MALDEK
CONDITION CATALOG - HEPATOLOGY

Cirrhosis-Associated Coagulation
Dysfunction

Cirrhosis creates a rebalanced but fragile coagulation system where both clotting
and bleeding risks coexist because the liver can no longer make normal amounts of
pro-clotting and anti-clotting proteins.

THE STORY IN ONE SENTENCE

Cirrhosis creates a rebalanced but fragile coagulation system where both clotting and
bleeding risks coexist because the liver can no longer make normal amounts of pro-clotting
and anti-clotting proteins.

“Cirrhosis-associated coagulation dysfunction is a blood-clotting disorder that happens when a
scarred liver cannot make enough clotting proteins or the proteins that stop clots. Patients can
bleed easily but can also form dangerous clots, making treatment decisions complex.”

Normal anatomy — the body's job

The liver makes most of the proteins needed for blood clotting (procoagulants) and most of the
proteins that stop clots from growing too large (anticoagulants). These proteins circulate in the
blood in an inactive form until injury occurs. When a blood vessel is cut, clotting factors
activate in a careful sequence to form a clot, while anticoagulant proteins prevent the clot from
spreading beyond the injury site.

BODY'S JOB

The liver is like a factory that makes two teams of workers: the builders who repair broken
pipes (clotting factors) and the inspectors who make sure repairs do not block the whole
pipe (anticoagulant proteins). Both teams must be present in the right amounts to keep
water flowing safely through your home plumbing system without leaks or blockages.

1. Liver hepatocytes (liver cells) synthesize clotting factors II, V, VII, IX, X, XI, and fibrinogen
daily and release them into the bloodstream.

2. The same liver cells make anticoagulant proteins including protein C, protein S, and
antithrombin, which circulate alongside clotting factors.
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3. When a blood vessel is injured, tissue factor at the injury site activates factor VII, starting
the clotting cascade.

4. The cascade amplifies through a series of enzyme reactions, eventually converting
fibrinogen to fibrin strands that form a stable clot.

5. Anticoagulant proteins activate to localize the clot to the injury site, preventing clot spread
into healthy vessels.

6. The liver clears activated clotting factors and produces plasminogen, which later breaks
down clots once healing is complete.

What breaks

In cirrhosis, scar tissue replaces healthy liver cells, so the liver cannot make normal amounts
of clotting proteins or anti-clotting proteins. Blood tests like the INR (international normalized
ratio) go up because clotting factors drop, but this does not mean the patient will bleed. The
balance between clotting and anti-clotting is reset at a lower level that works until infection,
kidney failure, or other stress tips the balance.

CLINICAL TERM

Hepatocyte (liver cell) loss and fibrosis (scarring) reduce synthesis of vitamin K-dependent
factors (II, VII, IX, X), factor V, factor XI, fibrinogen, protein C, protein S, and
antithrombin. The PT/INR (prothrombin time/international normalized ratio) prolongs
because factor VII has the shortest half-life, but thrombin generation assays often show
near-normal clot formation because factor VIII and von Willebrand factor rise as acute-
phase reactants. A low platelet count (Thrombocytopenia) (low platelet count) develops
from splenic sequestration (trapping in an enlarged spleen) due to portal high blood
pressure (hypertension) (high pressure in the portal vein), but platelets are often
hyperreactive.

How the body compensates

The body rebalances the coagulation system by increasing some pro-clotting factors and
decreasing some anti-clotting factors so that the net result is often near-normal clot formation
despite abnormal lab tests. This rebalanced state is fragile and can decompensate with
infection, kidney injury, or gastrointestinal bleeding.

1. {'step': 'Factor VIII and von Willebrand factor rise substantially', 'detail': 'Endothelial cells
release excess von Willebrand factor due to portal high blood pressure (hypertension) and
inflammation, and factor VIII rises as an acute-phase reactant, partially compensating for
low levels of other clotting factors.'}
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. {'step': 'Platelets become hyperreactive despite low count', 'detail': 'The remaining platelets

have increased surface activation markers and enhanced aggregation responses to
agonists, so hemostatic function may be preserved even at counts of 50,000-80,000/uL."'}

. {'step': 'Thrombin generation remains near-normal in stable cirrhosis', 'detail': 'Global

assays like thrombin generation tests show that the balance between reduced
procoagulants and reduced anticoagulants often produces normal or even increased
thrombin production in the absence of stressors.'}

. {'step': 'Fibrinolysis is impaired despite low plasminogen', 'detail': 'The liver cannot clear

tissue plasminogen activator efficiently, and PAI-1 levels may be elevated, reducing the
breakdown of clots once formed and contributing to thrombotic risk.'}

. {'step': 'The system depends on intact endothelium and normal platelet-endothelial

interaction', 'detail': 'Compensation requires healthy blood vessel lining to regulate local
clotting signals, so any endothelial injury from infection, severe waste buildup in the blood
(uremia), or procedures can destabilize the balance.'}

. {'step': 'Reserve capacity is minimal, so decompensation occurs with physiologic stress',

'detail': 'Bacterial infections, acute kidney injury, variceal bleeding, and procedural bleeding
can rapidly exhaust clotting factors and tip the fragile balance toward bleeding
(hemorrhage) or, paradoxically, toward clot formation (thrombosis) if inflammatory
cytokines rise.'}

Domino effect

1.

Progressive hepatocyte loss from ongoing liver injury reduces synthesis of all coagulation
proteins — Cirrhotic fibrosis replaces functional liver tissue, and fewer hepatocytes mean
proportionally less production of both clotting factors and natural anticoagulants each day.

. Portal high blood pressure (hypertension) develops as fibrosis obstructs blood flow through

the liver — Scar tissue increases resistance to portal venous blood flow, raising pressure in
the portal vein and causing blood to back up into the spleen and other organs.

. An enlarged spleen (Splenomegaly) traps platelets, and thrombopoietin production falls —

The enlarged spleen holds platelets in its pulp, removing them from circulation, and the
damaged liver makes less thrombopoietin to stimulate new platelet production in the bone
marrow.

. PT/INR prolongs and platelet count drops, leading clinicians to assume high bleeding risk —

Standard lab tests measure only procoagulant factor levels and platelet quantity, not the
compensatory rise in factor VIII, von Willebrand factor, or platelet hyperreactivity, so
results appear worse than actual hemostatic function.
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5. Bacterial translocation and spontaneous bacterial peritonitis trigger systemic inflammation
— Portal high blood pressure (hypertension) causes intestinal swelling (edema) and altered
gut barrier function, allowing bacteria to move from the bowel into the bloodstream or
ascitic fluid, activating inflammatory cascades.

6. Inflammation and endothelial injury destabilize the fragile hemostatic balance — Cytokines
from infection damage endothelial cells, consume clotting factors in micro-blood clots
(thrombi), reduce platelet function through uremic toxins if kidney injury occurs, and shift
the balance unpredictably toward bleeding or clotting.

7. Variceal bleeding (hemorrhage) or procedural bleeding depletes remaining clotting factors
and platelets — Active bleeding consumes fibrinogen, factors V and VIII, and platelets
faster than the cirrhotic liver can replace them, and dilution from transfused red cells and
fluids further lowers coagulation protein concentrations.

8. Paradoxically, portal vein clot formation (thrombosis) or a clot in a deep leg vein (deep vein
thrombosis) may occur even during or after bleeding episodes — Slow portal blood flow,
endothelial injury, and imbalanced fibrinolysis create a pro-thrombotic state in the venous
system, and inflammation from infection or bleeding amplifies thrombotic risk despite
prolonged INR and a low platelet count (thrombocytopenia).

Symptoms - what the patient feels, and why

* Easy bruising with minor trauma: Liver makes clotting proteins (factors II, VII, IX, X) and
when cirrhotic liver fails, fewer clotting factors circulate so blood vessels leak after small
bumps

* Bleeding gums when brushing teeth: Low platelet (blood clotting cell) count from spleen
trapping platelets plus reduced thrombopoietin (platelet growth hormone) from sick liver

* Nosebleeds that last longer than 10 minutes: Fragile blood vessels in nose cannot clot
properly because both clotting factors and platelets are low

* Black tarry stools or vomiting blood: Portal high blood pressure (hypertension) (high
pressure in liver blood vessels) causes varices (swollen veins) in esophagus or stomach that
rupture easily because clotting system cannot seal breaks

* Prolonged bleeding after blood draws or procedures: Insufficient fibrinogen (clotting
protein) and clotting factors mean body cannot form stable clots at puncture sites

» Spider-like blood vessels on skin (telangiectasias): Estrogen accumulation from failed liver
clearance dilates small skin blood vessels and low clotting factors make these fragile
vessels bleed easily

* Heavy or prolonged menstrual periods: Uterine lining cannot clot normally during shedding
because liver is not making enough clotting factors and platelet numbers are too low
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Sudden severe abdominal pain with distension: Spontaneous bleeding into abdomen from
rupture of varices or bleeding (hemorrhage) into peritoneal cavity when clotting system
completely fails

Focused exam

Yellowing of the skin and eyes (Jaundice) in sclera (yellow whites of eyes) and skin:
Elevated bilirubin (yellow pigment) reflects impaired liver synthetic function which
parallels reduced production of vitamin K-dependent clotting factors

Spider angiomas on chest and palms with palmar redness (erythema) (red palms): Estrogen
excess from failed liver metabolism causes vascular changes and predicts portal high blood
pressure (hypertension) which raises variceal bleeding risk

An enlarged spleen (Splenomegaly) (enlarged spleen) palpable below left rib cage: Portal
high blood pressure (hypertension) causes spleen congestion which traps and destroys
platelets causing a low platelet count (thrombocytopenia) (low platelet count) and worse
bleeding tendency

Pinpoint bleeding spots (Petechiae) (pinpoint red spots) or purple bleeding blotches
(purpura) (larger purple patches) on arms and legs: Visible bleeding into skin when
platelets drop below 50,000 signals high risk for mucosal (mouth, gut) and internal
bleeding

Fluid buildup in the belly (Ascites) with fluid wave or shifting dullness on percussion:
Abdominal fluid accumulation indicates portal high blood pressure (hypertension) and low
albumin both of which correlate with advanced cirrhosis and severe coagulation
impairment

Vomiting blood (Hematemesis) (vomiting blood) or black tarry stool (melena) (black tarry
stool) on rectal exam: Active gastrointestinal bleeding requires immediate resuscitation
with packed red blood cells, endoscopy, and possible variceal banding or sclerotherapy
(vessel sealing)

Diagnostics - every test answers a question

Prothrombin time/INR (PT/INR) — How well is the extrinsic clotting pathway (factors II, VII,
X) working and how severe is liver synthetic dysfunction?

Complete blood count with platelet count — Is a low platelet count (thrombocytopenia)
present and is there anemia from chronic or acute bleeding?

Fibrinogen level — Is there enough fibrinogen (clotting protein that forms clot mesh) for
stable clot formation?
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* Comprehensive metabolic panel with liver function tests - How severe is the liver damage
and is there kidney dysfunction affecting uremic (kidney-failure-related) platelet
dysfunction?

* Thromboelastography (TEG) or rotational thromboelastometry (ROTEM) — What is the
overall balance between clotting and bleeding in this patient's whole blood?

* Esophagogastroduodenoscopy (EGD, upper endoscopy) — Are esophageal or gastric varices
present and at high risk for bleeding?

* Abdominal ultrasound with Doppler — Is there portal vein clot formation (thrombosis) (clot
in liver blood vessel) or portal high blood pressure (hypertension), and what is spleen size?

» Factor V level — Is factor V deficiency present, which indicates liver synthesis failure since
factor V is not vitamin K-dependent?

Treatment logic

* Fresh frozen plasma (FFP) transfusion before invasive procedures — Replaces all clotting
factors temporarily to reduce bleeding during high-risk procedures like paracentesis (belly
fluid removal) or biopsy when INR is above 2.0

* Platelet transfusion when count below 50,000 before procedures or below 10,000 with
active bleeding — Raises platelet count temporarily to reduce bleeding during invasive
procedures or stop active bleeding (hemorrhage) in severe a low platelet count
(thrombocytopenia)

* Non-selective beta-blockers (propranolol or carvedilol) for variceal bleeding prevention
(prophylaxis) — Lowers portal pressure by reducing splanchnic (gut) blood flow and heart
rate which decreases risk of first variceal bleed by 40-50% in patients with medium or large
varices

* Endoscopic variceal ligation (banding) for high-risk varices or active bleeding —
Mechanically obliterates (closes off) esophageal varices by placing rubber bands to stop
active bleeding or prevent first bleed in large varices with red signs

 Vitamin K supplementation 10 mg subcutaneous or oral for 3 days — Corrects INR if
malnutrition or cholestasis (bile flow blockage) has depleted vitamin K stores needed for
factors II, VII, IX, X synthesis

* Transjugular intrahepatic portosystemic shunt (TIPS) for refractory variceal bleeding —
Creates artificial channel between portal vein and hepatic vein to lower portal pressure and
stop recurrent life-threatening variceal bleeding (hemorrhage) uncontrolled by medications
and banding
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Medications

propranolol - Non-selective beta-adrenergic blocker

This drug blocks beta receptors on blood vessels in the gut and on the heart. By blocking gut
vessel beta-2 receptors it causes vasoconstriction (vessel narrowing) which lowers blood flow
to the portal vein. By blocking heart beta-1 receptors it slows heart rate and reduces how hard
the heart pumps which also decreases portal pressure.

1. Propranolol binds to beta-1 receptors in heart reducing cardiac output (amount of blood
pumped per minute)

2. Drug binds to beta-2 receptors on splanchnic arterioles causing vasoconstriction and
reduced gut blood flow

3. Decreased splanchnic inflow reduces volume entering portal vein

4. Portal venous pressure drops by 10-20% reducing wall tension on varices

5. Lower variceal pressure decreases rupture risk and bleeding episodes

SAFETY WATCH
Monitor heart rate and hold if below 50-55 beats per minute - Check blood pressure and
reduce dose if systolic drops below 90 mmHg - Avoid in severe asthma or decompensated
heart failure - Watch for worsening hepatic encephalopathy from reduced liver blood flow
(perfusion)

octreotide - Synthetic somatostatin analogue

This medication mimics somatostatin which is a natural hormone that turns off blood flow to
the gut. When given intravenously during active variceal bleeding it causes powerful
constriction of splanchnic arteries reducing the amount of blood flowing into the already high-
pressure portal vein. This gives endoscopy and banding procedures better chance to control
the bleeding source.

. Octreotide binds to somatostatin receptors on smooth muscle cells in splanchnic arteries

. Receptor activation triggers calcium channel closure reducing intracellular calcium

1
2
3. Smooth muscle contracts causing splanchnic vasoconstriction and reduced portal inflow
4. Portal pressure drops acutely within 5 minutes of bolus injection

5

. Reduced variceal wall tension allows clot formation at bleeding site
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SAFETY WATCH

Give as continuous infusion 25-50 mcg/hour after 50 mcg bolus for acute bleed - Monitor
blood glucose as it can cause high blood sugar (hyperglycemia) or rarely low blood sugar
(hypoglycemia) - Watch for a slow heart rate (bradycardia) and arrhythmias (abnormal
heart rhythms) - Stop after 2-5 days once bleeding controlled to avoid tachyphylaxis
(reduced response)

fresh frozen plasma (FFP) - Blood product containing all clotting factors

FFP is the liquid part of donated blood that has been frozen within 8 hours of collection to
preserve all clotting factors. When thawed and transfused it temporarily replaces deficient
factors II, V, VII, IX, X and fibrinogen that the cirrhotic liver cannot make. The infused factors
circulate and participate in clot formation for 12-24 hours until they are consumed or
degraded.

1. FFP is thawed and transfused intravenously over 30-60 minutes

2. Clotting factors enter circulation and distribute into plasma volume

3. At bleeding sites tissue factor activates extrinsic pathway using transfused factor VII
4. Factor VII activates factor X which converts prothrombin (factor II) to thrombin

5. Thrombin cleaves fibrinogen to fibrin forming clot mesh and PT/INR temporarily improves

SAFETY WATCH

Risk of transfusion-associated circulatory overload (TACO) especially with fluid buildup in
the belly (ascites) - ABO compatibility required to prevent destroying red blood cells
(hemolytic) reactions - Transfusion-related acute lung injury (TRALI) can occur rarely -
Monitor for allergic reactions and do not use prophylactically without active bleeding or
planned procedure

cryoprecipitate - Concentrated blood product rich in fibrinogen and factor VIII

Cryoprecipitate is the cold-insoluble portion of plasma that precipitates when FFP is thawed
slowly. It contains concentrated fibrinogen, factor VIII, von Willebrand factor, and factor XIII in
a small volume. When fibrinogen drops below 100 mg/dL in cirrhosis this product rapidly
replaces fibrinogen which is the final building block that thrombin converts to fibrin threads
forming the clot structure.

1. Cryoprecipitate is thawed and pooled from multiple donors then infused
2. High-concentration fibrinogen enters plasma raising level by approximately 7-10 mg/dL per
unit

3. At injury sites thrombin cleaves fibrinogen into fibrin monomers
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4. Factor XIII (also in cryoprecipitate) cross-links fibrin forming stable clot

5. Improved fibrinogen levels correct impaired blood clotting (coagulopathy) contribution
from hypofibrinogenemia

SAFETY WATCH
Typical dose is 10 units (one pool) which raises fibrinogen approximately 70-100 mg/dL -
ABO compatibility preferred but not mandatory since volume is small - Risk of viral
transmission slightly higher than single-donor products - Monitor fibrinogen level 1 hour
post-transfusion to assess response

vitamin K (phytonadione) - Fat-soluble vitamin and cofactor for clotting factor
synthesis

Vitamin K is required for the liver enzyme gamma-glutamyl carboxylase to activate clotting
factors II, VII, IX, and X by adding carbon dioxide groups to glutamic acid residues. In cirrhosis
with cholestasis or malnutrition vitamin K absorption is impaired leaving factors in inactive
form. Supplementing vitamin K allows any remaining functional liver tissue to produce active
factors.

1. Vitamin K enters hepatocyte and binds to gamma-glutamyl carboxylase enzyme

2. Enzyme adds carboxyl groups to glutamic acid on factors II, VII, IX, X converting them to
active form

3. Active factors are secreted into blood and can now bind calcium and participate in clotting
4. Vitamin K is oxidized to epoxide form and must be recycled by reductase enzyme

5. PT/INR improves within 12-24 hours if liver has capacity to synthesize factors

SAFETY WATCH

Give 10 mg subcutaneously or orally daily for 3 days as trial - If INR improves by >0.3-0.5
points continue supplementation - Intravenous route carries anaphylaxis risk so avoid
unless critical - No response to vitamin K after 3 days confirms hepatocyte synthetic
failure not vitamin K deficiency

platelet transfusion - Blood product containing concentrated platelets

Platelet transfusions contain platelets separated from whole blood donations and suspended in
plasma. When transfused the donor platelets circulate and participate in primary hemostasis
by adhering to damaged blood vessel walls and aggregating to form initial platelet plug. In
cirrhosis with a low platelet count (thrombocytopenia) from splenic sequestration transfusion
temporarily raises count to safer levels before procedures or during active bleeding.

1. One apheresis unit or platelet pool is transfused intravenously over 30 minutes
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2. Donor platelets circulate and should raise recipient count by 30,000-50,000 per unit

3. At bleeding sites platelets bind von Willebrand factor and collagen on damaged
endothelium

4. Activated platelets release ADP and thromboxane recruiting more platelets to form plug

5. Platelet plug provides surface for clotting cascade and factor activation

SAFETY WATCH

Transfuse when platelets below 50,000 before high-risk procedures or below
10,000-20,000 with active bleeding - ABO compatibility preferred to maximize platelet
survival - Risk of alloimmunization with repeated transfusions causing platelet
refractoriness - Do not transfuse prophylactically in stable cirrhosis without bleeding as
evidence shows no benefit and adds cost and risks

Red flags

* Vomiting blood (Hematemesis) (vomiting bright red blood) or black tarry stool (melena)
(black tarry stools) indicating active gastrointestinal bleeding

* INR above 3.0 with any bleeding symptom suggesting severe impaired blood clotting
(coagulopathy) requiring immediate factor replacement

* Platelet count below 20,000 with spontaneous bleeding into skin or mucous membranes

* Sudden severe abdominal pain with low blood pressure (hypotension) (systolic BP below 90)
suggesting variceal rupture or intra-abdominal bleeding (hemorrhage)

Nursing priorities

1. Monitor for active bleeding from multiple sites (gums, venipuncture sites, gastrointestinal
tract) — Cirrhosis causes both decreased clotting factor production and low platelets
(thrombocytopenia), creating high bleeding risk despite paradoxically balanced coagulation
on labs

2. Avoid unnecessary invasive procedures and coordinate essential procedures with
hematology — Each needle stick or catheter placement can trigger uncontrolled bleeding;
when procedures are necessary, preventive (prophylactic) hemostatic support may be
needed

3. Hold anticoagulants and antiplatelet agents unless specifically ordered for clot formation
(thrombosis) treatment — Cirrhosis patients have rebalanced hemostasis (equal bleeding
and clotting risk); adding blood thinners can tip the balance toward dangerous bleeding
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4. Assess for signs of portal high blood pressure (hypertension) complications including
variceal bleeding — Increased pressure in the portal vein (portal high blood pressure
(hypertension)) causes fragile enlarged veins (varices) in the esophagus and stomach that
can rupture and bleed massively

5. Monitor liver synthetic function markers (INR, albumin, bilirubin) and platelet count daily
— INR (International Normalized Ratio, a clotting time test) reflects how well the liver
makes clotting proteins; worsening INR or dropping platelets signal deteriorating liver
function and higher bleeding risk

6. Educate patient to report bleeding symptoms immediately (black tarry stools, coffee-ground
vomit, increased bruising) — Early recognition of gastrointestinal bleeding allows prompt
intervention with endoscopy (camera scope procedure) and hemostatic therapy before
shock develops

7. Question orders for fresh frozen plasma or platelet transfusions before procedures unless
patient has active bleeding — Preventive (Prophylactic) transfusions before procedures do
not reduce bleeding risk in cirrhosis and may cause volume overload, infection, and
paradoxical clotting; current guidelines recommend against routine use

8. Collaborate with pharmacy to review all medications for bleeding risk and hepatotoxicity
(liver damage) — NSAIDs (non-steroidal anti-inflammatory drugs like ibuprofen) increase
bleeding and worsen kidney function in cirrhosis; many medications accumulate when the
liver cannot break them down properly

Sources

* American Association for the Study of Liver Diseases (AASLD) guidelines on complications
of cirrhosis, including management of coagulation disorders and variceal bleeding
(2016-2021)

* American Society of Hematology (ASH) guidelines on plasma transfusion and platelet
transfusion in adults (2021)

* Baveno VII Consensus Workshop on portal hypertension and variceal bleeding management
(2022)

* Northup PG, et al. Coagulation in liver disease: a guide for the clinician. Clinical
Gastroenterology and Hepatology (2013) on rebalanced hemostasis in cirrhosis
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