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Hypercoagulability
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Figure 4.2 Mechanisms of systemic edema in heart failure, renal failure,
malnutrition, hepatic failure, and nephrotic syndrome.
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%" 5nalnmowsnssnsnimiiiia Edema (5 Major Pathophysiologic Causes)
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o Impaired Venous Return: Congestive Heart Failure (CHF),
Constrictive pericarditis, Deep Vein Thrombosis (DVT),
Severe Ascites in Liver Cirrhosis

T i e i

ks i
e Arteriolar Dilatio

&wr-Neurohumoral dysregulation,-
@G - ...ocow e

} ;o

/ - ‘-"N“'

o . ' | "
Eradade edding + Pberm Bk, fb-“‘;r “\,{-‘.‘
'11' At '

3. Lymphatic Obstruction .
o 1. :ﬁ'ﬁ'."fh

(Wuchereria bancrofti /

Elephantiasis) Fj...;

ity

Surgical/Radiation: Axillary lymph node dissection in Breast
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2. Reduced Plasma Oncotic Pressure (Hypoproteinemia)
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Primary Renal Failure: Compromised renal excretion

Secondary RAAS Activation: Cardiac output | u CHF —
Renal blood flow | — Renin-Angiotensin-Aldosterone system

1T — Water retention worsens edema
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5. Increased Vascular Permeability
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ARTERIOLAR DILATION

® Active Hyperemia
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Inflammation & Trauma: Histamine, Bradykinin, Leukotrienes, Leukocyte-mediated endothelial injury

ARDS (Acute Respiratory Distress Syndrome): Diffuse alveolar damage causing protein-rich pulmonary exudate

ABtidEsaAvIULLSNiWLa:w1aBW (Hyperemia vs Congestion)
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£'s  Pulmonary Congestion (Uoadvidoa) CARDIAC PATHOLOGY
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8 Morphological Features

e Acute Pulmonary Congestion: Engorged alveolar

capillarie a, Intra-alveolar

capillary hemorrhage Lo s . Maw  hennsy

e Chronic Pulmonary Congestion: Alveola-l: septa '—I
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1. Vasoconstriction
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Hepatic Congestion (GuAvidoa / Nutmeg Liver)  HePaTOLOGY
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e Acute Hepatic Congestion: Central vein & Sinusoids
veneddAvLdna, Centrilobular hepatocytes 1ia Ischemic

necrosis

e Chronic Passive Congestion (Nutmeg Liver): uSiotu
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Platelet Adhesion wWiu vWF & Gplb — Activation (Shape change & release of
ADP/TxA2) — Aggregation wiu Gplib/llla & Fibrinogen (iau Primary
Platelet Plug
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4. Clot Antithrombosis
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C. SECONDARY HEMOSTASIS
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Figure 4.6 The coagulation cascade in the laboratory and in vivo. (A) Clotting is initiated in the laboratory by adding phospholipids, calcium, and either a
negatively charged substance such as glass beads (intrinsic pathway) or a source of tissue factor (extrinsic pathway). (B) In vivo, tissue factor is the major
initiator of coagulation, which is amplified by feedback loops involving thrombin (dotted lines). The red polypeptides are inactive factors, the dark green
polypeptides are active factors, and the light green polypeptides correspond to cofactors (reaction accelerators). Factors marked with an asterisk (¥) are
vitamin K dependent as are protein C and $ (not depicted). Warfarin acts as an lant by inhibiting the y-carboxylation of the vitamin K-dependent
coagulation factors.Vitamin K is an essential cofactor for the synthesis of all of these vitamin K—dependent clotting factors.




Coagulation Cascade & Laboratory
Monitoring
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e Intrinsic Pathway (XIl — XI — IX — VIII): 5alagA aPTT
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o Extrinsic Pathway (Tissue Factor + VII): Salagr PT °
(Prothrombin Time) / INR — t3Gamuen Warfarin (Coumadin)
(Iudv Vitamin K dependent factors: I, VII, IX, X, Protein C, o
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e Common Pathway (X + V — ll/Prothrombin — I/Fibrinogen): o

Factor Xa Wasu Prothrombin 10u Thrombin (lla) Bvwdsu
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A Virchow's Triad (3 Uodgnantunmistinia Thrombus) 0] \ROG)

‘R 1. Endothelial Injury

Uco‘aé‘uﬁmﬁ'qoiumslﬁo Arterial & Cardiac Thrombosis (16U Atherosclerosis,

Vasculitis, Myocardial Infarction, Hypertension, Smoking)

Properties):

Z¥ 2. Abnormal Blood Flow

Antithrombotic Endothelium

ENDOTHELIAL FACTORS
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‘I,HM aul

. _sIust Platelet aggregation ua:ueng

raoaldoa

Heparin-like molecules: ns:clu Antithrombin Il TArhaneg
Thrombin, Xa, IXa

Thrombomodulin: 5U Thrombin (Waluns:clu Protein C (fviusow
AU Protein S tumsmang Factor Va & Vllla)
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A:auddagadunaaukasuwasTsS (Thrombosis & Virchow's Triad)

TRIAD OF PATHOGENESIS
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Turbulence (rhae Endothelium ua:ifians:uasulu Aneurysm/Arterial plaque)

ua: Stasis (Uovgrnanuov Venous thrombosis tu DVT, Atrial fibrillation, Bed

rest)

@ 3. Hypercoagulability

mo:doaudvdoviuAaund Nouuu Primary (Genetic): Factor V Leiden, Prothrombin G20210A ua: Secondary (Acquired): Cancer, Antiphospholipid Syndrome, HIT
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Figure 4.11 (A) Punctate petechial hemorrhages of the colonic mucosa, a consequence of thrombocytopenia. (B) Fatal intracerebral bleed.
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Arterial vs Venous Thrombi THROMBUS TYPES

Venous Thrombus
(Phlebothrombosis)

Arterial Thrombus

Stasis &

N Endothelial Injury /
aunqnan =
Turbulence Hypercoagulability
. . Coronary, Cerebral, Deep Veins of lower
dukuviwu - - .
Femoral arteries extremities (90%)
Chongyon, Birmiiic 4’
anuouznvo Lines of Zahn Sawu Stasis thrombus, duavoldy
Qawens (Pale platelets/fibrin + (Red/Coagulum thrombus)
5nen Red RBC layers) i RBCs nunudu
Toogogalrior ‘ R Frgede  prpinn
nAMovmMs Retrograde (dou In direction of blood flow
1Sty AAMvTkavovldoaq) (mwAANVIEDAINGKRD
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SEC 05

£ Pulmonary Embolism (PE)

Mo:asKaaaduknasaldana (E_mbqliém Type; & Clinical Consequences)

4 Fates of a Thrombus (5:nssuuavau
1a00)

THROMBUS
OUTCOMES

1. Propagation: SuldpausnguNatkadduna:a:auIWUMUAAMYKaDQ
[EDle}

2. Embolization: 3u13pauvadunipnvkuakaaanuTUmUNs:uaIEDQ
Waadukuvdu ey Gl

3rbissolution: msgovaawauldoalagoulsiy Plasmin tus:uu
Fibrinolysis (Idwadlawi:autdoaiialki)

4. Organization & Recanalization: Fibroblasts & Endothelial cells
voniNuasvsovNMvKasaldaatkiuuuTUfAuaUIdDaLaY KDIUasU
1WuovAUs:nauamsudv (Calcification/Phlebolith)
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4%t Disseminated Intravascular Coagulation (DIC)

Mo:AdMsns:du Fibrin thrombi tukasaldea5oM2$1vMEDENON310UND
thlugmistdovAus:nouauidoaounua (Consumption Coagulopathy) 1ia
1d0aPDNSULSLMULY WSDUASODWU Schistocytes (Fragmented RBCs)

tu Peripheral blood smear

/

Schistocyte

PULMONARY PATHOLOGY

uINN31 95% wov PE ddanudauoin Deep Vein Thrombosis (DVT) turnanaidaacwnkiiowi (Popliteal, Femoral, lliac veins) aoenu InferiorVena

Cava wWhgkotoudua:uaa Codlie
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Saddle Embolus

aulaaouumihwaonumsaoouanuau P.ulmnna_ry Artery Maif Trankernisina
Sudden Death K3o Acute Right Heart Failure (QoF Pulmrgga_Le) Aun

4} Systemic Thromboembolism

Pulmonary Infarction
bl

o bl howr Flom muish

audoauunaldnaa Medium/Small Pulmonary arteries rtAiia Wedge-

S ~shaped Red/Hemorrhagic Infarct (ttipooNUsQD Dual blood supply D1n

Bronchial aiteries)
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SYSTEMIC EMBOLI

80% Ginarintowoin Intracardiac Mural Thrombi (iBU Left Ventricular Wall infarct, Left Atrial Dilation u AFib/Mitral Stenosis, Infective

Endocarditis Vegetations)

chustviwuupe: Lower Extremities (75%), Brain (10%), Kidneys, Spleen, Mesenteric Arteries

Px Special Non-Thrombotic Embolism Types

¢ Fat Embolism Syndrome

1Nakdv Severerkong Bone Fractures (Femur/Tibia) n3o Soft tissue trauma
Clinical Triad: Neurological dysfunction, Respiratory insufficiency (ARDS), ua:
Petechial rash uunthonua:ano 4
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¥ Amniotic Fluid Embolism

hasudhgdranaldoaduds:n3wnanayas sasimsidedsagoun (>80%) Lia

sudden dyspnea, cyanosis, shock, severe DIC aso>owu Fetal Squamous cells
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Wavo1m# > 100 cc tuns:uatdoa kéoliaon Decompression Sickness (The Bends / Caisson Disease) tutindhdhitiovoinufia Nitrogen adutiliuazansituitisigiouasdada
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sec 06 | md:tiDIgameoInmsuialaa (Infarction Mechanisms & Types)

@ Red(Hemorrhagic) Infarcts DUAL / VENOUS White (Anemic) Infarcts END-ARTERIAL
1fiatus3u:Adidpapndugounduutuus Lt doRmeudd: Ifiatuasea:Aditauluna:tranaidpaidgvuuuuaisida (Solid organs
e Venous Occlusions: msUauovodud: (Testicular / Ovarian with end-arterial circulation):
Torsion) bows! vol o dJud:iwuuDe: Koo (Heart / Myocardium), Wy (Spleen), Ta
¢ | Spongy Loose Tissues: Uoa (Lungs) (Kidney)
«( Dual Blood Supply Tissues:'Lungs (Pulmonary + Bronchial e anuru:: susoluauindsuau (Wedge-shaped infarct) Tasuane
arteries), Small Intestine (Collateral mesenterics) usaudlumvrasaidoanaadu WaldoBavrndousaudouupusniau
. . - " - o wav
e Reperfusion Injury: mswWavgngranaldoaravtina Ischemia (18u
Post-Angioplasty) e Histology: Ischemic Coaaulative Necrosis (13uuci auav Au

Liquefactive Necrosis)

4 UoSamuuandiusuusvudv Infarct (Factors Influencing Infarct Development) DETERMINANTS
1. Anatomy of Blood Supply 2. Rate of Occlusion
2392:Al Dual supply (Lungs, Liver) nucdomsaadulddns End-arterial supply msaaduda Walomalkasvnanatdoauvuvaa (Collateral Circulation) ¥ouaa
(Kidney, Spleen) ADWLEDKIY
3. Tissue Hypoxia Vulnerability 4. Blood Oxygen Content
auavnuuia 02 TaWwew 3-4 Ui, wadndwiborot 20-30 ui, vru:A mMod: Anemia K Hypoxemia $1aulktiia Infarction Idseduuinanatdoogadu
Fibroblasts nuldkanesoTuv \anUisy
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sec 07 | mRBaNMVWEISINN (Shock & Septic Shock Pathophysiology)
4 5 Usmnankanuavnid:8on (5 Major Categories of Shock) SHOCK CATEGORIES

Us:ztnnuodv Shock nalnkanmowens3nen (Primary Mechanism) aunqmonﬁﬁm‘;wuu'au (Clinical Examples)

1. Cardiogenic Myocardial pump failure i Cardiac Output (CO) aaav Myocardial Infarction (MI), Ventricular Arrhythmias, Cardiac
“Shock ™ Suusv Tamponade, Massive PE

2. Hypovolemic Massive Hemorrhage, Fluid loss 910 uwalkidsuusv (Severe Burns),

MsgaiidaUsiasiaoan3ohiunanaldnaoeosulsy

Shock Vomiting, Diarrhea
. Systemic immune response dodado — Cytokine storm & Gram-negative Endotoxemia (LPS), Gram-positive infections,
3. Septic Shock
Vasodilation Fungal sepsis
enic msgruidd Sympathetic vascular tone uhugmsvenadorana

o Spinal cord injury, High spinal anesthesia accidents
Shock 1doad

5. Anaphylactic IgE-mediated Type | Hypersensitivity — Histamine release & . X .
Shock Severe Drug/Food allergies, Insect sting reactions
oC Y



#t Pathophysiology Cascade of Septic Shock = SEPTIC CAsCADE 3 Stages of Shock STAGES

mstAa Septic Shock BwensadsSnendudouriuns:uduMscialUd: ¢ (1. Non-progressive (Compensated): Reflex mechanisms
1. Microbial PAMPs (LPS / Teichoic Acid): 5Uﬁ_ (Baroreceptors, RAAS, Catecholamines) gvsnu Cardiac output
(TLRs) uu Monocytes & Endothelial cells & BP 3la Detuart Hml ﬂw
2. Proinflammatory Cytokines Storm: misnavoghon:anuov  TNF-a, e 2. Progressive Stage: Tissue hypoperfusion, Lactic acidosis,
IL-1, IL-6, IFN-y Peripheral blood pooling
3. Widespread Endothelial Activation: raoaldoauenagdosulso . _Cell membrane damage suusv, Lysosomal

_ Hypotension), WU Vascular enzymes ha"\), Anuria, Death

Permeability (Ed@Ma), ua:1ia Procoagulant State (DIC)

4. Metabolic Abnormalities: Insulin resistance & Hyperglycemia,

Lactic acidosis D1n tissue hypoxia

5. Multi-Organ Dysfunction Syndrome (MODS): o5g2:aulnacnang
szuula:MsLded3a

sec 08 | gsUdpaduuazUs:iGudfnd (USMLE High-Yield Board Pearls)

Clinical & Pathological High-Yield Pearls 1 Clinical & Pathological High-Yield Pearls 2

e Lines of Zahn: ¥osusn Thrombus Alfiquu:G33a (Antemortem e Amniotic Fluid Embolism: avdoniuiijoncdondvnanatiia Sudden
clot) onoIn Postmortem clot (Bvtdudnutu: Chicken-fat uas shock, Cyanosis, DIC ua:wu Squamous cells tunanaldoauoauu
Curd-like jelly TG Lines of Zahn) e Fat Embolism Triad: ns:qnAuuiin (Femur fracture) + 21nsnv

e Factor V Leiden Mutation: a1mqmDWus‘nssuﬁquaaﬁaouao auov + oI1Msmvouaa + Petechiae uurkinon
Inherited Thrombophilia iiaonanawwusg Arg506Gin itk ¢ Red vs White Infarct: Una 1hu d11& Gadod = Red Infarct | $oto Ta
Factor Va daciomsgioslas Protein C = White Infarct | auov = Liquefactive Necrosis

e Nutmeg Liver: asoowulu Chronic Passive Congestion 91 Right e Waterhouse-Friderichsen Syndrome: Hemorrhagic necrosis uov
Heart Failure 1ag Zone 3 1fa necrosis & congestion &du Zone 1 Adrenal glands duWusiiu Meningococcemia ua: Septic Shock

1N Fatty change

e Heart Failure Cells: Hemosiderin-laden alveolar macrophages

asd>dwulunvauuoaUoy Left Heart Failure 15950
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