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INTRODUCTION

Chronic liver diseases frequently are associated with hematological abnormalities. Anemia of
diverse etiology occurs in about 75% of patients with chronic liver disease[1].

A major cause of anemia associated with chronic liver disease is hemorrhage, especially into the
gastrointestinal tract. Patients with severe hepatocellular disease develop defects of blood
coagulation as a consequence of endothelial dysfunction, thrombocytopenia, deficiencies of
coagulation factors and various associated disorders[2].

In severe hepatocellular disease, decreased synthesis of liver-produced plasma proteins leads to
reduced serum levels of several blood clotting factors. Hemorrhage may occur as a complication
of chronic liver disease because of a lack of one or more liver-produced blood clotting factors,
thrombocytopenia, and/or defective platelet function. Hemorrhage in such patients may also
occur from esophageal or gastric varices secondary to portal hypertension. The biosynthetic
pathways of blood coagulation factors I1, VI, IX and X are within the hepatocyte and are
dependent on vitamin K[3]. Low serum levels of these factors are associated with prolongation
of the prothrombin time (PT). When attributable to hepatocellular disease, they are not improved
by administration of vitamin K; correction of the associated impaired blood coagulation
necessitates infusion of preparations of the deficient factors.

Splenomegaly, which is usually caused by portal hypertension in patients with chronic liver
disease, may lead to secondary hemolysis, an increase in plasma volume, macrocytosis and
megaloblastic anemia. Alcohol, a common etiologic factor of chronic liver disease, is toxic to the
bone marrow. Alcoholics often develop secondary malnutrition, a manifestation of which may be
anemia caused by folic acid deficiency. In some patients, bone marrow failure and aplastic
anemia develop after an episode of hepatitis. Finally, anemia is a recognized complication of
treatment of chronic hepatitis C with a combination of interferon and ribavirin: anemia in this
context is predominantly caused by ribavirin-induced hemolysis[4].

The frequent association of anemia with chronic liver disease and/or hepatocellular failure
provides a rationale for examining the role of the liver in the formation and destruction of
erythrocytes. Indeed, the liver itself may be implicated in a variety of different mechanisms that
contribute to the development of anemia in patients with chronic liver disease. This paper
provides an overview of anemia that may complicate chronic liver diseases and the mechanisms
responsible.

The frequent association of anemia with chronic liver disease and/or hepatocellular failure
provides a rationale for examining the role of the liver in the formation and destruction of red
blood cells. Indeed, a variety of different mechanisms may be implicated in the development of
anemia in patients with liver disease.
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PORTAL HYPERTENSION AND ANEMIA
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Acute gastrointestinal hemorrhage is a common and potentially serious complication of portal
hypertension[5-8]. It is usually caused by rupture of an esophageal varix. Hemorrhage caused by
this mechanism is the second most common cause of mortality in patients with cirrhosis. In such
patients, a ruptured esophageal varix is the cause of approximately 70% of episodes of upper
gastrointestinal hemorrhage[6]. Acute hemorrhage may induce severe hypovolemia and
subsequently secondary iron deficiency anemia. The initial aim of treatment is correction of
hypovolemia and restoration of stable hemodynamic function; minimal values for mean arterial
pressure and for hemoglobin of 80 mmHg and 8 g/100 mL, respectively, should be maintained.
Initially, gelatin-based colloids or solutions of human albumin may be infused to correct
hypovolemia. However, infusions of packed erythrocytes in plasma are ideal in this context since
such infusions have the potential of correcting, not only hypovolemia, but also secondary
anemia. First-line management involves institution of both medical and endoscopic treatments
(Table (Table11)[6]. Medical therapy includes administration of vasoactive drugs, such as
somatostatin, octreotide or terlipressin. Optimal endoscopic treatment involves ligation of
esophageal varices and obturation of gastric varices with tissue adhesives.

Table 1

Management of acute gastrointestinal bleeding

Treatment of variceal bleeding

Pharmacological therapy

Somatostatin: initial bolus (24-48 h) and a perfusion (5 d)

Octreotide: initial bolus (24-48 h) and a perfusion (5 d)

Terlipressin: important side effects

Primary prophylaxis
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Treatment of variceal bleeding

B-blockers non-selective: propranolol, nadolol

Isosorbide 5-mononitrate

Secondary prophylaxis

B-blockers non-selective: propranolol, nadolol

Isosorbide 5-mononitrate

Endoscopy therapy: band ligation, sclerotherapy

In some patients with cirrhosis, chronic hemorrhage into the gastrointestinal tract occurs.
Esophageal and gastric varices and/or portal hypertensive gastropathy may be associated with
slow chronic loss of blood into the gut and development of chronic iron deficiency anemia. The
most important approach to management is prevention of variceal hemorrhage[5,7,8]. The annual
incidence of initial variceal hemorrhage in patients with cirrhosis is estimated to be about 4%,
but for the group with medium-sized or large varices, the incidence is about 15%[6]. B-blockers
or isosorbide 5-mononitrate may reduce the rate of transformation of small varices into large
varices and decrease the incidence of variceal hemorrhage in patients with small varices[5]. In
patients who survive a first episode of variceal hemorrhage, the risk of recurrent hemorrhage is >
60%. Accordingly, all patients surviving variceal hemorrhage should receive active treatment
aimed at preventing recurrence. Non-selective 3-blockers or isosorbide 5-mononitrate and
endoscopic therapy, including ligation of and/or sclerotherapy of varices, are the first-line
treatments for preventing recurrence of variceal hemorrhage[5,8]; a combination of both these
approaches constitutes optimal management. Additional treatment with oral iron
supplementation is indicated for iron deficiency anemia caused by chronic blood loss. In some
cases of advanced chronic liver disease, intravenous iron formulations may be administrated to
increase plasma levels and tissue deposits of iron.
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Hypersplenism secondary to portal hypertension is another mechanism of anemia in patients with
chronic liver disease. Hypersplenism is associated with splenomegaly. In addition to chronic
liver disease, thrombosis of the splenic vein may also be a cause of an increase in pressure within
the portal venous system, which can lead to secondary hypersplenism. The main characteristics
of hypersplenism are those attributable to pancytopenia. Hemolytic anemia occurs because of
intrasplenic destruction of erythrocytes. Destruction of megakaryocytes and leukocyte precursors
results in thrombocytopenia and leukopenia[9]. Symptoms and signs of hypersplenism are
influenced by the primary underlying disease; they include abdominal pain and/or discomfort,
and, in advanced cases, gastrointestinal hemorrhage secondary to portal hypertension. There may
be hyperplasia of the progenitor cells in the bone marrow. It is important to determine the cause
of hypersplenism. The main therapeutic approach for this syndrome is management directed at
the underlying primary disease, usually chronic liver disease. When chronic liver disease is
advanced, additional therapeutic options may need to be adopted. After assessing the severity of
impaired hepatocellular function in a patient with advanced chronic liver disease, splenectomy
may be considered if the splenic vein is thrombosed. An alternative approach is partial or total
embolization of the splenic artery, which, in some recent studies, has been associated with good
results, in particular, lower morbidity and mortality rates than those associated with surgery.
Partial embolization preserves the immunological function of the spleen and is the preferred
option for patients with cirrhosis[10].
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IMPAIRED BLOOD COAGULATION

The liver plays a central role in blood coagulation. Acute and chronic hepatocellular diseases are
usually associated with defective blood coagulation due to a variety of different causes. These
include: decreased hepatic synthesis of factors Il, VII, IX and X; the presence of inhibitors of
these factors; decreased clearance of activated coagulation factors; thrombocytopenia; impaired
platelet function; hyperfibrinolysis; and disseminated intravascular coagulation[11,12].
Coagulation defects complicating liver disease predispose to an increased bleeding tendency,
which increases both morbidity and mortality [11-13].

Defective blood coagulation associated with hepatocellular disease may be monitored using
global screening tests, such as the PT and the activated partial thromboplastin time. In mild
hepatocellular disease, PT usually is within the normal range or only modestly prolonged. In
more advanced hepatocellular disease, prolongation of PT tends to reflect the severity of
hepatocellular failure. Vitamin K routinely is administered parenterally (usually only once) to
patients with liver disease and a prolonged PT, to exclude vitamin K deficiency as a cause of the
prolonged PT[11].

Thrombocytopenia (platelet count < 150 000/L) is common in patients with chronic liver disease;
it has been reported in as many as 76% of patients with cirrhosis[4,12]. The pathogenesis of the
thrombocytopenia is complex; it includes splenic pooling, and increased destruction and
impaired production of platelets (Figure (Figurel).1). Impaired production of platelets is caused,
at least in part, by low levels of thrombopoietin. Prolonged bleeding time, and impaired
aggregation, reduced adhesiveness and abnormal ultrastructure of platelets reflect abnormal
platelet function; these abnormalities have been attributed to an intrinsic platelet defect. Specific
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treatments to attempt to reverse the effects of this defect are not usually given, but platelet
transfusions or platelet-stimulating agents have been administered in some cases.
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Figure 1

Development of thrombocytopenia in patients with chronic liver disease (adapted from Afdhal et al[12]).

An important coagulation defect associated with chronic liver disease is low levels of factor
Vlla. In recent years, the hemostatic agent recombinant factor Vlla has become available as a
potentially new therapeutic agent for use in the management of coagulopathy in patients with
cirrhosis. This agent may enhance initial control of acute variceal bleeding[14]. However, such
therapy is associated with significant side effects, such as vascular injury and thrombosis.

Hyperfibrinolysis is another cause of impaired hemostasis in patients with liver disease. In a non-
randomized trial[15], antifibrinolytic amino acids were administered to patients with acute or
chronic liver disease, who had upper gastrointestinal bleeding and acquired defects of blood
coagulation. However, administration of such amino acids does not have an established place in
therapy.

Thrombotic events, although rare in patients with cirrhosis, may occur. They tend to involve
particularly the portal and/or mesenteric veins.

A rational approach to managing disorders of blood coagulation in patients with liver disease is
important because of the high risk of associated secondary hemorrhage.
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APLASTIC ANEMIA

Aplastic anemia associated with liver disease is characterized by development of pancytopenia
and hypocellular bone marrow in relation to the occurrence of hepatitis[16]. The main feature of
this syndrome is injury to or loss of pluripotent hematopoietic stem cells, in the absence of
infiltrative disease of the bone marrow[16-19].

Hepatitis-associated aplastic anemia (HAA) has been defined as a variant of aplastic anemia,
which occurs concurrently with or within 6 mo of an increase in the serum level of alanine
aminotransferase to at least five times the upper limit of the reference range. Severe marrow
aplasia may be induced by hepatitis viruses, such as hepatitis B virus and hepatitis C virus
(HCV), and also by other viruses, such as human immunodeficiency virus, Epstein-Barr virus,
transfusion-transmitted virus and echovirus[16,20]. Parvovirus B19 commonly infects pro-
erythroblasts and may induce transient red-cell aplasia, particularly in patients with chronic
hemolytic anemia. It has been postulated that viruses and/or antigens, through the mediation of y
interferon or the cytokine cascade, induce lymphocyte activation and ultimately apoptotic death
of hematopoietic cells in the bone marrow[17].
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Clinical presentation includes symptoms and signs related to pancytopenia, such as pallor,
fatigue, hemorrhagic manifestations, progressive anemia, and bacterial infections. The diagnosis
of HAA is suggested by a complete blood count, which reveals pancytopenia (including anemia)
together with absolute reticulocytopenia[16]. A bone marrow biopsy typically reveals
hypocellularity that affects red and white cell precursors and megakaryocytes; residual
hematopoietic cells appear morphologically normal[19].

The two major options for treating severe HAA are hematopoietic cell transplantation and
immunosuppressive therapy. According to recent reviews, response rates to these approaches are
75%-88% and 75%-80%, respectively[16,18]. Blood and platelet infusions are often necessary
before instituting specific treatment; before administration blood products should be irradiated to
avoid sensitization.
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ANEMIA SECONDARY TO TREATMENT OF HEPATITIS

Currently, optimal treatment for chronic infection with HCV infection is a combination of
therapy with pegylated interferon and ribavirin. Of hematological abnormalities that may be
associated with such combination therapy, the most common is anemia[21]. Significant anemia
(hemoglobin < 10 g/dL) has been observed in 9%-13% of patients receiving interferon and
ribavirin; moderate anemia (hemoglobin < 11 g/dL) occurs in about 30% of patients undergoing
such treatment[20-22]. There are several mechanisms by which anemia may occur during
combination therapy for HCV infection, and ribavirin and/or interferons may contribute to
anemia. In this context, hemoglobin concentrations decrease mainly as a result of ribavirin-
induced hemolysis[20].

Anemia caused to ribavirin leads to modifications of the dose in up to 25% of patients, and this
type of anemia may be problematic in patients with HCV infection, especially those who also
have renal or cardiovascular disorders. Adherence to ribavirin therapy is one factor that is
critically important in the treatment of HCV infection. Although ribavirin-associated anemia can
be reversed by reducing the dose of ribavirin or by discontinuing the drug altogether, this
approach compromises outcomes by significantly decreasing rates of sustained virological
response. A recent study reviewed the predictors of anemia in patients undergoing treatment for
HCV infection[21]. Patients with impaired renal function may be at an increased risk of
ribavirin-related anemia and, accordingly, should be monitored carefully. Furthermore, a
decrease in hemoglobin concentration of > 1.5 g/dL by week 2 of treatment has been found to be
an excellent early predictor of subsequent substantial decreases in hemoglobin. This predictor
might be applied to identify candidates for early intervention for management of anemia to
facilitate maintenance of the dose of ribavirin. One of the specific approaches to manage
ribavirin-associated anemia is administration of recombinant human erythropoietin[21]. After 16
wk of ribavirin therapy, patients who had also been given erythropoietin alfa had significantly
higher mean hemoglobin levels than patients in a control group. In patients with chronic hepatitis
C, viramidine, a prodrug of ribavirin that is selectively taken up by the liver, has the potential of
maintaining the antiviral efficacy of ribavirin, while decreasing the risk of hemolytic anemia[4].

Interferons may also contribute to anemia. Their main relevant action is induction of bone
marrow suppression. This effect of interferon results in suppression of compensatory
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reticulocytosis associated with ribavirin-induced hemolytic anemia. Thus, the bone-marrow-
suppressive effect of interferon may contribute to anemia, which complicates therapy with
combination of interferon and ribavirin[4].
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ALCOHOL, LIVER DISEASE AND ANEMIA
Alcohol is implicated in the pathogenesis of chronic liver disease; it may contribute to anemia
secondary to its direct effects on the liver and also to other diverse mechanisms (Figure
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