uterus s much lurger

and fi-hCG much higher than expected for date of gestation.

. Classically presents in the second trimester as passage of grape-like magses through

the vaginal canal (Fig. 13.194).

1, With prenatal care, moles are diagnosed by routine ultrasound in the early
first trimester. Fetal heart sounds are absent, and a snowstorm’ appearance is
classtcally seen on ultrasound,

. Classified as compléte ar partial [Table 122}

. Treatment is dilatation and curettage.

. Subsequent p-hCG mondtoring ts important to ensure adequate mole removal
and to sereen for the development of chortocarcinoma.

i Choriccarcinoma may arise as a complication of gestation (Sponianecus
abortion, normal pregnancy, or hydatidiform mole] or as 0 spontanecus germ
cell timor,

ii. Cheriocarcinomas that arise from the gestational pathway respond well to
chemaotherapy; those that arise from the germ cell pathway do not,



PENIS

[. HYPOSPADIAS
A, Opening of urethra on inferior surface of penis
B, Dae tofailure of the oretheal folds to close

[1. EPISPADIAS
A, Cipening of urethra on superior surface of penid
B, Due o abnormal positioning of the genital tubercle
., Associnted with bladder exstrophy

HL CONDYLOMA ACUMINATUM

A, Benlgn warty growth on genital skin
B. Dueto HPV type 6 or 11 characterized by koilocytic change (Fig. 14.1)

IV, LYMPHOGRANULOMA VENEREUM
A Necrotizing granalomatous inflammation of the nguinal lrmphatics and hrmph
nisdes
B. Sexuvally transmitted disease cansed by Chlangndia erschomatis (serotypes L1-13)
€. Evenrually heals with fibrosis; perianal involvement may result in rectal stricture,

Vo SQUAMOUS CELL CARCINGMA
A Malignant prodiferation of squamous cefls of penile skin
B. Risk factore
L High risk HPY (143 of cases)
2. Luck of clreumeision—Foreskin acts a3 a nidus for inflammarion and irritation if
not properly maintaimed,
. Precursor in situ lesions
1. Bowen disease—in sito carcinoma of the penile shaft or scrotum that presents as
beukoplakia
2 Erythroplasin of Queyrat—in situ carcinoma on the glans that presents as
erythroplakia
3. Bowenoid papulosis—in site carcinoma that presents as multiple reddish papules
I Been in younger patients (4] relative 1o Bowen disease and erythroplagia of
uacyrat
il [hoes not progress to invasive carcinoma

TESTICLE
I CRYPFTORCHIDISM
A, Fallure of testicle to descend into the scrotal sac
L. Testicles normally devebop in the abdumen and then “descend™ imio the scrocal
s as the fetus grows.
B, Mlest comumd congenital male reproductive abnormality: seen in 1% of mak infants




FUNDAMENTALS OF PATHOLOGY

. Most cases resobve spontaneowsly otherwise, orchiopexy is performed before 2 vears
of age.

0. Complicatbons inchude testioular atrophy with infevtility and increased risk fior
BETLITIAML,

IL ORCHITIS
A Inflammation of the testicle
B. Coubes
I, Chdanpdta tracharmatis erotypes [HK) or Nedsserta gosorrhaeae—Seen in
yoeng ndults. Incressed risk of sterility, but libido is not affected because Leydip

cells arespared,

Escfierichin coll and Peeudapranas—Seen in older adults; ueinary tract infection

pathogens spread fnto the reproductive tract

3, Mumps virus (teenage malest—increased risk for infertility; testicular
inflammation is usually not seen in children < 16 vears odd.

4. Autoimmune architis—chamcterized by granulomas involving the seminiferous
tuibeles

L

1. TESTICULAR TORSION
A Twisting of the spermatic cord: thin-walled veins becomi obstructed leading to
congestion and hemorrhagic infarction [Fig. 14.2)
. Usually due to congenital failsire of nestes o attach 1o the inner liming of the scrotum
(vin the processus vaginolis)
. Predents it adalescents with sudden testicular pain and absent cremustetic reflis

IV, VARICOCELE
A, Dvlution of the spermatic vein due to impaired drainage
B, Presentsas scrotal swelling with 2 “bag of worms” appearanse
= Usually lety sicked: left texticular vein drains into Lhe e renal vein, while the right
testioalar visln deains divectly lnto the 1%C.
L. Associuted with lefi-sided renal cell carcinoma; RCC often invades the renal vein,
[ Seen in a large percentapge of infertile males

V. HYDROCELE
As Flaid collection within the tunica vaginakis
I, Tumica vaginalis is-a sevous membrune that covers the testicle as well as the
internol surface of the scrotum.
B, Associated with incomplete closare of the processus vaginalis leading o
comeniificalion with the FlEI'I.‘b:.':mHI. cavily {infants) or |:'|||:||JuEE al l'!.'i'rlp-i'l.:thr.
drainsge (adalis)

Flg. T4.1 Kpdlooyic change.

Fig. 18.2 Hemorrhagic rdarcuion of tesriche,
ourtesy of humipath,comj




i

Presents assorotal swelling that can be transilluminated (Fig, 14.3)

TESTICULAR TUMORS

BASIC PRINCIPLES

s
B
L%

Arise from germ cells of sex oord-stroma

Present as a firm, painless testicolar mass that cannot be transilluminated
Lrsuably not biopsied due to risk of seeding the scrotum: removed via cadical
archiectomy

1, Mogl tesdicnildr tarmnre are :nu.|i3,n::r|.| ferm fedl Dpiard.

GERM CELL TUMORS

i

. Most common tvpe of lesticalar tumor (> 95% ol cises)

Usoally ocour batween 1540 vears of age

Risk factors include eryprorchidism snd Blinefelter syndrorme.

Divided into seminomae and nonseminoms

I, Seminoimas {55% of cases) are highly responsive to radiotherapy, metastasize late,
and have g excellent prognosis.

2, Monseminomas (45% of casesy show variable response o treatment and often
metnstias ie early

Seminoma is u malignant tumer comprised of large cells with clear cytoplasm and

central nuclei (resemble spermatogonia, Fig, 144A% forms a homogeneous mass

with no kemorrhage or necrosis (Fig, [4.48)

1. Most common testicubar tumos; resembles ovarian dvsgerminoma

2, PRare cascsmay produce f-hCG,

A Good prognosis responds o radiotherapy

Embryonal carcinoma isa malipnant iumor comprised of immature, primitive cells

that may prociuce glands {Fig. 14.5A) forms a hemorrhagic mass with necrosis (Fig,

14.58]

I Apgressive with edsly hematogentus spréad

2. Chemotherapy may result in differentiation into another type of geem cell tumor
Le.2., beratomal,

3 Increased AFP or f-hCG may be present.

Yolk sac tendodermal sins) tamor s & moligaant tumer that resembles yolk sac

elements,

L. Afasr common testiculsr umaor in children

2. Sehillep-Daval badies I:EJI.'Imm las-like strisctures} are seen o l'lJ!tDI.ES‘:" I:Fi.H;.
14.4],

3, AFP s characteristicallv elevated.,

Fig- 144 Semincme. A, Microscopic appearance. B, Gocss ap paarance, (A, Caurfosy of Ed Lishenan,
fa)




H, Choripcarcinema (s a malignant tumor of synoytiotraphoblasts and
-:.':.-'I-:_‘:q:rvl_'lrl]'u}hhm'b: -!|:E.1..'r|,'|l,;.|-|i:kt tisgue, bt villi arc absent, HB' 14.7:
1. Spreads carly via blood
L P-hiC & characieristically elevated: may lead to by perthyroidism os
gyaecamastia (o-subunlt of BOG is siolar to that of BSH, LH, and TSH}
[. Teratoma isa twmor somposed of mabure fetal tssue derived from twe or e
cmbryonic lavers
I, Malignant in males {as opposed b females)
2 AFP or f-K2G may be increased
|, Mixed peem cell fumors
L, Geerm cell tumiors are uswally mived,
2, F'r-!_:r,gnm.'is. iz based on the worst compEiEil

HL SEX CORD-STROMAL TUMORS
A, Turnors that resemble sex cord-stommal tisnes of the (=sticle (Fig. 1481 uagally
henign
B. Leydigcell tumor wsaaslly produces andeagen, causing precocions pubsrty in
children o gyhecomasiin i arialts,
1. Characteristic Reinke crystals may be sten on histalogy,
e Serteli cell tumor ks comprised of fuboles and i usually clidically silent.

IV LYMPHOMA

A, Mest comimen cause of a testicular massin males > 60 years okd; often bilateral

B, Ussally of diftuse large B-celi typs

webpathalogy.oom)

Fig. 14,8 Schiler-Duval body, yof sac umat Fig- 14.7 Choocaningma, (ourtesy ol Fig. 18.8 Momal testicle, miomecupic
ICauirimsy of webpatholegycom) wibpathalogy com) A pRearEnce,



Male Genital System Pathology

PROSTATE

L BASIC PRINCIPLES

A
i

Small, round ergan that lies at the base of the bladder encircling the urethra

Sirs anterior to the rectum; posterior aspect of prastate is palpable by digital rectal

evam {DREL

Consisteof glands and strorea (Fig, .9

L, Glands are composed of an inner baver of haminal cells and #n outer laver of
basal cells: secrete alkaline, milky fuld that is added to sperm and seminal
wesicle fluld to make semen,

2. Glands and stroma are mainteined by androgens

Il, ACUTE PROSTATITIS

A

B,
e
I

‘ewre inflammation of the prostate; wsually due 1o bacteria

Lo Chlamrpadin freechonnatiz and Nefsserfo gonorrRooae &0 conmon caises in young
adialts.

.. Escaerichia ool and Meegrd ovtgaits a7e Common cagses ip older adulis.

Presents as ||'_; st with Tever and chills

Prostate is tender and bogey on digitel rectal exam.

Prostatic secretions show WHCs; culture peveals bacteria.

L CHRONIC PROSTATITIS

A,
B,
.

Chronle inflommation of prostate
Presents as dyvsuria with pedvic or low back pain

Prostat secretions siuny W ECs, but cullores are negative.

IV, BENIGN PROSTATIC HYPERPLASIA (BPH)

Hyperplasia of plostatic stroma and glands

Ape-related change (prasent in most men by the age of 60 vearsk ne increased risk

foar civncer

Belated o dibvdrotesiosterone (HT

I. Tessterone is converted 1o DHT by Sa-reductase in stromal cells

L. [DHT wcis on the androgen receptor of stromal and epithelial cells resulting In
hyperplastic nodules

Occurs in the central perinrethral zone of the prastare

wiinical features inclode

l. Problems starting and stopping oring stresm

2. Tmypaired bladder empiving with increased risk for infection and hydronephrosis
(Fig. 14.10)

3, Dribbling

Flg. 14.9 Moemn| prostate, microscopic Fig. 1490 Hydronephnoss
BppTATAICE.

LF) ]

LF



“ FUNDAMENTALS OF PATHOLOGY

4. Hyperirophy of bladder wall smooth muscle; increased rigk for bladder
diverticula
1. Microscodic hematiels may be present
6. Prostate-gpectfic antigen (P3A) s often slightly elevated (uspally less than W ng
mL] cuse o the increased number of glands; PEA is made by prostatlc glasds and
liquefics semen
F, Treatment
l, a -ontagonist {e.g. terazosng o relax smooth muscks
I Also relades vascular smooth muscle lowering blood presssire
i Selectiven ~anbagoaests e, tamsulosind gre used in normedensive
individuals to avold a , efhects an blnod vessels
2. Saaeductase inhilbio
i. Blocks conversion of testosterons o DHT
ii. Takes months lo produce resulis
il Adso wseful tor male patiern baldness

iv. Side effects are gynecomastia and sexual dysfunction

V. PROSTATE ADEMOCARCINOMA
A Mallgnant proliferation of prostatic glands
B, Aost common cancer in mer: 2nd most commen Gause of cancer-related death
G Risk focrors fnchede age. roce (A Trlcan Americans > Caucasians > Astans), and digl
high in saturated fuls
[3. Prostonie carcinomia ks most often clinlcally silent.
1, -Usually arises in the peripheral; posterior reglon of the prostate and, hence, does
iraf peocluce urindry symptoms early on (Fig. 141140
1. Screening begins of the age of 30 vears with DRE and PSA

i.  Maorimal serum PRA increases with age due 1o BPH (2.5 ng/mL {or ages (0-4%

vedrs vi. 55 ngiml Tor ages T - 74 vears)
i, PEA = 10 meid], i highly worrisome al any age.
i1, Decreased % tree-PRA b suggestive of cancer (cancer minkes hound FaA]
k. Frostatlc Mopsy is .'L-|.|.|.|re'|.| by confiemm the preseqce of carclnoma

1. Shevwes small, tnvasive E:i.1nr|.*= with promiinent nucleali I'I'l_ig 1 E)

2. Gleason grading system bs based on architecture alone [and nut nuclear alypia)
L Muoltiple reglons of the tumaor are assessed because architecture varies from
arca to area
[ L Acscore [1-5] 1s assigned for two distinct areas and then added to produce a

Enal score (L-101

iil. Higher score suggests worse proqnosis

Fig- 1411 Prostatic adenccarcinoma. A, Grow appearance. B, Miomsoopic appestarce. € Ostechlastic metastasss ra vieg lumbiarspena



F. Spread o lumbar spine or pelvis iscommon [Fig, 14.11CE vesulis in osteoblastic
metastases that present as low back pain and increased serum alkaline phosphatase,
P5A, and prostatlc acid phosphatase (PAF)

G. Prostatectomy is performed tor localized disease; advanced disease is treated with
hormone suppression 1o reduce festosterone and DHT.

1. Continuosus Dol H J:na]uE:. I:c_'_g,., |£ui:n'rlli:|.:||':] ahut divw'nn the |'|'g.'pﬂ|:ha.El1 mus(LH
and FSH are reduced)
2. Fluramide acts as a competitive inhibitor at the androgen receptor
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INTRODUCTION

ENDMOWCRINE SYSTEM

A Growp of glands that maintain body homenstasis.

B. Functions by release of hormones that travel via blood o distant organs
C. "Feadbock” mechanisms control hormone release.

ANTERIOR PITUITARY GLAND

PITUITARY ADENOM A
A. Benlgn tumor of antetior pliultary cells
8. May be functional {hormone-producing) or nonfunctional {stlent)
1. Noofunctional tumors ofien present with mass effect,
i Bitemporal hemianopsia occurs due to compression of the optic chizem.
i Hypopitultarism occurs due bo compression af normal pituitary tissue,
iii. Headache
2, Functional tumors present with features based on the type of hormaone produced,
C. Profactinoma presents as galactorrhea and amenorrhea (females) or s decreased
likide and hesdache (males); most commen type of pltuitary adenoma
I, Treatmient |5 dopamine agonists (eg, bromocriptine or cabergolineg] to suppress
prolactin production {shrinks tumor] or surgery for larger lesions.
[ Growth harmone cell adenoma
I. Gigantism o children—increased linear bone growth (epiphyses are not fused)
L0 Acromegaly inadults
I Enlarged bones of hands. feet. and jaw
. Growth of visceral organs lesding to dyefunction (é.g.. cardiac faihare}
iii, Enlorged tongue
1. Secondary diabetes imellitus is often present (GH Induces liver gluconecgenesis),
4. Diagnosed by elevared GH and insulin growth factor-1 (1GF-1) levels along with
lnck of GH suppression by orul glucose
3. Treatment is octreotide {somatostatin analog that suppresses GH rebease), GH
recepar antagoniets, or SUTgery,
E. ACTH cell adennmas sécrete ACTH leading to Cushing symdrome (see “Adrenal
Cortex” below)
E T5H cell, LH-producing, and FSH-producing adenomas aceur, bul are ran.

HYPOPITUTTARISM
A, Insufficient production of harmones by the anterfor pituitary gland: symptoms arise
when > 75% of the pituitary parenchyma is lost.
B, Coudes Include
1. Pitultary sdensmas (adults) or craniophacryngioma (childeen]—die to mass
effect or pituitary apoplexy ibleeding into an adennmn]
2. Sheshan syndrome—pregnancy-related infarction of the pitoitary gland
L Gland doobles in size during pregnancy, but Mood supply dogs not incresse
significantly; blood Toss during parturition precipitates infarction.
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il Presents as poor factation, loss of pubic hair, end ftlgue

Empty sella syndmme—congenital defect of the sells

i. Herniation of the arachnoid and CSF into the sella compresses and destroys
the pituitary ghand.

i, Pituitary gland 5 "absent™ fempty sella) on inaging

T

POSTERIOR PITUITARY GLAND

BASIC PRINCIPLES
A Antidivretic hormone (AT and oxyiocin dre made in the hypothalamues and then
framaported vin axoms o the posterlor ploultary for release.
I, AL acty an the distal tubukes and collecting docts of the Kidney to promofte
fres water retention.
2. Uxyiocin miediates uterine contraction |:|.51.|:i.nE labicr and release of breast milk
{let-down) in luctating mothers,

CENTRAL DIABETES INSIPIDUS
A. ADH deficiency
B Due to hypothalamic or postertor pituitary pathology de.g., tamor, trauma, infection,
or inflammation)
C. Clinical festires are based on loss of free waler.
I, Polvurmand polydipsia with risk of life-threaténing debydeation
2. Hypernatremia and high serum osmoedality
3. Low urine osmolality and specific geaviry
[y, Water deprivation test fails to increase uring osmolality (useful for diagnosis),
E. Treatment is desmopressin (ADH analog).

NEPHROGENIC DIABETES INSIPIDUS

A Impaired renal responie to ADH

B. D to Inhesited mutations or drogs {e.g., Hithiam and demeclocycline}

L. Clinical features aresimilar tocentral diabetes insipidus, bot there is no response to
desmopressin.

SYNDROME OF INAPEROPRIATE ADH (SIADH) SECRETION
A, Excessive ADH secretion
B, Most often due to ectopic production (¢.g., small cell cercinoma of the Jung);
other cansés include CNS trauma, pulmonary infection, and drugs {eg.
cyvclophosphamide)
., Clinical features are based on retention of free water,
L. Hyponatremia and bow serum osmolality
2 Mental status changes and selzures— Hyponatremia leads to neuronal swelling
and cerchral edema.
I, Treatment is free warer restriction or demeciocyeline

THYROID GLAND

THYROGLOSSAL DUCT CYST
A, Crstic dilation of thyroglossal duct remmnant
I Thyrmid developsat the base of tongue and then travels along the thyroghossal
duct to the anterior neck.
2. Thyroglossal duct normally invelutess o persistent duct, however, may undergo
evatic eilation,
B, Presents nd an anterior neck miss



Endocrine Pathology

I, LINGUAL THYROID
A Perslatence of 1|1:|.'r\-::li|J tissue ar the base I.II-IZIII"I‘I::I.‘I.'

B. Fresents as a base of tongue mass

HYPERTHYROIDISM

. BASIC PRINCIPLES
A&, Imcrensed bevel of dirca |l'|i|"§ thyroid hormone
L. [ncreases basal metabolic rate (due b increased synthesis of Ma™-K™ AT Pase)
2. Increases svimpathetic nervows system activity (due o Increased expression of
b -edrenergic receplors)
B Clinfcal fentures Include
L. Weight loss despite increascd appetite
3. Heat intolerance and wn-.:.linE
L Tachveardin with increased cardiae outpat
4. Archythmia (e.g.atrial fibrillation), especinlly in che ederly
5 Tremos, anxlety, Insomnia, and beightened emotkons
6. Staring gaze with lid fag
7. Diarrhea with malabsorption
g, I',:I||_|y1.'|1|*||.'.r rhea
8 Bone n;'~;r|rrl|:ir|n with h'!.":':-e-n':ulcemia (risk fog ||h|.|.'|lp-c:-r|.1~ui'.'l
ik, Decreased muscle mass with weakness
11, Hypocholesterolemia
11, Hyperglycemia {due to gluconcogenests and glycogenolysis]

[ GRAVES DISEASE
A Autnantibody (g that stimulates TSH receptor (bype 11 bypersensitivity)
B Leads o increased synthesis and relesse of thyroid hormone
1, Maost common cause of h'!.-pn_-rrh'!."ruid.ism
F. Classscally vccurs it women L||-|.'.:I.I|IJ|.'I€.!I:I'::I11_{ apes [20-40 vears)
C. Clinkcal features include
1. Hyperthyridism
Dhiffuse poiter—Constant TSH stimulation leads to thyroid hyperplasia and
hypertrophy [Fig [5.1A)
%, Exophthalmos and pretibial nvxedema
Fibroblasts behind the arbit and overlving the shin express the TSH recepior,
e TS5H setbvution resulis. in 5|1~\.:u:~a::|||u1|:|.|1-\.:.1|1 ichandrairin sulfale and
hyaluronic acid) butldap, inflamrmation. nbrosis, nnd edema léading o
exophthalmos and pretibinl myxedema

Fig. 15,1 Graves disease A, DiMuse goder. B MRcrgscipln apgesarsnoe. (A, Couriesy of B Litrman,
M



L1,

. Irregular follicles with scalloped collodd and chronle Inflammation are segn on
histalsgy (Fig. 1518
E. Labosatory findings inchade
L. T 1otal and free T3+ TSH (free T, downregubates THH receptors in the aaterior
pituitary 1o decrease TSH releass]
Z Hypocholesterolemia
3 Increased serum glocose
Treatment imvolves - Mockers, thivamide, and radiokodine shlation,
G, Thyroud storm is a potentially fatal complication.
L. Dase po elewated catechofomines and massive hormone excess, nsually in response
to stress (e ., surgery or childbirth]
1. Presents as arthythmia, hyperthermia, and vomiting with hypovalemic shock
3 Treatment is propelithouracil (PTU, p-blockers, and sterobds.
i. PTL! inhibits perowidase-mediated oxldation, organification, and coupling
steps of thyroid hormone sy nthesis, as well as peripheral conversion of T,
T.

N

m

MULTINOIMILAR GOITER

A. Enlarged thyroid giond with multiple nodules {Fig. 15.3)

B [roe to refative iodine deficiency

. Usually nontesie {eethyreid)

0. Rarely, regions become THH-independent leading 16T, refease and Wyperthyroidism
{toxicgoiter’),

HYPOTHYROIDISM

CRETINISM

A, Hypothyreidism in neenites and infangs

B. Characierized by menial retirclation. sharl stature with skeletal abnormalities,
coarge facial features, enlarged tongue, and umbdlical ernis
1. Thyvrold hormone is required for normal brain and skeletal development.

C. Causes include maternal hvpothvroidism during early pregnoncy, thyroid ogeneds,
dvshormenogenetic goiter, and ioding deficiency,
1, [mshormonogenetic goiter i due 1o o congenital defect in thyroid harmone

production; mast commonly invodves thyreid peroxidase

MYXEDEMA

A. Hypathyreddism in older childsen or adules

B. Clinical features are based on decreased basal metabolic rare and decreased
sympachetic nervous svstem activity.
I Mysedemp—accunmlation of gheosaminoglveans. in the skin and sofl tistue;

results ina deepening of voice and large tongue

Weight gain despite normul appetile.

Slowing of mental activity

Muscle weakness

Caold intolerance with decreased sweating

Bradvoardin with decreased cardiac oatput, leading 1o shortmess of breath and

fatigue

Oigornerorthes

Hypercholesterolemia
4, Copstipation

i, Mest common causesare jodine deficiency and Hashimotoe thyveiditis; other canses
include drugs (e.g., lithivm) and surgical remonal or radioablatson of the thyroid.

S e

ro |

=



THYROIDITIS

[ HASHIMOTO THYROIDITIS
A, Autoimmune destruction of the thyroid gland; associated with HLA-DRS
L Most common couse of hypothyroidism in regioss where iodine levels are
adegquats
B. Clinical features
1. Initially may present as hypecthyraidism (doe to fallicle damage)
2, Progresses to hypothyroidism: + 1 and TTSH
3, Antithvrogiobulin and antimicrosomal antiboedies are often present (sign of
thyroid daniagel.
C. Chronlc inflammation with germinal centers and Hurthle cells (gosimephilic
metaplasidt of cells that e follicles) is seen on histology (Fig. 15.3),
0, Increased risk for B-cell imarginal zone) lymiphoma; presents as an enlarging
thyroid gland lase in diseass course

[L SUBACUTE GRANULOMATOUS (DE QUERVAIN) THYROIINTIS
A, Granulomatous thyralditis that follows a viral infection
B Presents a5 a tender thyrodd with trangient hy perthvroidism
. Self-limited; does not progress to hypothyroidism

[II. REIDEL FIRBROSING THYRDITHTIS
A, Chronic inflammation with extensive filvogis of the thyeotd gland
B, Presents as by pothyreidism swith o "hard as wood,” ponténder thyroid gland
£, Fibrosis may extend to invelve local structures (8. airwayl
I. Climcally mimics anaplastss carcinoma, buk patients are younger (408}, and
malignant cells sre ahsent

THYROID NEOPLASIA

. BASIC PRINCIPLES

A. Usually presents as o distinet, solitary nodule
L. Thwrold nodulesase more lkely to be benign than malignant.

B "I readlosctive uptake studies are useful to further characterize nodules.
1. Increased uptake (Thot” nodule] is seen in Graves disense aor nodular poiter
2. Decreased uptake ('cold’ nodole] is seen in adenoma and corcinoma; often

warrants biopsy
C. Blopsy s performed by fine needle aspiration (FNAL

Il FOLLICULAR ADENOMA
A. Benign proliferation of follicles surrounded by a ihmous capsale {Fig. 15.4)

Flg. 15.2 Multineduta: gaiter, {Caurtesy of Jamie  Flg. 15.3 Hashirmoto thysolcis
Sheinmetz, MDY

Fig. 15.4 Falliculsr aderama.



TALS OF PATHOLOGY.

| B Usually nonfunctional; less commonly, may secrete thyroid hormaone

L PAPILLARY CARCINGM A

A. Mo comman type of thyroid carcinoma (30% of cases)

B Exposure wo jonizing radiation in childbood & s major risk factor.

C Comprised of papitlae lined by cells with cear, "Orphan Ansie eve’ nuckd and
nuclear grooves (Fig. 13.5Ak papillac are often associated with psammaonma bodles
(Fig. 15.5B)

D, Diften spreads to cervical {neck) lymph nodes, but prognosis is excellent (10-year
survival » 955%|

V. FOLLICULAR CARCINOMA
A Malignant profiferation of folllcles surrounded by a fibrous capsule with invasion
through the capsule (Fig. 15.6)
L. Envasion through the capsale helps distinguish fol lioalar carcinoma from
talliculay adenoma.
2, Entire capsule must be examined microscopically,
3. PMA ooly exomines cells and not the capsuley hence, o distingtion between
finllicular adenoms and follicular carcinorma cannat be made by FNA,
B. Melosissis generally occurs hematogenously.

V. MEDULLARY CARCINOMA
AL Mallgnant prodiferation of parafoliicular C cells comprises 5% of thyroid
| Carcimomas
1. Cells are nevroendocrine cells that decrete calelionin,
1. Caleitonin lowers serum calcinm by increasing renal caleium excretion but is
factive af normal physlologic levels.
% High lévels of Gldironin produced by tumaor may lead o hypocalcemia.
4. Cakitonin often deposits within the tumor as amylodd.
Biopsy revenls sheets of malignans cells inan amylodd stroma {Fig. 15.7)
C. Familial casés are ofien due to multipls endocrine neeplasia (MEN A and 21,
which are sssociated with mutations in the RET oncogene,
1. MEN Zresults inmedullary carvinoma, pheochromocyboma, and parathyroid
sdenomas (1A} or ganglioncuromas of the oral mucosa (28]
2. Detection of the RET mutation warrants prophviactic thyroidectomy.

e

VI AMAPLASTIC CARCINOMA
A Undifferentiated rr:a||E,r|=r|.I termor of the 1|'.rlrrv|.'q:i|:| I:F:E. ]5,H':I; u:.unl]}' SEETL LE e|d|:|.‘]'_r

B, Oiten invades local structores, leading to dysphaigia or respiratory coosipronmise
| i Poor prognosis

Hg. 15.5 Papsliary carcinoma. A, Muclosr features. B; Pasmmoma badies, Flg: 15,6 Fallicular carcinam. (Coartesy af
Bailent Cefasun, MO



PARATHYROID GLANDS

I, BASIC PRIMNCIPLES
A. Chief cells regulate serum free (jonized) calcium via parathyroid hormene (PTH)
secretion, which
I Increases bone osteoclast activity, releasing caleium and phosphate
2. Increases small bowel absorption of calclum and phosphate (indivectly by
activating witemin [J)
3, Increases renil calcium reabsorption {distal tubule) and decreases phosphate
reabsorption (prosimal tubule)
B, Incressed serum iomized calclum levels provide negative feedback to decrease FTH
secrelion

II. PRIMARY HYPERPARATHYROITHSM
A, Excess FTH due toa disorder of the parathyroid gland itself
B Most common cause is parathyroid adenoma (>80% of cases); sporadic parathyrold
hyperplasia and parathyrold carcinome are less common causes.
. Parathyrold adenoma i3 a benign neaplasm, wsually involving sne gland,
L Mostoften results in asymptomatic hypercilcemis: however, may present with
gonsequences of incrensed PTH and hvpercabeemia such as
L Mephrolithiagis (calcinm oxalate stones)
ii. ‘MNephmcaleinosis—metastatic calcification of renal tubules (Fig, 15.9),
potentially leading 1o renal Insufficiency and polyuria
L. N5 disturbances (eg-, depression and sizures)
iv. Constipation, peptic uleer disease, and acute pancreatitis
v.  Osteitis fibrosa cystica—resorption of bone leading to fibrosis and cyvstic
spaces (Fig. 15100
2, Laboratory findings include T serum PTH, 7 serum calcium, 4 serum
phosphate, T urinary cAMP, and T serum alkaline phosphatase.
3. Treatment invobres surgical rermoval of theaffected glind,

L SECONDARY HY PERPARATHYROIDISM
A Excess production of PTH due to a disease process extrinsic to the parathyroid gland
B. Most commion cause is chronie remal failure.
L. Renal insufficiency leads 1o decreased phosphate excretion.
T serwm phosphate binds free calcinm.
« free calcium stimulates all four parathyreid glands.
T PTH leads to bone resorprion {contributing to renal ostsadystrophy).
Lab findings include T PTH, 4 serum calcium. T serum phosphate, and 7
alkaline phosphatase,

L

e e i L N
Flg, 15.7 Medullary carcinama. : = ] Fig. 15,9 1 e
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Fig. 15,10 Osteitis Abross cystica.

V. HYPOPARATHY ROIDISM
A Low PTH

B. Causes lnclude sutolmmuine damage to the parathyroids, surgical excision, and
Didierge synd rome

. Presents with symiptoms related to low serum calcium

1. Mumbaness and Hogling (partlculaely circumoral]

2. Muscle spasms (etany)—may be elicited with filling of & blood pressure cuff
{Troweseau ggn) or tapping on the Gicial nerve (Chvostek sign)

Labs reveal 4 PTH levels and 4 serum cabcium.

Pasudohypoparathyraidism 15 due to end-organ resistance to FIH.

1, Labs reveal hypocaleemia with T PTH levels.

2. Autodomal deminant form Ls associated with short starure and short dth and Sth
digins.

3

ENDOCRINE PANCREAS

BASIC PRINCIPLES

A Composed of clusters of cells rmed isders of Langerbans (Fig. 1511

B. A single islet consists of multiple cell types, cach producing one ty pe of hormone.
C. TInsulin is secreted by beta cells, which lie in the ceater of the islets.

1. Mujor anabolic hormone; upregulates insulin-dependent glicose transporter
protein (GLUTH) on skeleta] muscie and adipose tissue (glucose uptake by
GLUTH decreases serum glucose)

1 Tmcreased glucose uptake by thssues leads to increased gheogen synthesis, protein
syathess, and Hpogenesis,

[r, Ghucagon is secreted by alpha cells: it opposes insulin in order to increase blood
glucese levels (e.g., in states of fiusd (ng] vis glycogenolyals and Lipolysis

TYPE | DIABETES MELLITUS
A Insulin deficlency leading to i metabolic disorder characrérized by hyperglycemls
B Duetosutoimmune destruction of bets cells by T Irmphocytes
1, Characterized by inflammation of islets
2. Associated with HLA-DR3 and HLA-TR4
i Autoantibodies against insulin are often present Gsign of damage) and may be
seen years before clinical disease develops.
€. Manifests in childhood with clinical features of insulin deficiency
1; High serum glucose—Lack of insulin kads to decreased glucoss uptake by fat
und skeletul muscle.

Fig: 1502 Arnyieid in issrts, Dypa B DM,



X Weight loss, low musche mass, and polyphagia—Unopposed glocagon beads
Lo ghiconeogenedds, glvcogenolysis and lipobvsis, which further exacerbates
hyperglycemia,

3 Polyura, polydipsin, and glycosuria—Hyperglycemin exceeds renal abilisy 1o
resort glucose; excess filtered glocose leads to osmotic divresis,

4, Treatment invalves lifelong insalin,

D. Risk tor diabetic ketoacidosis

L Charscierized by excessive serum ketones

2, Ofen arisss with stress {e.g. infection); epinephrine stimulates ghicagon
secrelion incredsing lipolysas (along with gluconeegenesis and glycogenalysis),
t, Inereased Hpolysis beads to increased Tree fEftv acids (FRAsL
th. Liver converts FEAs 10 ketone bodies {f-hydroxybutyrie acld and aceteacetic

acld

A Results in hyperglyeemia (= 300 mgfid L), anlon gap metsbotic acidesis, and
hyvperkalemin

4. Presents with Kussmauol resplrations, dehedration, nsuses, vomiting, mentas)
status changes, and fruity smelling breath (doe 1o acetone)

5, Treatment is fAuids (corrects dehydration fram polyurial insulin, and
replacement of electrolytes {e.g. potassium).

IIL TYPE 2 DIABETES MELLITUS
A, End-organ insulin redstanes leading to o mesabolic disorder characterized by
hyperglycemia
L. Maost common type of diabetes (90% of cases); affects 5-10% of the TS
population
2 Inckdence s rlsing
B. Arises in niddle-aped, obese adults
L. Orbesity keads to decreased numbers of insulin receptors.
2. Btrong genetic predisposition éxists,
G Insulin levelds are incrensed early in disease, but Tnter, insulin deficiency devebops dus
to beta cell exhawstion; histology reveals amyloid deposition in the islets (Fig, 15123
D Clinkcal features include polyurias, polydipsia, and byperglycemia, bul disease is
often clinically silent,
E. DHMagnogis is made by meacuring glucose levels (normal is 70120 mgfdL).
L Bandom glugose = 20 mgfdl, |
2, Fasting glucose > 126 mefdL
3. Glucose mlerance test with & serumy glucose level = 200 mg/dL two bours after |
plucnose loading
F Trestment involves weight loss {dist ind exercise) initially; may require drug therapy
to counter insulin resistance (2., sulfonviureas or metformind or exegenons insulin
aher exhaustion of beta cells
G Risk for hyperosmaolar non-ketolic coma
1. High glucose (= 500 mg/dL) leads o life-threéatening diuresis with by potension
and oirme.
1. EKetones are absent due to small amounts of circulating msalin,

IV, LONG-TERM CONSEQUENCES OF DIABETES
A Moneneymatic B_I-,r:m'rlaiiu:m [MEG] of the vasvular basement membrane
. NEG of large- and medium-stzed vessels leads to atherosclernsis and its resultant
complications.
i. Cardiovascolor disease is the leading conse of death among diobetics,
ii. Peripheral vasculor disease in diabetics is thi leading cause of nontranmatic
amputations,
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FUNDAMENTALS OF PATHOLOGY

)

MEG of srwall vessels (arferioles) leads to hvaling artericdosclemsis {Fig- 15.13AL
L lovalverment of renal wrterbales keads ta tl:||:|:1'||:'r1.|.||::-:u:i|.'rmi\. :n.'sl.llri:ng e armall,
scarped kidmeys with a granular surcface (Fig. 15.138]),
i1, Preleremtbal involvement of effecent arteriales eads 1o glomeralap
by perfiftration injury with microaibuminuria that eventually progresses
to mephrodic symdnsmey chamcterized by Kimmelsaic-Wilson nodules in
glomeruli
3, ."n-i[".'!."ruF|1|:r|:||:5§!|_1|:-i|:| produces glr-.:q::-,'. |1-,-||:|.-e;vgi|.l|'.li.|1 {HBA, ), a matker of
ghecemic control
B, Osmothe damage
1. Glucose freely enters inta Schwann cells (which myelinate peripheral nerves),
pericytes of retinal blood vessels, and the lens.
2. Aldose redoctase comverts glucose to sarbitol, resulting in gsmotic damage,
3, Leads to peripheral nedropathy, impotence, blindmess, and cotaracts;: diahetes is
the leading covse of blindness in the developed world,

V. PANCREATIC ENDOCRIME MEDPLASMS
A, Turmors of islet cells; account for < 3% of pancreatic neoplasms,
L. Odten acompoasnt of MEN 1 along with parathyroid hyperplasiz and pitaitary
adenomas
B Insufinomas present as episodic hypoghveemia with mental status changes that are
rélieved by administration of ghweose.
| I Diagnosed by + serum glucose levels (usnally < 50 mgidLL T insulin, and T
Copeptlda
;. Gastrinenas present as treatment-resistant peptic uleers {Zollinger-Ellison
syndrome); wleers may be mltiple and can extend info the jepunum,
D, Somatostatinomag present as achiornadei (due to inhibition of gastrin and
chokelithiasls with steatarchea {dise to inhibitkn of chales :."11rr|-'.|:r|.|.|1:|.
E. VIPoreas secrene excessive vasoactive [ntestinal peptide leading to watery diarrleea,
hypokalemia, and achlorhydria.

ADREMNAL CORTEX

BASIC PRINCIPLES

A, Composed of three bvers that each secrete disting hormones
1. Glomeruloesa produces mineralocorticolds (o9, aldostepons)
2. Fasciculata produces ghacocorticuids {e.g., cortisol)
X Retlewlaris |.1|'v:a-du|;q:.- ek ateroids 12,80 testasteronel

Flg. 15.13 Complications of diaberes A, Hyalne amenaloscleness B, Glomeruloscieross



[ HY PERCORTISOLISM [CUSHING SYNDRON E)

A
B,

£,

Excess cortisol

Clinkcnl fzatures
I. Muscle weakness with thin extremitiecs—Cortizal bresks down musche for
gluconeogens sis,

2, Minon facies, butfalo hump, aod truncal obesity—High insulin (due o high
glucose) increases storage of fin

3, Abdominal stybae—due to lmpaired synthesis of collagen with thinning of skin

4, Hypertension

Calenporosts

B I ne suppression

[Hagnosis i made by increased 24-hour vrine cortisol levels.

Causes inelude

L. Exogenous corticostercids—leads to bilateral adrenal atrophys steroids suppress

ACTH secretion inegative feedback).

Primary adrena| adenoma, hyperplasia, or carcinoma—eads Lo atrophy of the

urinvoived adrenal gland

3, ACTH-secreting pituitary adenoma—leads to bilateral adrenal hyperplasia

4, Parancoplastic ACTH secretion [e.g.. small cell carcinoma of the langl—Ileads
bilateral adrenal hyperplasia

High-dose dexamethasone {cortisal analog) suppresses ACTH production by a

pituitaey adenarma (cortisal levels decrease), but Gails 1o suppress ectopis ACTH

production by & small cell lung earcinoma (eortisol levels remaiis high)

1=

(. HYPERALDOSTERONISM (CONN SYNDROME)

&, Excess oldosterone

B,

Presents as hypertension with hypernatremia, hypokalemia. and metabolic alkalosis
I Aldosterone increases sodinm absorption and secretion of potasstom and
hydrogen fons (distal tubules and collecting duct).

1, Increased absorpilon of sodium expands plasma volume leadiog to hypertension.

Primary hyperaldosteronism Is most commonly due to an adrenal adenoma;

sporadic adrenal hyperplasia and adrenal carcinoma are less common canses.

|. Characterized by high aldosterone and low réenin {high blood pressure
dovwnregulates renln vin negative fredback)

Sevondary hyperaldosteroniem 15 seen with activation of the renin-angistensin

system [e.g, fenovasiular hypertension or CHFJ

L. Characterlzed by high aldesterone amd high renin

IV, CONGENITAL ADRENAL HYPERPLASIA
A. Excess sex steroids with hyperplasia of buth adrenal glands

B.

Inherited 21-hvdrosorlase dehciency is the most common cause.

L. 21-hvdroxylase is required for the production of aldosterane dnd cortlcosterolds,

2. Inenzyme deficiency, sterobdogenesis is predominanthy shunted foward sex
steroid production (which docs not require 21-hydroxylase).

3 Deficiency of cortisel Teads o increased ACTH secretion [lack of negaiive
teedback), which results in bilateral advenal hyperplasa.

Clinical features Inclnde

1. Salt wasting with hypopatremia, hvperkalemia, and by povolemb due o lack of
aldosterone,

2. Life-threatening hypotensbisn dug i lack of cortised,

3. Chitoral endargement {Fernales] or precocious puberty [malbes) due by excess
androgens
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FUNDAMENTALS OF PATHOLOGY

L ADRENAL INSUFFICIENCY

A, Lack of adreml hormones

B Acute insufickency msy arise with Waterhowse-Friderichsen syndrome
. Characterized by hemorrhagic necrosis of the adrenal glands (Fig. 15,142

chassically due o DIC in young children with N memingiticlis infection
3, lack of cortisol exacerbates hypotension, ofien keading to death,

Z, Chronic insu H'i:il:nn;f.' {Addison disease) 5 dus o o reasive destiruction of the
adrenal glands.

. Commen canses include nrmimmuone destroction [mest conuvon couse in
the Westh, TB (most comumon cause in the developing workd), and metastatic
carcinoma fe.g,, arising from lungl

2. Clinical features include hypotension, hyponat remia, hy povolemia,
hyperkalemia, weakness, hyperpigmentation (increased ACTH ly-products
stimulate melanocytic production of pigment), vomiting, and diarrhea.

ADRENAL MEDULLA

BASIC PRINCIPLES

A Composed of newral crest-derived chromafhin cells

B, Main physiologic source of catecholamines (epinepheine and norepinephring]

PHEGMCHROMOCYTOMA

A, Tumor of chromafiin cells {Fig. 15.15)

B. Clinical featuresare due to incressed serum catechalamines,

I Episodic hypertension, headache, palpitations. tachyeardia, and sweating

. Diagnosed by increased serum métanephrines and incredsed 24-hoar urine
metanephrines and vanilivlmamdelic acld

D, Trearment s surghcal excision,

I Catechalaimines imoy leal inte the blsodssream apos manipoiation of the tumisr,

2, Phenoxybenzamibng (irreversihle o-hlocker) ls administered perioperatively to
prevent a hypertensive crisis,

E. Ofen follows the “rule of [0 10% bilsteral, 0% Gumilial, 10% maligmant, and 0%
lecated sutside of the adrenal medulla (eg., Madder wall or organ af Zuckerknndl at
tha inferior mesenterc artery root)

F Associared with MEN 24 and 2B, von Hippel-Lindau disease, and seurpfibromaosts

tvpe |

Flg. 15.34 Walerhouse- Fridesichuen wyndrome. Fig. 15.15 Pheochromocyboma, (Courtesy al
[Caurtesy of humpath.com) humpsitcomb



Breast Pathology

INTRODUCTION

BREAST

A

Modified sweat gland embrvologically derived from the skin
I, Breast tissee can develop amvwhers along the milk line, which runs from the
wxilla to the vulva (e.g., supernumesary nippies.

B. The terminal duct fobalar onit ig the fonctiona] unitof the breast (Fig. 16.1); lobules
make milk that drains via dwcts to the nipple.
C. Lobules nnd ducts are lned by twio layvers of epithelium,

L. Luminal cell laver—inner cell laver lining the ducts and loboles; responsible for
milks prostuction in the foboles

1, AMyoepithelial cell layer—outer cell laver lining ducts and lobules; contractile
function propels milk wwards the mipple,

[ Breast tigsue & hormone sensilive,

1. Boafaze _|.'l|.1|'||:rll.', male and female breast tissye '_[ﬂ'iTI,'I.a!'!,l.':.‘C-I1|'|.'I':'\-'|"- of ka rge ducts
under the mipple.

1. Development after menarche (3 primarily driven by estrogen and progesterones
Iobules and small duces form and are present Ln hlghest density in the upper
nuter gouadrant.

1, Breast tepderiess d.IJrLI:IH the menstrial -\'.':.-'-.'.||: %@ Cormmom |.'n1'.|1'|'l'|.1ir|!, r-.:p-.-u,:irll]:.
prLar 1o mensirualinn

4 During pregnancy, breedst lobules underge hyperplasia
L. Hyperplasia is driven by estrogen and progesterons produced by the corpus

lmtevm (eacly first trimester), fetus, and placenta ¢ later in pregnancy)

5. Afier FENUPALSE, hpeaad tissge |.|7|4‘|:-1'Ev|:.|c1. .|||'4,'rph:.'_

E. Galactorrhea refers to milk produciion cutside of lactation.

1. Itis not a symptom of breast cancer.

2. Caunses include nipple stimulation {common physiologic cause), prolactinoma of
the anterior pituitary (common pathologic cause), and drugs,

INFLAMMATORY CONDITIONS

ACUTE MASTITIS

A. Bacterial infection of the breast, uscally due to Staphyiococcus dures

B. Associated with breast-feeding; fissures develop in the nipple providing a route of
ntry for microbes

L. Presents as an érythematous brezstwith puridlent aipple discharge, may progress o
.:.l:s'u{.l:'\ih fl_lr| raidin

v Treatment involves continted drainage (2.g. feeding} and antibiotics €8

B

dicloxacillind

. PERTDUCTAL MASTITIS
i,

Infiarnmation of the subareolar ducts
Usually seen in smokers

pathoma.com




L. Relative vitamin A deficiency results in squamous metaplasia of lactiferous
ducts, praducing duct blockage and Inflaimmation,
. Clinically presents asa subareolar mass with nipple refraction

NL MAMMARY DUCT ECTASIA
A, Inflammation with dilation (ectasia) of the subareolar docts
L Barej classically artses in miiltiparoas pastmenopauisal womern
B. Presents asa periareolar mass with green-brown nipple discharge {intlammatory
dalarks)
L. Chronic inflammation with plasma cells is seen on biopsy.

IV, FAT NECROS1S
A. Mecrosls of hreast fat
B, Usually related 1o trauma; howéver, o kitstory of trauma may not always be evident,
C. Presents as & mass on physical exam or abnormal caleificarion on mammography
{due to saponification]
D). Biopsy shows necrotic fat with associated caleifications and giant cells,

BENIGN TUMORS AND FIBROCYSTIC CHANGES

I FIBROCYSTIC CHANGE

A. Development of Abrosis and cysts in the brenst

L. Most common change in the premenopaisal breast: thought 1o be hormone
rmediated

B. Presents as vague irregularity of the breast tissue lumpy breast’), usually ln the
upper outer quadrant

€, Cysts have a blue-dome appearance oh gross exam.

[t Benign. but same fibrocystic-related changes are associoted with an increased sk
for invasive carcinomas {Increased risk applies to both breasts)
1. Fibrosis, cysts. and apocrine metaplasia (Fig. 16.2—no increased risk
2. Ductal hyperplasia and sclerosing adenosis—2v increased risk
3. Atvpical hyperplasia—5x increased risk

[L INTRADUCTAL PAPILLOMA
A Papillary growth, usually inte a large duct
B, Characterized by ibrovascular projections lined by epithelial (luminal} and
mvoepithelial cells
€. Classically presenis ns bloody nipple discharge in a premenopausal waman
[, Must be distinguished from papillary carcinoma, which also presents ag bloody

nipple discharge

Flg. 16,1 Termina! cuc lebualar uni, Fig, 162 Floracystic Change siith apociirs Fig. 15,3 Florpadenoma.
metaplasia.



1. Papillary carcingma s characterized by fibrovascular projections lined by
epithelial cells withaus underlying myoepithelinl cells.
1. Risk of papillary carcinoma increases with age: thus, it is mare commonly seen

Lo Pﬂhﬂﬂi&llﬁpﬂuﬁ'&] WAL,

[IL FIBROADENDOMA

A Tumor of ibrous tizsue and glands (Fig, 16.3)

B. Most common benign neoplasm of the breast; usnally seen in premenopausal
Wilen

. Presents asa well-circumseribed, mobile marble-like mass

10, Estrogen sensitive—grows during pregnancy and may se pamnful during the
menstrual cvele

E. Benmign, with noincreased risk of carcinoma

IV, PHYLLODES TUMOR
A Eihropdenoma-like tumaor with m'l,-.;rsrl;uui.h of the fikroas COMTPI O 2a3E; characteristic
Heaf-like' projections are seen-on biopsy (Fig 16,43,
B. Most commonly seen in postmenopausal women
i, LCan be maligmant in some cases

BREAST CANCER

[. BASIC PRINCIPLES
A, Most common carclnoma I women by incidence (excluding skin cancer)
B. Ind most commen cause of cancer mortality in women
Lo Risk factorsare mostly velaned to estrogen exposure.
1. FPemale gender
1, Age—Cancer usually arlses in pestmenopausal women, with the notable
exception of hereditary breast cancer

3. Eacly menarche/late menopause
. Ohesity

4
5. Atypical hvperplasia
&, Firsi-degree relative {mother, sister, or daughter) with breast cancer

I DUCTAL CARCINOMA INSITU (DCIS)
Ay Mallgiant proliferation of cells in ducts with no invasdon of the basement membring
B. Ofen detected as calcification on mammography; DCIS docs not usually produce a
Inass.

1. Mammographic calcifications can ales beé ateaciated with benign conditions
such as fibrocystic changes (especially sclerosing adenosist and fat necrosis,

Fig. 16.4 Phyllodes tumes Flg. 16.5 Ducral cancingma bn sing, comedo Ty,
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2. Biapsy of salcifications ks often nesessary to distinguish between benign and
malignant conditions,

. Histologic subtypes ave based on architecture: comedo tvpe is characterized by
high-grade cells with necrosis and dystrophic calcification in the center ol ducts (Fig.
16.5).

D. Paget disease of the breast is DC1S that extends up the ducts to involbye the skin of
the nipple |Fig. 16.6).
|. Presents as nipple ulceration and ervehema

2. Paget disease of the breast is almiost always associated with an underkying
CATCINom.

1L INVASIVE DUCTAL CARCINOMA
A, lavasive carcinoma that classically forms duct-like structures
B Most common type of ipvasive carcinoma in the bréast, accounting for = 80% of
cases
C. Presents asn mass detected by physical exam or by mammography
L Clinically detected masses are wsgally 2 cm or greater,
2. Mammographlcally detected masses are usually 1 cm or gresten
3. Advanced tumors may result in dimpling of the skin or retraction of the nipple.
D Biopay wiually shows duct-Tike structores bn g desmoplastic stromag special subtypes
of Invasive ductzl carcinoma include
I Tubular carcinoma—characterized by well-differentiated tuboles that lack
myoepithelizl cells (Fig. 16.7A); relatively good prognosis
2. Mucinous carcnoma—characterized by carclnoma with abundant extrazellular
mucin ("tumer cells floating in a mucus poed’, Fig 1678

A

Fhg. 15.6 Paget disame of the nipple. &, Clirigal appearance. B, Micrapsopsc appaarance. (A, Caurtasy
of ferame Taxy, MDY

Fig. 16.7 Inwssive ductal carcingma. A, Tubular cacineena. B, Mucinoes carcinama.



b Tends to dsccor in older women (average ageis T vears)
il. Refatlvely good prognosis
3. Medullary carcinoma—characterized by large, high-grade cells growing in
sheets with associated lvmphocytes and plasma cells
L Grows as a well-cireumscribed mass that can mimic fibroadenomaon
mammaogeaphy
il. Relatively good prognosis
iii. Increased imcidence in BRCAL carciers
4. Inflammatory carcinoma—characterized by carcinoma in dermal lymphatics
(Flg. 16.8)
i Presents classically as an infamed, swollen breast (tumor cefls block druinage
of lymphatics) with no discrete mass: can be mistaken for acole mastitis
I Pooe progioss

IV, LOBULAR CARCINOMA IN SITU (LCIS)

A, Malignant proliferation of cells in lobules with na (nvasion of the basement

membrame

B LU does ot produce & mass or calcifeations and iswsually digeovered incidentally
on blopsy,
Characterized by dysoohesive cells lacking F-cadherin adhesion protein
. EMten multifiscal and bilateral
Treatment is tamoxifen (o reduce the risk of subsequent carcinoma) and close
follow-wrpy low risk of progression to invasive carclnoma

=

V. INVASIVE LOBULAR CARCINOMA
A, Tnvadlve carcinoma that characteristically grows in a gingle-file pattesn (Fig. 16.9);
cells may exhibit signet-ring morphologr,
L. Mo duct formation due to lack of E-cadherin.

VE PROGNOSTIC AND PREDICTIVE FACTORS
A, Prognosis in breast cancer iz based an THM staging,
L. Metastasis i the most émportant factor, but most patients present bebore
mtastasis OCCIrs
2. Spread to axillary lymph nodes is the most wseful prognostic factor (given that
melastagis is not commean at presentation’; sentinel lymph node blapey is used to
assess axiliary lymph nodes.
B. Predictive factors predict response to treatment,
L Most important fagtors are estrogen receptor {ER), progesterone receptor {PR),
and HER2Mneu geneamplifcation {overexpression) status,

b ey

lerarme Tazy, MO

Fig. 16.& inflamenatory carcinama, &, Microscopas appearance, B Clinical appearance, (B Courtasy of - Fig, 16,8 Invasive lobular carcinama,



2 Presence of ER and PR is associated with responss toontiestrogenic agents ey,
tamoxifeny; both receptors ane located in the nucleas (Fig. 160100

3. HERI/meu amplification is associated with response to trastueamab (Hencepting,
a designer antibody directed against the HERZ receptor; HER2/neu is a growth
factor recepror present on the cell surface (Fig, 16.11],

4. "Triple-negative’ tumors are negative for ER, PR, and HER2/nen and have a poaor
prognosis; African American women have an Increased propensity to develop
triple-negative carcinoma,

VIL HEREDITARY BREAST CANCER

A. Represents 10% of breast cancer cases

. Clinical features that suggest hereditary breast cancer include multiple first-degres
relatives with breast cancer, tumor at an early age (premenopausal), and multiple
tumaors in a single patient.

. BRCAT and E.E!.CAE‘ mutations are the most important single gene mutations
associated with hereditary breast cancer.

1. BROCAT nrutatbon is associated with breast and ovarian carcinoma,
2. BROCAZ ptation is associated with breast carcinoma in males.

[ Women with a genetic propensity to develop breast cancer may choose 1o undergo
rensoval of both breasts (bilateral mastectomy) to decrease the risk of developing
e Lo,

L. A small Figk for cancer femalng becanse breast tissue sometimes extends ino the
axilla or subcutanenus tissue of the chest wall

VIILMALE BREAST CANCER
A. Breast cancer i3 rare in mabes (represents- 1% of all breast cancers),
R. Usually presents as a subarealar mass in older males
I, Highest density of breast tiesie in makes i ondernsath the nipple.
2, May produce nipple discharge
. Most commaon histolopical subtype is invasive ductal carcinoma.
1. Lobular carcinoma is rare ithe male breast develops very tew lobules).
. Assoclated with BRCAZ mutations and Klinefelter syndrome

Fig. 16.10 Cutrogen receptar, Fig- 16,11 HERZ/new amplification,
immiunchisto:hemacal stain immurahistockemical stain,



DEVELOPMENTAL ANOMALIES

L. NEURAL TUBE DEFECTS
A. Arise from incomplete closure of the neural tube

1. Heur:.tpl:telm-ngln:ae: ﬂrl:p in gestation ko form the nearal tube, which runs
nlm:g the cranial-éaudal axis of the :rnl:r}m.

2. 'The wall of the neural tube forms central nervois sysiem tissue, the holbew
lumien forma the ventricles and spinal cord canal, and the nevral crest forms the
peripheral mervous system,

B. Associaed with low folate levels prior to conception

C. Detected during prenafal care by edevated alpha-fetoprotein (AFP) levels in the
ammnlatc flud and maternal biood

[ Anencephaly is absence of the skull and brain (disruption of the cranial end of the
meural tubeh

1. Leads o frog-like” sppearance of the fetus (Fig. 17.1)

2. Resualts in maternal polyhydramnios since fetal swallowing of amniotic fiuid is
impn.imd

E. Spina bifida i failure of the posterior vertebral arch 1o close, resulting in a vertebral
defect (disruption of the caudalend of the newral tibe),

I, Spina bifida occulia presents as a dimple or petch of hair overlying the vertebral
defect.

I, Spina bifida presents with cystic protrusion of the undertying tissue throsgh the
vertebral defect.

i.  Meningocele—protrusion of meninges
il. Meningomyelocele—protrusion of meninges and spinal cord

[ CEREBRAL AQUEDUCT STEMOSIS
A, Congenital stenoais of the channel that draing cerehrospinal fluld (CSF) fram the 3ed
ventriche st the 4tls ventricle '
B. Leads io accumulation of C5F in the ventricular space; most common cause of
lydrocephalus (n newboms
I. C5F is produced by the chorold plexiis linlng fhe venirlches:
2, Flows from the lateral veniricles into the 3rd venrricke via the interventricular
feramen of Monro
3. Flows from the ¥rd ventricle into the 4th ventricle via the cerebral agueduct
4. Flows from the 4th ventricle into the subarachnoid space via the foramima of
Magendic and Luschka
. Presents with enlarging head circumference due to dilation of the ventricles (crandal
suture lines are not fused)

M DANDY-WALKER MALFORMATION
A, Congenital failure of the cerebellar vermis to develop
B. Prescnts as a massively dilated 4th veatriche (posterior fasa) with an abagist

cerebellum {Fig, 17.2); often accomgranted by hydiocephalos




IV, ARNOLD-CHIARI MALFORMATION (TYPEIT)
A t:nnu,ennal exlengion of cerebellar tongils 'I|'|r|1ug|1. the fnramen MARMEm
B, Obstruction of C5F flow can result in hydrocephalus,
£, Moy occur in association with meningomyvelocele and syringomyelia

SPINAL CORD LESIONS

L SYRIMNGOMYELIA
A, Cystic degeneration of the spinal cord
B, Arises with trauma or in association with an Arnold-Chiari malformation
. Usually occurs at C8-T1
I. Presenis as sensory boas of pain and temperature with sparing of fing touch
and position senses in ihe upper extremities Coape like” distribution)—=due 1o
| involvement of the anterior white commissure of the spinothalamic tract with
sparing of the dorsal column (Table 17.1)
I Syrinx expansion results in involvement of other spinal tracts leading to
| . Muscle atrophy and weakness with decreased muscle tone and impaired
reflexes—due 1o damage o lower modor nenrons of the anterior horn
1. Horner syndrome with ptasis (droopy evelid), miosis [constricted pupil), and
anhidross (decreased sweating)—due 1o disruption of the lateral horn of the
hypothalamospinal tract [ Table 171}

II, POLIOMYELITIS
A Damage to the anterior motor horn dee (o pollovirus infection
B Presents with lower motor neuron signs—flaccid paralysis with muscle atrophy,
fasciculations, weakness with decreased muscle tone, impaired reflexes, and negative
Babinski sign {downgoing tocs}

i1l WERDNIG-HOFFMAN DISEASE
A, Inherited depeneration of the anterior motor horn; autosomal recessive
B. Presents as a "Hoppy baby;” death occurs within o few vears after Birth,

V. AMYOTROPHIC LATERAL SCLEROSIS {ALS}
A, Degenerative disorder of upper and lower molor newrons of the corticospinal tract
[Table 17.1)
I, Anterior motor horn degeneration leadds to lower motor newnon signs—laccid
pa r:.l'!.'s:in. with mugele almphl.'. fasciculations, weaknezs with decreased muascie
tonie, impalred reflexes, and negative Babinski sign,

Fig. 171 Angncephaly, (Courtesy af humpath Fig., 17.2 Dandy-Walker mefomatiaon, MEL Fig. 17.3 Bacterial meningttis, gross appearance.

camil

(Conirbesy of Rabert Heng, WMD)
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Labtera I waartici |'h|.'||.|'|iL| Lraick IJR:'I::,E'I [ A4 Lt'.ﬂl'lﬁ Lo LI.]"I."L'I' INEHET THELLTLOm bigll!l =
spastic paralvais with hyperreflexia, increased miscle tone, and posiive Babinski
sign, [
B, Atrophy and weakness of hands is an early sign. |
l. Lack of sensory impaicment distinguishes ALS from syvringomvelia.
.. Muost cases are sporadic arising in middle age sdulis.
I, Finc-copper superoxide dismtase motation (SO0 is present in some familial
cases; beads to fres radical infury in newrons

V., FRIEDREICH ATAXIA
A, Degenerative disorder aof the cerebellum and spinal cond

I Degeperation of the cerebellum leads to ataxia.

1. Dwgeneration of multiphe spinal cord tracts leads to loss of vibratory sense and
propricception, muscle weakness in the lower extremitics, and loss of deep
tendon reflexes,

B, Autosormal recessive: due to-expansion of an unstable trinucleotide repeat (GAAY D
the frataxin gene

L. Pralsxinis essential for mitochondrial bron regulatbon; loss results in lfon
buildup with free radical damage.

. Prescobs inoeardy childhood; patients are wheelchair bownd within a few years,
D. Assoctabed with hypertrophic cardiomyopathy

MENINGITIS
I. BASIC PRINCIPLES

A, Inflammation of the feptomeninges (Fig. 17,3

I, Meninges coansist of three lavers (dora, arachoaid, and pe) that He between the

brabn and the skull

il

Table 17.7: Spinael Cord Tracts

I'EAL

FIRST QORDER NEURON

Pa and arachneid ll.'-t:elh-.:r are termed 1z Plun:u:ninEus.

SECCEMI-THETDER ™ ELTRON

FEERIRI-CRELIER W ELTREIM

Sphnaihalomly {pain and
At P n_unul‘nrm'l

[orsal colamn-med kal
lemniscus |pressure,
touch, vibeatkon, and

propriocepiian)

Lateral corticospinal
Prabunlary movement)

Hy vt halamagespi sl
{spmpatbetic inpat of the
facel

Peripleral nerves to posberior
horn) cell body & in dorsal roaot
gapling

Peripheral nerves

(o medulla viadosaal colums
el bodly dsin dovsal roce
ginplion

Prramiilal newroxs in

cortex descend, cross over

im medullary pyranids, and
ayaapse o (i dnlerise msoer
harn of the cond (upper masor
negiTom ).

Aiisa Tt the ||.: |'||.E'h.|.||:'|u.|:7|
4.||.,| -.:r:lupin.'a o the fateral
harn al 11

Arised from posterior

hom. immediately crosses
over in anterer while
commigsnre, and ascends via
the spinothalamic frad o
thalamies

Ariges (rom medulla, crosees
ower, and ascemls via the
medial lernfisces to thalamus

Arises from the anterisr msior
horn e synagees s misscle
{lower s biar ive ro)

Arises from lateral horn at T1
and synapses on the superior
cervleal gangllon [symipaihetic)

Thalammis v Lortex

Thalumus o aorex

Superior cervical ganglion 1o
eyelude, pupdl, and skin of face




B, Maost commonly due tooan infectimes agen
1 Gmnp n streptococci, E cofi, and [iterin TR R R TR [mecnalee]
2. M mewingitidis {children and teenagers), Streplococous pmeumonize (ndults and
elderlyl and H fnflaenga fnonvaccinated infangs]
A Coxssckievins (children: fecal:oml transmisson)
4. Fungi (immunocompromised individuals)
L, Presents with classic triad of headache. nuchal rigidity, and fever; photophobida,
vomiting, and altered mental status may also be present.
D. Diagnosis is made by lumbar puncture {sampling of C5F}.
. Performed by placing a needle between 14 and L5 (level of the iliac crest). Spinal
cord ends at L2, but subarachnedd space and cauds equina continue to 52
2, Lavers crossed inciude skin, ligaments, epidural space, dura, and arachnoid,
E. CSFfindings
| Bacterial meningitis—neutrophils swith « C5F glhicose; gram stain and culture
aften identify the cousative organism.
2, Viral meningitis—hmphocytes with normal C5F glucose
3. Fungal meningltis-—hymphocytes with 4 CSF ghucose
F. Complisations are usually seen with bacierial meningitis
1. Death=herniation secondary o cerebral edema
2. Hydrocephalus, hearing loss, and seizures—sequelae related 1o fibrosis

CEREBROVASCULAR DISEASE

BASIC FRINCIFLES
A, Nenmlogic deficit doe 1o cerebronvascular compromise: major cause of morhid ity and
mrtal:ii'!.'
B, Due to ischemia (85% of casesh or hemorrhape {15% of cases)
l. Meurons are dependent on serum glucose as an essentinl encrgy source and dre
particulary susceptible to ischemia (undergo necrosis within 3-5 minutes).

GLOBAL CEREBREAL ISCHEMIA
A, Global ischemia to the brain
B. Major etinlogies
1. Low perfusion (e.g. atherosclerosis)
2. Acute decrease in blood flow (e.g. cardiogenicshock)
3. Cheanic hypootia (eg., ansmia)
4. I'r'l.epf.'lled epimdu:&.l’h}'[mg'lfczmh |:E.E,.. imsu linermal
. Clinieal feariires aes based on duratos and magnitude of the insule
L Mild global ischemia resulis in transient confusion with prompt recovery:

Fig. 17.4 Pale infan, contesy, [ourtasy of Robert  Fiig. 17,5 Lacuras infancts. (Couresy of Rabert
Wipliare, MDY Wadlreanm. MDY



2. Sewvere global ischemia results in diffuse necroshs; survival leads to a ‘vegetative
skale,

3 Moderate global ischemia leads to infarcts in watershed areas {e.g., arca lying
between regions fed by the anterior and middle cerebral artery) and damage to
highby vulnerable regions such as
L Pyramidal neurons of the cerebral coriex (layers 3, 5, and 6)—leads to
laminar necrosis

il. Pyramidal neurons of the hippocampus (remporal lobe)—impartant in bong-
T Memory

ik Purkinije layer of the cerebellum —integrates sensory perception with motor
eiatril

L ISCHEMIC STROKE
A Reglomal lechemia o the brain that results in focal neurolagic deficits lasting = 24
hovars
1o I symptoms kst < 24 hours, the event is termed a transient schemic artack
(TI1A)
B Subtypes inclods thrombotic, embalic, and laconar sirokes.
1. Thrombotic stroke is due to rupture of an stheroscleratic plague.
L Atherosdernsis usually develops ot branch points {e.g. Bfurcation of internal
carotid and middle cerebral artery in the cirche of Willis),
il. Results in a pale infarct at the periphery of the cortex (Fig. 17.4)
2. Embodic stroke s due to thromboemboli,
i, Most commaon source of emboli is the leh side of the heart fe.g., atrial
fibrillation}
i, Usually mvolves the middle cerebreal artery
iii. Results ina hemorrhagic infarct at the periphery of the coriex
& Lacunar stroke ocours secondary to hyaline arteriohosclerosis; a complication of
hypertension.
i Most commonly involves lenticulostriate vessels, resulting in small cystic
areas of infarcton (Fig. 17.5)
il Imvolvement of the internal capsole leads (o a pure mator stroke,
i Irorolverment of the thalamus leads ioa pure sensory stroke.
C. Ischemic stroke reqalts in lquefactive necrosis.
I. Eosinophilic change in the cytoplasm of neurons {red nearons, Fig 17.6A} isan
early microscopic finding {12 howrs after infarction).
2 Coagulative necrosis (24 hours), infiliration by newtrophils {days 1-3jand
miceoglial cells (days 4-7), and granolation tieswe (weeks 2-3) then ensue.
3 Resultsin formation of 1 fluid-filled cyetic space surrounded by glinsis (Fig.
[eB)

Flg. 176 Brain infanct A, Fed neurans. B Cpst lanmation. (Courtssy of Medert Wallmare, MDY




IV, INTRACEREBRAL HEMORRHAGE

A. Bleeding into brain parenchyma

B. Classically due to rupture of Charcot- Bouchard microaneurysms of the
lerticubostiriate vessels

W

I.

L Complication of hyperiengion; trestment of hypertension reduces incidence by
half.
g

2. Basal ganglin is the most common site (Fig. 17.7L
i Presents as severe headaches, mausea, vomiting, and eveniual coma

SUBARACHNOID HEMORRHAGE
A Bleeding into the subarachmoid space (Fig 17.4)
B. Presents as o sudden headache ("worst headache of my life”) with nuchal rigidiey
o Lumbar puncture shows xanthochromia (yellow hue due to bilirubin breakdown).
I, Most frequently (B3%) due to rupture of o becry aneurvsm; other causes include AY
mikiformationg and an anticeagulated state.
1. Berry aneurysms are thin-walled sacoular notpoochings that Fack a media layer
[Fig 17.0%, increasing the rigk for rupiurs
Maost Frequenthy locsted in the anterior circle of Willis at branch polnts of the

Fd

amber s cormmi n:il:a.ti.nE artery

3 Associated with Marfan syndrome and autosomal dominant polycystic kidney
disease

TRAUMA

EPIDURAL HEMATOMA

A, Collection of bleod between the durn and the skull

B. Classically due to fracture of the temporal bane with rupture of the middle
meningeal artery; bleeding separates the durs from the skull.
1. Lens-shaped lesion on CT
I, Lucid interval may precede neurolagic signs,

€. Herniation is a lethal complication.

SUBDURAL HEMATOMA
A, Collectbon of blood wnderncath the durm; blood covers the surface of the bealn {Flg
i L

B. Due tovearing of bridging veins that lie between the dura and arachnoid; osually
arizes with frauma

L. Crescent-shaped lesion on CT
2 Presents with progressive neurolopic signs

Fig. 127 intracerehral hemorrhage; basal Fig. 17.8 Subarichrgid hemorrhage. [Cowrte sy of
garglia. ICeartesy of Robert Walmarin MO leroime Taxy, MM



1 Increased rate of occurrence in :I'rl:‘eld-:'.rif.-'du.,' f ngn:--:u:'IJ.lm.{ cerehral 3'[1“3'15""!"-
which stretches the weins
L Hermiation isa kthal complication,

[ HERMIATION
A, Displacement of brain fissue due to mass effect or increased Intracrantal pressure
B. Tonsillar herniation iovolves displacement of the cerebellar tonsls tndo the foramen
Mg,
. Compression of the brain stem leads to cardiopal mona ey arrest.
C. Subbaleine herniation imeolves dizplacement af the angulate gyrus under the falx
cerchbri,
. Compression of the anterior cerebral artery leads to infarction,
[3, Uncal hernibatbon Involves displacerment of the temporal bobe ancus urder the
tentorium cerebelll
. Compression of cranial nerve 1T fpculomator) leads to the eve moving “down
and out™ and & dilated pupil,
Compression of posterior cerebral artery keads to infarction of occipital lobe
[contralateral homonymous hemianopsial,
Rupture of the paramedian artery leads to Duret (brainstem) hemarrhage

L

[

DEMYELINATING DISORDERS
L. BASIC PRINCIPLES

A Myelin insulates axons, improving the speed and efficiency of conduction.
I Higadendrocyles myelinate the central nervous system,
2, Schwanncells myelinate the peripheral nervous system.

B. Demvelinating disorders are characterized by destruction of myelin or

oligodendrocyies: axons are generally preserved.

I, LEUKODYSTROPHIES

A, Inherited mutstions in enzymes necessary jor production or malntenance of myvelin

B, Metachromatlc keukodystrophy is due to a deficiency of arylsulfatase (autosomal
recessbvel most common lewkodystrophy
. Myelin cannot be degraded and accumuolates in the ysasomes of

oligndendrocytes {lysasomal storage disease).

C. Krabbe disease is due to o deficiency of gatactocerebroside fi-galactosidase
[autosomal recessive),
L. Galactocerebroside accumulates in macrophages,

0. Adrenoleakodystrophy 15 duoe o impaired addithon of coenzyme A to long-chaln
Fatty acids (X-linked defect),

Flg, 178 Berry ansurysm (Courtesy of JBrame Flg. 17,10 Subdural Bemanenma iCourtesy al Flg. 1391 Geary plague; multipie sclemsis
Lamy, ML Rebert Winllmane, KD [Cautesy of Pamr Pytel, MY




L Accumulation of fatty acids damages sdrenal glands and white matter of the
brain.

L MULTTPLE SCLEROSIS
A Autoimmupe destruction of CNS myelin and olipedendrocytes
L. Most common chronic CNS disease of young adults (20-30 years of agek more
cammonly #en in wornen
2. Assocuated with HLA-DVRZ
3, Mlore commonly seén ia regions away from the equator
B. Presents with relapsing neurologic deficits with periods of remission (multiple
Iesions in time and space). Clinical features inchide

Blurred vision in ane eye (optic nerve)

Wertigo and scaning speech mimicking alcohol intoxication (bralnsiem)

Internuclear ophthalmoplegia (medial longitudinal fascicolus)

Hemiparesis oF unilateral Joss of sensation {(cerebral white matter, psually

periventricular)

5 Lower extremity [oss of sensation or weakness (spinal cord)
€. Bowel, bladder, and sexual dysfunction {autonomic nervouws system)

€. Diagnosis is made by MRI and lombar puncture.

I MRI reveals plagues {fareasof white matter demyeiination),

1 Lumbar puncture shows increased rmphocytes, increased immunoglobolins
with alignclonal 1gG hands on high resolution eléctrophoresis, and myelin basic
i:lrnl::in..

Gross examination shows gray-appeariog plaques in the white matter (Fig. 17111

Treatment of acute attacks includes high-dose steroids.

L Long-term trestment with interferon beta sbows progression of disesse.

R N

A

IV, SUBACUTE SCLEROSING PANENCEPHALITIS
A. Progressive, debilitating encephalitis leading to death
B. Due toslewly progressing, persistent infection of the brain by measles virus.
1. Infection occurs in infancy: neurologic signs arise vears later iduring childhood),
C. Characterized by viral inclusions within neurons (gray matter) and
oligoedendrocytes (white matier)

V. PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY
A JO wvirns infection of cligedendrocyies (white matter)
I Immunosuppression (e.g. ALDS or lkeukemia) leads 1o reactivation of the latent
virus.

B, Presents with rapidly progressive neurologic signs {visual loss, weakness, dementia)
leading o death

VL CENTRAL PONTINE MYELINOLYSIS
A, Focal demyelination of the pons {anterior brain stem)
B Due to rapid intravenots coreection of hy ponatrémia
I Occurs in severely malnourished patients (e.g.. alcobolics and patients with Hver
disease)
€. Classically presents as acwte bilateral parabysis {"locked in" syndrome)

DEMENTIA AND DEGENERATIVE DISORDERS

[ BASIC PRINCIPLES
A, Characterized by Iose of neurons within the gray matter; often due to gecumull ey
of protein which damages neurons




B. Deprneration of the cortex leads to dementia.
C.. Degeneration of the brainstem and basal ganglia leads to movernent dizorders.

Il ALZHEIMER DISEASE (AD)
A. Degenerutive disease of cortex; most common cause of dementin
B. Clinical [eatures
L Slow-onsel memory boss (begins with short-term memaory loss and progresses to
kg term memory loss) and progressive disorientation
Loss of learmed motor skills and languags
Changes in behavios and personafity
Patients become mute and bedridden: infection is a common cause of death.
Focal neurnlogic deficits are nol seen in early dicease.
C. Most coses (95%) are sporadic and seen in the elderly.
L Risk Increases with age {doubles every 5 vears after the age of 60).
2. &4 allele ofapalipoprotein E (APOE) b associated with increased risk, £2 allele
with decreased risk.
[r. Eardy-onset AD isseen in
1. Familial cases—gssociated with presenilin | and presenilin 2 mutations
L Down syndrome—commonly occurs by 40 vesres of age
E. Morphologic features include
L. Cerebral atrophy with narrowing of the gyri, widening of the sulci, and dilation

of the ventricles (Fig. 17.124)

2. Mewritic plaques—extracellular core comprised of AP amyloid with entangled
meuritic processes (Fig. [712X8)

L Af amyloid i derived from amylaid precursor protein (APP), which 1s coded
on chromosomie 21 APP normally undergoes alpha cleavage; beta deavaye
resulis in AP umyloid.

i, Amyloid may also deposic around vessels, increasing the risk of hemorrhage,

5, Neurofibrillary tangles—intracellular aggregates of fibers composed of

hyperphosphorylated tau protein {Fig 17120)

£ Taw is a microtubule-associited protein.

4. Loss of cholinergse peurons in the nudeus basalis of Mevnert

F. DHagnosks is mede by elinical and pathological correlation.
L. Presumptive diagnosis is made clinically after excluding other causes,
L. Conlirmed by histology at astepey (when possible)

ok

T VASCULAR DEMENTIA
A, Multifocal infarction and injury due to hypertenston, atherosclerosis, or vasculitis
I ind mest common cavse of dementin

Fig: 1012 Alzheimer diwase, A, Cerebral stroabn: B, Mewitic plaque € Neurofibellary tangle (4, Coimesy of eroeme Taon MO0 B 2nd ©, Courtesy of
Peter Pytel, MO




IV. FICK DISEASE
A, Degenerative disease of the frontal and temporal corvex: spares the parietal and
occlpital lobes
B. Characterized by round aggregates of tau protein (Pick bodies) n newrons af the
cortex
. Behavioral and language symptoms arise early; eventually progresses to dementia

V. PARKINSON DISEASE
A, Degenerative loas of dopaminergic nearons in the substantia nigra of the basal
ganglin (Fig. 17.13A.8)
1. Migrostriatal pathway of basal ganglia uses dopamine to inillate movement.
B, Common disorder related 1o n.ﬂ]:r!ﬁ; seen in 2% of alder adulis
€. Unknown etiodogy; historically, rare cases were related 1o MPTP exposure (o
contaminant in ilici drugs),
D, Clinical features ("TRAP)
L. Tremor—pill rolling tremor at rest; disappears with movement
2, Rigiditv—cogwheel rigidity in the exiremities
3 Akinesia/bradyvkinesia—slowing of voluntary mm*emﬂn;expms:sduﬂuﬁ face
4. Postural instability and shuffling gait
E. Histology reveals loss of pigmented neurons in the substantia nigrs and round,
eosinophilic inclusions of a-synoaclein {Lewy bodies, Fig, 17130 in affected newrons.
F. Dementia is 3 common leabure of late disease,
I, Early-onset dementia iz suggestive of Lewy body dementia, which is
characterized by dementia, hallscinations and parkinsanian featires; histology
reveals cortical Lewy bodies

VI HUNTINGTON DISEASE

A, Degeneration of GABAergic neuronsin the caudate nuclous of the basal ganglia (Fig:
1714}
1. Autosemal dominant disorder (chromosome 4) characterized by expanded

trinucleotbde repeats (CAG) in the huntingtin gene

2. Further expansion of repeats during spermatogenesis leads to anticipation.

B. Presents with chorea that can progress to dementia and depression; average age ot
presentation is 40 years:

C., Sulcide s o common cause of death.

VIL NOEMAL PRESSURE HYDROCEFHALUS
A, Increased CSF resulibng In dilated ventricles
B, Cancauge dementia in adulis; nsually idiopathic

Fig. 1713 Paekinson divease. &, Loss of pigmented newnons in substanta nigra. B Normal substantia nigra loe comparison. C, Lewy body, (A and B,
Caurtasy of Raber Wallmene, MD)




D

Presents as triad of urina ri Incontinrence, galt instability, and dementia {"wet,
wabbly, and wacky”)
Lumbar puncture improves sympioms; treatment is ventriculoperitoneal shunting.

VIILSPONGIFORM ENCEPHALOPATHY
A ['l'ﬂgtnrmti\': disease due to Frinn |:|1'n-1r:in

Fig. 1714 Hantingtan disskie. A, Degenerstion of caucats nuckeus. B Marmal cacdate niacles for Fig. 17.15 Spengifom encephalopathy. (Courtesy

comparian [Couresy of Pater Pytel, MO

L. Pricn protein is sosmally exprssed in CNS newrons in ana-helical
cendiguration [Prie)

IMsease arises with conversion fooa B-plested conformaton {Prif).

. Conversion can be sporadic, inherited (familial forms of diseasel, or transmitted.

. Pathalogic protein is not degradabie and comverts normal prodein inte the pathatogic
Form, resulting in & vickous cycle.
1. Damage to nearons and glial cells is characterized by intracellular vacuoles
spongy degeneration, Fig 17.15)
13 Creutrfelds-lakob disease (C]D) is the most common spengiform encephalopathy.
I, Usually sporadic ravely can arise due to exposure to prion-infected human
tissue {egs human growth hormone or corneal transplane)
2. Presents asrapidly progressive dementia associated with amaxia {cerebellas
involvement) and startle moyeclonus
i. Epike-wave complexes are seenon BEG.
ii, HResuoltsindesth, wsueally I 1 year
3. Varient CJD s a special form of disease that is related to exposure to bovine
spongiform encephalopathy ('mad cow’)
E. Famublial fatal ingamnia iz in inharited foem of i dizeaze characterized hq,r e
thsomsng and an euﬂﬁﬂcrﬂb:l slu;rtln.- FESpDIEe.
CNS TUMORS
I. BASIC PRINCIPLES
Ay Can be metastatic {50%] or primary [50%)
B, Metostatic tumors charncteristically present as multiple, well-circomscribed kesions
at the grav-white junction.
1. Lung, breast, and kidney are commaon sources.
. Primary tumors are classified according to ool type af origin te.g. astrocytes,
meningothelial colls ependvymal cells, aligadendrocyies, or nenraectoderm),
B, Inadults primary tumers are wsally supratentorial,
1, Most commoen tumoees [n adolis are ghcblastoma multiberme, menlngiomas, snd
schivwannoma.
E. Im¢hildren, primary bumors ate usually infratentorial,

ioff Perteer Pytel, MADH



L. Most common tumors in children are pilocytic astrocyioma, ependymoma, and
mechalloblastoma,
F. Primary malignant CNS tumors are locally destroctive, but rarely metastasize

IL GLIOBLASTOMA MULTTFORME (GRM)

A, Malignant, high-grade tumor of astrocyites

B, Mot common primary malignant CNS tumorin aduolts

G Usually arises in the corcbral hemisphere; characteristically crosses the corpus
cabloswm (Cbutterdly” lesion, Fig 17.16A)

0. Characterized by regions of necrosis surrounded by tumor cells (pseudopalisading,
Fig. 17168} -and endothelial cell proliferation; tumor celis are GEAP positive,

E, Poor prognosis

I MENINGIOMA
A, Benign tumor of arachnoid cells
B Maost commeon bemign CNS tumoar in adulis
L More commanly seen in womers rare in children
. May present a5 sebauros; tumor compresses, but dogs not invads, the cartex
. Imaging reveals a round mass attached tothe durs,
E. Histology shows a whorled pattern (Fig. 1717} psammoma hodies may be present.

IV, SCHYWANNOMA
A, Benign tumor of Schwann cells
B. Invobves crantal or spinal nerves; within the cranium, most frequently involves
cranial nerve VIIT at the cerebel lopontine angle (presents as loss of hearing and
tinnitos)
C. Tumorcellsare $-100 positive.
0L Bilatecal temors dre seen in neurofibromatoss type 2

V. QLIGODENDROGLIOM A
A Malignont tumor of sligedendrocyies
B Imaging reveals 2 caleified tumaor in the white matter, tsually imvolving the frantal
Inbe: may present with seizures
C. ‘Fried-egg’ spprarance of cells on biopsy (Fig. 17.1&)

W1 PILOCYTIC ASTROCYTOMA
A, Benign tumor of astrocytes
B, Mostcommaon CNS tomor in chuldren; wesaliy arises in the cerebellurm
L. Imaging reveals o cystic lesion with'a mural nodule (Fig. 17.19A).

Fig. 1716 Glichlattoma multiferme. & ‘Rutteely lasion, B, Prrodanalisading, (Courfesy of Peter
Py, MO




I3 Biapsy shows Rosenthal Gbers (thick sosinophilic processes of astrocyies. Fig
17198} and sosinophilic granular bodies; tumor cells are GEAP positive,

VIL MEDULLOBLASTOMS
A Malignant tiwmor derived Mmom the granular cells of the cercbelfum (neonoectedorm)
B. Usually ariscs in children
. Histology reveals small, round blue cells; Homer-Wright roseties may be present.
I Poor propgnosis; tumor grows rapidly and spreads vla C5E
L Metastasis to the caoda equina I5termed 'drop metastagis’

VIILEPENDYMOMA
A .H.:.liEn:ln!I lumor uFepen.:l':."mnl calla 1.1=|:I]H!|' eoom i children
B. Mozt conmmionly arises in the dth ventricle may present with h].hd]'m:-tphn.l.ur.
G, Periviscular psrudorosettes are a characteristic finding on biopsy {Fig. 17.20}.

IX. CRANIOPFHARY NGIOMA
A Tamor that arises from epithelinl remmants of Rathke’s pouch
B. Presents os a supratentorial mass in a child or young adult; may compress the optic
chiasm beading o bitemporal hemianopsia
. Calcifications are commonly seen on imaging (derived from “tooth-Hke” fissue).
v Benigo, but tends to recur after resection

Fig. 1297 Mennglama. Fig. 17.18 Ohgodendreghonw. {Cowteyr of Pear
Pyrel. 01

Flg. 1700 PRacytic antrsytania. A Oy e pien with musabnadile, B, Rossnthal Ales, (8 Courtery  Fig. 1720 Epandymima,
of Feter Pytal, M



SKELETAL SYSTEM

[, ACHONDROPLASIA

A, Imipaired cartilage prolilferaton in the growth plate; comemon couseof dwarfism

B, Due to an activating mutstion in fbroblast growth factor receptor 3 (FGER3)
autsomal dominant
[. Cherexpressionof FEFRI inhibits growth;
2. Most mutations are sporadic and related to increased paternal age.

L. Clinical features
L Ehort extremitics with novmal-zized head and chest—due to poor endochondral

bone formation: intramembrancus bone formmation i ot afzcted.

. Endochondral bone formation Is characterized by ormation of a cariklage
macTix, which is then replaced by bame; 15 is the mechantam by which long
Bones grow.

ii. Intramermbramous béne forrnation i characteeized by formation of bone
witherat 2 preexisting cartibage matrix; it 45 the mechanism by which flat
bones {e.g., shull and rib cage) develop,

Dy Mental function, ik span. and fertility are not atfecied;

II. OSTEOGENESIS IMPERFECTA
A Cﬂns&rﬁla] defect of bone mq:-rpti«lm rl::uJ.]l:in!;'in 5l::|'|.1.|:I:|.1.rl|:'|.1l,rw=:|‘|ti:-|m:-
B, Most commonly due to-an astosomal dominant defect in collagen type T synthesis
., Clinical features
1. Mulbtiple fractures of bone {can mumic child abuse, but bruising is absent]
2, Wz sclera—Thinning of scieral collegen reveals undedyving choreddal veins,
3. Hearing loss—Hones of the middle ear easily fracture,

[11. QSTEQPETROSIS
A Imherited defect of bone resorption resulting in abnormally thick, beavy bone that
fractores easily
E. Dueto poor osteoclast function
C, Multiple genetic vartants extst; carbonicanhydrsse 1T mutation leads to loss of the
asidic microenvironmment required for bene resorption,
D, Clinical features include
L. Bone fractures
2, Anemia, thrombocytopenia, and leukopenia with extramedullary
bematopoizsis—due tn bany replacement of the marrow imyelophthisic process,
Fig 18.1)
3. Visionand hearing impairment—due to impingement on cranial nerves
4, Hydrocephelos—due to narrowing of the foramen magnum
5. Henal ubular acidosis—seen with carboenic anhydrase 11 rautation
L Lackof carbonle anlwdrsge sesulbs dee decreated tuhubsr reabeorptbon of
HCO,, keading to metabolic acidosis.
E. Treatmentisbone marrow trandplant osteoclasts are devived from monocybés:




IV, RICKETS/OSTEOMALACIA

A Prefective mineralization of osteoid
| L Osteohlasts normally produce netenid, which is then mineralized with calelum
| und phesphate to form hane,
B, Due to low levels of vitamin D which results in bow serum caichum and phosphate
L Vilamin [ is normally dertved from the skin upon exposure o sunlighs (85%)
o from the diet (15%).
Z, Activation regquires 25:hydroxyvlation by the liver followed by 1-alpha-
hydrooeylation by the prosimal tubule cells of the kidney.
3. Active vitarnin [} raises sérum calcium and phosphate byacting on
i, Intestine—increases absorption of calcium and phosphate
ii. Kidney—increases reabsorption of calcium and phosphare
fii: Bone—increases resorption of calcium and phosphate
4, Vitamin [J deficiency is seen with decreased sun expospre {eg., northern
Latitudos), paor dist, malabsorption, liver failure; and renal fiflure,
. Rickets is due fo low vitamin D in children, resulting in abnormal bose
mineralizatlon,
I Most commonly arises in children < | year of age; prescnts with
i, Figeon-breast deformity—inward bending of the ribs with anrersor
profrusion of the stermum
ii. Fromtal boessing (enlarged forehead)—doe to asteoid depesition on the skall
iil. Rachitic msary—due to osteoid deposition at the costochondral function
iv. Bowing of the legs may be seen in ambalating children.
D. Osteomatacia is due to low vitamin D inadufts
I, Inadequate mineralization results in weak bons with anincreasad risk for
fracturs,
2. Laboratory Andings include L serum caleium, 4 seram phosphate, TPTH, and' T
alkaling phosphatass.

V. OSTEOPOROSLS
A. Fedoction in trabecular bone moss
B. Reswuits in porows bone with an gicreased risk for fractoure
€. Risk of osteoporosls is based on peak bone mass fattained in early adulthood) and
rate of bone loss that follows thereafier
L. Peak bone mass is achieved by 30 vears of age and is based on (1) genetics (e,
witamin Direceptar varianish (15 diet and 3) exercise.
Thereafter, slightly less than 1% of bone mass 2 lost sach year; bone mass it lost
maore quickly with lack of weight-bearing exercise fe.g., space travel ), poor dies,
of decrensed estrogen (o8, menopase)
[, Melost common forms of osteoporosis are senile and posimesopatsal.

b

Fig. 18.1 {steopetrosis. (Published weh Flg. 1.2 Faget disadse of bons,
penmiksion fram LearningPadiciogy.com)



E,

Clinical features

I. Bone pain and fractores in weight-bearing areas such as the vertebrae (leads o

loss of height and kyphesisl. hip. and distal radius

Hone density 5 msisarsd using s DEX A scan

3 Serum calelum, phosphate, FIH, and alkaline phosphatase are normal; labs help
i exclade vsteomalacia [which has a similar clinfcal prEse i),

Trestmien! bncludes

. Exercise, vitamin 1, snd calciom—limiit bone Toss

2. Bisphosphonates—induce apopiosis of osteoclasts

3. Estrogen replacement therapny is debated (currently not recommended).

4. Glucocorticokds are contraindicated {worsen nsteoporosls),

2

VI. FAGET DISEASE OF BONE
" AL Tmbalance hetween osteeclast and netenblast fisnetjon

B,
T
i

1. Usually séenin late adulthood faverage age = 60 vears)

Erialogy is unlonown; possibly viral

Lacalized process involving one or mure bones; does not invelve the entine skeleron
Three distinct stages are (1) osteoclastic, (2) wixed osteoblastic-osteoclastic, and (3)
ostenliastic.

L End resull 1s thack, sclerotic bone that fractures easily,

2. Biogsy reveals a mosaic patters of lamellar bone (Fg. 18,7

. Chnical featores

Bone pain—duee to microfractures

Increasing hat size—Skull is commonly affecied.

Hearing boss—~ impingement on cranial nerve

Linsn-file faetes—invalvement of craniofacial bones

Isolated elevated alkaline phosphatase —most common cause of iselated elevated
alkaline phosphatase in patients > 40 years odd

Treatment includes

L. Calotonin—inhibits asteociast function

1. Bsphoiphonates—induces apoptesis.of osteoclasts

U ode e B

a, Complications include

l. High-eurput cardiac failore—due to formation of AV shunts in bone
I, Ostecsarsama

VILOSTEOMYELITIS

A_ Imfeckion of marrow and bane

E.

58

E

L. Usually eccurs in children

Most commonly bacterial arises via bematogenous spread

1. Transient bacteremia (children) seeds metsphysis.

2. Open-wound bacteremia (adults) seeds cpiphysis.

Causes inchudle

L Staphylocsecus aureus—most common cause (Y%, of cases)

N gomarrhingee--secually active voang adults

Ralmonelly —sickle cell disease

Freudomonai—diabetics or [V drag abusers

Hasterrrelli —associatod with cat or dog bite/seratches

6. Myeobacterinm tubercntosis—usually limvalves vertehrae (Polt deense)

Climical festores

L. Bone painwith systemic signs of infectinn {e.g., fever and leukocytesis)

2. Lytic focus (abscess) surtounded by sclerosis of bone on xoray; lylic focus ks
called sequestrum, and sderosis is called involucrum,

Dimgnosts s made by blood culture.

R o




VIIL AVASCULAR (ASEPTICY NECROSIS
& lechemic necrosic of bone 2nd hone marrow

B. Canses inclade trawma or frocture {most commaon], steraids, sickle cell anemia; and
caisson discase.
G. Osteoarthritls and fracture are major complications.

BONE TUMORS

I DSTEOMA
A. Benign tumor of hone
B Mostcommonly arises on the surfaceof tecial hones
C. Assoviated with Gardner svndrome

I OSTEOQID OSTEOMA

A. DBenign wumor of osteoblasts ithat produce osteoid) surrounded by a rim of reactive
bone

B. Occurs in voung adutts < 25 vears of age (more commaon in makes)

€. Arises in cortex of long bones (e.g., femur)

[ Presents a5 bone pain that resolves with aspirin

E. Imiaging reveals a bony mass (< 2 om) with s radiclucent core {ostenid ),

F. Owsteablastorma issimilar to ostenid csteoma but is Targer (> 2 cm), arises in
vartebrae, and presents as bone pain that does not respond to aspirin

IIL OSTEOCHONDROMA
A, Tumor of bone with an overdying cartilage cap (Flg. 18.35 most common benlgh
famor of bone
B. Arises from a lateral projection of the growth plate {metaphyvsis): bone i3 contimaoas
with the marrow space.
C. Owerlving cartilage can transform {rarely) to chondrosarcems,

IV DSTEOSARCOMA
A. Malignant proliferation of osteoblasts
E. Peak incidence is seen in teenngers; less n:-u}rrl.munl}' seet) inthe e-]ﬂr_rl}'
L. Risk factors inclode familial retinoblastomma, Paget disease, and radiation
ERpusLLe,
2. Arisss in the metaphyis of long bones, wsually the distal femur or proximal tibia
{region of the knee)
. Presents asa pathologic fracture or bope pain with swelling :
I, Imaging reveals a destructive mass with a "sinburst’ appearance and lifting of the
periostenm (Codman triangle, Fg 18.24)

Fig. 18.3 Citeachondrama. Coortety of Fig. 18.4 Oxteasarcomia. A, M-ray. B, Miorscopic appearance. ik, Courtesy of BulentCalasun, ME)
humpath.caml



E. Biopsy reveals pleomorphic cells that produce ostendd {Fig. 18.48).

V. GIANT CELL TUMOR
A, Tumor comprised of maltinucleated giant cells and stromal cells
B. Owcurs in young adults
. Arises in the epiphysis of long bones, usually the distal fermar or proximal tihis
{reglom of the knes)
D, “Soap-bubble” sppagrance on X-ray
E Locally aggressive tumor; miay recur

VI EWING SARCOMA
A. Malignant profiferation of poerdy-differentiated cells derved from neuroectoderm
B. Arised in the diaphyss of long bones; usually inmale children {= 15 véars of age)
€. 'Onion-skin’ appearance on x-ray
. Biopsy revenls small, round blue cells that resemble lymphocytes (Fig 1851
1. Can be confused with hrmphoma or chromic osteamwelitls
2. (11:22) tramslocation is characteristic,
E. Often presents with metastasis; responsive to chemotherapy

VIIL CHONDROMA
A, Benign fumor of @rtlage
B, Usually arises in the meduila of small bones of the hands and feet (Fig. 1865

VIILCHONDROSARCOMA
A, Malignant cartilage-forming tumer
B, Arisesinmedolla of the pelvisor central skeleton

IX, METASTATIC TUMORS
A, More comumon than primary famors
B. Ustually result inestealyyic (punched-our) lesions
I. Prostatic carcimoma classically produces nstenblastic leswons.

JOINT
[ BASIC PRINCIPLES

A, Commection betwesn two bones
B. Solid jnints ar= tightly connected to provide structoral strength (2.9, coantal sutures)
C. Synovial paiots have o joint Epoce to albosy for motion.

L. Articolar surface of adjoining bones iz mode of hyaline cartilage {tvpe 11
collagen) that is supmounded by & joint capsule,

Flg. 18.5 Ewing sarmama. Fig. 184 Chondroma. (Publitsed with
permnissicn from LearmingRadalogy.com]




2. Synovium lining the joint capsule secretes fluid rich in hvaleronic acud
tubricate the joint and facilitate smooth miotion.

II. DEGENERATIVE JOINT DISEASE (OSTEQARTHRITIS!
A, Propressive degeneration of arlicular cartilage; most commeon type of arthritis
B Most ofien due 10 wear and tear’
€. Major risk factor Is age (common after 60 years); additional risk factors incheds
obesity and irauma.

L Affectsa imited number of joints (olignarticolar); hips, lower lumbar spine, Knees,
and the diseal interphalangeal joints {DIP} and proximal interphalangeal joints (FIP}
of fingers are common siles.

Classic presentation is joint stiffness in the morning that worsens during the daw.
. Patholegic features include
1. Disenption of the cartilage that lines the articular surface (Fig 18,7 ) fragments
of cartilages flosting in the joine space are callsd *joint mice’
. Eburnation of the sobchondral bone
Crsteophyte formation (reactive bomy outgrowthsl: classically arises in the DIP
Heberden nodes) and PIF {Bouchand nodes) joints of the fingers

L BHEUMATOID ARTHRITIS
A Chronic, systemic antoimmune diseiss
L. Classically arises in women of late childbearing age
A Assoclated with HLA-DR4
B. Characterized by fnvalvenvent of [oints
[, Hallmark s synovitis leading to formation of 2 pannos Gnflimed granutason
tHssuel
2. Lesdsto destruction of cartilage and ankylosls {(fusion) of the Joint
C Clinical featuses
L Arthris with worning stifness that improves with activicy
L Symmerric involvement of FIF [oints of the fingers {swan-neck deformity),
welsks fulnar deviation), elbows, ankies, and knees i cheracteristic (Fig.
18.8]); [P &5 nsually spared {unlike ostenarthriils).
i Tomi-space garrowing, loss of cartilage, and osteopenia dre s2en on T-ray.
2. Pover. malaise, weight Ioss, and mvalgias
3, Rheumatoid nedules——central zone.of necrosis surrovndad by epithedioid
histiocytes: arise in skin and visceral organs
4. WVasculitis—Multiple organe mavbe invalved
5 Baker cyst—swelling of bursa behind the knee
& Pleural effusions; lymphadenopathy, and interstitial lung fibrosis
[ Eaboratory findings

Fig. 18.7 Dagenerative joént diseass. Fig- 188 Bhevmatond arthntis. (Courtesyof
fames Hellmen, MD, 'Wikipedis)




L. IgM aytoantibody against Fo portion of IgG (rhenmatobd faciors marker of
Tiasue dirmage and disease activily
2. Meurrophils and high protein in synovial Huid
E. Complications include anemia of chronic disease snd secondary amvividosis,

IV, SERONEGATIVE SPONDYLOARTHROPATHIES
A, Ciroup of joint disorders characterized by
1. Lackof rheumatoid factos
3, Axialskeleton involvement
1. HLA-B2T assoaiathon
E. Alﬂ-!.?h:rﬁ'rﬂg Hpﬂndj’]l:lﬂ.ﬂﬂdlis involves the sacroiliac |'ni.r|'r_31:r|d -|;_pi:|1:,
Lo Avises o young adults, most ofien male
2, Presents with low back paing invalvement of vertebral bodies eventually arises,
lesding vo fusion of the vertebrae hamboo spine’ )
3. Extrz-articular manifestations include uveitis and aortitis (leading to aortic
Tegurgitition].
€. Relter syndrome & characterized by the triad of arthritis, vrethritis, and
confunctivitis
1. Arises in young sdults (usoally males) weeks aftera Gl or Chilamydia trachomris
infection
B Peoriatie arthritis ix seen in 1009% of cazes of paoriasis.
L Invalves axialand peripheral joints; DIP joints of the hands and feet are most
cammaonly atfected, leading to “sausage” fingers or toes.

V. INFECTIOUS ARTHRITIS

A.. Arthritis due to an infectivus ngent, wsually bacterial

R, Canses inciude
L W genorrhoeae—ypoung adults; most common cause
2. ¥ aureus—ofder children and adulis: Ind mos) common cause

.. Classically involves & single joint, usnally the knee

. Presents as 2 warm joint with limited range of motion; fever, incrensed white count.
and elevated ESR are ofien present.

VI GOUT
A, Deposition of monsdodium urate [MSL} crystalsin tesues, expecially the joints
B Dueto hyperurbcentis; related toover production or decreased excretion of wric acid
T, Uncecld is derlved om purlne metabalism and s excreted by the Kidney.
. Primary gout i the most cemmon forms etllogy of By peraricemia s pnknowi,
Iy hecondary gout isseen with

I, Lieukemia and myelopraliferative disorders—Increased cell turnover leads 1o
h¥peruricemia.

2. Lesch-Nyhan syndrome—X-linked deficiency of hypoxanthine-puanine
phosphoribosyliransferase (HGPRT): presents with mental retardation and self-
mutiiation

3, Renaf insufficiency—decreased reral excretion of uric acid

E. Presents iz exquislitely painfol artheitis of the great foe (podagra)
L MEU crystale depasit in the joint, trigzering an acote inflammatory reaction.
. Aleohol or consumption of meat may precipitate arthritis. '

. Chrondc got leads to

L Davelopment of mphi—white, chalky aggregates of uric acd crystals with
fibrisis and giant cell reaction 1n the soft tissue and joints (Fp. 18.94)

1. Henal failuse—Urale crystals may deposit in kidney tubules (srate nephropethy),




G. Laboratory findings include hyperuricemia; synovial fluid shows needle-shaped
crystals with negative birefringence under polarized light |Fig. 18.98).

H. Pseudogout reserebles gout clinically, but is due to deposition of caldum
pyrophosphate difvdrate (CPPDY; synovial fluid shows thombotd-shaped crystals
with weakly positive birefringence under polarized light.

SKELETAL MUSCLE
I. DERMATOMYOSITIS
A. Inflammatory disorder of the skin and skeletal muscle
B, Unknown etioligys sonse cases are associated with carcimomo {¢.g., gastric
Carclmoinal.
i, Clinical featores
L. Bilateral prosimal muascle weakness; distal involvement can develop late in
dizeaze.
2 Rashof the upper evelids [heliotrope rashl; malay rash may also be seen.
3. Red papules on the elbows, knuckles, and knees (Grottan lagiomn)
L. Laboratory Andings
I. Increased creattnime Kinase
2. Posicive ANA andantl-Jo.1 antibody
3. Perimyaial inflamsnation (CTM' T cells) with perifascicular atrophy an blopsy
(Fig. 18.10)

E. Treatment is corticoseraids,

[I. POLYMYDSITIS
A Inflammmatcry disorder of sheletal muscle
B. Resernbles dermanpmyvositis clinkeally, but skin i not involved: endomysial
imflammation (CD8* T cells) with necrotic muscle fibers is seen on biopsy.

. X-LINKED MUSCULAR DYSTROPHY
A, Degenerative disorder characterized by muscle wasting and replacement of skeletal
muscle by adipose tissues
E. s s mutations of dystrephin
l. Dvstrophin isimportant for anchoring the musche cytoskeleton to the
exiracellnbar matrix,
4, Mutasions sre offen spontaneons; large gene slee predisposes to bitgh rate of
i E& o,
L. Duchenne muscular dystrophy &= due to deletion of dystrophin.
l. Presents as proximal muscle wealkness at 1 vear of age; progresses to involve
distil muscles
L Calfpsendohypertrophy ks o charscterfstic finding,
IL -Serum creatinine kinase is elevated.
2 Treath résults from cardiac or respiratory filune; myocardium i commonly
Invralved.

0. Becker muscular dystrophy is due to rmutaled dystrophin; clinically results in milder
R

NEUROMUSCULAR JUNCTION

I. MYASTHENIA GRAVIS
A. Auloantibodies against the postsynaptic acetvicholine receptor at the neuromuscolar
junction
B More commonly seen in women




C. Clinical features
L. Musile weakness that worsens with use and improves with rest; classically
imvalves the eves, kading 1o prosts and dipropla
L. Sympioms improve with anticholinesierase agents.
3 Assoclated with thymic hy perplasia or thymoma; thy meciomy improves
Y THpRGNS,

I LAMBERT-EATON SYNDROME

Antibodies egainst presymapiic caklum channels of the neuromuscular junction
Arisagas 3 parnieoplastic syndrome, maost commennly due o small cell carcinama of
the hung

C. Leads toimpaired sietylcholing release

=

1. F':i:ring of Flrv::-}fr'.np'ri.c colctam channele is T.,'qluirbd fnr m;...-t':."]rhn':inc- relense
13 Clinical teatures

I Proximal muscle weakness that improves with use; eves are ussally spared.

2. anticholinesterase agents do pol improve sympioms.

A, Resplves with nisection nf the cancer

SOFTTISSUE TUMORS
. LIPOMA

A, Benign tumor of adipose tissne
B. Most commaon benign soft tissee twmor (n adulis

[, LIPOSARCOMA
A, Malignant tumor of ad ipose Lissue
B. Mot common malignant sodt tissoe tumor inadults
., Lipablast 1s the characieristic cell,

[IL RHABDOMYOMA
A. Benlgn tumor of skeletal muscle
B Cardizc rhabdomyema izasiociated with Tuberous sclerosis,

IV RHABDOMYOSARCOMA
A, Malignand tumer of skeletal musele
B. Mot commaon malignant soft tissue tumor in children
(i thhdun'r:"nﬂu—! i the charscteristic cell; desnin Fﬁi&!':w.'
I, Mo commaon sile s the bhead and nﬂzk;vaﬁi:na. 1% the clasdic «ite in Vioung Ei.rir;.

i M P

Fig. 18950t A Tophl. B, Pagithes hirgfringence, (8, Courtesy of B Lithman, M Fig. 18,10 Dermatomyesits; [Counesy of Peter
Py, B4




INTRODUCTION

L SKIN

A Funclionsasa barrier ageinst environmental nsulesand Muid Toss

B, Composed of un epldermis and dermis

. Epidermis iz comprised of keratinocvtes and has four layers (Fig. 191).
L Stratum basabis—regenerative (stem cell) layer
2, Sratum spincsuni—characterized by desmosomes befween kezatinocyies
i Sratume grarulosuni—characterized by granules in leratingcvies
4, Stratum corneum—characierized by keratin in anucleats cells

13, Dermis consists of connective tissne, nerve endings. blood and hrmphatic vessels,
and adnexal stroctures {e.g,, hair shafts, sweat glands, and scbaceous glands).

INFLAMMATORY DERMATOSES

L ATOPIC (ECZEMATOUS) DERMATITIS
AL Pruritic, erythematous, onring rash with vesicles and edema: often involves the fice
and flexor surfaces
B. Type I hypersensitivity reaction: associated with asthma and allerglc rhinitis

. CONTACT DERMATITIS

A. Pruntic, ervthemaious, oozing rash with vesicles and edema

B. Arises upon expasure to allergens such as
1. Poisonivy and nickel jewelry (type IV hypersensitivity)
2. Irritant chemicals {e.g., detergents)
3. Drrugs le.g., penicillin

£ Treaiment involves removal of the efending agent and topical glucocorticoids, i
needed. '

T ACNE VU LGARIS
A. Comedones {whiteheads and blackheadsh pustules (pimples), and nodules;
extremnely common, edpecially i adobeacents
B. Due o chronk inflammation of hair follicles and issodated sebaceous glands
. Hormune-associated incresse in sebum production (sebaceous glands have
androgen receptors] and cxcess keratin production block follicles, forming
comedanes.
i Frdjliﬂrr:'hdrﬁum.u:lui-inf:cliun produces lipases that break down sebum,
releasing proinfiammatory fatty acids; results |n pustule or nodule formation
C. Treatmant includes benzoyl peroxide fantimicrobial) and vitamin A derivatives (e.q,
isotretinoin), which reduce keratin production.

V., PSORLASIS
A W@ll-d.t—:umuﬂbe-i, galmaon -.-tn[nn!'d Phl:rl;l:: wirh ;i.['l.r:q,: I.-‘Eﬂll!'.' usliq.ll!." an extensor
surfaces and the sealp (Fig. 19.2A), pitting of rails may also be present.
B Due toexcessive keratinocyie proliferation




L. Possible autoimmune etiology
1 Aszociared with HLA-C
2 Lesions often arise in areas of trauma (environmental Lrigger),
D). Histology [Fig 19.28) shows
L Acanthosis {epidermal by perplasta)
2. Parakerntosis Thyperkeratosis with retention of kematinocyte nucksi in the
stratum Sornem)
3. Collections of neutrophils in the stratum corneum (AMunro microabscesses)
4. Thinning of the cpidérmis above elongated dermal papillag; results in bleeding
when scale is picked off (Auspitz sign)
E. Treatment invmlves corticosteraids, UV light with psoralen, or immune-modulating
therapy.

. LICHEN PLANUS

A. Pruritic, planar, polvannal; purple papules (Fig, 19.3a), often with reticulur white
lines on their surface {(Wickham strinel commondy invalves wrists, gbows, and oral
mucosa
1. Oral involvement manifests as Wickham string,

B. Histology shiws inflammation of the dermal-epidermal function with a “saw-tonth”
appearance (Fig. 193E)

. Etiology is unknown; associated with chronic hepatitis C virus infection

BELISTERING DERMATOSES

PEMPHIGUS VULGARIS
A, Antoimmunes destruction of desmosomes between kerafinocivtes

Fig. YOI Skin hitslegy, narmal

Fig. 18,3 Peariasis. A, Clinkal sppaarance. B Micresconic appearance |4, Courtesy of Vesna Petonic
Eosic, MO

Fig. 183 Lichen planus. A Clinicel agpesrande. B, Micrasoapic appearance, (A, Courtesy of Vesna
Petronic-Rasic, kI



. Due to 1gG antibody agatnst desmoglein (tvpe 11 hypersensitivity)

. Presents as skin and oral mucosa bullae (Fig. 19,440,
L Acantholysis {separation) of stratum spinosum keratinocytes (normally

connected by desmosomes) results in suprabasal blisters

Basal layer cells remain atteched o basement mepsbrane via hemidesmosomes

{‘tombstone’ appearance, Fig. 1948}

3. Thin-walled bullas rupiure easily (Niknlsky sign), leading to shallow erosions
with dried erust.

4 Immunofiuorescence highlights IgG surrounding keratinocytes in a ‘fish net®
aiiern.

!-_

1L BULLDAS PEMPHIGOID

A, Autoimmune destruction of hemidesmosomes between basal cells and the
underdying hasement membrane

B. Due to IgG antlbedy sgainst basement membrane collagen

C. Fresents as biisters of the skin (Fig. 19.5A); oral mucosa is spared,
L. Basal cell layer is detached from the basement membrane (Fig. 19.58),
2 Tense bullae do not rupliire easily; dinically milder than pemphigus valgaris

0. Immunofiuorescence highlights 126G along basement membrane (linear partern).

Il DERMATITIS HERPETIFORMIS
A Autaimmune deposition of TgA at the tips of dermal papillae
B. Presentsas pruritic vesicles and bullae thatace grouped (herpetiform, Fig. 19.6)
£, Strong assoclation with celisc disease; resolves with gluten-free dies

Wiesna Ferrnric-Roshs, MO}

Fig. 19.5 Bullous pemphigoid. A Clinical appoarance: B, Micmscapis sppearance, (A, Comosy of
Yesna Fetronis-Resic, MG




| IV, ERYTHEMA MULTIFORME (EM)

A. Hypersensitivity reaction characterized by targetold rash and bullae (Fig. 197)

1. Targetoid appearanceis due fo central epidermal necrosis surrmanded by
ervthema.

B Most commonly associated with H5Y infection; other associations inchude
Mycoplasma infection, drugs (penicillin and snlfonamides), autoimmuane discase
(e, SLEL and malignancy,

0 EM with oral mucoss/lip involvement and fever is termed Stevens-fohnson
syndroms (S]5h
I, Toxic epldermal necrobysis i severe formof 15 characterized by diffuse

shouphing of skin, ressmbling o large burn: most ofien diss o an adverse drug
reaction

EPITHELIALTUMORS

I, SEROREHEIC KERATOSIS
A. Benign squamous proliferation; common tumor in the elderly
B. Presents asraised, discolored plagues on the extremities or face; often has a coin-
like, waxy, stuck-on"appestance (Fig. 19.84)
L. Characterized by keratin pseadocyste on histology (Fig 19.2B)
. Leser-Trélat slam ls the sudden anset of multiple sehorrhelc keratoses and suggests
underlying carcinomia of the GI tract (Fig. 19.8C).

IL ACANTHOSIS NIGRICAMNS
A Epldermal hyperplasia with darkening of the skin (“velver-like™ sicln, Fig. 19:9); often
tnvolves the axillz or groin

Fa- 1006 Dermatitic harpatiformic. (Coumesyof  Fg 1.7 Enyrhaoma mishifarme jOoustaey of
Vesna Patronic-Rosic, MONS Jarves Hedtman, WD, Wik pada)

Fig. 9.8 Sehorhais keradoah. A, Clinical appearance, B, Micsoopic appearance, ©, Sign of LeserTrésas, (A and L Cowrtesy of Vesna Ferrondc-Rodc, MO0



B. Associsted with inwilin resistance {e.p., noa-Insulin-dependent didhetes) o
malignancy (zepecially gastric carcinomal)

UL BASAL CELL CARCINGMA

A. Malignant proliferation of the basal cells of the epidermis
L Most common cutsneous malignancy

B, Risk factors stem from UVE-induced DNA darnage and inclixde prolonged expasare
to sunlight, alhinism, and xeroderma pigmentosum.

C. Presents a3 an elevated nodulbe with a central, uleermted crater surrounded by dilared
(tetangiectatic) vessels (Fig. 19.10A)k "pink. pearl-like papule’
1. Classic location is the upper lp,

[0, Histalopy shows nodules of basal celis with Ferip'h-er.:i ]ulis.-ad:ing (Tig. 19.008).

E. Treatment iz surgleal excision; metastasis is rare,

V. SQUAMOUS CELL CARCINOMA
A, Mallgnant proliferation of squamus cells characrerized by formation of keratin
s,
B: Risk factors stem from UVE induced DNA damage and include prolonged exposure
to suntight, albinism, and xeroderma pigmentosum.
L. Additional risk factors include immunosuppressive therapy, arsenic exposure,
and chronic inflsmmation (.. scar from burn or draining sinus tract),
C. Presents as an ulcerated, nodular mass, usually on the face (classically imvalving the
lowweer Lip)
Treatmen! b4 excigion; metasiasie s uncomman,
Actinie kerabosieis o precursor leskon of fquamous cell carcinoma and preseats 5.2
hyperkeratotic, scaly plaque, often on the face, back: or neck.
. Kersloacanthoma by well-different lated squamous cell carcinema that develops
rapidly and regresses spontaneously; presents as a cup-shaped tumer filled with
keratin debris

m .3

DISORDERS OF PIGMENTATION AND MELANOCYTES

L. BASIC FRINCIFLES
A. Melanocytes are responsible for skin pigmentation and ore present in the basal layer
of the epidermis.
I, Derived from the nsural doei
i h‘f‘n‘thﬁt?&“ mn:-ln.nin].nmel:num:ru.-:ing_ Eyrosine a3 & precurser malecule
3. Passmelanosomes to heratinocytes

Fig. 198 Aczathasis nigricans. [Courfesy of Vesna Flg, 19,90 Basal oo cardinama. &k, Oinical apgearance. B, Mlireitopie appesrance: [k Caurtemyof

Patranic-Raosic, D] Waina Pefranic-Aozie, MDY




IL VITILIGO
A, Lacalized lngs of skin pigmentarion (Fig, 1911}
B, Dueg o zutoimmune destruction of melanocytes

I ALBINISM
A, Congenital lack of pigmentation
B. Dietnan enzyme defect jusaally tyrosinase] that impairs melanin production
Lo Mayiroealve the eves {ocular form) orboth the eyves and skin foculosutansous forny)
2. Increased risk of squamous cell carcinoma, basal cell carcinoma. and melanema die
v reducetd privection against ITVE

iV, FRECKLE (EFHELIS)
A, Small, fan b brown macule; dadeens when exposed fo sanlight
B Dae to increased number of melanosomes (melanocytes are not incressed)

V. MELASMA
A, Mask-like byperpigmentation of the chesks
B. Associated with PrEgmancy and oral cnml:rn.-:eptim

VI, NEVUS (MOLE)
A, Fenign meoplasm of melanocytes
B. Conpenitil nevis is present ol birth; often associated with hair (Fig. 1912}
o Acquired nevis arises later in ife.
1. Beginsas nests of melanocytes at the dermal-spidermal junction {junctional
nevash most commen mele in children
2. Grows by extension into the dermis (compaund nevnos)
3. Junctional component is eventually jost resulting in an intradermal nevus, which
is the most common moke in adulis,
D. Characterized by a flat mocule or rised papule with symmetry, sharp borders,
evenly distributed colos and small diameter {< 6 mm}
E. Dysplasia may arise (dysplasthc nevus), which fs a precursor to mekanama.

YIL MELANOMA

A. Malignent neoplasm of melanocytes; most common cawse of death from skin
Cancer :

B. Risk facrors are based on UVE-indueced DNA damage and include profomzsed
BRSPS T .'Iuﬂl?le_hl. albinigm, 1nd veroderma pigmentasum; an ndditinnal Fzk
factor [z dysplastic revas svidrome {autosomal dominant disorder characterized by
forrmation of dysplastic nevi that may prdgress to melanoma).

C. Presentsas g mode-like growth with "ABCIY (Fig. 1913

Fig. 18,11 Yitifgo {Cowrtesy of ames Helfman,  Flg, 1812 Congenital nevs, (Courtesy af Vesna Fig. 1013 Malinama (0airtesy af Yatna
MC: Wikipedia) Patron|c-Rosks, MO) Ferrana-Rosic, MO




1. Asyrmmetry

2. Bordersare irregutar.

1. Caloris Aok uidfem,

4. Dinmaeter =6 mm

Characterized by two growth phases

I Radil growth horiiomislly along the epidermis and superfictal dermis; low risk
of merastasis

2. Wertscal growth into the deep dermis
i, Increased risk of metastasis; depth of extension (Breslow thickness) is the

most important prognostic factor in predicting metastasis

E. Variantsinchude
I. Superficial spreading—most common subtype: daminant early radial growth

results in goid prognosis.

Lentigo maligna melanoma—lentiginous proliferation {radinl growth); good

pr\-::lEm;mit

3. Nodular—early vertical growthe poor prognosis

4. Acral lentiginous—arises on the palms or soles, often in dark-skinned
Individuals; not related to UV light exposune

b=

(L8

INFECTIOUS DISORDERS

. IMPETIGO
A. Superficial bacterial skin infection. most aften due to 5 aureis or § progeres
B, Commoniyaffects children
. Presents as erythematous macules that progress to pustules, usually on the face;
rupiure of pusiules results in erosions and dirv crusted, honev-colored serum

IL CELLULITIS

A, Decper {dermal and subculaneoust intection, usually due 1o 5 aureus or § provenes

B. Presentsasa red, tender, swiollen rash with fever

L. Risk factors include recent surgery, tranma; or insect bite.

Du Can progres to necrotizing fasciitis with necrods of subcutaneous tissues due to
infection with anaerobic esh-cating” bacteria
L Production of C0O, leads to crepitus.
X Surglcal emergency

HL STAPHYLOCOCCAL SCALDED SKIN SYNDROME
A Sloughing of skin with erythematous rash and fever: leads to significant skin loss
B Due te S aureus infection: exfoliative A and B toxins result in epidermolysis of the
sTratun granlosam,

Fig- 12,14 Veruca. [Cowrtesy of Yesna Petnaric-  Fige 1905 Moluscur bogies
Rasic, M




C, Distinguiched histologheally from toxic epidermal necealysis by level of dein
separation; separation [n TEN aceurd at the dermal-epidermal junction,

V. VERRUCA (WART)
A. Flesh-cobored papules with a rough sarfice{Fig. 19.14)
B, TDrueemw HPYV |nfection of keratinocoytes; characterized by kollocytic change
C. Hands and feel are common locations.

V. MOLLUSCUM CONTAGIOSUM
A, Firm, pink, umbilicated papules due to posvirus afected keratinocvtes show
evioplasmic inclusions imolhsscum bodies; Fig. 1913)
B, Most often arise in children: also ocear In sexually active adults and
immunocompreamited individuals
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