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ABSTRACT

Bleeding is a common and potentially serious complica-
tion of acute and chronic renal failure. The pathogenesis
of bleeding in uremia is multifactorial; however, the major
role is played by abnormalities in platelet–platelet and
platelet–vessel wall interaction. Platelet dysfunction is par-
tially due to uremic toxins present in circulating blood.
Despite decreased platelet function, abnormalities of blood
coagulation and fibrinolysis predispose the uremic patients
to a hypercoagulable state carrying the risk of cardiovas-

cular and thrombotic complications. Dialysis improves
platelet abnormalities and reduces, but does not eliminate,
the risk of hemorrhage. Hemodialysis can even contribute
to the bleeding through the continuous platelet activation
induced by the interaction between blood and artificial
surfaces and the use of anticoagulants. Correction of ane-
mia improves hemostasis in uremic patients. Therapeutic
management of bleeding in patients with uremia is dis-
cussed.

Bleeding is a common and potentially serious compli-
cation of acute and chronic renal failure (1). The most
common bleeding complications in uremia are petechial
hemorrhages, blood blisters, and ecchymoses at the site
of fistula access puncture or temporary venous access
insertion. Gastrointestinal bleeding occurs with greater
frequency and is observed in up to one third of uremic
patients. Low-grade gastrointestinal bleeding may be
even more common. The causes of bleeding are usually
peptic ulcers, hemorrhagic esophagitis, gastritis, duode-
nitis, and gastric telangiectasias (2,3). Other bleeding
complications reported in chronic uremia are subdural
hematoma, spontaneous retroperitoneal bleeding, spon-
taneous subcapsular hematoma of the liver, intraocular
hemorrhage, and, now rare, hemorrhagic pericarditis
with cardiac tamponade (1).

With the advent of modern dialysis techniques and
the use of erythropoietin to correct anemia, the incidence
of severe hemorrhages has been definitively reduced.
However, bleeding diathesis still represents a problem
for uremic patients, particularly during surgery or inva-
sive procedures such as biopsies.

Normal Hemostasis

Hemostasis is a complex process composed of
three phases—primary hemostasis, coagulation, and

fibrinolysis—that are closely linked to each other. They
control blood fluidity and rapidly induce hemostatic
plug formation at the site of vascular injury.

Primary hemostasis is due to interactions between
platelets and adhesive proteins and the vessel wall (4).
Normal vascular endothelium is a thromboresistant sur-
face that possesses antiplatelet, anticoagulant, and profi-
brinolytic properties, but after vascular injury, platelets
are rapidly recruited to form the hemostatic plug.

The mechanism of platelet adhesion is mainly
mediated by the interaction of two platelet receptors,
glycoprotein Ib (GPIb) and the activation-dependent
receptor glycoprotein IIb–IIIa (GPIIb–IIIa) complex,
with the adhesive molecules von Willebrand factor
(VWF) and fibrinogen (5). In the circulation the initial
contact is dependent on the binding of VWF (bound to
collagen on the exposed subendothelium or to P-selectin
on activated endothelial cells) with GPIb on platelets.
This interaction favors the rolling of platelets on the
endothelial surface, initiates platelet activation and
triggers conformational change in the GPIIb–IIIa
complex that facilitates binding with fibrinogen and
VWF. Following the adhesion step platelets undergo a
shape change and release the content of the granules
liberating substances such as ADP, thromboxane,
VWF, fibrinogen, thrombin, serotonin, and epinephrine
that cause further platelet activation and aggregation
as well as vasoconstriction. The process of platelet adhe-
sion is counteracted by the protease ADAMTS13 that
cleaves the VWF thus blocking thrombus growth (6).

Coagulation (4) is divided into the intrinsic pathway,
initiated by contact with negatively charged surfaces,
and the extrinsic pathway initiated by tissue factor (TF).
In the coagulation cascade the key event is the activation
of the extrinsic pathways promoted by TF, a cell
membrane protein that is exposed at the site of vascular

Address correspondence to: Paola Boccardo, Mario Negri
Institute for Pharmacological Research, Via Gavazzeni 11,
24125 Bergamo, Italy, or e-mail: boccardo@marionegri.it.

Seminars in Dialysis—Vol 22, No 3 (May–June) 2009
pp. 279–286
DOI: 10.1111/j.1525-139X.2008.00556.x
ª 2009 Wiley Periodicals, Inc.

279



injury, which leads to the formation of the TF ⁄VIIa
complex. This complex, in turn, may activate both FIX
and FX. FXa activates FV to FVa, leading to the
FXa ⁄FVa complex that is capable of converting pro-
thrombin to thrombin. Once formed, thrombin activates
FVIII, FV, FXI, and converts fibrinogen to fibrin.
Finally, the thrombin-activated FXIIIa forms fibrin
polymers. Thrombin also stimulates positive feedback
that activates platelets and produces thrombin bursts
leading tomaintenance of fibrin formation.
The coagulation cascade is controlled by several anti-

coagulatory mechanisms including antithrombin, the
protein C system, the TF pathway inhibitor, and glyco-
saminoglycans. Antithrombin III inhibits thrombin,
FXa, and FIXa, and its action is greatly accelerated by
heparin and heparin-like glycosaminoglycans present
on endothelial surface. Thrombomodulin is a thrombin
receptor expressed by endothelial cells that, after the
formation of the thrombin ⁄ thrombomodulin complex,
activates protein C, which, together with its cofactor
protein S, inactivates both FVa and FVIIIa. Another
anticoagulant localized on the endothelium is the TF
pathway inhibitor that inhibits FXa and the TF ⁄FVIIa
complex.
Fibrinolysis is a regulated mechanism that, through

the proteolytic degradation exerted by plasmin, leads to
fibrin dissolution (7). Fibrinolysis is activated by the
action of tissue plasminogen activator, urokinase, or by
the contact system that converts plasminogen to plas-
min. Plasmin cleaves FV, FVIII, fibrinogen, and the
GPIb receptor on platelets. Fibrin and fibrinogen degra-
dation products interfere with fibrin formation and
impair platelet function by GPIIb–IIIa complex occu-
pancy. Plasminogen activator inhibitors (PAI-1 and -2),
plasmin inhibitors (alpha-1-antiplasmin, alpha-2-macro-
globulin), and thrombin activatable fibrinolysis inhibitor
(TAFI) are themolecules that counteract fibrinolysis.

Pathophysiology

The pathogenesis of bleeding in patients with uremia
is considered multifactorial (Table 1) and has been the
subject of much debate since the 1970s. However, the
major defects involve primary hemostasis because

platelet–platelet and platelet–vessel wall interactions
appear to be of crucial importance. Abnormalities of
blood coagulation and fibrinolysis are less consistent
and are more indicative of a hypercoagulable state than
a hemorrhagic condition.

Platelet Abnormalities

Moderate thrombocytopenia is a common finding in
uremic patients (8) suggesting inadequate platelet pro-
duction or over consumption (9). However, thrombocy-
topenia severe enough to cause bleeding is very rare. The
hemodialysis procedure may itself cause thrombocyto-
penia through the interaction of blood with membranes
that may activate complement (e.g., cuprophane) (10,11)
or from heparin (used as anticoagulant to inhibit clot-
ting) that occasionally may induce thrombocytopenia
by an immunologic mechanism (12). In addition, a
reduced percentage of reticulated platelets has been
reported in patients undergoing hemodialysis (13). In
uremia the mean platelet volume may also be decreased
causing a reduction in the circulating platelet mass, a
finding that is inversely related to the bleeding time.
Thrombocytopenia in uremia may, of course, be a

manifestation of the disorder producing the uremia or
due to unrelated coexistent disorders. For example,
major decreases in platelet count are present in patients
with renal failure associated with hemolytic uremic
syndrome ⁄ thrombotic thrombocytopenic purpura, dis-
seminated intravascular coagulation, eclampsia, and
renal allograft rejection.
Numerous biochemical changes in platelets have been

reported in uremia. Dense granule content is decreased
in uremic platelets (14,15), and a storage pool defect,
with reduction in platelet ADP and serotonin, is present.
Decreased subnormal platelet ATP release in response
to stimulation with thrombin (14) indicates a defect in
granule secretion, confirmed by studies showing impair-
ment in the release of the a-granule proteins and
b-thromboglobulin in platelets from dialysis patients
(16). Intraplatelet cyclic AMP is enhanced in uremic
patients (17), and the regulation of adenylate cyclase
may also be abnormal (18), possibly contributing to
defective platelet aggregation and adhesion to injured
vessels. Platelet dysfunction has been also attributed to
the prostaglandin-forming enzyme cyclooxygenase and
to abnormal Ca++ mobilization in platelet leading to
an impairment of Ca++-dependent platelet function
(19,20). Because platelet defects are partially corrected
by dialysis, uremic toxins such as urea, phenol, and gua-
nidinosuccinic acid (GSA) have been casually related to
uremic platelet dysfunction.
Several abnormalities of the platelet–platelet interac-

tion have also been reported. Defective platelet aggrega-
tion in vitro in response to various stimuli such as ADP,
epinephrine, collagen, and thrombin is documented in a
great number of studies, although the degree of impair-
ment of platelet aggregation in uremia varies consider-
ably. In several reports platelet aggregation was found
to be normal or increased (reviewed in Ref. 8). In addi-
tion, defective platelet thromboxane A2 (TxA2) produc-
tion, in response to endogenous and exogenous stimuli

TABLE 1. Mechanisms affecting hemostasis in uremia

Platelet abnormalities (reduction in: dense granule content, intracellular
ADP and serotonin, and release of the platelet a-granule protein and
b-thromboglobulin; enhanced intracellular c-AMP; defective
cyclooxygenase activity; abnormalities inmobilization of platelet
Ca++, arachidonic acidmetabolism, and ex vivo platelet
aggregation)

Defects in platelet–vessel wall interaction (abnormal platelet
adhesion, altered vonWillebrand factor, increased formation of
vascular PGI2)

Abnormal production of nitric oxide
Uremic toxins
Anemia (altered blood rheology, defective platelet diffusivity, decreased
release of ADPby erythrocytes, erythropoietin deficiency)

Drug treatment (anticoagulants, antiplatelet agents, nonsteroidal
antiinflammatory drugs, b-lactam antibiotics, third-generation
cephalosporins)
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(21,22), is not correctable by thrombin (22). In a subpop-
ulation of uremics, irreversible platelet aggregation does
not occur in response to platelet-activating factor (PAF)
(23). This abnormality is independent of plasma
factor(s) but is probably due to the platelets’ reduced
capacity to formTxA2 in response to PAF.

Abnormalities in the platelet contractile system,
including reduced association of the cytoskeleton with
alpha-actin and tropomyosin, have been reported in
platelets from uremic patients. Cytoskeletal proteins are
less than normal in resting uremic platelets and, after
stimulation with thrombin, actin incorporation is signifi-
cantly reduced (24).

Several studies have pointed out that the platelet–
vessel wall interaction is impaired in uremic patients
(25–27). This abnormality is attributable to an impaired
function of the platelet GPIIb–IIIa complex receptor
accounting for the decreased binding of the two
main adhesive proteins circulating in human blood,
VWF and fibrinogen, to the stimulated uremic platelet
(28). Removal of substances present in uremic plasma
improved the binding capacity of GPIIb–IIIa complex
suggesting that the platelets’ defective function may be
attributable to uremic toxins or to receptor occupancy
by fibrinogen fragments present in uremic blood (28,29).
The impaired GPIIb–IIIa complex activation in uremia
may explain aggregation defects as well as reduced
VWF-dependent adhesion and thrombus formation
(25–27).

No consistent evidence of quantitative or qualitative
abnormalities of VWF have been reported in uremia
(26,30,31). However, a functional defect in the VWF–
platelet interaction may have a role because cryoprecipi-
tate (a plasma derivative rich inVWF) and desmopressin
(a synthetic derivative of antidiuretic hormone that
releases autologous VWF from storage sites) signifi-
cantly shorten the bleeding time in these patients.

In addition, molecules such as prostacyclin (PGI2)
and nitric oxide (NO) that inhibit platelet function and
modulate the vascular tone affecting platelet–vessel wall
interaction are increased in uremia (32,33). The guanidi-
no compound related to arginine guanidinosuccinate
accumulates in plasma of uremics, and is involved in the
generation of NO (33). In an experimental model of
chronic uremia the effect of estrogens on bleeding time
was completely reversed by the NO precursor l-arginine
(34), suggesting that the effect of estrogens on primary
hemostasis in uremia might be mediated by changes in
theNO synthesis pathway.

Role of Anemia

In flowing systems, red blood cells increase platelet–
vessel wall contact by displacing platelets away from the
axial flow and toward the vessel wall, and enhance plate-
let function by releasing ADP (35) and inactivating
PGI2. Hemoglobin is a scavenger of NO (36) and
decreases in available hemoglobin in anemia may con-
tribute to platelet dysfunction. These mechanisms may
explain why in uremic patients bleeding time is short-
ened after partial correction of anemia by red blood cell
transfusions (37) or administration of recombinant

human erythropoietin (rhEPO) (38,39). There is evi-
dence that bleeding time is inversely related to the
hematocrit in uremia (37) as well as in other types of ane-
mia. Anemia, initially mild, is a constant feature of acute
and chronic renal failure, and factors that contribute to
the anemia are shortened survival of the red cell, failure
of the erythroid marrow, repeated blood loss during
dialysis and, more importantly, defective secretion of
erythropoietin. There is good evidence that substances
present in uremic serum, including polyamines, parathy-
roid hormone, and various cytokines can inhibit eryth-
ropoiesis (40).

Dialysis

Dialysis improves platelet functional abnormalities
and reduces, but does not eliminate, the risk of hemor-
rhage. The interaction between blood and artificial sur-
faces may induce chronic activation of platelets leading
to platelet exhaustion and dysfunction. It has been docu-
mented that plasma levels of the potent NO inducers
tumor necrosis factor-a and interleukin-lb increase dur-
ing dialysis (41,42); these cytokines are generated in vivo
by monocytes during hemodialysis with complement-
activating membranes. Acetate-containing dialysate,
endotoxin and its fragments, and other bacterial toxins
that can cross the dialysis membranes may increase the
production of cytokines which increases NO synthesis.
The finding that NO synthesis may decrease during a
dialysis session indicates that, under optimal conditions
with minimal or no cytokine activation, hemodialysis
corrects the exaggerated NO synthesis, possibly by
removing some dialyzableNO-releasing substances.

Heparin, used to obtain systemic anticoagulation, can
occasionally induce platelet activation and thrombocy-
topenia (12).

Role of Drugs

In uremia there is an increased risk of bleeding com-
plications caused by drug treatment. b-Lactam antibiot-
ics, that apparently act by perturbing platelet membrane
function and by interfering with ADP receptors (43),
raise the risk of bleeding due to their accumulation in
uremic patients (44). The prolonged bleeding time and
the abnormal platelet aggregation are related to the dose
and duration of treatment, and are promptly reversible
after discontinuation. Third-generation cephalosporins
may also inhibit platelet function and lead to marked
disturbance of blood coagulation (45).

The administration of acetylsalicylic acid (ASA) to
prevent vascular access thrombosis (46) or platelet acti-
vation on dialysis membranes (47) is another risk factor
for bleeding in uremic patients. The beneficial effect of
ASA can be achieved with a moderate dose
(160 mg ⁄day) that inhibits platelet TxA2 generation
without affecting vascular PGI2 formation (46). How-
ever, this dose of ASA may have a much greater effect
on bleeding time in uremic patients than in healthy sub-
jects (48); this effect does not appear to be related to the
increased susceptibility of cyclooxygenase in uremic
platelets. ASA seems to have two distinct inhibitory
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effects on platelet function in uremia: a transient effect
that interferes with one of the determinants of bleeding
time, and a lasting effect due to the irreversible blocking
of platelet cyclooxygenase (48). The prolongation of
bleeding time caused by ASA may, in part, account for
the frequency of gastrointestinal bleeding in uremic
patients (49). Nonsteroidal antiinflammatory drugs such
as indomethacin, ibuprofen, naproxen, phenylbutazone,
and sulfinpyrazone also inhibit platelet cyclooxygenase
and disturb platelet function but, in contrast to ASA,
the inhibitory effect of these compounds is readily
reversible as the blood concentration of the drugs falls
upon cessation of administration (50).

Abnormalities of Coagulation and Fibrinolysis
and Thrombotic Tendency

Despite their well-documented hemorrhagic ten-
dency, uremic patients have an activated coagulation
system that is more prominent in those who are treated
by hemodialysis. Abnormalities such as enhanced plate-
let aggregability, increased levels of plasma fibrinogen,
FVIII:C and VWF and decreased protein C antico-
agulant activity and protein S, elevated plasma lipo-
protein(a), increased plasma homocysteine, and the
presence of lupus anticoagulant have all been found
(reviewed in Ref. 8). Contradictory results have been
obtained regarding the fibrinolytic system indicating
both a decreased activity (9,51) and an activation of
fibrinolysis after a hemodialysis session (52,53). This
probably reflects a secondary fibrinolytic response to the
fibrin deposition that occurs if the overall fibrinolytic
activity is depressed. Dialysis partially corrects the coag-
ulation and fibrinolytic abnormalities found in uremia.
Uremic patients on hemodialysis are exposed to

thrombotic complications related to their vascular
access. Percutaneous cannulation, central vein catheters,
and native vein or prosthetic arteriovenous fistula are all
associated with thrombotic occlusion.
ADAMTS13 activity is reduced in uremia (54), an

abnormality that favors thrombosis. With severe defi-
ciency of this protease—due to congenital or immune-
mediated deficiency—thrombotic thrombocytopenic
purpura may occur (55). A complete ADAMTS13 defi-
ciency has been found also in a subgroup of patients with
the atypical form of hemolytic uremic syndrome (55).

Laboratory Assessment

To identify patients at risk of hemorrhagic complica-
tions several tests have been used to establish which
abnormal laboratory findings in uremia correlate best
with an increased likelihood of clinically significant
bleeding. Coagulation screening tests such as activated
partial thromboplastin time, prothrombin time, and
thrombin time are generally normal in uremia (56). No
good correlation has been found between blood urea
nitrogen or creatinine and clinical bleeding (56). The
cutaneous bleeding time (normal values: 1–7 minutes) is
the best laboratory hallmark of clinical bleeding caused
by uremia (57). Bleeding time is an index of the primary

phase of hemostasis, that is, the interaction of the plate-
let with the blood vessel wall, and the formation of the
platelet plug.

Therapeutic Strategies

The approach to uremic bleeding must be considered
in two contexts: the prevention of bleeding in patients at
high risk because of invasive procedures or surgery, and
the treatment of patients with active bleeding. The strat-
egy depends on the urgency of the situation, the severity
of uremia, and the previous therapy employed (Table 2).

Dialysis

Bleeding in uremia is more easily controlled since the
introduction of dialysis (58,59). Dialysis by removing
uremic toxins (including urea, creatinine, phenol, pheno-
lic acids, and GSA) improves platelet functional abnor-
malities (60–62). However, dialysis may contribute to
bleeding tendency through platelet activation induced
by interaction of blood with the artificial surface as well
as the use of systemic anticoagulation. The risk of bleed-
ing may be minimized by using alternatives to routine
heparinization to prevent clotting in the extracorporeal
circulation or, of course, by using peritoneal dialysis.
Peritoneal dialysis ismore effective in correcting plate-

let abnormalities than hemodialysis (63). The reasons
for this have not been completely elucidated but proba-
bly are, in part, due to the more biocompatible dialyzing
membrane, the avoidance of heparin, and a better clear-
ance of toxins whose clearance is largely treatment time
dependent (e.g., those that are intracellular or protein
bound). However, in some cases, hypoalbuminemia
(frequent in peritoneal dialysis) may cause platelet
hyper-reactivity which favors thrombosis (64).

TABLE 2. Guidelines for the management of bleeding in dialysis

patients

The adequacy of dialysis should be appropriately checked for all patients
with hemorrhagic complications or undergoingmajor surgery
It is also advisable to use alternatives to routine heparinization for 1
or 2 months in patients who have experienced severe hemorrhages
(such asmajor gastrointestinal bleeding, hemorrhagic pericarditis,
subdural hematomas) or who have undergone recent
cardiovascular surgery

Acute bleeding episodes may be treated with desmopressin at a dose of
0.3 lg ⁄kg, intravenously (added to 50 ml of saline over 30 minutes) or
subcutaneously. Intranasal administration of this drug at a dose of
3 lg ⁄ kg is also effective and well tolerated
A favorable effect of cryoprecipitate on bleeding time has not been
uniformly observed; we do not recommend its use
The effect of desmopressin lasts only a few hours and loses efficacy
when repeatedly administered,major limitations in its use

In persistent chronic bleeding, hemostatic treatment with a long-lasting
effect should be utilized
Themost appropriate way treatment is with conjugated estrogens
given by intravenous infusion in a cumulative dose of 3 mg ⁄kg as
daily divided doses (i.e., 0.6 mg ⁄kg for five consecutive days)
Blood or red blood cell transfusions should be administered to
patients whose hematocrit is<30%; a hemostatic effect of red
blood cell transfusion is achieved above this level. If time pressure
is not great, treatment with erythropoietin and, usually,
iron is efficacious as well
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Alternative strategies, developed specifically to antico-
agulate patients at high risk of bleeding, include regional
anticoagulation with heparin and protamine, low-dose
heparin, hemodialysis without anticoagulation, the use
of low-molecular-weight heparin (LMWH), and regio-
nal anticoagulationwith citrate.

The earliest approach was regional heparinization
(65) with heparin given by constant infusion into the
inlet line of the dialyzer and protamine sulfate infused
simultaneously into the outlet port before the blood
returns to the patient. This technique has been aban-
doned because of a rebound systemic anticoagulation
after the completion of dialysis (66) together with techni-
cal complexity; low-dose heparin or heparin-free dialysis
is now used as an alternative.

Different heparin-free hemodialysis protocols have
been developed for patients at high risk of hemorrhages.
Typically, the dialyzer is primed with heparinized saline
at the start of treatment and flushes of 100–200 ml of sal-
ine (every 15 or 30 minutes) through the dialyzer are
employed (67,68) during the dialysis session. This proce-
dure needs a blood flow above 250 ml ⁄minute, mem-
branes of low thrombogenicity such as polysulfone and
a short treatment time (69); it may be compromised by
poor dialysis technique and is associated with biochemi-
cal activation of the clotting system (67,68).

Low-molecular-weight heparin binds with antithrom-
bin to enhance inhibition of factor Xa but does not con-
tain the second binding sequence necessary for
inhibiting thrombin activity. It is not clear whether
LMWH offers any advantage over anticoagulation with
unfractionated heparin because only minor differences
can be detected; monitoring of anti-factor Xa activity is
required (69). Few long-term studies comparing the use
of LMWH over unfractionated heparin in routine
hemodialysis (70) are available.

Multiple strategies have been described for citrate
anticoagulation. In comparative trials this procedure
appeared safe and more effective than others in hemodi-
alysis patients with an active (or recently active) bleeding
focus (71). Serious and documented complications of cit-
rate anticoagulation involved citrate intoxication, hyper-
aluminemia, hyperammonemia, hypernatremia, and
profoundmetabolic alkalosis (72).

Dermatan sulfate has also been proposed as an anti-
coagulant agent during hemodialysis, because it causes
less bleeding than heparin in animal models. The lower
hemorrhagic property may be due to its reduced effect
on platelets (73) and may also be attributed to a mode-
rate prolongation of activated partial thromboplastin
time. A comparative short-term clinical study on few
patients showed that dermatan sulfate suppresses clot
formation during hemodialysis as efficiently as heparin
(74), but long-term comparative trials are warranted.

In the search for alternatives to heparin, antiplatelet
drugs such as sulfinpyrazone, adenosine, and PGE1 have
been used, but they appear to have no advantage over
heparin. ASA and dipyridamole analogs reduce fibrin
and cellular deposition on the filter membrane but
increase the risk of gastrointestinal bleeding (47).
Despite PGI2 showing some promise (75), adverse reac-
tions such as headache, flushing, tachycardia, and chest

and abdominal pain requiring careful hemodynamic
monitoring and a physician’s supervision (76) limited
the use of PGI2 to patients at high risk of hemorrhage.

Correction of Anemia

Uremic patients are often severely anemic, and the
severity of anemia appears to be related to the extent of
the prolongation of bleeding time (77,78). Patients with
chronic renal failure and prolonged bleeding time consis-
tently benefited from red cell transfusions. The beneficial
effect was independent of changes in platelet function
tests or in the level of VWF-related properties (77).

The cloning of the human erythropoietin gene (79)
has provided clinicians with a powerful tool to correct
the anemia associated with renal failure eliminating the
dependency upon transfusion (78,80). Treatment with
rhEPO induced a progressive increase in hematocrit
accompanied by a significant decrease in the bleeding
time (38,39). A randomized study established that in ure-
mic patients on rhEPO a threshold hematocrit between
27% and 32% effectively normalized bleeding time (39).
Although improvement in platelet adhesion to subendo-
thelium was observed in some studies, no consistent
changes in platelet number, platelet aggregability, mark-
ers of platelet activation in plasma, platelet TxA2 forma-
tion, platelet adenine nucleotide content, global
coagulation test results, antithrombin III, or cross-
linked fibrin derivatives were reported (38,81).

Cryoprecipitate and Desmopressin

Cryoprecipitate is a plasma derivative, obtained when
plasma is frozen and thawed, rich in VWF, fibrinogen,
and fibronectin that has traditionally been used in the
treatment of hemophilia A, von Willebrand’s disease,
hypofibrinogenemia, and dysfibrinogenemia. The use of
cryoprecipitate in uremic patients with a bleeding time
greater than 15 minutes (82) was based on the observa-
tion that cryoprecipitate shortened the bleeding time of
patients with platelet storage-pool disease. The effect of
cryoprecipitate is apparent 1 hour after infusion, but
maximal effects on the bleeding time are obtained
4–12 hours (average: 8 hours) after the infusion. By
24–36 hours, the effect of cryoprecipitate is no longer
detected. As many as 50% of patients fail to respond to
cryoprecipitate. However, because this therapy carries
the risk of transmitting blood-borne diseases, it was
largely replaced by other approaches.

A possible therapeutic alternative to cryoprecipi-
tate is desmopressin acetate (1-deamino-8-d-arginine
vasopressin, DDAVP), a synthetic derivative of anti-
diuretic hormone. DDAVP induces the release of
autologous VWF from storage sites into plasma,
and avoids the risk of transmitting serum hepatitis
or other blood-borne diseases through the adminis-
tration of blood products. DDAVP shortens the
bleeding time in 1 hour and its effect lasts 4–
8 hours (83). Bleeding time returns to baseline val-
ues within 24 hours. In two randomized, double-
blind, cross-over trials, DDAVP was effective at a
dose of 0.3 lg ⁄kg body weight given intravenously
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(83) (in 50 ml of physiologic saline over a period of
30 minutes) or subcutaneously (84). Desmopressin
administered by the intranasal route is well tolerated
(85). At 10 to 20 times the intravenous dose, intra-
nasal desmopressin (3 lg ⁄kg) shortens the prolonged
bleeding time (85) and decreases clinical bleeding.
Desmopressin loses its efficacy when repeatedly
administered (86), probably due to a progressive
depletion of VWF stores in endothelial cells.
Although remarkably free of serious side effects,

DDAVP is reported to cause a mild to moderate
decrease in platelet count, facial flushing, mild transient
headache, nausea, abdominal cramps, and mild tachy-
cardia, water retention, and hyponatremia. Rarely,
thrombotic events followed DDAVP administration,
particularly in patients with underlying advanced car-
diovascular disease. Nonetheless, desmopressin is useful
both in the treatment of bleeding and, prophylactically,
in the prevention of bleeding during surgery or invasive
procedures (87).

Conjugated Estrogens

Patients with gastrointestinal or intracranial bleeding,
or those undergoing major surgery, who require long-
lasting hemostatic competence, may benefit from the use
of conjugated estrogens. The anecdotal observation of
diminished gastrointestinal bleeding in uremic patients
treated with conjugated estrogens and the improved he-
mostasis in von Willebrand’s disease during pregnancy
led to investigations of the effect of estrogens on the
bleeding tendency in uremia (31,88).
One oral dose of 25 mg of a conjugated estrogen

preparation normalizes bleeding time for 3–10 days with
no apparent ill effects (89). A controlled study showed
that conjugated estrogens, given intravenously at a
cumulative dose of 3 mg ⁄kg divided over five consecu-
tive days, produced a long-lasting reduction in the bleed-
ing time in uremics. At least 0.6 mg ⁄kg estrogen was
needed to reduce bleeding time (89), and four or five
infusions spaced 24 hours apart were needed to reduce
the bleeding time by at least 50%.Low-dose transdermal
estrogen (estradiol 50–100 lg ⁄24 hours) applied as a
patch twice weekly reduces recurrent gastrointestinal
bleeding with a parallel improvement of bleeding time
and no side effects (90). The therapeutic activity cannot
be ascribed to an effect on VWF multimeric structure,
platelet aggregation in response to different stimuli
(ADP, arachidonic acid, calcium ionophore A23187) or
platelet TxB2 generation. The effect of conjugated estro-
gens on bleeding time in uremic rats is antagonized by
giving the animals the NO precursor, l-arginine (34); this
suggests that conjugated estrogens exert their hemostatic
effect by interfering with the NO synthetic pathway. In
the same model, estrogens return plasma nitrate almost
completely to normal, further confirming a direct
involvement of NO in the hemostatic effect of these
molecules.
The estrogens were safe and well tolerated making

them a reasonable alternative to cryoprecipitate or des-
mopressin in the treatment of uremic bleeding, especially
when a long-lasting effect is required.

Tranexamic Acid

Tranexamic acid (TXA), an anti-fibrinolytic lysine
analog, stabilizes hemostatic clots by preventing the
binding of plasminogen to fibrin and the activation of
plasminogen to plasmin; it shortens bleeding time in ure-
mic patients (91,92). TXA was effective in controlling
chronic bleeding from colonic angiodysplasias (93) and
spontaneous subdural and cerebral hematoma in dialy-
sis patients (94) and, as adjunctive therapy, in treating
major upper gastrointestinal bleeding in dialysis patients
(95). Because TXA may accumulate in renal insuffi-
ciency and there is no evidence that it is more effective
than commonly used therapies, intravenous TXA could
be considered only in the acute setting when no satisfac-
tory responses have been obtained with other treatments
(96).

Recombinant Activated Factor VII

Recombinant activated factor VII (rFVIIa) induces
hemostasis by enhancing thrombin generation on
thrombin-activated platelet surfaces at the site of vascu-
lar injury and leading to a stable clot resistant to prema-
ture fibrinolysis (97,98). This product was originally
developed for the treatment of hemorrhages in patients
with hemophilia associated with antibodies inactivating
factor VIII or IX (97). Only a few anecdotal reports of
successful use of rFVIIa for treatment of bleeding in ure-
mic patients are available (99–102). Recent studies indi-
cate variable efficacy of rFVIIa treatment in clinical
conditions different from hemophilia (103), together
with an increased risk of thromboembolic events in
patients in whom rFVIIa was used on ‘‘off-label’’ basis
(104). Despite promising results, controlled clinical trials
are needed to establish the efficacy, safety, and dose
of rVIIa treatment in clinical setting other than
hemophilia.

Conclusion

The association between a bleeding tendency and ure-
mia has been demonstrated repeatedly. Although mod-
ern dialysis techniques and the use of erythropoietin to
correct anemia have reduced its frequency, bleeding is
still a potentially life-threatening complication in uremic
patients and limits surgery and invasive procedures.
The pathogenesis of uremic bleeding is multifacto-

rial and is not completely elucidated. However, it has
been attributed mainly to abnormalities of primary
hemostasis, particularly platelet dysfunction and
impaired platelet–vessel wall interaction. Despite the
hemorrhagic tendency, abnormalities of coagulation
and fibrinolysis predispose uremic patients to a hyper-
coagulable state.
The current management includes an adequate dialy-

sis schedule, and red cell transfusions or rhEPO for
patients with severe anemia. Acute bleeding episodes
may be treatedwith desmopressin, which is rapidly effec-
tive at least on bleeding time. Patients with gastrointesti-
nal or intracranial bleeding or those undergoing major
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surgery may benefit from conjugated estrogen infusions,
which are ideal for the treatment of dramatic bleeding
because of their long-lasting effect.
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