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OBJECTIVES

This chapter will:

1. Review the physiology of primary hemostasis, coagulation,
and fibrinolysis.

2. Discuss the pathogenesis of bleeding in uremia and acute
renal failure.

3. Examine the causes of venous and arterial thrombosis in
uremia and acute renal failure.

PHYSIOLOGIC HEMOSTASIS

Physiologic hemostasis is the result of a complex series of
events that take place to stop bleeding at the site of injury
while maintaining normal blood flow in nondamaged circula-
tion sites. Hemostasis consists of three phases—primary
hemostasis, coagulation, and fibrinolysis—which are closely
connected to one another (Fig. 102.1).

Primary Hemostasis

Primary hemostasis is due to interactions between platelets,
adhesive proteins, and the vessel wall. Vascular endothelium
is a naturally antithrombotic surface that possesses anti-
platelet, anticoagulant, and profibrinolytic properties.
Vascular injury, however, determines a switch in endothe-
lium properties, which in turn leads to platelet recruitment,
activation, and aggregation to form the hemostatic plug.'
The first step of this process, platelet adhesion at the
injury site, is mediated by the interaction between platelet
adhesion receptors and the extracellular matrix components
von Willebrand factor (VWF) and collagen. VWF is a gly-
coprotein that normally is stored in granules of endothelial
cells and platelets, which can also be found circulating in
blood. When VWF is released in the bloodstream, it adheres
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to endothelial cellular membranes as ultra-large multimers
that are cleaved subsequently by the protein ADAMTS-13,
which prevents spontaneous platelet adhesion and activa-
tion. Moreover, VWF also binds to subendothelial matrix
proteins, such as collagen.?

The platelet transmembrane complex GPIb-V-IX interacts
with VWF and determines platelet rolling on the endothe-
lium through P-selectin interaction, and platelet activation
by actin cytoskeleton reorganization.” Another essential
receptor required for platelet adhesion and activation is
GPVI, which binds to subendothelial collagen when this
component is unmasked by endothelial injuries.*

Integrins are present on the surface of platelets in their
inactive form while in the steady state. Platelet activation
causes a conformational change in oy,B; (also termed GPIIb/
IIIa, the most important of these receptors), which enables
it to bind several ligands, such as fibrinogen, VWF, and
collagen, thus promoting platelet aggregation.” Platelet
activation promotes further platelet activation and aggrega-
tion through the release of various mediators (e.g., adenosine
diphosphate, thromboxane, serotonin) in a feedback activa-
tion process. Notably, thrombin (the terminal protease of
the coagulation cascade) also facilitates platelet activation
through the cleavage of two protease-activated receptors
(PAR1 and PAR4).°

Coagulation

Coagulation is divided into the intrinsic pathway, initiated
by contact with negatively charged surfaces, and the extrinsic
pathway, initiated by tissue factor (TF).

The coagulation cascade is started by blood vessel disrup-
tion and the exposure of subendothelial cells to circulating
factors. Subendothelial cells expose TF, which binds factor
VII, promoting its proteolysis and leading to the formation
of TF—factor VIIa complex. This complex in turn may activate
factor IX and factor X.

Factor Xa activates factor V to factor Va, leading to the
formation of the factor Xa—factor Va complex, which is
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FIGURE 102.1 Overview of hemostasis.

capable of converting prothrombin (factor II) to thrombin.
Factor IXa binds factor VIIIa, which further promotes the
activation of factor X. Thrombin then may activate factors
VIII, V, and XI and separate factor VIII from VWF, thus
enhancing prothrombinase activity. Once formed, thrombin
cleaves the fibrinogen molecule to create fibrin monomers
that are cross-linked to form polymers through the action
of thrombin-activated factor XIIIa.”

In recent years the factor Xl-factor XII intrinsic
pathway, which classically was thought of as a simple
amplification loop for the coagulation cascade initiated by
the TF, has been reevaluated: new evidence suggests that
this pathway is triggered in parallel with the extrinsic
pathway through different stimuli, which include collagen
and polyphosphates.®

There are several anticoagulatory mechanisms for tightly
controlling the coagulation cascade. These systems can be
divided roughly into two categories: circulating protease
inhibitors (e.g., antithrombin and tissue factor pathway
inhibitor), which act as inhibitors of coagulation factors by
binding to their active sites, and the enzymatic protein C/
protein S pathway.

Antithrombin (AT) is one of the most important circulat-
ing inhibitors of thrombin formation, which exerts its
function through the inhibition of factors IXa, Xa and IIa.
The ability of AT to inhibit its targets is accelerated greatly
by heparin and heparin-like glycosaminoglycans present
on the endothelial cell surface.

Tissue factor pathway inhibitor (TFPI) is another protease
inhibitor that is located either in platelets, on the micro-
vascular endothelium, or in a circulating form associated
with lipoproteins. TFPI exerts its anticoagulation function

by inhibiting factor Xa and the transient TF/FVIla/FXa
complex.

Thrombin is also inhibited by thrombomodulin, a
thrombin receptor expressed by endothelial cells. Thrombin-
bound thrombomodulin together with the endothelial
protein C receptor (EPCR) activates protein C. Activated
protein C is then complexed with its cofactor protein S,
which in turn proteolytically inactivates factor Va and factor
VIIa, thus preventing the activation of factor X and II.
The protein C/protein S pathway is necessary to prevent
clot formation on healthy endothelial cells that present
thrombomodulin.’

Fibrinolysis

Fibrinolysis is a regulated mechanism that aims to remove
blood clots during wound healing and prevent coagulation
in intact vascular beds. The activation of fibrinolysis is
achieved by converting plasminogen to plasmin through
the action of either tissue plasminogen activator (tPA), which
is released by activated endothelial cells, or urokinase
plasminogen activator (uPA), which is produced mainly
by macrophages and monocytes. Once produced, plasmin
cleaves factor V, factor VIII, fibrinogen, and the GPIb-V-IX
on platelets. Finally, fibrin and fibrinogen degradation
products (FDPs) interfere with fibrin formation and impair
platelet function through oy,B; complex occupancy.
Fibrinolysis is controlled primarily by three serine
protease inhibitors, plasminogen activator inhibitors 1 and
2 (PAI-1 and PAI-2) and o2-antiplasmin (A2AP). Other
inhibitors include a.2-macroglobulin, C1-esterase inhibitor,
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thrombin-activated fibrinolysis inhibitor (TAFI), and
members of the contact pathway of the coagulation cascade."

PATHOPHYSIOLOGY
Bleeding

Bleeding is a common and potentially severe complication
of acute and chronic renal failure. The clinical manifestations
vary, ranging from ecchymoses, epistaxis, bleeding from
the gums and venipuncture sites, to overt, life-threatening
gastrointestinal bleeding. The advent of modern dialysis
techniques has reduced but not eliminated the risk of
hemorrhage. Bleeding has been reported in up to half of
patients on continuous renal replacement therapy (CRRT),
with varying incidence depending on the study cohort and
the type of anticoagulation used.""'* In a recent series of
252 patients with dialysis-dependent acute renal failure
(ARF) in the intensive care setting, major all-cause bleeding
was observed in 26% of patients on CRRT and in 23% of
patients on intermittent hemodialysis (IHD)."

The pathogenesis of acute renal failure-related bleeding
is considered multifactorial and includes elements that can
be divided roughly into three categories: uremia-related
factors, dialysis-related factors, and critical care-related
factors.' Bleeding tendency in uremic patients has been
evaluated extensively, with abnormalities in platelet-platelet
and platelet-vessel wall interaction playing a major role.
Unfortunately, most studies have been done in patients
with chronic renal failure, and it is not clear whether these
findings can be extrapolated to acute renal failure. Pathologic
conditions that frequently accompany ARF in the intensive
care setting, such as sepsis, liver failure, disseminated
intravascular coagulation, major surgery, severe trauma,
thrombotic microangiopathies, and hypovolemic/cardiogenic
shock may aggravate the bleeding tendency observed in
such patients. In addition, anticoagulation regimens for
renal replacement therapy may contribute further to hemo-
static abnormalities.

Thrombocytopenia

Reduced circulating platelet numbers can be observed
in ARF patients as a result of uremia,"”'® which causes
inadequate platelet production and overconsumption.'”” Mean
platelet volume may also be decreased in uremic patients,
causing a reduction in the circulating platelet mass that is
related inversely to bleeding time. Nevertheless, the platelet
count is rarely below 80 x 10%/L,"*'* a number considered
adequate for normal hemostasis. Still, other conditions may
additionally aggravate thrombocytopenia through either
platelet consumption or reduced production; these include
sepsis, viral infections, hematinic deficiency, disseminated
intravascular coagulation, cirrhosis, autoimmune diseases,
adverse reactions to drugs, and thrombotic microangi-
opathies. As a matter of fact, thrombocytopenia has been
reported in about 20% of medical patients and in about 30%
of surgical patients admitted to intensive care units."” In
the case of ARF requiring renal replacement therapy, some
degree of platelet fragmentation as a result of mechanical
stress because of hemodialysis procedures has also been
reported. Finally, thrombocytopenia may also derive from
the anticoagulation regimen used to inhibit clotting in the
extracorporeal circuit. If heparin is used, this may occa-
sionally precipitate an immunologic condition known as

heparin-induced thrombocytopenia®; however, this condi-
tion is associated with thromboembolic events rather than
bleeding. In patients at risk of bleeding, alternative means
to routine heparinization can be used to avoid clotting in
the extracorporeal circulation during hemodialysis. Heparin-
free strategies developed specifically for anticoagulation
in patients at high risk of bleeding include hemodialysis
without anticoagulation and regional anticoagulation with
citrate. The use of anticoagulants during renal replacement
therapy is discussed in other chapters.

Platelet Abnormalities

A wide variety of platelet abnormalities have been reported
in patients with severe renal impairment (Box 102.1),
including subnormal dense granule content, impaired release
of the platelet a-granule proteins and B-thromboglobulin,
reduced capacity to form thromboxane A,, reduction in
serotonin and ADP, and elevation of cyclic AMP. Platelet
dysfunction has also been attributed to alterations in the
prostaglandin-forming enzyme cyclooxygenase and to
abnormal Ca®** mobilization in platelets, leading to the
impairment of Ca**-dependent platelet function.

Because this platelet defect is corrected partially by
dialysis, uremic toxins such as urea, phenol, and gua-
nidinosuccinic acid (GSA) have been related causally to
uremic platelet dysfunction. Several studies have pointed
out that the platelet-vessel wall interaction is impaired
in uremic patients.*’* This anomaly is attributable to
impaired function of the platelet oy,B; complex receptor,
accounting for the decreased binding of the two main
adhesive proteins circulating in human blood, VWF and
fibrinogen, to stimulated uremic platelets.”* The impaired
oupPs complex activation in uremia may explain aggregation
defects, as well as reduced VWF-dependent adhesion and
thrombus formation.”** A functional defect in the VWF-
platelet interaction may also play a role because, in these
patients, cryoprecipitate (a VWF-rich plasma derivative)
and desmopressin (a synthetic hormone that releases VWF
from storage sites) significantly reduces the bleeding time.

In addition, molecules such as prostacyclin (PGL,) and
nitric oxide (NO) that inhibit platelet function and modulate
vascular tone, affecting platelet-vessel wall interaction, are
increased in uremia.”” GSA accumulates in the plasma of
patients with uremia and is involved in the generation of
NO. GSA’s effect of stimulating NO release provides a
biologic explanation for data showing that GSA was the
only uremic toxin that consistently inhibited platelet

BOX 102.1
Platelet Abnormalities in Renal Failure

Subnormal dense granule content

Reduction in intracellular ADP and serotonin

Impaired release of the platelet a-granule proteins and
B-thromboglobulin

Enhanced intracellular cAMP

Abnormal mobilization of platelet Ca**

Abnormal platelet arachidonic acid metabolism

Abnormal ex vivo platelet aggregation in response to
different stimuli

Defective cyclooxygenase activity

Abnormality of the activation-dependent binding activity of
ounPs complex

ADP, Adenosine diphosphate; cAMP, cyclic adenosine monophosphate.
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function to such a degree that it was referred to as a key
factor in uremic bleeding. Recent evidence points towards
uremic toxins having a causative role in the alteration of
platelet transcriptome: uremia has been shown to alter the
mRNA platelet content and consequently protein expression,
thus impairing platelet function.*

Although dialysis improves platelet dysfunction
through the removal of uremic toxins, hemodialysis per
se can contribute to the hemostatic abnormalities observed
because the interaction between blood and artificial sur-
faces may induce the chronic activation of platelets. The
consequent release of platelet-derived proteins can induce
platelet exhaustion, leading to their dysfunction. It has been
demonstrated that plasma levels of the potent NO inducers
tumor necrosis factor-o. (TNF-o) and interleukin-1f (IL-18)
rise during dialysis.””*® IL-1B and TNF-o are generated in
vivo by circulating monocytes during hemodialysis with
complement-activating membranes. The increased produc-
tion of cytokines may also be triggered by intact endotoxin,
endotoxin fragments, and other bacterial toxins that may
cross dialysis membranes, as well as by acetate-containing
dialysate. As a result of the massive release of cytokines
during dialysis, NO synthesis increases. Thus the capac-
ity of the dialysis procedure to remove uremic toxins is
counterbalanced by its effects on platelet activation and
NO synthesis. On the other hand, some evidence suggests
that NO synthesis does not increase during the course
of a dialysis session; instead, it decreases. This finding
indicates that under optimal hemodialysis conditions with
no or minimal cytokine activation, hemodialysis corrects
the exaggerated NO synthesis, possibly by removing some
dialyzable NO-releasing substances from uremic plasma.

Anemia

Anemia is a constant feature of acute and chronic renal
failure and is one of the main determinants of the prolonged
bleeding time observed in uremic patients. The multiple
comorbidities associated with ARF in the intensive care
setting, such as bleeding resulting from major trauma or
surgery, sepsis, and extracellular volume expansion, may
worsen anemia significantly.

Some evidence suggests that bleeding time is inversely
related to the hematocrit in uremia.**** An important func-
tion of red blood cells within normal circulation is to
increase platelet-vessel wall contact by displacing platelets
away from the axial flow and toward the vessel wall; they
also enhance platelet function by releasing ADP®' and
inactivating PGI,. This erythrocyte activity explains the
shortening of the bleeding time seen in uremic patients
after partial correction of anemia by red blood cell transfu-
sions® or with administration of recombinant human
erythropoietin (thEPO).?* Such considerations could also,
theoretically, be applicable also to anemia resulting from
other causes, but there are not enough research data in this
context.

Many factors contribute to the anemia of uremic patients,
including shortened survival of red cells, failure of the
erythroid marrow, repeated blood loss during dialysis, and,
perhaps most importantly, defective secretion of erythro-
poietin. In addition, high-quality evidence indicates that
substances present in uremic serum, including polyamines,
parathyroid hormone, and various cytokines, can inhibit
erythropoiesis.”* The role of erythropoietin deficiency as
the primary underlying defect in anemia in renal failure
is supported by data showing that partial correction of
anemia with rhEPO was sufficient to correct defective

primary hemostasis in uremia. A controlled study established
the minimum hematocrit that must be achieved with thEPO
to correct prolonged bleeding time in uremic patients.”* A
threshold hematocrit between 27% and 32% must be reached
for bleeding time to become normal, or nearly normal,
indicating that a partial correction of renal anemia is suf-
ficient for this purpose.

Anticoagulants

All drugs characterized by renal metabolism and excretion
are potentially prone to accumulation and possibly toxicity
in case of ARF. Among the drugs responsible for increased
susceptibility to bleeding (which also include antiplatelet
agents, nonsteroidal antiinflammatory drugs, and pB-lactam
antibiotics), anticoagulants should receive a special mention.
It is widely known that patients with renal failure treated
with anticoagulant agents, either vitamin K antagonists
(VKASs) or heparins, are more prone to minor and major
bleeding events when compared with patients with normal
renal function.” In particular, low-molecular-weight heparin
(LMWH) excretion is carried out by the kidneys, so accu-
mulation is a common phenomenon in patients with severely
reduced renal function. As a consequence, a higher rate of
bleeding has been observed in patients with a glomerular
filtration rate (GFR) below 30 mL/min compared with
patients with a higher GFR.” Even though VKAs are
characterized by a predominant liver metabolism, the
anticoagulant effect in patients with a reduced glomerular
filtration rate is less predictable than in the general popula-
tion, with a fourfold increase in the risk of minor and major
bleeding.”’ Approved direct oral anticoagulants (DOAs),
which at the moment include one thrombin inhibitor
(dabigatran) and three factor Xa inhibitors (apixaban,
edoxaban, rivaroxaban), have started to change dogmas
regarding oral anticoagulation. These agents have very few
drug and food interactions compared with VKAs; in addition,
their stable and predictable pharmacokinetics make blood
testing for monitoring superfluous in most cases. However,
available DOAs are subjected to a certain degree of renal
clearance (approximately 80% for dabigatran, 50% for
edoxaban, 30% for rivaroxaban, and 25% for apixaban),
which makes dose adjustment necessary in case of moderate
to severe renal impairment. Moreover, in cases of ARF,
drug accumulation poses a considerable threat because of
the risk of major bleeding; aside from general measures
against hemorrhage, drug removal through hemodialysis
seems an appropriate option in case of dabigatran accumula-
tion. In a systematic review of 35 cases of dabigatran-
associated bleeding, renal replacement therapy (either
IHD or CRRT) was effective in reducing drug blood levels,
with hemostasis achieved in 70.6% of cases. However, it
is notable that a rebound in dabigatran concentration was
reported in more than half of cases, suggesting that a
prolonged course of RRT could be more effective.” Some
reports indicate that sustained low-efficiency dialysis (SLED)
may lead to more favorable outcomes compared with IHD.*

In contrast, dialysis is not effective in case of apixaban
or rivaroxaban accumulation, because of their high protein
binding (approximately 87% and 95%, respectively). Even
though edoxaban has lower protein binding (55%), dialysis
does not influence the drug blood levels and thus cannot
be considered a suitable countermeasure in case of drug
accumulation.”

Specific antidotes against DOAs are currently being
studied, but only idarucizumab, a monoclonal antibody
specific to dabigatran, has been approved for use.
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Thrombosis

AREF patients are at risk of not only minor and major bleeding
but also the opposite: venous and arterial thrombosis have
been reported with increased incidence in these subjects.
In addition, uremic patients are at a higher risk of thrombotic
complications with the vascular access as a consequence
of hemodialysis. Percutaneous cannulas, arteriovenous
shunts, and native vein or prosthetic arteriovenous fistulas
are particularly prone to thrombotic occlusion. The incidence
of thromboembolism after venous thrombosis is significantly
increased (from two- to eightfold, depending on the series)
in patients with end-stage renal disease compared with
patients with normal renal function.”"** Renal impairment
is also one of the most important risk factors for postan-
gioplasty or stent thrombosis.*” Similarly to bleeding, factors
related to the increased risk of thrombosis include uremia,
dialysis, and critical illnesses.

Platelet Alterations

Even though platelet alterations in renal failure are related
more frequently to bleeding disorders, specific changes may
also predispose to thrombosis. Platelets may become
activated because of accompanying conditions, such as
sepsis and its complications.

Phosphatidylserine, one of the most abundant phospho-
lipids, could play a major role in uremia-associated
hypercoagulability. Increased levels of phosphatidylserine
can be identified on the surface of platelets in subjects with
reduced renal function*': this molecule, which is usually
located in the inner side of the cellular membrane, acts as
a prothrombotic signal through the binding of activated
factor V, the enhancement of TF activation, and the facilita-
tion of platelet aggregation.*

Some evidence indicates that platelets in uremic blood
present increased levels of P-selectin, which facilitates the
formation of platelet-leukocyte aggregates and platelet
activation. Moreover, the activity of the protease ADAMTS-13
is reduced in uremia, as well as in acute inflammation,
cirrhosis, and during the postoperative period.** This
promotes the persistence of ultra-large VFW multimers on
the surface of endothelial cells and thus enhances platelet
adhesion and aggregation.

Inflammation and Endothelial Dysfunction

As discussed in the physiology section, endothelial cells
are paramount for hemostasis. Laminar blood flow maintains
the endothelium in an antithrombotic condition by inhibiting
platelet adhesion and aggregation through the expression
of molecules such as NO, anticoagulants, and fibrinolytic
agents. In addition, normal flow on the endothelium
downregulates oxidative stress molecules and thus inflam-
matory responses.*’

Renal failure causes a series of derangements at the
endothelial level: hemodynamic factors such as volume
overload and hypertension lead to increased shear stress
which, coupled with uremia- or inflammation-related
molecules, may promote a shift in the endothelium’s natural
anticoagulant ability.

Regarding the connection between inflammation and
coagulation, proinflammatory cytokines are known to
activate platelets and enhance TF expression through
endothelial cells. This explains why thrombotic events (e.g.,
vascular access thrombosis, disseminated intravascular

coagulation) and clotting of the extracorporeal circuit are
observed more frequently in septic patients. However, the
direct effect of cytokines may be only a partial explanation
for this phenomenon; in recent years, microparticles, small
vesicles released from the plasmatic membrane of platelets,
endothelial cells and other cellular types after cell activation,
apoptosis or exposure to shear stress, have gained increasing
attention as pivotal factors in inflammation- and uremia-
related hypercoagulability.* Microparticles (MPs) may
influence coagulation through at least three different
mechanisms: first, MPs may contain phospholipids such
as phosphatidylserine, whose prothrombotic action was
described in the previous paragraph.*’ Second, MPs express
TF on their surface and actively release free TF in the
bloodstream, thus promoting uncontrolled activation of the
extrinsic coagulation pathway.”” Finally, another tentative
mechanism involving micro-RNAs (miRNAs) has been
proposed: miRNAs are small, single-strand noncoding RNAs
that regulate gene expression at a posttranscriptional level.
A growing body of evidence indicates that miRNAs are
involved in the control of coagulation: miRNAs have been
shown to influence platelet aggregation through the upregula-
tion of the P2Y,, receptor, which is essential for the activa-
tion of oypPs. In addition, specific miRNAs have been
associated with deep vein thrombosis and markers of
hypercoagulability such as D-dimer and activated protein-C
in complex with protein-C inhibitor,”* while specific miRNA
expression profiles identified platelets with increased
aggregation responses to epinephrine.’* Recent studies have
shown that MPs act as natural carriers of miRNAs between
cells,” suggesting that miRNAs released upon activation
or exposure to stress from different cell types may modulate
gene expression in other cells.

The elevation of circulating MPs of endothelial origin
has been described in plasma from patients with renal
failure, underscoring the degree of endothelial dysfunction
observed in this condition.”*** Interestingly, other reports
have found that the uremic toxin p-cresyl sulfate, a metabo-
lite of tyrosine that accumulates in renal failure, promotes
the release of endothelial MPs, causing endothelial dysfunc-
tion.”® A similar action has been described for indoxyl
acetate and indoxyl sulfate, compounds that are produced
as a result of the tryptophan metabolism of gut bacteria,
with subsequent metabolization by the liver. Indolic
metabolites are excreted by the kidneys through active
secretion by tubular cells and tend to accumulate with
decreasing renal function. These molecules have been shown
to promote the shedding of MPs with phosphatidylserine
from erythrocytes, which in turn act as binding sites for
factor Xa and prothrombinase complexes, thus enhancing
thrombin production.’”

Effect of Uremic Toxins on Coagulation
and Fibrinolysis

The activation of coagulation has been demonstrated in
uremic patients and is more prominent in those who undergo
hemodialysis. Thrombin is formed continuously, as dem-
onstrated by the increased levels of thrombin-antithrombin
levels,” ! D-dimers,””** and fibrinopeptide A.****** Conflict-
ing results have been obtained regarding the fibrinolytic
system. Initial reports noted decreased fibrinolytic activity
in uremia, either absolute or relative to the extent of activa-
tion of the coagulation'”**; this finding has been used
as an explanation for the hypercoagulable state. Subsequent
studies, however, have described the activation of fibrinolysis
in uremia, with an increase in plasmin-antiplasmin



complexes®®® and fibrinogen and fibrin degradation prod-

ucts,”” together with a decrease in plasminogen activator
inhibitor activity after hemodialysis sessions.”"** These later
findings probably reflect a fibrinolytic response that is
secondary to fibrin deposition, which also takes place when
overall fibrinolytic activity is depressed.

In patients treated with hemodialysis, the extracorporeal
circulation of blood is another important source of hemo-
stasis impairment.*”® Blood-air and blood-dialyzer interfaces
are major determinants of hypercoagulability.®® Other factors
concur to increase this effect (e.g., low biocompatibility of
the membrane, low blood flows, and hemoconcentration).
Strategies to prevent coagulation activation and clotting of
the extracorporeal circuit have been developed and are
discussed extensively in other chapters.

An additional explanation of such derangements lies,
again, in the changes caused by uremic toxins. In addition
to the already described prothrombotic activity through
MP release, indolic compounds are potent inducers of TF
in endothelial cells through their action on the aryl hydro-
carbon receptor pathway.”” Other tryptophan degradation
products, kynurenine and its metabolites, are known to
accumulate in renal failure, especially in patients who need
renal replacement therapy. Preliminary reports show a close
association between kynurenines and markers of coagulation
activity,”® but causality has not been demonstrated yet.
Hyperhomocysteinemia is an almost constant finding in
uremia; this molecule can promote platelet activation, inhibit
the protein C system, reduce the endothelial secretion of
tPA, and increase TF activity.*>*’ However, clinical studies
conducted so far have failed to demonstrate a causal relation-
ship between homocysteine levels and thrombosis.”

CONCLUSION

Bleeding and thrombosis are potentially life-threatening
complications of renal failure and uremia that are highly
prevalent in the critical care setting. The pathogenesis of
bleeding and thrombosis in acute renal failure is multifacto-
rial and includes elements related to uremia, critical

illnesses, and hemodialysis. Recent advances in dialysis
techniques and an increasing understanding of hemostasis
in renal failure have paved the way for interventions to
reduce the incidence and mortality of both conditions;
however, clinicians should always be aware of the potential
risk of coagulopathy when facing acute renal failure.

Key Points
1. The pathogenesis of bleeding and thrombosis
in the setting of acute renal failure is
multifactorial.

2. Platelet-platelet and platelet-vessel wall interaction
play a major role in the pathogenesis of uremic
bleeding.

3. Endothelial dysfunction and uremic toxins have
been recognized as pivotal factors for the develop-
ment of renal failure-related thrombosis.

4. Drugs and comorbidities may precipitate or aggra-
vate bleeding and thrombosis in the setting of acute
renal failure.
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