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Abstract
Thrombocytopenia is a common complication in liver 
disease and can adversely affect the treatment of liver 
cirrhosis, limiting the ability to administer therapy and 
delaying planned surgical/diagnostic procedures be-
cause of an increased risk of bleeding. Multiple factors, 
including splenic sequestration, reduced activity of the 
hematopoietic growth factor thrombopoietin, bone 
marrow suppression by chronic hepatitis C virus infec-
tion and anti-cancer agents, and antiviral treatment 
with interferon-based therapy, can contribute to the 
development of thrombocytopenia in cirrhotic patients. 
Of these factors, the major mechanisms for thrombo-
cytopenia in liver cirrhosis are (1) platelet sequestra-
tion in the spleen; and (2) decreased production of 
thrombopoietin in the liver. Several treatment options, 

including platelet transfusion, interventional partial 
splenic embolization, and surgical splenectomy, are 
now available for severe thrombocytopenia in cirrhotic 
patients. Although thrombopoietin agonists and target-
ed agents are alternative tools for noninvasively treat-
ing thrombocytopenia due to liver cirrhosis, their ability 
to improve thrombocytopenia in cirrhotic patients is 
under investigation in clinical trials. In this review, we 
propose a treatment approach to thrombocytopenia 
according to our novel concept of splenic volume, and 
we describe the current management of thrombocyto-
penia due to liver cirrhosis.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The major mechanisms for thrombocytopenia 
in liver cirrhosis are (1) platelet sequestration in the 
spleen; and (2) decreased production of thrombopoi-
etin in the liver. For thrombocytopenia that is caused 
by platelet sequestration in the spleen, partial splenic 
embolization or laparoscopic splenectomy are effec-
tive. Thrombopoietin agonists and targeted agents are 
alternative tools for noninvasively treating thrombocy-
topenia due to decreased thrombopoietin production, 
although their ability to improve thrombocytopenia is 
under investigation in clinical trials. In this review, we 
describe the current management of thrombocytopenia 
due to liver cirrhosis, and we propose the novel con-
cept of using the splenic volume to discern the primary 
cause of thrombocytopenia due to liver cirrhosis.

Hayashi H, Beppu T, Shirabe K, Maehara Y, Baba H. Manage-
ment of thrombocytopenia due to liver cirrhosis: A review. 
World J Gastroenterol 2014; 20(10): 2595-2605  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v20/i10/2595.htm  
DOI: http://dx.doi.org/10.3748/wjg.v20.i10.2595

WJG 20th Anniversary Special Issues (11): Cirrhosis

Management of thrombocytopenia due to liver cirrhosis: A 
review

Hiromitsu Hayashi, Toru Beppu, Ken Shirabe, Yoshihiko Maehara, Hideo Baba



Hayashi H et al . Management of thrombocytopenia due to liver cirrhosis

INTRODUCTION
Thrombocytopenia is a common complication in liver 
disease, and liver disease-related thrombocytopenia is 
often defined as a platelet count < 100 × 109/L, includ-
ing moderate (less than 100 × 109/L) and severe (less 
than 50 × 109/L) thrombocytopenia. Although clinically 
significant spontaneous bleeding does not usually occur 
until the platelet count is less than 10 × 109/L-20 × 109/L, 
cirrhotic patients with or without cancers often require 
numerous medical and/or surgical procedures during 
diagnosis and therapy. The presence of  thrombocytope-
nia can aggravate surgical or traumatic bleeding and can 
also significantly complicate routine patient care, such 
as liver biopsy, antiviral therapy, and medically indicated 
or elective surgery for cirrhotic patients, resulting in 
delayed or cancelled medical management and affect-
ing the administration of  effective treatment for several 
conditions (e.g., antiviral therapy for chronic hepatitis C 
virus (HCV) infection or cancer chemotherapy). Indeed, 
the degree of  thrombocytopenia has been shown to be 
a useful prognostic marker in cirrhotic patients because 
the finding of  severe thrombocytopenia (< 50 × 109/L) 
in liver disease can be associated with significant mor-
bidity[1,2]. Additionally, a decreased platelet count can of-
ten be a diagnostic clue to unsuspected cirrhosis and to 
the presence of  esophageal varices[3-6]. Multiple factors, 
including splenic sequestration, reduced activity of  the 
hematopoietic growth factor thrombopoietin (TPO), cir-
rhotic coagulopathy, cirrhotic bone marrow suppression 
by chronic HCV infection and anti-cancer agents, and 
antiviral treatment with interferon (IFN)-based therapy, 
can contribute to the development of  thrombocyto-
penia in cirrhotic patients. Of  these factors, the major 
mechanisms for thrombocytopenia in liver cirrhosis are 
(1) platelet sequestration in the spleen; and (2) decreased 
production of  TPO in the liver. Historically, thrombo-
cytopenia has been thought to arise from the increased 
pooling of  platelets in an enlarged spleen (splenomegaly). 
While the normal splenic volume has been reported to 
range from 50-200 mL[7], splenomegaly sometimes in-
creases it to even more than 1000 mL. Platelet sequestra-
tion is seen in congestive splenomegaly due to cirrhosis-
induced portal hypertension and is characterized by a 
redistribution of  platelets from the circulating pool to 
the splenic pool[8]. However, the interventional and/or 
surgical treatments aimed at reversing portal hyperten-
sion do not always correct thrombocytopenia in the 
clinical setting. Indeed, decreased platelet production 
has been noted, even in patients without splenomegaly[9], 
suggesting that other factors are involved in thrombo-
cytopenia due to liver cirrhosis. Platelets are derived 
from megakaryocytes, and TPO is known to be a po-
tent cytokine that regulates megakaryocyte and platelet 
production[10,11]. TPO, which is primarily produced in 
the liver but is also produced, to a lesser extent, in the 
bone marrow and kidney[12,13], binds to the TPO recep-
tor (c-Mpl), which is expressed on the surface of  stem 
cells, megakaryocyte progenitor cells, megakaryocytes, 

and platelets. Experimentally, when TPO or its recep-
tor (c-Mpl) has been “knocked-out” by homologous 
recombination in mice, the megakaryocyte and platelet 
masses are reduced to approximately 10% of  the normal 
value, even though the animals are healthy and do not 
spontaneously bleed[14-16]. Cirrhotic patients with throm-
bocytopenia have lower circulating TPO levels than do 
cirrhotic patients with normal platelet counts, possibly 
as a result of  diminished TPO production[17]. Interest-
ingly, following successful liver transplantation or splenic 
embolization, the TPO levels appear to normalize, 
suggesting that decreased TPO production in the liver 
may also contribute to thrombocytopenia in cirrhotic 
patients[17-19]. This review describes the current manage-
ment of  thrombocytopenia in cirrhotic patients and also 
proposes a treatment approach for thrombocytopenia 
based on using the splenic volume to distinguish among 
the major causes of  thrombocytopenia (splenic and 
other mechanisms, such as decreased TPO production).

MANAGEMENT OF 
THROMBOCYTOPENIA DUE TO LIVER 
CIRRHOSIS
Several treatment options, including platelet transfusion, 
interventional splenic artery embolization, and surgical 
splenectomy, are now available for thrombocytopenia 
in cirrhotic patients. Therapeutic options to safely and 
effectively raise the platelet level can have significant ef-
fects on the care of  cirrhotic patients. Specifically, an in-
crease in platelet levels can significantly reduce the need 
for platelet transfusions and facilitate the use of  IFN-
based antiviral therapy and other medically indicated 
treatments in cirrhotic patients. Recently, treatments 
such as interventional management using partial splenic 
embolization (PSE) and surgical splenectomy have often 
attempted to correct splenomegaly-associated throm-
bocytopenia as the only current tool that noninvasively 
improves thrombocytopenia is the administration of  
platelet infusions. For example, antiviral therapy against 
HCV using peginterferon (Peg-IFN) alfa-2a plus ribavi-
rin was discontinued in up to 2.6% of  patients because 
of  laboratory abnormalities, including thrombocytope-
nia, and 3%-5% of  patients receiving Peg-IFN alfa-2a or 
alfa-2b plus ribavirin required dose modification because 
of  thrombocytopenia[20,21]. In contrast, the management 
of  thrombocytopenia using PSE or splenectomy prior to 
antiviral therapy successfully enables avoidance of  dis-
continuation because of  thrombocytopenia[22,23]. Recent-
ly, a low platelet count has been reported to be a predic-
tor of  liver atrophy and long-term mortality in patients 
on a liver transplant waiting list[24]. Additionally, experi-
mental studies have shown that platelets can promote 
liver regeneration and improve liver fibrosis[25-27]. Indeed, 
PSE has a clinically improved prognostic outcome in cir-
rhotic patients[28]. Although invasive procedures such as 
PSE and splenectomy are occasionally underused due to 
potential interference with treatment options, including 
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Table 1  Thrombopoietin-receptor agonists for the treatment of thrombocytopenia

liver transplantation, aggressive rather than passive man-
agement for thrombocytopenia may improve long-tern 
survival in cirrhotic patients. Although TPO agonists 
and targeted agents are alternative tools for noninvasive-
ly treating thrombocytopenia due to liver cirrhosis, their 
ability to improve thrombocytopenia in cirrhotic patients 
is under investigation in clinical trials.

Platelet transfusion
Patients with platelet counts below 50 × 109/L may ben-
efit from prophylactic transfusions to increase platelet 
counts before procedures. Guidelines for when to use 
platelet transfusions are available, but the relevance of  
these published guidelines for liver cirrhosis is unclear. 
The American Society of  Clinical Oncology recommends 
platelet transfusions for cancer patients with platelet 
counts of  10 × 109/L-20 × 109/L, depending on the 
type of  cancer[29]. Currently, there is no consensus on 
the appropriate threshold values for prophylactic plate-
let transfusions in cirrhotic patients. Complications and 
limitations of  platelet transfusion include febrile nonhe-
molytic and allergic reactions, the need for hospitaliza-
tion, iron overload (with chronic transfusions), the risk 
of  infection, platelet refractoriness due to HLA alloim-
munization (occurring in up to 40% of  patients), and 
cost[30,31]. Furthermore, platelet transfusions do not en-
sure a hemostatic platelet level, especially when the risk 
of  bleeding is high[29]. While red blood cells have a lifes-
pan of  approximately 120 d, transfused platelets have a 
shorter life span and will need to be re-dosed within 3-4 
d if  given for prophylaxis.

Agents targeting the TPO receptor
TPO plays an important role in regulating thrombo-
poiesis. The decrease in TPO production or activity in 
cirrhotic patients suggests that TPO can serve as a ra-
tional therapeutic target to stimulate platelet production. 
Several promising novel agents that stimulate TPO and 
increase platelet levels have been under development for 
the prevention and/or treatment of  thrombocytope-
nia. Several types of  TPO agonists and targeted agents, 

such as recombinant TPO, interleukin (IL)-11, and TPO 
mimetrics (peptide and nonpeptide TPO receptor ago-
nists), have been evaluated (Table 1).

Recombinant TPO and other thrombopoietic agents
Two forms of  recombinant human TPO were evaluated 
in clinical trials and shown to increase megakaryopoiesis 
and thrombopoiesis: recombinant human TPO (rhTPO) 
and its pegylated recombinant human megakaryocyte 
growth and development factor (PEG-rHuMGDF). 
rhTPO is a glycosylated form of  TPO consisting of  
the full-length, native human amino acid sequence. 
rhTPO has been shown to be a potent stimulator of  
megakaryocyte growth and platelet production, and it is 
biologically active in reducing the thrombocytopenia of  
nonmyeloablative chemotherapy[11]. Although rhTPO 
could significantly increase platelet counts, the reduction 
of  thrombocytopenia was not always accompanied by 
a decrease in transfusions[32]. In addition, rhTPO failed 
to demonstrate the clinical benefits of  time to platelet 
recovery or platelet transfusion requirements in stem cell 
transplantation or leukemia chemotherapy[11]. Thus, the 
role of  rhTPO in the treatment of  thrombocytopenia 
was limited, and the clinical development of  rhTPO was 
halted. PEG-rHuMGDF is an N-terminal TPO deriva-
tive that was pegylated to extend its half-life and retain 
its TPO activity[11,33]. In initial trials in patients undergo-
ing chemotherapy, PEG-rHuMGDF treatment increased 
the median platelet nadir counts and enhanced recov-
ery in a dose-dependent manner[34-36]. However, some 
subjects, including normal platelet donors treated with 
PEG-rHu-MGDF, developed neutralizing antibodies 
that cross-reacted with and inactivated endogenous TPO, 
resulting in extremely severe thrombocytopenia[32,37,38]. 
The clinical development of  PEG-rHuMGDF by Am-
gen was stopped in 1998 due to this side effect[11].

IL-3, -6, and -11
The interleukins IL-3, IL-6, and IL-11 produce a signifi-
cant stimulation of  platelet production. However, the 
clinical uses of  recombinant IL-3 or IL-6 are severely 
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Agent Target disease Dose (route)

Recombinant human thrombopoietin
rhTPO Withdrawn from clinical use (intravenous)
PEG-rHuMGDF Withdrawn from clinical use (subcutaneous)
rhIL-11 Chemotherapy-induced TCP[40,42] 50 μg/kg per day (subcutaneous)

TCP in patients with cirrhosis[43] 50 μg/kg per day (subcutaneous)
TPO mimetrics (peptide TPO receptor agonists and nonpeptide TPO receptor agonists)
Romiplostim ITP[47-50] 0.2-10 μg/kg once a week (subcutaneous)

Myelodysplastic syndrome[51-53] Once a week (subcutaneous)
HCV-related TCP[54,97] 2 μg/kg once a week (subcutaneous)

Eltrombopag ITP[55,56] 50 mg once daily (oral)
HCV-related TCP 25 mg once daily (oral)

E5501 HCV-related TCP (phase Ⅱ; NCT00914927)

TPO: Thrombopoietin; PEG-rHuMGDF: Pegylated recombinant human megakaryocyte growth and development factor; rhIL-11: Recombinant human in-
terleukin-11; TCP: Thrombocytopenia; ITP: Immune thrombocytopenic purpura; HCV: Hepatitis C virus.
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limited by their proinflammatory properties, which in-
duce flu-like symptoms, including hypotension, fatigue, 
and myalgias[39]. However, recombinant human IL-11 
(rhIL-11) was approved by the United States Food 
and Drug Administration for use in the prevention of  
chemotherapy-induced thrombocytopenia[40]. IL-11 acts 
synergistically with IL-3, TPO, and stem cell factors to 
increase the number and maturation of  megakaryocytic 
progenitors[41]. IL-11 has also been shown to increase 
spleen megakaryocyte colony-forming cells and spleen 
colony-forming units in mice[41]. In patients with can-
cer who were receiving chemotherapy, a subcutaneous 
injection of  rhIL-11 at a dose of  25-50 μg/kg per day 
increased their platelet levels and reduced their need for 
platelet transfusions[40,42]. In cirrhotic patients (Child A 
and B) with thrombocytopenia, a daily subcutaneous in-
jection of  rhIL-11 at 50 μg/kg per day  improved plate-
let counts within 6 to 8 d from the treatment initiation, 
and the platelet counts doubled in 89% of  the cirrhotic 
patients, achieving > 80 × 109/L in 78%[43]. However, 
rhIL-11 can cause significant toxicity, including edema, 
fluid retention, cardiovascular events, and, in some stud-
ies, myalgias and arthralgias[44]. Therefore, the use of  
rhIL-11 in cirrhotic patients requires careful attention 
due to the high frequency of  regimen-related toxicity[43].

Mimetics (TPO peptide and nonpeptide mimetics)
Recently, great interest has been focused on the develop-
ment of  TPO peptide and nonpeptide mimetics. These 
mimetics are designed to bind to the TPO receptor but 
have no sequence homology with endogenous TPO. 
Two TPO receptor agonists (Romiplostim and Eltrom-
bopag) are currently available.

Romiplostim is a 60 kDa molecule that is composed 
of  4 TPO-mimetic peptides that are attached via glycine 
bridges to an IgG heavy-chain Fc molecule[45]. This agent 
increased the platelet count in healthy individuals[46] and 
in patients with immune thrombocytopenia (ITP)[47-50] and 
myelodysplastic syndrome[51-53]. Romiplostim has been 
evaluated in patients with HCV-related thrombocytopenia. 
In patients with chronic liver disease and severe throm-
bocytopenia secondary to HCV infection, preoperative 
Romiplostim administration increased platelet counts to a 
level acceptable for elective surgical interventions without 
postoperative bleeding episodes[54]. Romiplostim is cur-
rently approved by the FDA only for the treatment of  
chronic ITP in adults and is administered weekly as a sub-
cutaneous injection at a dose of  1 to 10 mg/kg.

Eltrombopag is a small-molecule nonpeptide oral 
platelet growth factor that acts as a TPO-R agonist. The 
binding of  eltrombopag to the transmembrane domain 
of  the TPO receptor activates intracellular signal trans-
duction pathways that stimulate megakaryocyte prolifera-
tion and differentiation and increase platelet counts in a 
dose-dependent manner in healthy subjects and patients 
with chronic ITP[55,56]. Eltrombopag is FDA-approved 
for the treatment of  adults with ITP and is administered 
orally at a dose of  25 to 75 mg per day (lower doses in 

patients of  Asian ancestry). One potential advantage of  
Eltrombopag that makes it superior to the TPO peptide 
(Romiplostim) is that Eltrombopag may be administered 
orally. A phase Ⅱ, multicenter, randomized trial of  daily 
Eltrombopag in patients with HCV-associated thrombo-
cytopenia and compensated liver disease showed that, af-
ter 4 wk of  therapy, platelet count increases to > 100 × 
109/L were achieved in 75%, 79%, and 95% of  patients 
treated with 30 mg, 50 mg, and 75 mg Eltrombopag, 
respectively, compared to 0% of  placebo patients (P < 
0.001)[57]. None of  the patients with liver disease had a 
worsening of  their liver function tests[57]. Additionally, 
significantly more patients in the Eltrombopag treat-
ment groups completed 12 wk of  antiviral therapy (36%, 
53%, and 65% in the 30-mg, 50-mg, and 75-mg groups, 
respectively), compared with 6% of  placebo patients[57]. 
The latest study revealed that Eltrombopag administra-
tion prior to elective invasive procedures reduced the 
need for platelet transfusions in patients with chronic 
liver disease compared with placebo, with platelet trans-
fusion frequencies of  28% and 81%, respectively[58]. 
Nonetheless, the use of  Eltrombopag has been reported 
to be associated with an increased incidence of  portal-
vein thrombosis compared to placebo, at 4% and 1%, 
respectively[58]. Collectively, although rhIL-11 and TPO 
mimetics are alternative tools for noninvasively treating 
thrombocytopenia due to liver cirrhosis, the evidence 
for their ability to improve thrombocytopenia is mainly 
based on patients with ITP; few studies have evaluated 
cirrhotic patients. A further investigation of  their useful-
ness for the treatment of  thrombocytopenia due to liver 
cirrhosis is expected through clinical trials.

INTERVENTIONAL MANAGEMENT
PSE
PSE is an interventional, non-surgical procedure that was 
developed to treat hypersplenism secondary to hepatic 
disease. PSE for hypersplenism can be carried out with 
almost no blood loss under local anesthesia. In 1973, 
Maddison[59] proposed total splenic embolization using 
interventional techniques instead of  splenectomy for 
the treatment of  hypersplenism. Initially, patients with 
complete splenic embolization had severe complications, 
including splenic abscess, splenic rupture, serious pneu-
monia, sepsis, hematoma, bleeding, pancreatic and he-
patic infarction, and death. Thus, an important limitation 
of  complete splenic infarction was the high incidence of  
morbidity. Six years later, Spigos et al[60] developed PSE 
and treated 13 patients with PSE, antibiotic coverage, 
and post-embolization pain control, which were per-
formed safely and effectively. A significant reduction in 
both the morbidity and mortality rates was obtained by 
PSE compared with complete splenic embolization.

As for the clinical effects, PSE for hypersplenism 
has been reported to achieve prolonged improvement in 
blood cell counts[61,62]. The platelet count rises after PSE 
and then reaches the peak value in 1-2 wk. The platelet 
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counts stabilize in 2 mo at approximately 2-fold higher 
than their value before PSE, slightly less than the peak 
value. This PSE-derived clinical benefit is mainly due to 
the resolution of  the platelet sequestration in the spleen. 
As an alternative possible mechanism of  increasing the 
platelet counts after PSE, Hidaka et al[19] reported that 
TPO production, the score of  megakaryocytes with 
platelet production, and an index of  platelet production 
by megakaryocytes in the bone marrow were restored 
after PSE in cirrhotic patients but not in patients with 
idiopathic portal hypertension. In addition to the pro-
longed improvement in blood cell counts, several studies 
have reported PSE-associated fringe benefits, such as 
individual liver functional improvement[61,63]. The mecha-
nism of  these liver functional changes is not well eluci-
dated but may be related to increases in hepatic arterial 
and superior mesenteric vasculature blood flow after 
embolization[64]. Porter et al[65] used a video dilution tech-
nique to demonstrate that the splenic arterial flow was 
reduced from 19% to 3% post-embolization, whereas 
there was a concomitant increase in the hepatic arterial 
flow from 3% to 15% and an increase in the superior 
mesenteric blood flow from 6% to 19%. However, Mu-
kaiya et al[66] reported that PSE decreased splenic arterial 
flow and reduced splenic vein pressure without altering 
portal blood flow by a thermodilution method. Bárcena 
et al[67] reported that PSE could resolve splenic artery 
steal syndrome, which resulted in improved graft func-
tion in liver-transplanted patients.

PSE, like laparoscopic splenectomy, has recently been 
highlighted and widely applied to improve thrombocyto-
penia in cirrhotic patients prior to the administration of  
Peg-IFN and ribavirin for the treatment of  HCV infec-
tions. PSE prior to IFN-based therapy, compared with 
no PSE, produced advantageous maintenance of  higher 
platelet counts and an increase in adherence to Peg-
IFN[23,68]. PSE can also be adapted to improve esopha-
gogastric varices and portal hypertension in cirrhotic 
patients. In other medical treatments, such as hepatec-
tomy for hepatocellular carcinoma[69], chemotherapy for 
cancer, and orthotopic liver transplantation[70,71], clinical 
benefits, such as improved thrombocytopenia and neu-
tropenia, have been reported for PSE as a pre- and post-
treatment procedure.

Splenic infarction ratio or splenic infarcted volume?
Classically, the splenic infarction ratio ranges from 50% 
to 80%; this range has been used routinely as the target 
of  PSE. While the splenic infarction rate correlated posi-
tively with increases in the platelet count, no therapeutic 
differences were found in patients with splenic infarction 
rates of  50%, 70% and 80%. Therefore, more reliable 
predictive factors of  the increase in platelet counts after 
PSE and the recommended extent of  splenic infarction 
in PSE for liver cirrhosis are needed. Recently, contrast-
enhanced computed tomography (CT) scanning has en-
abled us to accurately measure the area of  splenic infarc-
tion. A previous study by the present authors proposed 

the novel concept that infarcted splenic volume, and 
not the splenic infarction rate, is a determinant factor 
for increases in the platelet count after PSE and that an 
infarcted splenic volume of  greater than 388 mL could 
induce a sufficient increase in the platelet count at 1 year 
after PSE [formula of  the increased platelet counts at 
1 year = 2.19 + 0.01 × infarcted splenic volume (mL), 
R2 = 0.203][72]. This easy prediction method would help 
to determine the necessary infarcted splenic volume or 
spleen embolization ratio during PSE. As an adequate 
preoperative splenic volume and infarcted splenic vol-
ume are required for an effective increase in platelet 
counts after PSE, the PSE for cirrhotic patients with 
small spleens, such as those smaller than 400 mL, must 
embolize nearly the entire volume of  the spleen (388 mL 
= 97% of  400 mL). Based on the above concept, which 
applies to cirrhotic patients with preoperative splenic 
volumes < 400 mL, a laparoscopic splenectomy, which 
can remove the total spleen, has been recommended to 
obtain as great an increase in the platelet counts as pos-
sible[62,72]. In cirrhotic patients with preoperative splenic 
volumes greater than 400 mL, a prolonged increase in 
the platelet counts could be achieved by PSE with suf-
ficient infarcted splenic volume. As for the upper limit 
of  infarcted splenic volume in a single PSE, however, 
there is evidence that a massive infarcted splenic volume 
of  greater than 540 mL in a single PSE is a significant 
risk factor for severe complications, such as splenic ab-
scess, refractory ascites, or pleural effusion post PSE[73]. 
Although recent advances in interventional radiology 
have further decreased the side-effects of  PSE and have 
greatly expanded the indications of  PSE, the morbid-
ity rate of  PSE for hypersplenism has still been shown 
to fall within the range of  0% to 17%[28,73-76]. As for 
mortality, some studies have reported that PSE for hy-
persplenism is associated with no deaths[28,76,77], whereas 
others have reported a mortality rate ranging from 1% 
to 12%[73-75,78].

A relapse in thrombocytopenia is occasionally ob-
served in patients following PSE. In general, the residual 
splenic volume will decrease gradually over a period of  
months after PSE. In contrast, a re-enlargement of  the 
residual splenic area after PSE, accompanied by a relapse 
of  thrombocytopenia, has been reported in some cas-
es[62]. Indeed, in cirrhotic patients with massive spleno-
megaly above 700 mL, the non-infarcted splenic volume 
plays an important role in long-term platelet increases[62]. 
In cases of  relapse after PSE, laparoscopic splenectomy 
as a salvage treatment can provide a sufficient increase 
in platelet counts[79]. However, for an inexperienced 
surgeon, splenectomy following PSE is very difficult 
because of  the inflammatory reaction around the spleen. 
As an alternative procedure, repeated PSE might be a 
safe and effective strategy against the relapse of  throm-
bocytopenia post PSE. Furthermore, Child-Pugh class C 
is known as a significant risk factor of  severe complica-
tions after PSE[73]. Additionally, in patients with Child-
Pugh class C and massive splenomegaly above 1000 mL, 
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Table 2  Approaches to treat thrombocytopenia induced by liver cirrhosis based on preoperative splenic volume[62]

repeated PSE may be a safe and effective strategy to 
achieve a sufficient infarcted splenic volume and a small-
er non-infarcted splenic volume. Therefore, depend-
ing on the preoperative splenic volume, laparoscopic 
splenectomy (preoperative splenic volume < 400 mL), 
a single PSE (400 mL < preoperative splenic volume < 
700 mL), or repeated PSE (preoperative splenic volume 
> 700 mL) may be recommended[62]. This new approach, 
based on the preoperative splenic volume, will help us to 
select a suitable operative procedure for thrombocytope-
nia preoperatively, as shown in Table 2.

Thus, the volume of  the embolized spleen has been 
found to be critical in PSE. If  the embolization volume 
is too small, then the therapy will not be effective, and 
if  it is too large, then the risk of  serious complications 
is increased significantly. Therefore, the quantitative 
evaluation of  the embolized volume during PSE is both 
desirable and useful. The blood flow rate has tradition-
ally been used as an indicator of  the embolized volume, 
but the results have largely depended on the experience 
of  the operator. Making an accurate estimation of  the 
embolized splenic volume during PSE is still difficult. 
Further developments in the technique of  real time as-
sessment for embolized splenic volume are expected to 
produce a safer and more effective PSE.

SURGICAL MANAGEMENT
Splenectomy
As a surgical option, open splenectomy has been per-
formed for hypersplenism since the 1950s. Since the first 
report of  laparoscopic splenectomy for ITP by Delaitre 
and Maignien[80] in 1991, recent advances in laparoscopic 
surgical techniques have enabled the performance of  
laparoscopic splenectomy, even for hypersplenism, with 
advantages over conditional open splenectomy that in-
clude less blood loss, less pain, a shorter hospital stay, 
better cosmetic outcomes, and fewer surgery-related 
complications[81-83]. Laparoscopic splenectomy can also 
be performed as a hand-assisted laparoscopic splenec-
tomy (HALS) in cirrhotic patients with hypersplenism. 
Several studies have demonstrated that HALS is more 
appropriate than total laparoscopic splenectomy in cir-
rhotic patients with portal hypertension as laparoscopic 
splenectomy is technically difficult due to the spleno-
megaly, well-developed collateral circulation, and the 
increased risk of  bleeding caused by thrombocytopenia. 
Ohta et al[84] reported that portal hypertension and severe 

liver dysfunction were independent risk factors for mas-
sive intraoperative bleeding during laparoscopic splenec-
tomy. Furthermore, massive intraoperative hemorrhage, 
which is usually difficult to control by laparoscopic 
procedures alone, is a risk factor for serious postopera-
tive morbidity in patients with liver dysfunction. The 
surgeon’s use of  one hand in HALS can control a sud-
den massive intraoperative hemorrhage and can easily 
mobilize a huge spleen, which is likely to result in less 
intraoperative blood loss and shorter operative times in 
comparison to conventional laparoscopic splenectomy.

Similar to PSE, laparoscopic splenectomy has been 
performed for hypersplenism-induced thrombocytope-
nia in patients with cirrhosis. Yoshida et al[85] reported 
that the platelet count after splenectomy in cirrhotic 
patients can be predicted based on preoperative clinical 
characteristics [the increased platelet count at 1 mo (× 
109/L) = 6.320 + 0.011 (preoperative splenic volume) 
- 0.004 (lymphocyte count/μL) + 2.25 (preoperative 
platelet count × 109/L), R2 = 0.336]. Thus, similar to 
PSE, the laparoscopic splenectomy-derived clinical ben-
efit for thrombocytopenia depends on the preoperative 
splenic volume, indicating that preoperative splenic vol-
ume will help physicians to discern the primary cause of  
thrombocytopenia due to liver cirrhosis among splenic 
and other mechanisms, such as decreased TPO produc-
tion (Figure 1).

The morbidity and mortality rates following laparo-
scopic splenectomy for hypersplenism are 11%-36% and 
0%, respectively[86-88]. Among the severe complications 
that can occur after splenectomy, portal and splenic vein 
thrombosis (PSVT) and overwhelming post-splenectomy 
infection (OPSI) are well known adverse events. The 
former originates from hemodynamic changes that oc-
cur post-splenectomy, such as a complete lack of  splenic 
vein flow following decreased portal vein flow. Recent 
advances in diagnostic modalities, such as enhanced CT 
or Doppler ultrasonography, reveal that PSVT is a com-
mon complication after splenectomy, despite the endog-
enous coagulopathy of  cirrhosis[89-92]. Previous studies 
demonstrated that massive splenomegaly and the splenic 
vein diameter were significant risk factors for PSVT after 
laparoscopic splenectomy in cirrhotic patients[93,94]. Both 
the spleen size and splenic vein diameter are thought 
to be proportional to the splenic venous flow and pres-
sure, suggesting that the rapid drop in the flow of  the 
splenic vein after splenectomy contributes to thrombus 
formation. As the clinical manifestations of  PSVT are 
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Splenic volume SV < 400 mL 400 mL ≤ SV ≤ 700 mL 700 mL< SV

Procedure L-splenectomy L-splenectomy L-splenectomy
or or

Single PSE Repeated PSE
Target in PSE Infarcted splenic area Non-infarcted splenic area
 (infarcted splenic volume) (infarcted splenic ratio and non-infarcted splenic volume)

SV: Splenic volume; L-Splenectomy: Laparoscopic splenectomy; PSE: Partial splenic embolization. Modified and adapted from reference[62].
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nonspecific, asymptomatic PSVT is diagnosed in 52.5% 
(21/40) of  patients[94]. Among the types of  PSVT, portal 
vein thrombosis (PVT) and mesenteric vein thrombus 
extending from the distal splenic vein should be treated 
with anti-coagulation therapy (Figure 2). Kawanaka et 
al[95] reported a 36% incidence of  PVT after splenectomy 
in cirrhotic patients and a low antithrombin Ⅲ (AT-Ⅲ) 
activity; any further decreases in this activity were associ-
ated with PVT. They showed that treatment with AT-
Ⅲ concentrates [prophylactic administration of  AT-Ⅲ 
concentrates (1500 U/d)] on postoperative days 1, 2, and 
3 was likely to prevent the development of  PVT after 
laparoscopic splenectomy[95].

Overwhelming post-splenectomy infection
The spleen contains many macrophages (part of  the 
reticuloendothelial system), which are immune cells that 
phagocytose (eat) and destroy bacteria. Since overwhelm-
ing post-splenectomy infection (OPSI) was first described 
by King and Schumaker[96] in 1952, OPSI has become 
another well-known adverse event post-splenectomy. 

OPSI originates mainly from encapsulated bacteria, such 
as Streptococcus pneumoniae, Hemophilus influenzae, 
and Neisseria meningitidis. Because capsules made of  
polysaccharides (sugars) permit bacteria to evade phago-
cytosis by macrophages, opsonization is required for the 
complete phagocytosis of  an encapsulated bacterium. 
The spleen produces immunoglobulin M antibodies and 
complements, both of  which can be used to opsonize 
bacteria. Thus, the spleen plays an important role in both 
the tagging of  bacteria for destruction and the actual 
destruction of  the bacteria through phagocytosis. As 
infecting bacteria cannot be adequately opsonized in con-
ditions such as post-splenectomy, this infection becomes 
more severe. OPSI is a rare but rapidly fatal infection that 
occurs in patients following the removal of  the spleen. 
Therefore, post-splenectomy patients require immuniza-
tions (pneumococcal conjugate vaccine, Hib vaccine, 
and the meningococcal vaccine) against pathogens that 
normally require opsonization for phagocytosis by the 
splenic macrophages.

CONCLUSION
The major mechanisms of  thrombocytopenia in liver 
cirrhosis are (1) platelet sequestration in the spleen; and 
(2) decreased production of  TPO in the liver. The con-
cept of  splenic volume helps us to discern the primary 
cause of  thrombocytopenia due to liver cirrhosis among 
splenic sequestration and other mechanisms, such as de-
creased TPO production. For thrombocytopenia caused 
by platelet sequestration in the spleen, either PSE or 
laparoscopic splenectomy is effective against thrombo-
cytopenia in cirrhotic patients. The choice between PSE 
and splenectomy depends upon the splenic volume, the 
intention of  the treatment (required increase in platelet 
counts), and the conditions of  the patient (whether gen-
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Thrombocytopenia due from liver cirrhosis
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Figure 1  Approaches to treat thrombocytopenia due to liver cirrhosis according to splenic volume. Thrombocytopenia is defined as fewer than 100 × 109/L. 
CT: Computed tomography; PSE: Partial splenic embolization; L-splenectomy: Laparoscopic splenectomy; BM: Bone marrow; HCV: Hepatitis C virus; TPO: Thrombo-
poietin.

Figure 2  Portal vein thrombosis after splenectomy (arrow).
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Table 3  Comparison between partial splenic embolization and laparoscopic splenectomy for thrombocytopenia caused by liver cirrhosis

eral anesthesia is available) (Table 3). For thrombocyto-
penia caused by a decreased production of  TPO, TPO 
agonists and targeted agents may represent alternative 
tools for noninvasive treatment of  thrombocytopenia 
due to liver cirrhosis in the near future.

REFERENCES
1	 Afdhal N, McHutchison J, Brown R, Jacobson I, Manns M, 

Poordad F, Weksler B, Esteban R. Thrombocytopenia associ-
ated with chronic liver disease. J Hepatol 2008; 48: 1000-1007 
[PMID: 18433919 DOI: 10.1016/j.jhep.2008.03.009]

2	 Peck-Radosavljevic M. Thrombocytopenia in liver dis-
ease. Can J Gastroenterol 2000; 14 Suppl D: 60D-66D [PMID: 
11110614]

3	 Cozzolino G, Lonardo A, Francica G, Amendola F, Caccia-
tore L. Differential diagnosis between hepatic cirrhosis and 
chronic active hepatitis: specificity and sensitivity of physical 
and laboratory findings in a series from the Mediterranean 
area. Am J Gastroenterol 1983; 78: 442-445 [PMID: 6869354]

4	 Giannini E, Botta F, Borro P, Risso D, Romagnoli P, Fasoli 
A, Mele MR, Testa E, Mansi C, Savarino V, Testa R. Platelet 
count/spleen diameter ratio: proposal and validation of a 
non-invasive parameter to predict the presence of oesopha-
geal varices in patients with liver cirrhosis. Gut 2003; 52: 
1200-1205 [PMID: 12865282]

5	 Runyon BA. A Primer on Detecting Cirrhosis and Caring 
for These Patients without Causing Harm. Int J Hepatol 2011; 
2011: 801983 [PMID: 22121492 DOI: 10.4061/2011/801983]

6	 Udell JA, Wang CS, Tinmouth J, FitzGerald JM, Ayas NT, 
Simel DL, Schulzer M, Mak E, Yoshida EM. Does this patient 
with liver disease have cirrhosis? JAMA 2012; 307: 832-842 
[PMID: 22357834 DOI: 10.1001/jama.2012.186]

7	 Kaneko J, Sugawara Y, Matsui Y, Ohkubo T, Makuuchi M. 
Normal splenic volume in adults by computed tomography. 
Hepatogastroenterology 2002; 49: 1726-1727 [PMID: 12397778]

8	 Aster RH. Pooling of platelets in the spleen: role in the patho-
genesis of “hypersplenic” thrombocytopenia. J Clin Invest 
1966; 45: 645-657 [PMID: 5327481 DOI: 10.1172/JCI105380]

9	 García-Suárez J, Burgaleta C, Hernanz N, Albarran F, Toba-
ruela P, Alvarez-Mon M. HCV-associated thrombocytopenia: 
clinical characteristics and platelet response after recombi-
nant alpha2b-interferon therapy. Br J Haematol 2000; 110: 
98-103 [PMID: 10930984]

10	 Kaushansky K. Thrombopoietin. N Engl J Med 1998; 339: 
746-754 [PMID: 9731092 DOI: 10.1056/NEJM199809103391107]

11	 Kuter DJ, Begley CG. Recombinant human thrombopoi-
etin: basic biology and evaluation of clinical studies. Blood 
2002; 100: 3457-3469 [PMID: 12411315 DOI: 10.1182/blood.
V100.10.3457]

12	 Nomura S, Ogami K, Kawamura K, Tsukamoto I, Kudo Y, 
Kanakura Y, Kitamura Y, Miyazaki H, Kato T. Cellular local-
ization of thrombopoietin mRNA in the liver by in situ hy-
bridization. Exp Hematol 1997; 25: 565-572 [PMID: 9216731]

13	 Qian S, Fu F, Li W, Chen Q, de Sauvage FJ. Primary role 
of the liver in thrombopoietin production shown by tissue-
specific knockout. Blood 1998; 92: 2189-2191 [PMID: 9731084]

14	 Alexander WS, Roberts AW, Nicola NA, Li R, Metcalf D. 
Deficiencies in progenitor cells of multiple hematopoietic 
lineages and defective megakaryocytopoiesis in mice lacking 
the thrombopoietic receptor c-Mpl. Blood 1996; 87: 2162-2170 
[PMID: 8630375]

15	 Gurney AL, Carver-Moore K, de Sauvage FJ, Moore MW. 
Thrombocytopenia in c-mpl-deficient mice. Science 1994; 265: 
1445-1447 [PMID: 8073287]

16	 de Sauvage FJ, Carver-Moore K, Luoh SM, Ryan A, Dowd 
M, Eaton DL, Moore MW. Physiological regulation of early 
and late stages of megakaryocytopoiesis by thrombopoietin. 
J Exp Med 1996; 183: 651-656 [PMID: 8627177]

17	 Peck-Radosavljevic M, Zacherl J, Meng YG, Pidlich J, Lipin-
ski E, Längle F, Steininger R, Mühlbacher F, Gangl A. Is inad-
equate thrombopoietin production a major cause of thrombo-
cytopenia in cirrhosis of the liver? J Hepatol 1997; 27: 127-131 
[PMID: 9252085]

18	 Rios R, Sangro B, Herrero I, Quiroga J, Prieto J. The role of 
thrombopoietin in the thrombocytopenia of patients with 
liver cirrhosis. Am J Gastroenterol 2005; 100: 1311-1316 [PMID: 
15929762 DOI: 10.1111/j.1572-0241.2005.41543.x]

19	 Hidaka H, Kokubu S, Saigenji K, Isobe Y, Maeda T. Restora-
tion of thrombopoietin production after partial splenic em-
bolization leads to resolution of thrombocytopenia in liver 
cirrhosis. Hepatol Res 2002; 23: 265 [PMID: 12191674]

20	 Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, 
Gonçales FL, Häussinger D, Diago M, Carosi G, Dhumeaux 
D, Craxi A, Lin A, Hoffman J, Yu J. Peginterferon alfa-2a 
plus ribavirin for chronic hepatitis C virus infection. N Engl J 
Med 2002; 347: 975-982 [PMID: 12324553 DOI: 10.1056/NEJ-
Moa020047]

21	 Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiff-
man M, Reindollar R, Goodman ZD, Koury K, Ling M, 
Albrecht JK. Peginterferon alfa-2b plus ribavirin compared 
with interferon alfa-2b plus ribavirin for initial treatment 
of chronic hepatitis C: a randomised trial. Lancet 2001; 358: 
958-965 [PMID: 11583749]

22	 Akahoshi T, Tomikawa M, Kawanaka H, Furusyo N, Kinjo 
N, Tsutsumi N, Nagao Y, Hayashi J, Hashizume M, Maehara 
Y. Laparoscopic splenectomy with interferon therapy in 100 
hepatitis-C-virus-cirrhotic patients with hypersplenism and 
thrombocytopenia. J Gastroenterol Hepatol 2012; 27: 286-290 
[PMID: 21793908 DOI: 10.1111/j.1440-1746.2011.06870.x]

23	 Tahara H, Takagi H, Sato K, Shimada Y, Tojima H, Hiroka-
wa T, Ohyama T, Horiuchi K, Naganuma A, Arai H, Kakiza-
ki S, Mori M. A retrospective cohort study of partial splenic 
embolization for antiviral therapy in chronic hepatitis C with 
thrombocytopenia. J Gastroenterol 2011; 46: 1010-1019 [PMID: 
21594564 DOI: 10.1007/s00535-011-0407-9]

24	 Bleibel W, Caldwell SH, Curry MP, Northup PG. Peripheral 
platelet count correlates with liver atrophy and predicts long-
term mortality on the liver transplant waiting list. Transpl Int 

2602 March 14, 2014|Volume 20|Issue 10|WJG|www.wjgnet.com

Procedure PSE L-splenectomy (HALS)

Invasiveness + +++ 
(no transfusion) (rarely with major bleeding)

(local anesthesia) (general anesthesia)
Platelet increase ++ +++
Specific complication Splenic abscess Portal thrombosis, OPSI
Available in case with HCC Synchronous TACE Synchronous RFA or hepatectomy

PSE: Partial splenic embolization; L-Splenectomy: Laparoscopic splenectomy; HALS: Hand-assisted laparoscopic splenectomy; OPSI: Overwhelming post-
splenectomy infection; HCC: Hepatocellular carcinoma; TACE: Trans-arterial chemoembolization; RFA: Radio frequency ablation.
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