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Low preoperative platelet counts predict a high mortality after
partial hepatectomy in patients with hepatocellular carcinoma
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AbstractAbstractAbstractAbstractAbstract
AIM: To assess the validity of our selection criteria for
hepatectomy procedures based on indocyanine green
disappearance rate (KICG), and to unveil the factors affecting
posthepatectomy mortality in patients with hepatocellular
carcinoma (HCC).

METHODS: A retrospective analysis of 198 consecutive
patients with HCC who underwent partial hepatectomies
in the past 14 years was conducted. The selection criteria
for hepatectomy procedures during the study period were
KICG 0.12 for hemihepatectomy, KICG 0.10 for bisegm-
entectomy, KICG 0.08 for monosegmentectomy, and
KICG 0.06 for nonanatomic hepatectomy. The hepatectomies
were categorized into three types: major hepatectomy
(hemihepatectomy or a more extensive procedure),
bisegmentectomy, and limited hepatectomy. Univariate
(Fisher’s exact test) and multivariate (the logistic regression
model) analyses were used.

RESULTS: Postoperative mortality was 5% after major
hepatectomy, 3% after bisegmentectomy, and 3% after
limited hepatectomy. The three percentages were comparable
(P = 0.876). The platelet count of 10×104/μL was the
strongest independent factor for postoperative mortality
on univariate (P = 0.001) and multivariate (risk ratio,
12.5; P = 0.029) analyses. No patient with a platelet count
of >7.3×104/μL died of postoperative morbidity, whereas
25% (6/24 patients) of patients with a platelet count of

7.3×104/μL died (P<0.001).

CONCLUSION: The selection criteria for hepatectomy
procedures based on KICG are generally considered valid,
because of the acceptable morbidity and mortality with
these criteria. The preoperative platelet count independently
affects morbidity and mortality after hepatectomy, suggesting
that a combination of KICG and platelet count would further
reduce postoperative mortality.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION
Postoperative morbidity and mortality remain a challenge
following hepatectomy for hepatocellular carcinoma (HCC)
of the injured liver[1-5]. Factors affecting morbidity and
mortality after hepatectomy include hyperbilirubinemia[2,6],
poor indocyanine green clearance[2-5,7], active hepatitis[1,2,5],
low preoperative platelet count[6,8], hypoalbuminemia[8], high
serum creatinine level[8], major hepatectomy[6,8], excessive
blood loss during hepatectomy[4,6,9-11], and perioperative
blood transfusion[8,12]. In our department, a hepatectomy
procedure has been selected for each patient with HCC mainly
based on indocyanine green disappearance rate. Despite this
selection method, however, some patients have died of
postoperative morbidity.

The aims of this study were to assess the validity of our
selection criteria for hepatectomy procedures based on
indocyanine green disappearance rate, and to unveil the risk
factors for postoperative morbidity and mortality, in order to
supplement the selection criteria for hepatectomy procedures
for HCC.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS
Patient population
From January 1990 to March 2004, 210 consecutive patients
underwent partial hepatectomies for HCC in the study
department. Eleven patients with concomitant primary malignant
tumors in other organs and one with combined hepatocellular
and cholangiocarcinoma were excluded. The remaining 198
patients formed the basis of  this retrospective study, which
included 145 men and 53 women with a median age of
65 years (range: 16-81 years). All patients were Japanese.

Hepatectomy procedures
In the study department, hepatectomy is the standard



treatment for HCC whenever the tumors are considered to
be resectable and the patient’s condition permits the resection.
The hepatectomy procedures examined in this study included
nonanatomic hepatectomy (removal of the tumor with a
rim of non-neoplastic liver parenchyma) in 66 patients,
anatomic monosegmentectomy (removal of 1 Couinaud’s
segment[13]) in 34, anatomic bisegmentectomy (removal of
two Couinaud’s segments) in 38, right hepatectomy (removal
of  Couinaud’s segments V-VIII) in 31, left hepatectomy
(removal of Couinaud’s segments II–IV) in 6, extended right
hepatectomy in 15, extended left hepatectomy in 6, and right
trisectionectomy (removal of  Couinaud’s segments IV-VIII)
in 2. In the case of combined nonanatomic and anatomic
hepatectomies in the same patient, the anatomic hepatectomy
represented the hepatectomy procedure for that patient.

The hepatectomies were categorized into three types:
major hepatectomy (hemihepatectomy or a more extensive
procedure), bisegmentectomy, and limited hepatectomy
(monosegmentectomy or nonanatomic hepatectomy).
Intra-operative ultrasonography was employed for all
patients. Lymph-node dissection of the hepatic hilum was
not performed routinely, and only 7 patients underwent
this type of dissection. The median operative time was
306 min (range: 100-730 min). The median estimated blood
loss was 887 mL (range: 10-14 263 mL).

The selection criteria for hepatectomy procedures based on
indocyanine green disappearance rate
In our department, the indocyanine green clearance test[14,15]

has been routinely performed preoperatively, in order to assess
hepatic functional reserve in patients for whom hepatectomies
are planned. After the intravenous injection of indocyanine
green (0.5 mg/kg, Diagnogreen; Daiichi Pharmaceutical Co.,
Inc., Tokyo, Japan), indocyanine green disappearance rate
(KICG) was calculated by linear regression from the plasma
indocyanine green concentrations at 5, 10, and 15 min. For
the current series, the median indocyanine green retention
rate at 15 min was 14% (range: 1-47%; reference range: 10%
or less), whereas the median KICG was 0.136 (range: 0.04-0.243).

The indocyanine green clearance test is useful for
estimating hepatic functional reserve in patients with injured
livers[2-5,7]. In our department, the selection of a hepatectomy
procedure for each patient has depended mainly on KICG.
The selection criteria for this series were KICG  0.12
for hemihepatectomy, KICG  0.10 for bisegmentectomy,
KICG 0.08 for monosegmentectomy, and KICG  0.06 for
nonanatomic hepatectomy (including the enucleation of
hepatic tumors).

Laboratory tests before hepatectomy
All patients underwent the following laboratory tests about
1 wk before hepatectomy: blood platelet count (reference
range: 16.4-35.4×104/μL), serum aspartate aminotransferase
(reference range: 8-25 IU/L), serum alanine aminotransferase
(reference range: 3-23 IU/L), serum total bilirubin (reference
range: 3-9 mg/L), serum albumin (reference range: 41-50 g/L),
blood urea nitrogen (reference range: 80-200 mg/L), serum
creatinine (reference range: 5-8 mg/L), and prothrombin
time (reference range: 81-131%).

Hepatitis B surface antigen and hepatitis C antibody in

the serum were detected by radioimmunoassay (Lumipulse
II HBsAg; Fujirebio Co., Inc., Tokyo, Japan) and a second-
generation ELISA (Lumipulse II Ortho HCV; Ortho-Clinical
Diagnostics Co., Inc., Tokyo, Japan), respectively. In the current
series, 49 patients tested positive for hepatitis B surface antigen,
100 tested positive for hepatitis C antibody, and 2 tested
positive for both. The remaining 47 patients tested negative
for both.

Pathologic examination
The resected specimens were submitted to the Department
of  Surgical Pathology in our hospital for histologic evaluation.
Each specimen was examined grossly and microscopically.
The cancer stage was determined according to the pathologic
tumor-node-metastasis (pTNM) staging system[16]. Cirrhosis
in the resected liver was diagnosed microscopically based
on the presence of fibrous septa and regenerative nodules.
One hundred and six patients were found to be cirrhotic.

Definitions of postoperative morbidity and mortality
Postoperative morbidity was defined as any postoperative
complication that lengthened the hospital stay, and included
intra-abdominal bleeding (either interventional radiologic
technique or reoperation required), hyperbilirubinemia (serum
total bilirubin >50 mg/L, persisting for more than 7 d), hepatic
encephalopathy, intractable ascites (abdominocentesis required),
intractable pleural effusion (either insertion of a thoracic
tube or two or more thoracocenteses required), biliary fistula,
gastrointestinal hemorrhage, portal vein thrombosis, bowel
obstruction (reoperation required), acute renal insufficiency
(hemodialysis required), adult respiratory distress syndrome,
sepsis, intra-abdominal infection, methicillin-resistant
Staphylococcus aureus or pseudomembranous enterocolitis,
pneumonia, and wound infection. Intra-abdominal infection
was diagnosed when either an abscess was detected on
imaging or positive bacterial culture of a drainage fluid was
identified together with a fever (>38 ) without extra-
abdominal septic complications. Tumor progression during
the hospital stay (one patient) was not treated as a postoperative
complication.

Postoperative mortality was defined as any death
occurring during the hospital stay for resection of HCC.

Risk factors for postoperative morbidity and mortality
All 198 patients were tested for a total of 20 factors which
might influence postoperative morbidity and mortality[17]: age
( 65 years vs >65 years), gender, the Child-Pugh classification[18]

(A vs B+C), cirrhosis (absent vs present), hepatitis B viral
status (positive vs negative for hepatitis B surface antigen),
hepatitis C viral status (positive vs negative for hepatitis C
antibody), blood platelet count ( 10×104/μL vs >10×104/μL),
serum aspartate aminotransferase ( 50 IU/L vs >50 IU/L),
serum alanine aminotransferase ( 46 IU/L vs >46 IU/L),
serum total bilirubin ( 1.0 IU/L vs >1.0 IU/L), serum albumin
( 35 g/L vs >35 g/L), blood urea nitrogen ( 200 mg/L
vs >200 mg/L), serum creatinine ( 10 mg/L vs >10 mg/L),
prothrombin time ( 70% vs >70%), KICG ( 0.12 vs >0.12), the
type of hepatectomy (major hepatectomy vs bisegmentectomy
vs limited hepatectomy), operative time ( 300 min vs >
300 min), estimated blood loss ( 800 mL vs >800 mL),
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blood transfusion (transfusion of packed red cells during
the operation) (no vs yes), and pTNM stage[16] (I vs II+III+IV).

Statistical analysis
Medical records were obtained for all patients. Univariate
analyses of risk factors for postoperative morbidity and
mortality were performed using Fisher’s exact test. Multivariate
analyses of the risk factors for postoperative morbidity and
mortality were performed using the logistic regression model.
In this model, a stepwise selection was used for the variable
selection, with entry and removal limits of P<0.1 and P>0.15,
respectively. The stability of  this model was confirmed using
a step-backward and step-forward fitting procedure; the
variables identified as having an independent influence on
morbidity and mortality were identical with both procedures.
The Mann-Whitney test was used to compare the blood
platelet counts between patients with postoperative mortality
and patients without postoperative mortality. All statistical
evaluations were performed using the SPSS 11.5J software
package (SPSS Japan Inc., Tokyo, Japan). All tests were two-
sided, and the differences with P values lesser than 0.05
were considered statistically significant.

RESULRESULRESULRESULRESULTSTSTSTSTS
Postoperative complications occurred in 50 patients out of
a total of 198 patients, resulting in a postoperative morbidity
of 25%. Intra-abdominal infection was the most common
complication (n = 30), followed by intractable pleural effusion
(n = 18), wound infection (n = 9), gastrointestinal hemorrhage
(n = 9), methicillin-resistant Staphylococcus aureus or pseudo-
membranous enterocolitis (n = 8), pneumonia (n = 7), biliary
fistula (n = 7), hepatic encephalopathy (n = 5), intractable
ascites (n = 5), hyperbilirubinemia (n = 3), portal vein
thrombosis (n = 3), acute renal insufficiency (n = 2), bowel
obstruction (n = 2), sepsis (n = 1), intra-abdominal bleeding
(n = 1), and adult respiratory distress syndrome (n = 1).

Seven patients died during their hospital stay, which
resulted in a postoperative mortality of 3.5%. Among the seven
patients with postoperative mortality, six died of postoperative
morbidity and the other died of tumor progression.

Postoperative morbidity and mortality according to the type
of hepatectomy procedure
The incidence of postoperative morbidity was 28% (17/60
patients) after major hepatectomy, 32% (12/38 patients)
after bisegmentectomy, and 21% (21/100 patients) after limited
hepatectomy. The postoperative morbidity incidences for
the three types of hepatectomy were comparable (P = 0.365).

The incidence of postoperative mortality was 5% (3/60
patients) after major hepatectomy, 3% (1/38 patients) after
bisegmentectomy, and 3% (3/100 patients) after limited
hepatectomy. The postoperative mortality incidences for
the three types of hepatectomy were comparable (P = 0.876).

Risk factors for postoperative morbidity
Univariate analysis revealed that the estimated blood loss
(P<0.001), blood transfusion (P<0.001), operative time
(P<0.001), and blood platelet count (P = 0.022) were
significantly associated with postoperative morbidity. These
four variables entered into multivariate analysis, and the
estimated blood loss (risk ratio: 3.935; P = 0.003), blood
transfusion (risk ratio: 3.704; P = 0.004), and blood platelet
count (risk ratio: 3.069; P = 0.010) remained as significantly
independent factors for postoperative morbidity (Table 1).

Risk factors for postoperative mortality
Univariate analysis revealed that the blood platelet count
(P = 0.001), prothrombin time (P = 0.005), and Child-Pugh
classification (P = 0.044) were significantly associated with
postoperative mortality. These three variables entered into
multivariate analysis, and the blood platelet count (risk ratio:
12.50; P = 0.029) remained as the only significantly independent
factor for postoperative mortality (Table 2).

Blood platelet count and postoperative mortality
The blood platelet counts were significantly lower in patients
with postoperative mortality than in those without (the Mann-
Whitney test, P = 0.003, Figure 1). Among the seven patients
with postoperative mortality, the patient who died of tumor
progression during the hospital stay showed a platelet count
of 25.7×104/μL, whereas the other patients who died of
postoperative morbidity showed platelet counts of 7.3×104/μL,

Table 1 Risk factors for morbidity after hepatectomy

           Number of                  Univariate
Variable       Multivariate analysis

              patients analysis

     P     β               Risk ratio       95%CI     P

Estimated blood loss (mL) <0.001 1.370 3.935 1.578-9.814 0.003
    800 (n = 91)   8
    >800 (n = 107) 42
Blood transfusion <0.001 1.309 3.704 1.520-9.009 0.004
    No (n = 94)   9
    Yes (n = 104) 41
Operative time (min) <0.001     -     -          -     -
    300 (n = 96) 13
    >300 (n = 102) 37
Blood platelet count (×104/μL)   0.022 1.043 3.069 1.287-6.250 0.010
    10 (n = 49) 19
    >10 (n = 149) 31

CI: confidence interval.
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7.1×104/μL, 6.9×104/μL, 6.4×104/μL, 5.0×104/μL, and
4.2×104/μL. Thus, no patient with a platelet count of >
7.3×104/μL died of postoperative morbidity, whereas the
postoperative mortality was 25% (6/24 patients) among
patients with platelet counts of  7.3×104/μL (P<0.001).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION
The indocyanine green clearance test has been reported to
provide a reliable selection criterion for hepatectomy
procedures for patients with resectable HCCs[2-4]. In the
current series, a hepatectomy procedure was selected for
each patient mainly based on KICG. As a result, both the
postoperative morbidities and mortalities became comparable
among the three types of hepatectomy. Although major
hepatectomy is considered to be a high-risk treatment option
for HCC patients with poor hepatic functional reserves[7,10,19],
in our patients it resulted in an acceptable morbidity (28%)
and mortality (5%). The above suggests that our selection criteria
for hepatectomy procedures using KICG are generally valid.
We regret, however, that some patients died of  postoperative
complications in spite of these selection criteria for hepatectomy
procedures. This has prompted us to conduct the current
study.

A low preoperative platelet count is related to portal

hypertension and its resulting hypersplenism, hepatic fibrosis,
and unfavorable indocyanine green clearance test results[20-22].
Jarnagin et al.[6], and Poon et al.[8], have documented the fact
that a low preoperative platelet count is associated with a
higher incidence of postoperative mortality. Bennett and
Blumgart have stated, “We are cautious when planning
resections in patients with counts less than 100 000/μL”[23].
Poon and Fan have also affirmed that cirrhotic patients
with platelet counts of less than 10×104/μL should not be
considered for major hepatectomy[24]. Among various factors
affecting perioperative mortality, the preoperative platelet
count is clinically relevant, because it is readily available
before surgery.

In this series, a hepatectomy procedure was selected for
each patient based on KICG values, and a low preoperative
platelet count (  10×104/μL) was the strongest independent
factor for postoperative mortality; no patient with a count of
>7.3×104/μL died of postoperative complications, whereas
the mortality was high (25%) among those with counts of

 7.3×104/μL. This suggests that the combined use of
KICG and the preoperative platelet count would further
reduce postoperative mortality in patients with HCC.

The estimated blood loss and blood transfusion also
independently affected the postoperative morbidity in the
current series. Recent evidence suggests that blood loss is
associated with increased postoperative morbidity and
mortality[4,6,9-11]. Blood transfusion is also related to the
recurrence of HCC[25-27]. In order to reduce blood loss, adequate
and wide exposure of the operative field is essential[25]. During
parenchymal transection, intermittent use of  the Pringle
maneuver[28,29], the use of developed modalities[30-33], and a
lowering of the central venous pressure[34-37] are important.
Meticulous surgical techniques are required to minimize
blood loss. Only experienced surgeons should perform
hepatectomies for HCC of cirrhotic liver.

The current study has limitations, such as the retrospective
nature of the study and the small number of patients.
However, we feel that these limitations did not significantly
influence the outcome of the study, because the differences
between the groups were too marked to have resulted from
these biases.

In conclusion, we believe that the selection criteria for
hepatectomy procedures based on KICG are generally valid

Table 2 Risk factors for mortality after hepatectomy

           Number of                  Univariate
Variable       Multivariate analysis

              patients analysis

     P     β               Risk ratio       95%CI    P

Blood platelet count (×104/μL)   0.001  2.520 12.50 1.302-125.0 0.029
    10 (n = 49)  6
    >10 (n = 149)  1
Prothrombin time (%)   0.005  1.476 4.367 0.812-23.81 0.086
    70 (n = 24)  4
    >70 (n = 174)  3
Child–Pugh classification   0.044      -     -          -     -
    A (n = 173)  4
    B+C (n = 25)  3

CI: confidence interval.

Figure 1 Patients with postoperative mortality had lower platelet counts than
those without (the Mann-Whitney test, P = 0.003). The platelet counts were
8.9±7.5×104/μL (mean±SD) in patients with postoperative mortality, whereas
they were 15.4±7.0×104/μL (mean±SD) in those without postoperative mortality.
1This patient showed a platelet count of 25.7×104/μL and died of tumor progression,
and not of postoperative morbidity, during the hospital stay.
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because of the acceptable morbidity and mortality with these
criteria. The preoperative platelet count independently affects
morbidity and mortality after hepatectomy, suggesting that
a combination of KICG and the platelet count would further
reduce postoperative mortality in patients with HCC.
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