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Abstract
Liver cirrhosis remains a major public health issue. Liver fibrosis leading to cirrhosis is the terminal stage of
various chronic liver diseases. Inflammatory cytokines are involved in the pathogenesis. Patients with
cirrhosis often have hematological abnormalities, such as anemia and thrombocytopenia, which have
multifactorial etiologies. Anemia in cirrhosis could be related to bleeding leading to iron deficiency anemia
or other nutritional anemia such as vitamin B12 and folate deficiency. The pathophysiology of
thrombocytopenia in liver cirrhosis has been postulated to range from splenic sequestration to bone marrow
suppression from toxic agents, such as alcohol. It often complicates management due to the risk of bleeding
with severely low platelets. This review aimed to highlight pathogenesis of liver cirrhosis, hematological
abnormalities in liver cirrhosis, and their clinical significance.
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Introduction And Background
Cirrhosis is described as scarring of the liver causing scar tissues or fibrotic tissues to eventually replace
healthy liver tissues that develop over time [1]. Increasingly fibrotic tissues are causing liver dysfunction
although often asymptomatic in the early stages. Liver cirrhosis remains one of the top 10 leading causes of
death [2,3]. Approximately 160 million people in the world suffered from cirrhosis, and approximately 0.8
million patients with cirrhosis die every year [4,5]. Some studies have shown that hepatitis C virus (HCV)
and alcohol are the major causes of cirrhosis in the United States, most European countries, and Japan.
Cirrhosis caused by hepatitis B virus (HBV) mainly occurred in Asian-Pacific and African countries [6].
Majority of the liver diseases destroy healthy liver cells, leading to cell death and inflammation (Figure 1).
Fibrosis occurs as a mechanism of cellular repair and ongoing fibrosis results in non-functioning liver cells
leading to further cellular apoptosis. Late-stage cirrhosis has a myriad of life-threatening complications
including hematological abnormalities.
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FIGURE 1: Schematic representation of pathogenesis of liver fibrosis
and cirrhosis.
Liver injury primarily activates hepatic stellate cells (HSCs) known to be involved in collagen synthesis (ECM).
Activation and proliferation of HSCs contribute to liver fibrosis and later liver cirrhosis. This occurs in three stages -
(1) initial stage in which liver injury causes release of danger-associated molecular proteins (DAMPs), reactive
oxygen species (ROS), etc.; (2) this leads to the activation of HSCs, which undergo several cellular changes, such
as proliferation, contraction, chemotaxis, fibrogenesis, ECM alteration, etc.; (3) at the end HSCs inactivation,
senescence, and apoptosis take place. Death of hepatocytes by injury invites Kupffer cells to secrete more
cytokines that transform HSCs into functionally different cells (myofibroblasts) that secrete excessive amounts of
collagens known to cause fibrosis.

ECM: extracellular matrix

The image is created by the author (Lingas EC) of this study.

Review
Incidence
In the United States liver cirrhosis affects about one in 200 adults from the age of 45-54 years. Cirrhosis
causes about 26,000 deaths each year in the United States and is the seventh leading cause of death in the
United States among adults 25-64 years of age. A higher incidence of liver cirrhosis is shown in men [7].

Risk factors
Possible etiologies of liver cirrhosis are shown in Figure 2. A 2020 study showed that the most common
causes were alcohol use disorder (50.5%), cryptogenic cirrhosis (14.5%), viral hepatitis C (13.4%), and non-
alcoholic fatty liver disease (5.7%). Hypertension, obesity, and type 2 diabetes mellitus (DM) are the most
common co-morbidities [7].
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FIGURE 2: Schematic representation of risk factors involved in liver
cirrhosis.
Use of alcohol for longer time, chronic hepatitis B and C virus infection, history of liver disease, diabetes, obesity,
and drugs injected through shared needles cause liver cirrhosis that affects the normal functioning of hepatocytes.

The image is created by the author (Lingas EC) of this study.

Pathogenesis
Various types of cells, inflammatory cytokines as well as mRNAs are found to trigger the progression from
fibrosis to liver cirrhosis [8]. Liver cirrhosis stage includes degeneration and necrosis of hepatocytes, loss of
liver function and fibrotic tissues as well as regenerative nodules that eventually replace liver parenchyma
[9-11]. Fibrosis, the precursor of cirrhosis is a key pathological process in the progress of chronic liver
diseases to cirrhosis [12,13]. Current studies are still lacking a concise understanding of the exact
pathogenesis of cirrhosis.

Cell Types Involved in the Pathogenesis of Liver Cirrhosis

The following cell types form liver cirrhosis: hepatocyte and non-hepatocyte cells. Hepatic sinusoidal
cell walls comprise non-parenchymal cells which are liver sinusoidal endothelial cells (LECs), Kupffer cells
(KCs), and hepatic stellate cells (HSCs). Both cell types favor the initiation and progression of liver fibrosis
and cirrhosis (Table 1).
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Cell type Function Role in liver cirrhosis

Hepatic stellate cells
(HSCs)

Liver-specific mesenchymal cells that play vital
roles in liver physiology, vitamin A storage

HSC activation initiates hepatic fibrosis and later liver cirrhosis

Liver sinusoidal
endothelial cells
(LSECs)

Constitute the sinusoidal wall
Secrete cytokine IL-33 to activate HSCs and promote fibrosis. It
can also revert activated HSCs and inhibit fibrosis in liver

Kupffer cells (KCs) Specialized macrophages (innate immunity)
Destroy hepatocytes by producing harmful soluble mediators
upon injury

Hepatocytes  Primary liver parenchymal cells
Main producer of MMP-2, MMP-3 and MMP-13 and tissue
inhibitors such as TIMP-1 and TIMP-2

TABLE 1: Liver cell type, function, and role in liver cirrhosis.
MMP: matrix metalloproteinases; TIMP: tissue inhibitors metalloproteinases

HSCs

HSCs are fat-storing cells, also known as lipocytes, Ito cells, perisinusoidal cells, or vitamin A-rich cells, that
reside in the normal liver and their main purpose is vitamin A and retinoid storage [14-16]. Inflammatory
cytokines, such as PDGF, TGF, TNF-α, and IL-1, activate HSC and initiate hepatic fibrosis leading to collagen
deposition [16,17]; that ultimately leads to fibrosis [18-20].

LSECs

Liver sinusoidal endothelial cells (LSECs) constitute sinusoidal wall which is part of endothelium [12,21,22].
Both animal and human studies showed that LSECs can secrete the cytokine IL-33 that promotes fibrosis
[23]. Defenestration and capillarization of LSECs disturb substrate exchange and greatly contribute to liver
dysfunction leading to cirrhosis [24].

KCs

KCs, which are also known as Browicz-Kupffer cells and stellate macrophages, are a specialized type of
macrophages that comprise the reticuloendothelial system (RES) [25]. Animal studies suggest that KCs play a
role in various liver diseases’ pathogenesis [26,27]. Injurious factors, such as viral infection, alcohol use,
dietary factors, such as high-fat diet, and iron accumulation may trigger KCs. Activated KCs act as antigen-
presenting cells during viral infection, leading to the production of harmful substances [26]. KC-mediated
hepatic inflammation aggravates liver injury and fibrosis [28,29].

Hepatocytes

Hepatocytes are the primary liver parenchymal cells and are affected by hepatotoxic substances, such as
hepatitis viruses, alcohol, and bile acids metabolites [30]. Hepatocytes produce matrix metalloproteinases
(MMP-2, MMP-3, and MMP-13) and tissue inhibitor metalloproteinases (TIMP-1 and TIMP-2), all are
important in liver cirrhosis pathogenesis [31]. Recent studies discovered that hepatocyte telomere
shortening and senescence may lead to progressive scarring of liver tissues leading to fibrosis and ultimately
cirrhosis [32].

Hematology abnormality in cirrhosis
Hematological indices (HI) or abnormalities in hematological parameters are found in cirrhotic patients
(Table 2). Studies have shown that around 6-77% of cirrhotic patients often have abnormal HI which
includes anemia, thrombocytopenia, and leukopenia [33,34]. Most studies have evaluated HI in a cross-
sectional manner, and the sequential development of anemia, leukopenia, and thrombocytopenia is not
known. The etiology is multifactorial, including splenic sequestration, bone marrow suppression, and
disturbance in the balance of hematopoietic stimulating factors [35]. Abnormalities in HIs are associated
with an increased risk of bleeding and infection. The liver has a pivotal role in the maintenance of
homeostasis. Any disturbance in this dynamic process results in many aberrations, which include
hematological manifestations such as anemia, leukopenia, and thrombocytopenia [36].
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Hematologic
abnormalities

Causes

Thrombocytopenia
(1) Portal hypertension-induced splenic sequestration, (2) bone marrow suppression toxins, such as hepatitis C and
alcohol, (3) consumptive coagulopathy (e.g., low-grade hemolysis) and increased blood loss (e.g., hemorrhage)

Leukopenia
(1) Portal hypertension-induced splenic and splanchnic sequestration, (2) disturbances in granulocyte-colony
stimulating factor and granulocyte macrophage-colony stimulating factor, (3) bone marrow suppression mediated by
toxins (e.g., alcohol, hepatitis B and C)

Anemia Lower production of healthy red blood cells, deficiency of vitamin B12, folate, and iron

TABLE 2: Types of hematologic abnormalities in cirrhosis and its causes.

Anemia
Anemia is a common complication present in most patients with liver cirrhosis but is often missed at the
early stage. The liver is a storage site of vitamins and minerals such as B12, folic acid, vitamin E, iron, and
copper. The liver also is the major organ that produces hepcidin, an iron-regulating hormone, which is
expressed in a high inflammatory state as well as iron-rich state, which blocks the absorption of iron by
enterocytes [37]. Anemia is a condition that occurs due to lower production of healthy red blood cells or
lower levels of hemoglobin and often is caused by iron deficiency, or B12 and folate deficiency [38]. The
most common type of anemia observed in cirrhosis patients is normocytic normochromic anemia which is
attributed to a chronic inflammatory state [39]. Patients who were found to have anemia with cirrhosis
seem to have a higher hospital mortality rate. Patients with poorer Child-Pugh scores and higher Model for
End-stage Liver Disease (MELD) scores seem to have more severe forms of anemia [40]. Anemia also has
been shown to have a role in hepatorenal syndrome. It is crucial to conduct more studies specifically
studying the clinical significance of hematological abnormalities in cirrhosis, such as anemia [40].

Pathogenesis

Anemia in cirrhosis is a complex entity. Patients with cirrhosis often have chronic bleeding leading to iron
deficiency, they also often have nutritional deficiencies such as vitamin B12 and folate deficiency. Hepcidin
as previously mentioned is an iron-regulating hormone, which is produced by the liver to maintain iron
homeostasis. Dietary iron absorption is blocked by hepcidin when iron levels in plasma and iron storage
exceed maximum capacity. In contrast to this, hepcidin production is suppressed in iron deficiency which
increases dietary iron absorption. In chronic inflammation of the liver (cirrhosis), hepcidin production is
interceded by interleukin-6 (IL-6) dependent and IL-6 independent pathways. It is important to make a note
that in a condition like cirrhosis, hepcidin levels are not downregulated even in low levels of iron in plasma.
The pathophysiological role of hepcidin in the development of anemia in cirrhosis is best explained by
suppressor of mothers against decapentaplegic (SMAD) signaling pathway, wherein, IL-6 an inflammatory
mediator binds to the IL-6 receptor and activates the Janus kinases signal transducer and activator of
transcription protein-3 (JAK-STAT-3) pathway. STAT-3 thereby causes an elevation in levels of hepcidin [40].
Another imperative pathway involves the binding of transferrin (Tf) to transferrin receptor-1 (Tfr-1). This
binding breaks down transferrin receptor-1-human homeostatic iron regulator (Tfr-1 HFE) complex.
Interaction between HFE and Tfr-2 is shown to increase bone morphogenetic protein (BMP)6-mediated
phosphorylation of SMAD1/5/8, which increases hepcidin expression by further recruiting SMAD4 [40].
Patients with cirrhosis also may have spontaneous hemolysis and the presence of hemolytic cells such as
spur cells carries a poor prognosis. It is postulated that severe liver dysfunction may lead to abnormal lipid
and protein production that lead to dysmorphic RBCs and increased hemolysis [41].

Diagnosis and Treatment

There are initial tests to evaluate anemia that have been widely accepted, such as Hb level, platelet count,
RBC indices, white blood count (WBC), differential cell count (DLC), mean corpuscular volume (MCV),
absolute reticulocyte count, serum iron studies, transferrin saturation (TSAT), serum ferritin, and hepcidin
[40].

A complete blood count (CBC) is the primary diagnostic test for screening for anemia. CBC, however, has low
sensitivity and specificity and has limitations when used alone. In addition to Hb, erythrocyte parameters
like MCV, mean corpuscular hemoglobin (MCH), and red cell distribution width (RDW) are measured in
combination [37].

The supply of iron is imperative for erythropoiesis. Transferrin saturation (Tsat) may be used to diagnose
iron deficiency anemia. Levels of Tsat lower than 16% are indicative of an insufficient supply of iron.
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Guidelines suggest initiating treatment at a cut-off of <20%. Levels of Tsat can fluctuate with transferrin,
elevated levels of transferrin in inflammations may lower the Tsat. In contrast, suppressed transferrin
synthesis due to malnourishment and chronic disease might raise the Tsat, which makes it difficult to
interpret.

Ferritin levels are proven to be superior to other diagnostic measures, with levels ≤12 µg being diagnostic of
iron deficiency. However, ferritin is an acute-phase protein affected by iron status and inclusive of acute or
chronic inflammation, malignancies, and liver disease making it a challenging test. Soluble transferrin
receptor or sTfR additionally may also be used. sTfR ties in the fact that the concentration of membrane of
erythroblasts in the bone marrow increases in the state of ID. This test has high sensitivity but low
specificity, although, specificity is improved significantly when the sTfR-ferritin index was used which
makes it a more reliable indicator of iron deficiency [37]. Treatment of anemia in cirrhosis depends on the
etiology. For symptomatic anemia related to variceal bleeding in cirrhosis transfusion is given for Hb less
than 7 g/dL and maintaining the level between 7 and 9 g/dL has been shown to improve survival in Child-
Pugh A and B cirrhosis as well as decrease rebleeding risk [42-44]. Iron replacement is also used to treat iron
deficiency leading to anemia in cirrhosis. Oral iron replacement is convenient but often associated with
gastrointestinal side effects. Parenteral iron is also often given, especially in inpatient settings [45]. Iron
replacement specifically in anemia in cirrhosis is not yet well studied, although a study performed by
Rashidi-Alavijeh et al. showed that iron replacement increases hemoglobin levels and is significantly
associated with increased survival [46].

Thrombocytopenia
Thrombocytopenia is a common hematological abnormality observed in liver disease. It increases the risk of
bleeding and can limit planned surgical/diagnostic procedures due to this. Thrombocytopenia affects
approximately more than half of patients diagnosed with cirrhosis. It is considered diagnostic if a platelet
count of less than 150,000/μL, with mild thrombocytopenia is defined as having a platelet count of 100,000-
150,000/μL, moderate thrombocytopenia as having a platelet count of 50,000-100,000/μL, and severe
thrombocytopenia as less than 50,000/μL [35]. Advanced liver disease patients often have thrombocytopenia
and some studies have suggested thrombocytopenia as an independent predictor of mortality [33,47]. There
are many hypotheses regarding thrombocytopenia mechanism in cirrhosis.

Pathogenesis

Platelet production is associated with thrombopoietin (TPO). TPO is mainly produced by the liver, kidney,
muscle as well as bone marrow stromal cells, and its synthesis is mainly dependent on hepatic
function. TPO is bound to c-Mpl receptor located on megakaryocytes and regulates differentiation into
platelets [48]. It is postulated that circulating TPO level is associated with cirrhosis stages as well as the
severity of thrombocytopenia. Increased fibrosis leads to reduced levels of circulating TPO, thus the
worsening of thrombocytopenia [49]. Multiple factors, such as splenic sequestration, decreased
hematopoietic growth factor and thrombopoietin, and bone marrow suppression from viral infections such
as hepatitis C as well as anti-cancer agents, and antiviral treatment with interferon-based therapy, all may
contribute to the development of thrombocytopenia in cirrhotic patients [50].

Cirrhosis patients have increased platelet destruction as well. Immune-mediated destruction plays a great
role in platelet destruction, specifically shown in autoimmune liver diseases and chronic hepatitis C virus
(HCV). Sepsis may also contribute significantly to platelet destruction. Patients with cirrhosis have a higher
risk of developing sepsis and multiple inflammatory cytokines, such as tumor necrosis factor, have been
shown to cause platelet destruction [50]. Pulmonary hypertension and pulmonary emboli are also associated
with platelet consumption and it is important to diagnose these conditions in cirrhotic patients [51].

Diagnosis and Treatment

Thrombocytopenia carries an increased bleeding risk, especially in cirrhotic patients who often require
procedures. Paracentesis and esophagogastroduodenoscopy usually have lower bleeding risk, however, other
procedures, such as liver biopsies, chemoembolizations, transjugular intrahepatic portosystemic shunts
(TIPSs), and biliary procedures do carry a higher risk of bleeding [52]. In a study of bleeding complications
after liver biopsy in patients with hepatitis C cirrhosis, thrombocytopenia caused 11% of scheduled biopsies
to be missed, and severe thrombocytopenia with a platelet count of less than 60,000/μL showed significant
bleeding risk [53].

Standard treatments of thrombocytopenia in cirrhotic patients include platelet transfusions, surgical
splenectomy, and interventional splenic artery embolization; all had been shown to improve
thrombocytopenia in recent studies. Improvement in platelet levels may reduce the need for platelet
transfusions and allow the use of interferon antiviral therapy in cirrhotic patients [54].

Few studies showed the efficacy of TIPS, however, the mechanism of how it improves thrombocytopenia is
still uncertain [55]. TPO receptor agonists have been used recently, especially in patients who are considered
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poor surgical candidates. The mechanism of these medications is related to the human TPO receptor (c-Mpl)
and is shown to promote the proliferation of megakaryocytes, therefore, improving platelet count. In 2008
eltrombopag was approved by FDA for the treatment of idiopathic thrombocytopenic purpura (ITP).

Afdhal et al. showed eltrombopag reduced the necessity for platelet transfusions in patients with chronic
liver disease who needed elective invasive procedures, however, it increased portal vein thrombosis risk and
therefore is not recommended for patients with chronic liver disease who need elective procedures [56].
Avatrombopag and lusutrombopag, however, were approved by FDA in 2018 for cirrhotic patients with
thrombocytopenia undergoing procedures. Both have been shown to lower pre-procedural platelet
transfusions' frequency as well as post-procedure bleeding [57,58]. In addition, TPO receptor agonists
showed reduced costs when compared with the costs of multiple platelet transfusions [59].

Prognosis
Further studies are required to explore the association of morbidity and mortality with thrombocytopenia
and the role of TPO receptor agonists play in increasing survival in patients with chronic liver disease and
cirrhosis. Some studies have suggested thrombocytopenia as an independent predictor of mortality [33,47].
Recent evidence has suggested hypersplenism’s role in increasing morbidity and mortality in cirrhosis [60].
A 2020 study by Scheiner et al. showed that aside from higher prevalence of anemia in patients with
advanced liver disease, patients with severe anemia have higher rate of hospitalization and decompensation,
which could translate to higher mortality and worse survival [61]. Increasing evidence suggested that anemia
could be used as an independent predictor of acute decompensation of cirrhosis aside from MELD score [62].
Overall we are seeing increasing evidence that hematological abnormality in cirrhosis is clinically
significant and may be further studied to aid in determining prognosis and survival.

Conclusions
Cirrhosis remains a major public health problem. Several studies have evaluated the mechanisms
responsible for regulation of primary hemostasis, coagulation, and fibrinolysis, which are severely impaired
in cirrhosis. The etiology of cirrhosis is multifactorial and the mechanisms underlying pathogenesis of
cirrhosis are still unclear. Cirrhosis often has multiple hematologic abnormalities, such as anemia and
thrombocytopenia. Anemia in cirrhosis is usually related to hemorrhage, iron deficiency, and nutrition; its
pathogenesis is complex. The major mechanisms of thrombocytopenia in liver cirrhosis include platelet
sequestration and decreased TPO production. For thrombocytopenia caused by the latter, TPO agonists and
targeted agents’ non-invasive nature may have increased roles for cirrhotic patients in the future. Patients
with abnormal hematologic indices tend to have poorer prognosis and increased mortality.
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