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Abstract

Liver cirrhosis portal hypertension patients to reduce the number of blood cells are common in
clinical, and often affect the prognosis. This paper discusses cirrhotic portal hypertension patients
complicated by the reason of the decrease in the number of peripheral blood cells and what is the
clinical significance of these reasons so as to provide theoretical support for the choice of treat-
ment. Splenomegaly and hypersplenism caused should be the main reason for reducing the num-
ber of blood cells, but not all, other reasons are alcohol and virus inhibition of bone marrow, liver
function impairment, autoimmune damage and loss of blood, etc. If it is a function of the spleen
hyperfunction caused by blood cells decreases, blood should rise to normal after splenectomy, or
consider other reason or there are other reasons at the same time.
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1. Introduction

There are approximately 350 million carriers of hepatitis B virus (HBV) worldwide, and more than half of them
are in the Asia-Pacific region. China has a high carrier rate of HBV, with 9.8% of the population being HBV
positive; the rate is as high as 16.4% in Hainan Province. Overall, 20% of HBV infections develop into chronic
hepatitis. The incidence of the resulting nonalcoholic cirrhotic portal hypertension is thus very high and most
patients are complicated by monolineage or multilineage cytopenias [1]. Cytopenias indicate that a leukocyte
(WBC) counts of <4.0 x 10°/L, a erythrocyte (RBC) counts of <4.0 x 10'%/L and/or a platelet (PLT) counts of
<100 x 10/L. People usually put the cirrhotic portal hypertension patients to reduce the number of blood cells
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are attributed to the splenic function, actually otherwise, the splenic function must have blood cells decreases,
but are not necessarily blood cells caused by the splenic function. There are numerous causes for cytopenias in
patients with hepatocirrhotic portal hypertension, including the toxic effects of hepatic viruses and alcohol on
the bone marrow, hypofunctioning of the liver [2], splenomegaly, hypersplenism, gastrointestinal bleeding, and
hematopoietic dysfunction caused by malnutrition. In most cases, cytopenias are caused by multiple factors.

2. Causes
2.1. Toxic Effects of Hepatic Virus

1) Hepatic viruses can directly suppress the differentiation and proliferation of hemopoietic stem cells and pro-
genitor cells [3]. 2) Hepatic virus can cause disorders of cellular immunity and humoral immunity in vivo, to
compromise the body’s capacity to eliminate the viruses. The constant presence of viruses damages the hemo-
poietic functioning of the bone marrow [4]. 3) Viruses can impair the activity of bone marrow stromal cells to
reduce the secretion of cytokines and to affect the proliferation of hemopoietic cells. 4) During pathogenesis
caused by cytokines, the increase in the y-interferon level and decrease in the interleukin-6 and erythropoietin
levels, can affect the proliferation of hemopoietic cells [5]. The hepatitis B virus (HBV) and hepatitis C virus
(HCV) can suppress the bone marrow, and affect the growth of all karyocytes in the bone marrow. This may
lead to hypoplastic anemia, and patients must undergo a bone marrow transplant to survive.

The liver and bone marrow are target tissues of HBV. This virus can kill or injure hemopoietic cells directly,
causing myelosuppression, and leading to leukopenia and reduction in the detoxification ability of the liver. This
renders the body more sensitive to certain medicines, toxins and environmental pollutants, and cause hypofunc-
tioning of bone marrow hematopoiesis. Leukopenia further damages immunity to cause the active replication of
HBYV, forming a vicious cycle. Currently, antiviral therapy is the first choice for chronic hepatitis B patients;
however, antiviral medications also lead to myelosuppression. Therefore, monitoring leukocytes in the peripher-
al blood is conducive to the regulation of antiviral therapy. If the leukocyte count is lower than 2 x 10°/L, anti-
viral therapy should be discontinued. Both HBV and HCV can induce suppression of the precursor cells of the
bone marrow, and affect the lymph cells, causing lymphopenia and hypofunctioning of the bone marrow.

2.2. Toxic Effects of Alcohol

In the 1980s, studies of patients with alcoholic liver disease reported that neutrophil granulocytes demonstrated
retarded growth and delayed release in the bone marrow. Later studies showed increased apoptosis of neutrophil
granulocytes. Patients with end-stage cirrhosis complicated with neutropenia underwent Granulocyte-Macro-
phage Colony Stimulating Factor (GM-CSF) therapy for 7 days, and the leukocyte count increased more than
100%. However, the increased leukocytes could not be destroyed in the spleen, for no leukocyte fragments were
found in the spleen. Ethanol can suppress or stimulate cellular proliferation, but in most cases, it suppresses cel-
lular growth and increases cytotoxic effects. Its mechanism includes retarded cellular proliferation and induced
apoptosis and necrosis [6]-[8]. A foreign study reported [9] that long-term alcoholism could cause abnormalities
in the bone marrow and peripheral blood. In that study, 91% patients manifested changes in the peripheral blood
including granulopenia, thrombopenia, etc., and changes in bone marrow included highly-differentiated hemo-
poietic tissue and myelofibrosis. Long-term alcohol consumption can reduce the absorption of folic acid and vi-
tamin B,, which impairs the synthesis of erythrocytes. Djordjevic et al. [10] believed both that hepatic viruses
and alcoholism were able to cause cytopenias.

2.3. Hypofunctioning of Liver

Hypofunctioning of the liver reduces degradation of toxic metabolites by liver cells; in this case, the liver cannot
detoxify the toxins that suppress the bone marrow, thus affecting hemopoietic function. The incidence of liver
disease combined with thrombopenia is 15% - 70%. It is usually at mild or moderate level, and its severity is a
prognostic indicator. In liver diseases, thrombopenia is closely related to hepatocirrhosis, anti-platelet autoanti-
bodies [11], bone marrow suppression caused by HBV and HCV, and toxic effects from excessive alcohol con-
sumption [12]. The discovery of thrombopoietin (TPO) in 1994 ushered in a new era in the study of cirrhotic
thrombopenia. TPO is almost exclusively produced in liver cells; a small proportion of TPO is produced in the
kidneys, bone marrow stromal cells and muscle. The production of TPO depends on the function and amount of
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liver cells. In cirrhosis, functional liver cells become less able to decrease the secretion of TPO. A study by
Wolber et al. [13], of cirrhotic patients developing from the compensation to decompensation stage, demon-
strated that the expression or serum level of TPO changed from an increase to a decrease, and that the platelet
count decreased gradually. The decrease in liver function, to some extent, was related to hemocytopenia and
bone marrow dysfunction. Forbes ef al. [14] suggested that hepatic exogenous myofibroblasts played an impor-
tant role in hepatic fibrosis. In hepatic fibrosis, bone marrow stem cells differentiate into hepatic endothelial pa-
renchymal cells but not into myofibroblasts. This indicates that the change in hemopoietic function and inner
environment of the bone marrow might be somehow related to or interactive with the occurrence and develop-
ment of hepatic fibrosis or even hepatic cirrhosis. These observations suggest that changes in the bone marrow
of cirrhotic patients do not result from one single factor but a combination of multiple factors, with a compli-
cated regulation mechanism. The changes in bone marrow might be directly or indirectly related to the severity
of hepatic cirrhosis and changes in liver or spleen function. Their relationship and the detailed mechanism re-
main to be further explored. Solving this puzzle will be of significant importance to clinical practice.

2.4. Splenomegaly and Hypersplenism

Hypersplenism is secondary to splenomegaly. Two mechanisms for splenomegaly caused by liver diseases exist.
The first mechanism is expansionary splenomegaly, including congestive splenomegaly caused by increased
venous pressure and hyperemic splenomegaly caused by increased splenic arterial flow; the former is the main
cause. The second mechanism is hypertrophic splenomegaly, including: 1) Hepatic virus antigen and exogenous
antigens unprocessed by the liver due to a shunting procedure, can stimulate the spleen and lead to hypertrophy
of the immune tissue in the spleen (splenic corpuscle, periarterial lymphatic sheath, marginal zone). 2) In hepatic
cirrhosis, increased necrotic cells and hypofunctioning of the hepatic reticuloendothelial system promote com-
pensatory hypertrophy and lead to hyperfunctioning of the splenic reticuloendothelial system. 3) Increased in-
trasplenic pressure, stasis of blood circulation, change in the metabolic environment and other factors can cause
fibroplastic proliferation. Generally speaking, intrasplenic immune tissues show obvious hypertrophy during
hepatitis, and middle or end stage cirrhotic patients mainly manifest splenic sinus dilation, hypertrophy of reti-
culoendothelial system and fibrous tissues.

Currently, there are several hypotheses concerning the mechanism of cytopenia: 1) The hypothesis of intras-
plenic trapping [15]. After the formation of splenomegaly, blood volume in the spleen increases, and a great
number of leukocytes, erythrocytes and platelets are trapped in the spleen. The ratio of trapped hemocytes com-
pared with that in the normal spleen is 5.5- to 20-fold, resulting in hemocytopenia in the peripheral blood. 2)
The hypothesis of cytophagy: There are a large number of mononuclear-macrophages in the spleen. Under pa-
thological circumstances, mononuclear-macrophages demonstrate hyperfunctioning in cytophagy and destruc-
tion of hemocytes, especially erythrocytes [16]. Recently, a study using erythrocyte creatine (EC), the life-span
sensitive marker of erythrocytes, revealed that the EC level was significantly increased in patients with spleno-
megaly due to post-necrotic cirrhosis compared with patients with hepatic cirrhosis with normal spleens (P <
0.05). In addition, the same was observed compared with the normal control group but without a significant dif-
ference [17]. This suggested that splenomegaly accelerated the destruction of erythrocytes and the determination
of the EC value could be used to evaluate the severity of cirrhotic splenomegaly [18]. 3) The spleen can produce
excessive “splenic hormones” to suppress the hemopoietic function of the bone marrow, and accelerate the de-
struction of trap produced hemocytes to prevent them from entering into blood circulation [19]. 4) The hypothe-
sis of autoimmunity: The spleen is a large lymph organ that produces antibodies. Antigens unprocessed by the
liver enter the marginal zones of splenic lymph follicles (splenic nodule) and activate the pro-lymphocytes and
plasma cells to generate antibodies. These antibodies can destroy hemocytes causing hemocytopenia in the pe-
ripheral blood.

2.5. Gastrointestinal Bleeding

Gastroesophageal fundus varices bleeding is a common complication for patients with cirrhotic portal hyperten-
sion. Gastrointestinal bleeding of any cause can directly lead to a decreased amount of hemocytes in the effec-
tive circulatory blood volume. Usually, these theories coexist, and rarely only one theory comes into play [20].
Chronic gastrointestinal bleeding can result in iron, folic acid and vitamin B12 deficiencies, and insufficient
material for the synthesis of erythrocytes. Massive loss of erythrocytes can lead to anemia in patients. A Cr’' la-
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beled-erythrocyte test demonstrated that only 20% of patients with cirrhosis complicated with anemia had in-
creased erythrocytes in their spleens.

2.6. Malnutrition

Portal hypertensive gastropathy can cause malabsorption of hematopoietic growth factors and non-visible loss of
nutrients necessary for hematopoiesis. Additionally, the lack of iron, folic acid and vitamin B, results in insuf-
ficient materials for the synthesis of erythrocytes, leading to decreased hematopoiesis.

3. Clinical Significances

The significance of exploring the causes of hemocytopenia in the peripheral blood in the patients with cirrhotic
portal hypertension lies in its guidance for treatment and evaluation for therapeutic effects [21]. If hemocytope-
nia is caused by splenomegaly or hypersplenism, whether monolineage or multi-lineage, the decreased hemo-
cytes will rise significantly after a splenectomy (P < 0.01) [22]. The most sensitive hemocyte is the platelet,
which will increase half an hour after the operation, and reach the highest level in 2 weeks; afterwards it will
decrease gradually and remain at a normal level. Leukocytes and erythrocytes would increase following the
platelets. Hemocytopenia in the peripheral blood caused by non-splenic factors does not lead to a definite in-
crease in hemocytes after splenectomy.
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