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RESULTS: Patients defined as survivors were significantly younger, had a lower incidence of hepatoma,
lower Child-Pugh and MELD scores, and better renal
function. The underlying causes of cirrhosis were
very different from those in Western countries. In Taiwan, most cirrhotic patients were associated with the
hepatitis virus, especially hepatitis B. There were 16
parameters included in univariate logistic regression
analysis to predict in-hospital mortality and those with
significant predicting values were included in further
multivariate analysis. Both 4-variable MDRD eGFR and
6-variable MDRD eGFR, rather than creatinine, were
significant predictors of in-hospital mortality. Three
new equations were constructed (MELD-MDRD-4,
MELD-MDRD-6, MELD-CKD-EPI). As expected, original
MELD score was a significant predictor of in-hospital
mortality (odds ratio = 1.25, P < 0.001). MELDMDRD-4 excluded serum creatinine, with the coefficients refit among the remaining 3 variables, i.e., total
bilirubin, INR and 4-variable MDRD eGFR. This model
represented an exacerbated outcome over MELD score,
as suggested by a decrease in chi-square (2161.45 vs
2198.32) and an increase in -2 log (likelihood) (2810.77
vs 2773.90). MELD-MDRD-6 included 6-variable MDRD
eGFR as one of the variables and showed an improvement over MELD score, as suggested by an increase
in chi-square (2293.82 vs 2198.32) and a decrease in
-2 log (likelihood) (2810.77 vs 2664.79). Finally, when
serum creatinine was replaced by CKD-EPI eGFR, it
showed a slight improvement compared to the original

Abstract
AIM: To incorporate estimated glomerular filtration
rate (eGFR) into the model for end-stage liver disease
(MELD) score to evaluate the predictive value.
METHODS: From January 2004 to October 2008,
the records of 4127 admitted cirrhotic patients were
reviewed. Patients who survived and were followed
up as outpatients were defined as survivors and their
most recent available laboratory data were collected.
Patients whose records indicated death at any time
during the hospital stay were defined as non-survivors
(in-hospital mortality). Patients with incomplete data
or with cirrhosis due to a congenital abnormality such
as primary biliary cirrhosis were excluded; thus, a total
of 3857 patients were enrolled in the present study.
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is considered an insensitive predictor in such patients because of the patient’s reduced muscle mass; this may lead
to an overestimation of creatinine clearance compared to
inulin clearance[1,6,7]. Thus, serum creatinine is not a very
accurate gauge, especially in detecting early loss of renal
function in cirrhotic patients[1,6,8], and there are approximately 15% to 20% of patients whose survival cannot be
accurately predicted by the MELD score[6,9].
Recently, Lim et al[10] suggested that there was a significant association between measured glomerular filtration
rate (GFR) and survival after adjustment for MELD;
however, estimated GFR (eGFR) calculated by the
modification of diet in renal disease (MDRD) equation
was only moderately correlated with measured GFR in
cirrhotic patients[10]. The creatinine-based MDRD equation is widely used in the general population for calculating GFR and is considered a gold standard in nephrology[8,11]. It is also the best formula for the detection of
moderate renal dysfunction in advanced liver disease[12,13].
Nowadays, most publications that mention the eGFR of
cirrhotic patients have been using databases from liver
transplant registries. The aim of the present study was to
evaluate the difference between eGFR obtained either by
MDRD or by the new creatinine-based equation, known
as the chronic kidney disease epidemiology collaboration
(CKD-EPI) formula[14], when eGFR was incorporated
into the MELD score to predict in-hospital mortality in
a broad population of cirrhotic patients.

MELD score (chi-square: 2199.16, -2 log (likelihood):
2773.07). In the receiver-operating characteristic
curve, the MELD-MDRD-6 score showed a marginal
improvement in area under the curve (0.909 vs 0.902),
sensitivity (0.854 vs 0.819) and specificity (0.818 vs
0.839) compared to the original MELD equation. In patients with a different eGFR, the MELD-MDRD-6 equation showed a better predictive value in patients with
eGFR ≥ 90, 60-89, 30-59 and 15-29.
CONCLUSION: Incorporating eGFR obtained by the
6-variable MDRD equation into the MELD score showed
an equal predictive performance in in-hospital mortality compared to a creatinine-based MELD score.
© 2012 Baishideng. All rights reserved.
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MATERIALS AND METHODS
Ethics
This work was carried out in accordance with the Declaration of Helsinki (2000) of the World Medical Association and the institutional review board.
We performed a retrospective, cross-sectional study
on Taiwanese cirrhotic patients in the Mackay Memorial
Hospital. Mackay Memorial Hospital is a tertiary referral
center for liver disease. This study is a single center investigation and all patients of the study were afferent, directly
diagnosed and followed-up in Mackay Memorial Hospital.

INTRODUCTION
For over 30 years, the Child-Pugh score, which is based
on 5 variables (ascites, encephalopathy, serum total bilirubin, serum albumin and prothrombin time), has been
the main prognostic tool and has proved to be a robust
prognostic predictor in different situations[1]. However,
the value of this score is limited due to subjective interpretation of ascites and encephalopathy and an inappropriate classification of serum bilirubin. Increasing
evidence in the literature suggests that the development
of acute kidney injury is an ominous and common event
in cirrhotic patients[2]. Therefore, routine serum creatinine tests have been found to significantly improve the
prognostic accuracy of the Child-Pugh score and serum
creatinine is an independent predictor of survival in
cirrhotic patients[3]. In fact, renal function is 1 of the 3
variables [serum bilirubin, international normalized ratio
(INR) and serum creatinine] in the model for end-stage
liver disease (MELD) score, which is a good predictor
for assessing 3 mo mortality and is currently used to determine priority for orthotopic liver transplantation[1,4,5].
Unlike the Child-Pugh score, the 3 variables of the
MELD score are selected on the basis of statistical analysis and not empirical analysis. Even although serum creatinine has a strong prognostic value in cirrhotic patients, it
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Patient information and data collection
The design of this single-center study was retrospective
and cross-sectional and the protocol was approved by the
local ethics committee. Patients diagnosed with cirrhosis
were selected from those admitted to Mackay Memorial
Hospital between January 2004 and October 2008.
The records of 4127 cirrhotic patients from a total
of 228 345 admitted patients were reviewed. Patients
who survived and were followed up as outpatients were
defined as survivors and their most recent available
laboratory data were collected. Patients whose records
indicated death at any time during the hospital stay were
defined as non-survivors (cases of in-hospital mortality)
and laboratory data for these patients comprised the data
collected during their admission. In the case of patients
with multiple admissions, the records before those of
the last admission were excluded. Demographic data,
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Child-Pugh scores and information regarding underlying comorbidities were obtained from the most recent
laboratory examinations. Patients with incomplete data
or with cirrhosis due to congenital abnormality such as
primary biliary cirrhosis were excluded; thus, a total of
3857 patients were enrolled in the present study. None
of these patients had received liver transplants.

teristic (ROC) curve from which we sought the optimum
cutoff point for predicting successful sites. The optimum
cutoff point was defined as the point on the ROC curve
closest to the point (0, 1), where the false-positive rate
was zero and the sensitivity was 100%. The area under
the curve and 95% CI were calculated. A P value of less
than 0.05 was considered statistically significant. All statistical analysis were performed using SPSS software (version 17.0, SPSS Inc., Chicago, IL, United States).

Equations for estimated GFR
The eGFR was calculated according to the formula below:
MDRD-4[11] = 175 × (Scr)-1.154 × (age)-0.203 × (0.742 if female) × (1.178 if black),
MDRD-6[11] = 170 × (Scr)-0.999 × (age)-0.176 × (0.762 if female) × (1.180 if black) × (SUN)-0.170 × (albumin)0.318,
CKD-EPI[14] = 141 × min (Scr/κ, 1)α × max (Scr/κ,
1)-1.209× 0.993age × (1.018 if female) × (1.159 if black),
where MDRD-4 is 4-variable MDRD, MDRD-6 is
6-variable MDRD, age is given in years, albumin in g/
dL, Scr is serum creatinine (mg/dL), SUN is serum urea
nitrogen concentration (mg/dL), κ is 0.7 for females
and 0.9 for males, α is -0.329 for females and -0.411 for
males, min indicates the minimum of Scr/κ or 1, and
max indicates the maximum of serum creatinine/κ or 1.

RESULTS
Patient characteristics
Table 1 presents the clinical characteristics, demographic
data and laboratory data of the study subjects. Patients
defined as survivors were significantly younger, had a
lower incidence of hepatoma, lower Child-Pugh and
MELD scores, and better renal function. The underlying causes of cirrhosis were very different from those
in Western countries. In Taiwan, most cirrhotic patients
were associated with the hepatitis virus, especially hepatitis B. Diagnoses such as non-alcoholic steatohepatitis
or cholestatic liver disease were seldom confirmed and
were classified as unknown.
Relationship between estimated GFR, total bilirubin, INR
and MELD score as a predictor of in-hospital mortality
There were 16 parameters included in univariate logistic
regression analysis to predict in-hospital mortality. Those
with a significant predicting value are listed in Table 2
and were further evaluated by multivariate logistic regression analysis. Both eGFR (MDRD-4) and eGFR
(MDRD-6), rather than creatinine, were significant predictors of in-hospital mortality.
Table 3 shows several multivariate models for the
prediction of in-hospital mortality. As expected, model
1, containing the MELD score only, was a significant
predictor of in-hospital mortality (OR = 1.25, P < 0.001).
Model 2 excluded serum creatinine, with the coefficients
refit among the remaining 3 variables, i.e., total bilirubin,
INR and eGFR (MDRD-4). This model represented an
exacerbated outcome over model 1, as suggested by a
decrease in χ 2 (2161.45 vs 2198.32) and an increase in -2
log (likelihood) (2810.77 vs 2773.90). Model 3 included
eGFR (MDRD-6) as one of the variables and showed an
improvement over model l, as suggested by an increase
in chi-square (2293.82 vs 2198.32) and a decrease in -2
log (likelihood) (2810.77 vs 2664.79). Finally, when serum
creatinine was replaced by eGFR (CKD-EPI), it showed
a slight improvement compared to model 1 [χ 2: 2199.16,
-2 log (likelihood): 2773.07].

Statistical analysis
Continuous variables were summarized as mean ± SD
unless otherwise stated. We initially compared the demographic data and laboratory variables of survivors
and non-survivors using Student’s t test and χ 2 test.
To formally examine the relationship among different
means of eGFR and MELD as predictors of in-hospital
mortality, several multivariate models were constructed.
MELD score was calculated according to the original description: MELD = 11.2 LN (INR) + 3.78 LN (bilirubin)
+ 9.57 LN (creatinine) + 6.43[15].
After adjustment with the original MELD equation
by logistic regression analysis (bilirubin and INR were
set at 1.0 for values less than 1.0), new MELD equations
which incorporate eGFR to replace serum creatinine
were constructed and listed below:
MELD-MDRD-4 = 8.82 LN (INR) + 4.07 LN (bilirubin)
+ (-5.13) LN [eGFR (MDRD-4)] + 30.57,
MELD-MDRD-6 = 8.78 LN (INR) + 383 LN (bilirubin)
+ (-5.14) LN [eGFR (MDRD-6)] + 30.05,
MELD-CKD-EPI = 8.80 LN (INR) + 4.01 LN (bilirubin) + (-5.37) LN [eGFR (CKD-EPI)] + 31.93.
The new MELD equations were rounded to the nearest
integer for easy use. Unlike the original MELD equation,
there was no preinstall upper limit in these new equations.
Logistic regression analysis were conducted for investigating the odds ratios (OR) of predicting in-hospital
mortality by different models, different new MELD equations, and MELD equations in patients with different
eGFR levels. The difference in different MELD equations in predicting in-hospital mortality was investigated
by logistic regression analysis. The results of these analyses were used to construct a receiver-operating charac-
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Incorporation of estimated GFR into the MELD score to
replace serum creatinine
The efficacy of new MELD equations for the prediction
of in-hospital mortality is listed in Table 4. Compared
to the original MELD equation, only MELD-MDRD-6
showed a better predictive value, as suggested by an in-
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Table 1 Clinical characteristics, demographic data and laboratory data of 3857 cirrhotic patients
All patients (n = 3857)

Parameter
Age, yr
Male, n (%)
Hepatoma, n (%)
Cause of liver cirrhosis, n (%)
Hepatitis C
Hepatitis B
Alcoholic
Hepatitis C + hepatitis B
Hepatitis C + alcohol
Hepatitis B + alcohol
Hepatitis C + hepatitis B + alcohol
Not hepatitis C, hepatitis B or alcohol
Ascites, n (%)
Hepatic encephalopathy, n (%)
Child–Pugh points
MELD score
Albumin, 3.5-5 g/dL
Total bilirubin, 0.3-1.2 mg/dL
INR
BUN, 8-12 mg/dL
Creatinine, 0.4-1.2 mg/dL
eGFR, mL/(min∙1.73 m-2) (MDRD-4)
eGFR, mL/(min∙1.73 m-2) (MDRD-6)
eGFR, mL/(min∙1.73 m-2) (CKD-EPI)

Survivors (n = 2375)

Non-survivors (n = 1482)

60.73 ± 14.05
2665 (69.1)
1385 (35.9)

59.02 ± 14.02
1651 (69.52)
653 (27.5)

63.48 ± 13.65
1014 (68.42)
732 (49.4)

930 (24.1)
1090 (28.3)
813 (21.1)
106 (2.7)
60 (1.6)
191 (5)
33 (0.9)
634 (16.4)
1861 (48.2)
1097 (28.4)
8.36 ± 2.57
18.9 ± 10.26
2.95 ± 0.73
5.18 ± 8.16
1.89 ± 1.75
34.47 ± 35.55
1.94 ± 1.91
63.17 ± 46.12
54.87 ± 38.25
65.39 ± 37.49

568 (23.9)
631 (26.6)
580 (24.4)
70 (2.9)
39 (1.6)
127 (5.3)
19 (0.8)
341 (14.4)
825 (34.7)
434 (18.3)
7.11 ± 1.97
13.15 ± 5.57
3.24 ± 0.68
2.24 ± 3.57
1.43 ± 0.43
17.63 ± 15.52
1.27 ± 1.35
79.14 ± 37.4
70.85 ± 33.29
82.11 ± 30.28

362 (24.4)
459 (31)
233 (15.7)
36 (2.4)
21 (1.4)
64 (4.3)
14 (0.9)
293 (19.8)
1036 (69.9)
663 (44.7)
10.37 ± 2.1
27.98 ± 9.36
2.49 ± 0.55
9.89 ± 10.81
2.72 ± 2.55
61.44 ± 41.49
3.01 ± 2.17
37.57 ± 47.24
29.32 ± 31.16
38.59 ± 31.99

P value
< 0.001
NS (0.474)
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

Values were expressed as mean ± SD unless otherwise defined. Statistical comparison was performed with Student’s t and χ 2 test. MELD: Model for end-stage
liver disease; INR: International normalized ratio; BUN: Blood urea nitrogen; eGFR: Estimated glomerular filtration rate; MDRD: Modification of diet in renal
disease; MDRD-4: 4-variable MDRD; MDRD-6: 6-variable MDRD; CKD-EPI: The chronic kidney disease epidemiology collaboration; NS: Not significant.

5 compares the MELD and MELD-MDRD-6 equations
in patients with different eGFR. The MELD-MDRD-6
equation showed a better predictive value in patients
with eGFR ≥ 90, 60-89, 30-59 and 15-29.

1.0

Sensitivity

0.8

0.6

DISCUSSION
This retrospective, cross-sectional study involved a broader population of cirrhotic patients than only data from
liver transplant registries. We attempted to incorporate
eGFR obtained by different creatinine-based equations
into the MELD equation to replace serum creatinine and
predict in-hospital mortality. The new equation “MELDMDRD-6”, which incorporates eGFR obtained by the
6-variable MDRD equation, only marginally improves the
predictive value compared to the original MELD score.
The MELD score was initially created to predict
survival following the elective transjugular intrahepatic
portosystemic shunts procedure[4]. This model was subsequently validated as a predictor of survival in several
cohort studies for various severities of liver disease. It
is also used to determine the prioritization of transplant
recipients in the United States[1,4,5]. The existing MELD
equation contains 3 variables, each of which was selected
on the basis of statistical analysis: INR and total bilirubin,
both markers of liver function, and serum creatinine as
the third variable, a marker of renal function. This highlights the prognostic value of renal function in cirrhotic
patients. In the existing MELD equation, however, the
values of bilirubin, INR and creatinine < 1.0 mg/dL are
set to 1.0 mg/dL in order to avoid a negative value after

0.4

0.2

0.0
0.0

0.2

Source of curve
MELD
MELD-MDRD-6

0.4
0.6
1-Specificity

0.8

1.0

AUC
95% CI Cut-off point Sen
Spe
0.902 0.891-0.913
19
0.819 0.839
0.909 0.899-0.919
18
0.854 0.818

Figure 1 Receiver-operating characteristic curve of the original model
for end-stage liver disease and the model for end-stage liver disease6-variable model for end-stage liver disease score for the prediction of
in-hospital mortality. MELD: Model for end-stage liver disease; MDRD: Modification of diet in renal disease; MDRD-6: 6-variable MDRD; AUC: Area under
curve; Sen: Sensitivity; Spe: Specificity.

crease in chi-square (2254.88 vs 2198.32) and a decrease
in -2 log (likelihood) (2703.72 vs 2773.90). In the ROC
curve (Figure 1), the MELD-MDRD-6 score showed a
marginal improvement in area under the curve (0.909 vs
0.902), sensitivity (0.854 vs 0.819) and specificity (0.818 vs
0.839) compared to the original MELD equation. Table
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Table 2 Univariate and multivariate logistic regression analyses of the various parameters in predicting in-hospital mortality
Parameter
Univariate logistic regression analysis
Age, yr
Hepatoma
Ascites
Hepatic encephalopathy
Cause of liver cirrhosis (reference group: NBNCNA)
Hepatitis C
Hepatitis B
Alcoholic
Hepatitis C + hepatitis B
Hepatitis C + alcoholic
Hepatitis B + alcoholic
Hepatitis C + hepatitis B + alcoholic
Child–Pugh points
MELD score
BUN, mg/dL
Creatinine, mg/dL
eGFR, mL/(min∙1.73 m-2) (MDRD-4)
eGFR, mL/(min∙1.73 m-2) (MDRD-6)
eGFR, mL/(min∙1.73 m-2) (CKD-EPI)
Albumin, g/dL
Total bilirubin, mg/dL
INR
Multivariate logistic regression analysis
Age, yr
Hepatoma
Cause of liver cirrhosis (reference group: NBNCNA)
Hepatitis C
Hepatitis B
Alcoholic
Hepatitis C + hepatitis B
Hepatitis C + alcoholic
Hepatitis B + alcoholic
Hepatitis C + hepatitis B + alcoholic
MELD score
BUN, mg/dL
eGFR, mL/(min∙1.73 m-2) (MDRD-4)
eGFR, mL/(min∙1.73 m-2) (MDRD-6)
Albumin, g/dL
INR

Beta coefficient

Standard error

Odds ratios (95% CI)

P value

0.02
0.95
1.47
1.29

0.00
0.07
0.07
0.07

1.02 (1.02-1.03)
2.57 (2.25-2.95)
4.36 (3.80-5.02)
3.62 (3.13-4.19)

< 0.001
< 0.001
< 0.001
< 0.001

-0.30
-0.17
-0.76
-0.51
-0.53
-0.15
-0.47
0.67
0.22
0.07
0.72
-0.04
-0.05
-0.04
-1.97
0.20
1.74

0.10
0.10
0.11
0.22
0.17
0.36
0.28
0.02
0.01
0.00
0.03
0.00
0.00
0.00
0.07
0.01
0.08

0.74 (0.61-0.91)
0.85 (0.70-1.03)
0.47 (0.38-0.58)
0.60 (0.39-0.92)
0.59 (0.42-0.82)
0.86 (0.42-1.74)
0.63 (0.36-1.09)
1.95 (1.87-2.03)
1.25 (1.23-1.27)
1.07 (1.06-1.07)
2.05 (1.93-2.18)
0.97 (0.96-0.97)
0.95 (0.95-0.96)
0.97 (0.96-0.96)
0.14 (0.12-0.16)
1.22 (1.20-1.25)
5.70 (4.87-6.67)

0.004
NS (0.098)
< 0.001
0.020
0.002
NS (0.670)
NS (0.098)
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.03
0.95

0.01
0.13

1.03 (1.01-1.04)
2.60 (2.02-3.34)

< 0.001
< 0.001

-0.19
-0.28
-0.21
-1.03
-0.79
0.32
0.54
0.14
0.04
0.03
-0.03
-1.24
0.24

0.18
0.19
0.22
0.40
0.35
0.57
0.47
0.03
0.00
0.01
0.01
0.13
0.10

0.83 (0.58-1.18)
0.76 (0.52-1.10)
0.81 (0.52-1.25)
0.36 (0.16-0.78)
0.46 (0.23-0.90)
1.38 (0.45-4.22)
1.71 (0.68-4.29)
1.14 (1.09-1.20)
1.05 (1.04-1.05)
1.03 (1.02-1.04)
0.97 (0.95-0.99)
0.29 (0.22-0.38)
1.27 (1.04-1.54)

NS (0.299)
NS (0.139)
NS (0.342)
0.010
0.023
NS (0.576)
NS (0.354)
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.019

MELD: Model for end-stage liver disease; BUN: Blood urea nitrogen; eGFR: Estimated glomerular filtration rate; MDRD: Modification of diet in renal disease; MDRD-4: 4-variable MDRD; MDRD-6: 6-variable MDRD; CKD-EPI: The chronic kidney disease epidemiology collaboration; INR: International normalized ratio; NS: Not significant.

natural logarithmic transformation[16]. Additionally, serum
creatinine values > 4.0 mg/dL are capped at 4.0 mg/dL.
Setting bilirubin, INR and creatinine levels < 1.0 mg/dL
to 1.0 mg/dL implicitly assumes that mortality at 1.0 mg/
dL is the same as at levels < 1.0 mg/dL. This assumption
is problematic since the increase in serum creatinine from
0.3 mg/dL to 0.6 mg/dL usually reflects a 50% decrease
in the eGFR, which could be defined as acute kidney
injury. On the other hand, 45.81% of all patients (1767
patients) and 15.52% of all non-survivors (230 patients)
had a creatinine value of < 1.0 mg/dL in this study and it
is therefore unreasonable to neglect this group.
When incorporating eGFR into the MELD equation
to replace serum creatinine, we set bilirubin and INR to 1.0
mg/dL when the value was < 1.0 mg/dL for the purpose
of comparison with the original MELD equation. However, there was no adjustment of the eGFR value when
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using it for reconstructing new formulas. Compared
to the original MELD equation, the new MELD equations preserve the “non-negative property” that MELDMDRD-4 ranged from 1 to 60, MELD-MDRD-6 ranged
from 2 to 60, and MELD-CKD-EPI ranged from 1 to
61. Furthermore, the original MELD score classified patients from 6 to 40; we did not preinstall the upper limit
when using them to predict in-hospital mortality. Nonetheless, it might be more accurate or easier to preinstall
the upper limit in these new MELD equations.
Serum creatinine, a marker of renal function, is a
well-recognized predictor of survival in patients with
liver disease and outcome after liver transplantation[6,17,18].
It has been suggested that renal function should be routinely monitored in all patients with advanced cirrhosis,
especially those with ascites[17]. Although serum creatinine is the most useful and widely accepted indicator for

295

November 27, 2012|Volume 4|Issue 11|

Chen YW et al . Renal function in cirrhotic patients
Table 3 Relationship between estimated glomerular filtration rate, total bilirubin, international normalized ratio and model for endstage liver disease score as a predictor of in-hospital mortality
Model

Variable

Odds ratio (95% CI)

P value

χ2

-2 Log Likelihood

Model 1
Model 2

MELD
Total bilirubin1
INR1
eGFR (MDRD-4)1
Total bilirubin1
INR1
eGFR (MDRD-6)1
Total bilirubin1
INR1
eGFR (CKD-EPI)1

1.25 (1.23-1.27)
2.25 (2.05-2.48)
6.14 (4.56-8.27)
0.22 (0.20-0.25)
2.17 (1.97-2.40)
5.95 (4.39- 8.06)
0.19 (0.17-0.22)
2.26 (2.05-2.48)
6.28 (4.65-8.49)
0.20 (0.18-0.23)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

2198.32
2161.45

2773.90
2810.77

2293.82

2664.79

2199.16

2773.07

Model 3

Model 4

1

Loge value. Statistical comparison was performed with logistic regression analysis. MELD: Model for end-stage liver disease; INR: International normalized ratio; eGFR: Estimated glomerular filtration rate; MDRD: Modification of diet in renal disease; MDRD-4; 4-variable MDRD; MDRD-6: 6-variable
MDRD; CKD-EPI: The chronic kidney disease epidemiology collaboration.

∙1.73 m2) but not when it was < 15 mL/(min∙1.73 m2).
There might be 3 reasons for this. Firstly, the MDRD
equation tends to overestimate the GFR, especially when
GFR was < 40 mL/(min∙1.73 m2)[24]. Secondly, patients
receiving renal replacement therapy, whose eGFR is usually < 15 mL/(min∙1.73 m2), were not excluded in the
present study. Thirdly, we did not preinstall the upper
limit of these new equations which may make a difference for the predictive value.
How about incorporating the measured GFR into
the MELD equation? Direct measurement of GFR using
exogenous markers remains the major method to assess
renal function in cirrhotic patients[1]. In these patients,
inulin clearance has been considered the “gold standard”
for measuring GFR. Although one study has shown that
measured GFR is superior to both serum creatinine and
eGFR at predicting outcome in cirrhotic patients[10], this
technique requires a continuous intravenous infusion,
takes more time for urine collections, is costly and potentially invasive. It is therefore impractical for the repeated
assessments of renal function[1,7,17].
Theoretically, estimated GFR calculated by the creatinine-based equations should show a similar prognostic
value to serum creatinine. However, both the CockcroftGault and MDRD equations tend to overestimate GFR
in patients with cirrhosis; a series has shown that only
66% of estimates were within 30% of the measured
GFR[12,24-26]. The Cockcroft-Gault equation is thought to
be less accurate than the MDRD equation since it incorporates body weight, which is markedly biased in patients
with edema and/or ascites[25]. The MDRD-4 (simplified
MDRD) equation is most often used to calculate GFR
because it is considered to be as accurate as the original
MDRD-6 equation[27]. However, its usefulness has not
been proved in healthy individuals and its accuracy may
be low in specific clinical settings[26,28]. Therefore, the
MDRD-6 equation is considered the best, possibly because it incorporates blood urea nitrogen (BUN) and albumin levels, 2 variables which are abnormal in cirrhotic
patients[28]. The CKD-EPI equation, a newly developed
equation for estimating GFR, has been proposed as more

Table 4 Comparison of different models for end-stage liver
disease equations for the prediction of in-hospital mortality
Odds ratio (95% CI) P value

Equations
MELD
MELD-MDRD-4
MELD-MDRD-6
MELD-CKD-EPI

1.25 (1.23-1.27)
1.27 (1.26-1.29)
1.29 (1.27-1.31)
1.28 (1.26-1.30)

< 0.001
< 0.001
< 0.001
< 0.001

χ2

-2 Log Likelihood

2198.32
2147.93
2254.88
2185.01

2773.90
2824.30
2703.72
2787.21

Statistical comparison was performed with logistic regression analysis.
MELD: Model for end-stage liver disease; MDRD: Modification of diet in
renal disease; MDRD-4: 4-variable MDRD; MDRD-6: 6-variable MDRD;
CKD-EPI: The chronic kidney disease epidemiology collaboration.

estimating renal function in cirrhotic patients[19], it is less
sensitive because of the associated reduced muscle mass,
severe hyperbilirubinemia and diminished hepatic biosynthesis of creatinine, as well as the low-protein diet given
to such patients[1,6,17]. In addition, the original MELD
equation regards serum creatinine of < 1.0 mg/dL as
1.0 mg/dL, which leaves approximately 15% to 20% of
patients whose survival cannot be accurately predicted
by this score[6,9]. For that reason, we replaced serum creatinine by eGFR in the MELD equation. Cystatin C, in
contrast to serum creatinine, is a more accurate surrogate
marker of renal function since its serum concentration is
independent of muscle mass or gender and can be reliably determined in patients with hyperbilirubinemia[20-22].
Theoretically, including cystatin C in a modified MELD
score should increase the predictive performance. However, a clinical study in 429 cirrhotic patients showed that
a cystatin C-based MELD score has an equal predictive
performance compared to the creatinine-based model[23].
In the view of the high cost of cystatin C, more than
10-fold higher than enzymatic creatinine measurement,
eGFR probably is more suitable than cystatin C to be incorporated into the MELD equation clinically.
To evaluate the predictive value of the new MELD
equation in cirrhotic patients with normal renal function,
we grouped patients into 5 groups according to their
eGFR (Table 5). MELD-MDRD-6 was more accurate
than the original MELD when eGFR was > 15 mL/(min
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Table 5 The difference between the model for end-stage liver disease and model for end-stage liver disease-modification of diet in
renal disease-6 scores of differentially obtained estimated glomerular filtration rate for the prediction of in-hospital mortality
eGFR

Equations

Odds ratio (95% CI)

P value

χ2

-2 Log Likelihood

≥ 90

MELD
MELD-MDRD-6
MELD
MELD-MDRD-6
MELD
MELD-MDRD-6
MELD
MELD-MDRD-6
MELD
MELD-MDRD-6

1.17 (1.13-1.21)
1.20 (1.16-1.24)
1.22 (1.18-1.26)
1.27 (1.22 -1.32)
1.21 (1.17-1.24)
1.26 (1.22-1.30)
1.25 (1.19-1.30)
1.31 (1.24-1.39)
1.36 (1.27-1.45)
1.30 (1.23-1.39)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

99.45
114.55
185.77
214.60
283.21
312.75
163.72
182.49
190.62
164.66

609.51
588.67
636.17
606.45
755.92
725.22
369.37
350.59
311.89
337.42

60-89
30-59
15-29
< 15

Statistical comparison was performed with logistic regression analysis. MELD: Model for end-stage liver disease; eGFR: Estimated glomerular filtration
rate; MDRD: Modification of diet in renal disease; MDRD-4: 4-variable MDRD; MDRD-6: 6-variable MDRD.

accurate than the MDRD equation, especially when GFR
is high. It shows less bias, improved precision and greater
accuracy[14]. However, it also has not been used in patients with cirrhosis. In the present study, despite the fact
that MELD-CKD-EPI showed a better prognostic value
than MELD-MDRD-4, it was not better than the original
MELD equation or MELD-MDRD-6. Our data showed
that MELD-MDRD-6 has the better predictive value for
in-hospital mortality compared to other equations. We
suppose that it may be associated with the insertion of
BUN and albumin as variables; in particular, serum albumin is an excellent predictor of mortality.
Findings about incorporated eGFR into the MELD
equation to predict in-hospital mortality, however, need to
be interpreted with caution. On the one hand, although
statistically significant, the value added from MDRD-6
was limited (increase in the ROC from 0.902 to 0.909).
This limited value may not add much to a treatment or
decision algorithm or in predicting events. On the other
hand, we did not further classify in-hospital mortality according to the causes since the predicted value might be
different in different outcomes. Furthermore, the results
here might not suitable for patients on the liver transplant
waiting list or who are followed up long-term.
It was suggested the presence of diabetes increases
the 5 year mortality rate up to 2.52-fold in cirrhotic patients[29]. The previous reports have reported that up to
96% of cirrhotic patients may have glucose intolerance
and 30% could be clinically diagnosed as diabetes[30-32].
The etiology of cirrhosis is frequently associated with
the prevalence of diabetes, such as non-alcoholic fatty
liver disease, alcoholic hepatitis, hepatitis C virus infection and hemochromatosis [33]. Hepatitis C infection
could down-regulate insulin receptors and enhance insulin resistance. Although hepatitis C related cirrhosis
showed significant impact on in-hospital mortality in our
series (Table 2), it lost its significance after entering multivariate analysis. Further prospective study is warranted
to confirm the impact of hepatitis C related insulin resistance in cirrhotic patients.
The present study has several limitations. Firstly, the
construction of new MELD equations was dependent on
logistic regression analysis but not on a time-dependent
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Cox regression model, which is more appropriate for
evaluating patients with continuously changing laboratory
data. Secondly, the existing creatinine-based eGFR equations were not constructed for cirrhotic patients. Thus, a
specific formula for incorporation into the MELD equation needs to be derived for calculating GFR in these
patients in order to provide prognostic values with better
accuracy. Thirdly, the study was retrospective and crosssectional in nature and therefore a prospective cohort
study is warranted to test and verify our conclusions.
In conclusion, renal function is an important prognostic factor for patients with cirrhosis and therefore the
MELD score showed a good correlation with mortality
risk in the patients included in the present study. However, the unreliability of serum creatinine in measuring
renal function and the problematic assumption of serum
creatinine in the MELD score makes it inaccurate when
evaluating cirrhotic patients with early renal function
impairment. Although incorporated estimated GFR obtained by the 6-variable MDRD equation into the MELD
equation showed an improvement in predicting in-hospital mortality statistically, clinical superiority is negligible.
Thus, the important issue is how to better assess true
GFR when evaluating renal function in cirrhotic patients.
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cal and social evaluation, including a liver profile, hepatitis markers, a renal profile, a complete blood count,
and an abdominal ultrasound with Doppler. Step two
involved tests to exclude liver diseases and to evaluate
the donor’s serological status. This step also included a
radiological evaluation of the biliary anatomy and liver
vascular anatomy using magnetic resonance cholangiopancreatography and a computed tomography (CT)
angiogram, respectively. A CT volumetric study was
used to calculate the volume of the liver parenchyma.
Step three included an ultrasound-guided liver biopsy.
Between November 2002 and May 2009, sixty-nine
potential living donors were assessed by open exploration prior to harvesting the planned part of the liver.
Between the end of May 2009 and October 2010, 30
potential living donors were assessed laparoscopically
to determine whether to proceed with the abdominal
incision to harvest part of the liver for donation.
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RESULTS: Ninety-nine living donor liver transplants
were attempted at our center between November 2002
and October 2010. Twelve of these procedures were
aborted on the day of surgery (12.1%) due to donor
findings, and eighty-seven were completed (87.9%).
These 87 liver transplants were divided into the following groups: Group A, which included 65 transplants
that were performed between November 2002 and
May 2009, and Group B, which included 22 transplants
that were performed between the end of May 2009
and October 2010. The demographic data for the two
groups of donors were found to match; moreover, no
significant difference was observed between the two
groups of donors with respect to hospital stay, narcotic and non-narcotic analgesia requirements or the
incidence of complications. Regarding the recipients,
our study clearly revealed that there was no significant
difference in either the incidence of different complications or the incidence of retransplantation between the
two groups. Day-of-surgery donor assessment for LDLT
procedures at our center has passed through two eras,

Abstract
AIM: To study diagnostic laparoscopy as a tool for
excluding donors on the day of surgery in living donor
liver transplantation (LDLT).
METHODS: This study analyzed prospectively collected
data from all potential donors for LDLT. All of the donors were subjected to a three-step donor evaluation
protocol at our institution. Step one consisted of a clini-

WJH|www.wjgnet.com

299

November 27, 2012|Volume 4|Issue 11|

Hegab B et al . Living donor rejection in liver transplantation

sessment technique.

open and laparoscopic. In the first era, sixty-nine LDLT
procedures were attempted between November 2002
and May 2009. Upon open exploration of the donors
on the day of surgery, sixty-five donors were found to
have livers with a grossly normal appearance. Four donors out of 69 (5.7%) were rejected on the day of surgery because their livers were grossly fatty and pale.
In the laparoscopic era, thirty LDLT procedures were
attempted between the end of May 2009 and October
2010. After the laparoscopic assessment on the day of
surgery, twenty-two transplantation procedures were
completed (73.4%), and eight were aborted (26.6%).
Our data showed that the levels of steatosis in the rejected donors were in the acceptable range. Moreover,
the results of the liver biopsies of rejected donors were
comparable between the group A and group B donors. The laparoscopic assessment of donors presents
many advantages relative to the assessment of donors
through open exploration; in particular, the laparoscopic assessment causes less pain, requires a shorter
hospital stay and leads to far superior cosmetic results.

MATERIALS AND METHODS
Sixty-nine potential living donors were assessed for 69
recipients (58 adults and 11 children) between November
2002 and May 2009 after passing all of the phases of donor selection in our protocol. These patients were taken to
the operating room for potential donation without laparoscopic assessment. Between May 2009 and October 2010,
30 potential living donors were assessed for 30 recipients
(27 adults and 3 children); these patients were subjected to
laparoscopic assessment of their livers prior to proceeding
with the abdominal incision to harvest part of the liver for
donation. In this study, we did not consider patients to be
excluded if they were eliminated either in the preliminary
nurse coordinator consultation or during the 3 phases of
donor evaluation. The donor evaluation protocol in our
center proceeded as follows: after a preliminary nurse coordinator consultation, donors with no contraindication
to donation and with an ABO-compatible blood group
were evaluated in three steps.
Step one of this evaluation included a clinical and
social evaluation. A liver profile, hepatitis marker assessment, renal profile, complete blood count, and
abdominal ultrasound with Doppler were performed in
this step. Step two involved tests to exclude liver diseases
and to evaluate the donor’s serological status. In addition
to these examinations, step two also included an imaging evaluation of the biliary anatomy and liver vascular
anatomy using magnetic resonance cholangiopancreatography and a computed tomography (CT) angiogram,
respectively. A CT volumetric study was used to calculate
the volume of the liver parenchyma. We considered a
graft-to-recipient body weight ratio that was equal to or
greater than 0.8% to be a safe lower limit for adults, with
a maximum percentage of resection in the donor liver
of 60%-65%. Step three included an ultrasound-guided
liver biopsy, which is a mandatory part of the evaluation;
this process was performed under ultrasound guidance
and consisted of three tan-core biopsies. Results of 10%
or less fat infiltration were accepted if less than 50% of
the donor liver was planned for resection.
Step four was first introduced during May 2009 and
consisted of a laparoscopic assessment on the day of donation under general endotracheal anesthesia that occurred
prior to opening the abdomen. Laparoscopic access to
the abdominal cavity for the placement of a 5 mm port
was attained using a Veress needle in the sub-umbilical region. A 30 degree laparoscope was used, and the liver was
explored for any gross pathologies. We examined at the
gross appearance, color, surface and edges of the liver.

CONCLUSION: The laparoscopic assessment of donors in LDLT is a safe and acceptable procedure that
avoids unnecessary large abdominal incisions and increases the chance of achieving donor safety.
© 2012 Baishideng. All rights reserved.

Key words: Live donor; Laparoscopic assessment; Rejected donors; Day of surgery; Fatty liver
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INTRODUCTION
Living donor liver transplantation (LDLT) has become
an acceptable option for patients in need of liver transplantation who are not likely to receive a deceased organ
in a timely fashion[1]. The accurate pretransplant evaluation of a potential live donor in LDLT is a major prerequisite for preventing postoperative liver failure and
achieving donor safety. The appropriate selection of a
donor for LDLT is an important aspect of achieving
donor safety. In general, the utilization rate of potential
donors is 28.8%[2]. The objective of this work is to present our early experience with exclusion from donation
on the day of surgery in LDLT using a laparoscopic as-
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Statistical analysis
Statistical analysis were performed with the SPSS software
package for Windows (Statistical Product and Service
Solutions, version 17.0, SSPS Inc, Chicago, IL, United
States). Relevant arithmetic means, standard deviations,
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Table 1 The demographic data for donors of the two groups
Group A donors (n = 65) Group B donors (n = 22)
Range
Age, yr
18-42
Weight, kg 46-86
Height, cm 140-190
BMI, kg/m2 14-28.9

Mean
23.3
64.7
166.5
23.5

SD
6.3
10.1
8.4
3.4

Range

Mean

18-40
27.1
51-93
66.8
152-186
169.3
17.4-28.4 23.3

SD
5.5
11
10
3.4

Table 4 The indications for liver transplantation in each
group of recipients n (%)

P value

Group A recipients Group B recipients
P value
n = 65
n = 22

0.6
0.38
0.44
0.88

HCV cirrhosis
HBV cirrhosis
HBV and HCV cirrhosis
HCC
Cryptogenic cirrhosis
Wilson’s disease
Hyperoxaluria
Biliary atresia

BMI: Body mass index.

Table 2 The hospital stay and analgesia requirements for donors in each group
Group A donors

Group B donors

n = 65

n = 22
1.1
2.1

4-6
2-8

1.8 12-16

4.8
5

0.6
1.5

0.75
0.42

13.1

1.2

0.31

Table 5 Incidence of complications and retransplantation in
each group of recipients n (%)
Group A recipients Group B recipients
P value
n = 65
n = 22
Biliary complications
Hepatic artery thrombosis
Portal vein thrombosis
Incisional hernia
Small-for-size syndrome
Primary non-function
Retransplantation

Group A donors Group B donors
P value
n = 65
n = 22
3 (4.6)
4 (6.2)
1 (1.5)
1 (1.5)
1 (1.5)

1 (4.5)
1 (4.5)
0
0
0

0.78
0.98
0.56
0.56
0.56

20 (30.7)
3 (4.6)
4 (6.2)
3 (4.6)
3 (4.6)
1 (1.5)
7 (10.8)

9 (40.9)
1 (4.5)
1 (4.5)
2 (9)
1 (4.5)
0
0

0.50
0.98
0.78
0.80
0.98
0.56
0.29

No significant difference was observed between the
donor groups regarding either hospital stay or requirements for narcotic or non-narcotic analgesia, as presented in Table 2. Similarly, as presented in Table 3, no
significant difference was observed in the incidence of
complications between donor groups.
In group A, the recipients were 46 males and 19 females (70.8% and 29.2% of the recipients, respectively),
whereas in group B, the recipients were 15 males and 7
females (68.2% and 31.8% of the recipients, respectively), with a P value of 0.82 for the gender distribution.
The group A recipients ranged in age between 1 and
63 years, with a mean of 40.8 ± 19.4 years. The ages of
the recipients in group B ranged between 1 and 68 years,
with a mean of 47.6 ± 22.2 years. There was a P value
of 0.3 between groups. Table 4 provides the indications
for liver transplantation in each group.
The recipients in group A had hospital stays ranging
from 10-104 d with a mean of 30.1 ± 17 d. By contrast,
the recipients in group B had hospital stays of between
12 and 98 d, with a mean of 31.2 ± 21.7 d (P = 0.75).
Table 5 addresses the morbidity of both groups by reporting the incidence of different complications, including retransplantation. This table clearly indicates that
there were no significant differences between the groups
with respect to the incidence of different complications
or retransplantation.
Within the first 2 years after liver transplant, 15 recipients died in group A compared with four deaths among
group B recipients (23.1% and 18.2%, respectively, of

numbers and percentages were measured. Categorical parameters were compared using the chi-square test, whereas
numerical data were compared using the t test. A P value
< 0.05 was considered to be statistically significant.

RESULTS
Ninety-nine LDLT operations were attempted at our center between November 2002 and October 2010. Twelve
of these procedures were aborted on the day of surgery
(12.1%) due to donor findings, and 87 transplants were
completed (87.9%).
These 87 liver transplants were divided into the following groups: Group A, which included 65 transplants
that were performed between November 2002 and May
2009, and Group B, which included 22 transplants that
were performed between the end of May 2009 and October 2010.
The group A donors consisted of 51 males and 14
females (78.5% and 21.5% respectively), and the group B
donors consisted of 15 males and 7 females (68.2% and
31.8 respectively) with a P value of 0.49 for the gender
distribution. The donors were also found to be matched
between groups with respect to other demographic data,
as indicated in Table 1.
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0.95
0.98
0.32
0.27
0.98
0.73
0.55
0.1

P value

Table 3 Donor complications in the two groups n (%)

Minor biliary leak
Wound seroma/hematoma
Wound infection
Incisional hernia
Ascites

10 (45.4)
3 (13.6)
2 (9)
8 (36.3)
2 (9)
0
0
2 (9)

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; HBV: Hepatitis
B virus.

Range Mean SD Range Mean SD
Hospital stay, d
4-7
4.9
No. of narcotic analgesia 3-10 6.3
doses per admission, doses
No. of non-narcotic
10-17 12.9
analgesia doses per
admission, doses

29 (44.6)
11 (16.9)
1 (1.5)
14 (21.5)
8 (12.3)
3 (4.6)
4 (6.2)
0
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A

Table 6 Causes of graft-related deaths in both groups
Group A recipients Group B recipients
P value
n = 22
n = 65
Total number of
graft-related deaths
Cholestatic HCV
recurrence
HCC recurrence
Sepsis
Hepatic artery
thrombosis
Portal vein thrombosis
Small-for-size
syndrome

13

3

0.73

1

0

0.56

2
3
2

0
1
0

0.99
0.99
0.99

3
1

2
0

0.80
0.56

B

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma.

Table 7 The incidence of abnormal liver biopsy findings in
groups A and B n (%)

Steatosis < 5%
Steatosis 5%-10%
Steatosis 10%-15%
Steatosis 15%-20%
Fibrosis (stage 0-1)

Group A donors
n = 65

Group B donors
n = 22

P value

18 (27.7)
4 (6.2)
6 (9.2)
1 (3.1)
1 (1.5)

5 (22.7)
2 (9)
0
0
0

0.86
0.64
0.32
0.56
0.56

Figure 1 Diagnostic laparoscopy of potential live liver donor. A: Showing
pale, fatty liver with localized fat adjacent to the falciform ligament; B: Showing
grossly fibrotic appearance.

the recipients in each group; P = 0.85).
Two of the deaths in group A were non-graft-related
(one patient died from a pulmonary embolism, and the
other died from massive bleeding caused by colonic angiodysplasia), whereas only one patient died due to nongraft-related causes in group B (cerebrovascular stroke).
Table 6 lists the different causes of graft-related mortalities in the liver transplant recipients in both groups. This
table clearly demonstrates that there were no significant
differences between the groups with respect to either
the total number of graft-related deaths or the individual
causes of these graft-related deaths.
Day-of-surgery donor assessment procedures at our
center have been conducted by two methods, open and
laparoscopic, over two different periods of time (eras).
In the first era, 69 LDLT procedures were attempted
between November 2002 and May 2009. Upon the open
exploration of the donors on the day of surgery, 65
donors were found to have livers with a grossly normal
appearance, and 4 donors (2 males and 2 females) were
found to have pale, fatty livers. One donor was found
to have a pale and grossly steatotic liver, and we decided
to biopsy this liver. The biopsy of this liver revealed hepatic steatosis of less than 10%, and we therefore opted
to complete the procedure; unfortunately, however, the
recipient of this graft developed primary non-function.
In the laparoscopic era, 30 procedures were attempted
between the end of May 2009 and October 2010. Twenty-two procedures were completed (73.4%), and 8 were
rejected (26.6%) on the day of surgery after laparoscopic
assessment. Four of the rejected donors were males, and
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four were females. The rejected livers were found to be
pale and grossly fatty (Figure 1) with rounded borders
in seven cases (87.5%) and to have a grossly fibrotic appearance in the remaining case (12.5%).
The body mass index for the rejected donors ranged
from 20 kg/m2 to 28.4 kg/m2 with a mean of 23.8 ± 1.2
kg/m2. All of the rejected donors had preoperative liver
biopsies, and only four of the patients demonstrated
any abnormalities. Three of the rejected donors (25%)
exhibited less than 5% steatosis, and one patient (8.3%)
demonstrated between 5% and 10% steatosis. These
data revealed that the rejected donors had steatosis in
the acceptable range. Moreover, the results of the liver
biopsies of rejected donors were comparable between
group A and group B donors. Table 7 reports the incidence of abnormal liver biopsy findings in the donors
of both groups.

DISCUSSION
Donor safety is the most crucial aspect of LDLT programs. The aim of donor evaluation protocols is to
completely avoid donor mortality and minimize both the
incidence and degree of donor morbidity. Living liver
donation is associated with a small but real possibility of
mortality that may approach 0.5%[3,4]. Ringe et al[5] reported 33 donor deaths and categorized them according to
different degrees of certainty. Clavien et al[6] defined five
grades of postoperative complications for the specific
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procedure of LDLT[7]. Morbidity rates vary from 8% to
35% after right-lobe liver donation[8-13] and from 9% to
40% following left or left lateral segment donation[14].
Liver biopsy is a routine step in donor evaluation in
a high percentage of LDLT programs. Other methods
to evaluate the fat content of the donor’s liver are less
sensitive and specific than liver biopsy, and these alternatives are unable to detect any associated liver pathology.
Unfortunately, liver biopsy is an invasive technique and
is associated with a certain risk of complications. Recent
studies have reported an incidence of major complications related to liver biopsy of 1.3%[15-17].
The risk of primary non-function after the transplantation of a steatotic graft increases in proportion with
the degree of steatosis. Steatosis reduces the functional
hepatic mass for both the donor and the recipient, reduces the hepatic regenerative capacity and increases the
risk of injury caused by cold ischemia by altering the
cell membrane fluidity or disrupting the microcirculation[18-20]. In our LDLT program, we accept up to 10%
steatosis for liver grafts.
In our institution, the rate of finding a grossly fatty
liver despite an acceptable liver biopsy result was approximately 5.7%. In one of the completed LDLT
procedures, the liver was grossly fatty and pale; despite
repeated liver biopsies that revealed an acceptable percentage of steatosis, the recipient’s post-transplantation
course was complicated by primary graft non-function.
This incident could indicate that relative to liver biopsy,
gross liver morphology may be a more sensitive method
of detecting fatty livers. Further randomized studies
should be conducted to clarify this point.
According to our small series of laparoscopic donor
assessments, this method proved to be both safe and
useful in detecting fatty livers by gross morphology. Laparoscopic assessment provides many advantages over the
assessment of donors by open exploration; in particular,
it causes less pain, requires a shorter hospital stay, and
achieves far superior cosmetic results.
The approximately 4- to 5-fold increase in the detection of gross liver steatosis using this method could be
related to differences in samples and could indicate more
sensitivity but not necessarily more specificity in detecting steatotic livers. However, this statement must be confirmed in a prospective study. Donor safety is a critical
concern in LDLT, and laparoscopic donor assessment
proved to be a safe and useful adjunctive measure to
liver biopsy in the detection of steatotic livers. Further
study is required to confirm these results.

transplantation (LDLT) is of paramount importance in ensuring donor safety and
graft quality, which will translate into better outcomes for both the donor and the
recipient.

Research frontiers

Unfortunately, donor pretransplant evaluation, including liver biopsy, cannot
absolutely ensure the adequacy of a potential donor, and further evaluation is
needed through inspection of the liver. This inspection can only be achieved by
exploration of the donor’s liver, which requires a large abdominal incision and
its inherent sequelae of cosmoses, healing, analgesia requirements, hospital
stay and return to work. The accomplishment of this exploration without the
requirement of a large incision would represent an improvement for donors.

Innovations and breakthroughs

The introduction of laparoscopy allowed for primary abdominal exploration
without the need for a large incision. This exploration enables an excellent assessment of the donor’s liver, particularly for steatosis, which can be patchy
and therefore easily missed by liver biopsy.

Applications

The study results suggest that the laparoscopic assessment of donors for LDLT
is a safe and acceptable procedure. The procedure avoids an unnecessarily
large abdominal incision, allows for the more accurate assessment of the liver
and increases the chance of achieving donor safety.

Terminology

Liver transplantation refers to the replacement of a diseased liver with either an
entire healthy liver or a portion of a healthy liver. Living donor liver transplant is
the transplant of part of the liver from a healthy person (the donor) into the recipient. Laparoscopy is the visualization of the abdominal cavity through a very
small incision using a specialized camera that transmits the images to a display
system (monitor).

Peer review

In this manuscript, the authors describe the utility of laparoscopic assessment
of donor livers on the day of transplantation surgery. Because steatosis may
be patchy and may be missed on a small core biopsy sample, the results show
that the gross examination of the liver by laparoscopic assessment may result
in the rejection of unacceptable donors on the day of surgery without subjecting
the donors to an open procedure.
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our finding in a much broad scope.
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RESULTS: There are six males and three females
whose ages ranged 39-74 years old with an average of
58.8. Patients were either with or without symptoms
at the time of diagnosis. The liver function and tumor
marker exam were normal in all but one patient. The
incidence of HMM does not affect liver function and
was not related to virus infection status in the liver.
Most of these HMM patients were also accompanied
by the metastases of other locations, including lung,
abdominal cavity, and cervical lymph nodes. Ultrasound examinations showed lesions ranging 2-12 cm
in diameter, with no- or low-echo peripheral areola.
Doppler showed blood flow appeared inside some
tumors as well as in the surrounding area. CT image
demonstrated low density without uniformed lesions,
characterized with calcification in periphery, and enhanced in the arterial phase. Contrast phase showed
heterogeneous enhancement, with a density higher
than normal liver tissue, which was especially apparent at the edge. Patients were treated differently with
following procedures: patients #1, #6 and #8 were
operated with hepatectomy with or without removal
of primary lesion, and followed by comprehensive biotherapy/chemotherapy; patient #9 received hepatectomy only; patient #2 received bacille calmette-guerin
treatment only; patient #7 had Mile’s surgery but no
hepatectomy; and patients #3, #4 and #5 had supportive treatment without specific measurement. The
patients who had resections of metastatic lesions fol-

Abstract
AIM: To analyze the correlation of treatment method
with the outcome of all the hepatic metastatic melanoma (HMM) patients from our hospital.
METHODS: There were altogether nine cases of HMM
that had been treated in the PUMCH hospital during
the past 25 years, from December 1984 to February
2010. All of the cases developed hepatic metastasis
from primary cutaneous melanoma. A retrospective
review was performed on all the cases in order to draw
informative conclusion on diagnosis and treatment in
correlation with the prognosis. Clinical features includ-
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lesions alone may not be enough to extend patients’ survival time[11]. Some studies[12,13] suggested more systematic
approaches including chemotherapy and immunotherapy
in combination with surgery as treatment of choice.
In this study, we reviewed 9 cases of hepatic metastatic melanoma (HMM) who had been treated in our
hospital in the past 25 years, all of whom developed
hepatic metastasis from primary cutaneous melanoma.
We took a close look at the diagnosis and treatment in
comparison with the prognosis, from which we intended
to summarize out useful information for future work.

lowed by post-operative comprehensive therapy have
an average survival time of 30.7 mo, which is much
longer than those did not receive surgery treatment
(4.6 mo). Even for the patient receiving a resection
of HMM only, the post-operative survival time was 18
mo at the time we reviewed the data. This patient and
the patient #6 are still alive currently and subjected to
continue following up.
CONCLUSION: Surgical operation should be first
choice for HMM treatment, and together with biotherapy/chemotherapy, hepatectomy is likely to bring better
prognosis.

MATERIALS AND METHODS

© 2012 Baishideng. All rights reserved.

Based on the clinical documentation of 9 patients of
HMM in our hospital from December 1984 to February
2010, we analyzed each case on their clinical symptoms,
signs, and blood test results, B-ultrasound and computed
tomography (CT) imaging characteristics, pathological
data, and treatment and prognosis. A simple comparison
was made on case by case basis instead of performing
statistical analysis since the case numbers are low and
patients were much diversified in each item that has
been analyzed. Literatures on this subject were reviewed
in order to draw a safe conclusion and found to be supportive to our finding in a much broad scope.

Key words: Malignant melanoma; Hepatic metastatic
tumor; Hepatectomy; Hepatic metastatic melanoma;
Prognosis; Biotherapy; Chemotherapy
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RESULTS

Du SD, Mao YL, Li SH, Sang XT, Lu X, Xu YY, Xu HF, Zhao
L, Bai CM, Zhong SX, Huang JF. Surgical resection plus biotherapy/chemotherapy improves survival of hepatic metastatic
melanoma. World J Hepatol 2012; 4(11): 305-310 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v4/i11/305.
htm DOI: http://dx.doi.org/10.4254/wjh.v4.i11.305

Of these nine patients, there are six males and three females whose ages ranged 39-74 years old with an average
of 58.8. As shown in Table 1, all patients had histories
of primary cutaneous melanoma at various origins. The
time intervals between the diagnosis of the primary
melanoma and the discovery of hepatic metastatic lesion
also varied, ranging from immediate after original diagnosis to 16 years. Most of these HMM patients was also
accompanied by the metastases of other locations, including lung, abdominal cavity, and cervical lymph nodes
(Table 1).

INTRODUCTION
Melanoma is one of the diseases with the highest mortality even though it has a low incidence rate in Chinese
population. According to World Health Organization
report in 2001, there are only 0.22 and 0.17 incidents per
100 000 among male and female population in China
respectively[1]. Depending on the difference in the characteristics of primary tumor, up to one third of melanoma
patients will eventually develop metastasis[2,3]. Nearly
40% of the ocular melanoma patients develop hepatic
metastasis upon initial diagnosis, and majority of the patients with metastatic melanoma will involve liver[4,5]. The
cutaneous melanoma metastasizes to liver less frequently
and usually involves other organs as well; however, still
15%-20% of the disseminated diseases occur in liver[6,7].
The median survival time for melanoma patients who
developed hepatic metastasis is reported to be less than 5
mo, with a one-year survival rate being 10%[8-10]. Patients
with primary cutaneous melanoma may develop more
systematic metastasis and resection of hepatic metastatic
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Clinical symptoms
Clinical symptoms varied among the nine patients. Three
were asymptomatic at initial clinic visit; hepatic lesions
were discovered only when they received routine examinations or post-operative follow-up. Two had hematochezia; two presented with fever, abdominal pain accompanied by nausea, vomiting, and diarrhea; one had nausea,
vomiting, and diarrhea only and one had hemorrhinia.
Laboratory exams
The incidence of HMM is not related to liver function
or virus infection status in the liver. Among the nine
cases, only one patient was hepatitis B surface antigen
positive with elevated alanine transaminase and aspartate
aminotransferase levels. One was hepatitis B core antibody (HBcAb) positive. All others have negative blood
exams for hepatitis B or C. Liver functions of all the
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Table 1 General information of the patients with hepatic metastatic melanoma
Case Age (yr) Gender Primary melanoma lesion

Interval time before
hepatic metastasis (yr)

Accompanying metastasis

Treatments
Hepatectomy + comprehensive
treatment
Puncture and biopsy + BCG
Biopsy + supportive therapy
Biopsy + supportive therapy

1

39

M

Sclerotica

7

Spleen

2
3
4

49
51
69

M
F
M

Left choroid
Rectum
Right lower eyelid

16
0
11

5

68

M

Nasal cavity

6

61

F

Back

None
Abdominal cavity
Recurrence of carcinoma in
situ; metastasis to right hip
Bilateral lung, pleura and
cervical lymph nodes
None

7

70

F

Resctum

1.5

8

48

M

Right 5th dactylus

0.5

9

74

M

Sole

0.6
8

9

Biopsy + supportive therapy
Hepatectomy + comprehensive
treatment
Mile’s surgery

Recurrence of carcinoma in
situ
Recurrence of carcinoma in Hepatectomy, resection of primary
situ
lesion + comprehensive treatment
Inguinal lymph nodes
Hepatectomy

Survival
time (mo)
30
4
1.5
2
1.5
29
14
33
18

Table 2 The characteristics on imaging of the hepatic metastatic melanoma
Tumor location

Tumor size

1
2
3
4
5

Case

Right liver
Multiple
Multiple
Left liver
Right liver

4.3 cm × 3.3 cm × 3.1 cm
5 mm-12 cm

6
7
8
9

Multiple
Left liver
Multiple
Right liver

5 mm-3 cm
2.5 cm × 2.1 cm
5 mm-2.6 cm
10 cm × 8 cm

2.4 cm × 2.5 cm
6.4 cm × 5.0 cm

B-ultrasound

Computed tomography

NA
NA
Low echo
Low density
NA
Low density
Low echo, with partially peripheral dense echo
NA
Low echo, with peripheral low-echo areola, and a bit
Low density
of strip blood flow inside
Low echo, with peripheral low echo areola
Low density, with higher density peripherally
Mid-dense echo
Low density, with nodular enhancement
Low echo
NA
No echo, with septum, and hyperechoic lesion
Cystic mass, with mild enhancement

NA: Not available.

patients were ranked Child-Pugh grade A. Five patients
had their alpha fetoprotein (AFP) tested; the patient
with HBcAb positive had a level of 348.9 ng/mL while
the others were all in the normal range. Five patients had
their blood tested for carcinoembryonic antigen (CEA)
and cancer antigen (CA)19-9, all of whom had normal
levels with CEA < 3.5 ng/mL and CA19-9 < 35 U/mL.
Initial routine blood tests on two patients with fever
showed increased white blood cells while the other seven
were normal. Lower hemoglobin was found in patients
with hematochezia or hemorrhinia or symptom of nausea, vomiting, and diarrhea.

All cases had histology confirmation of malignant
melanoma for both primary and metastatic lesions.
Treatment
One patient (#1) had a surgical resection of the hepatic
metastatic lesion, followed by six courses of chemotherapy with unclear dose using dacarbazine (DTIC)/interleukin 2 (IL-2)/interferon (IFN)/cisplatin (DDP) when
further hepatic metastasis arose. One (#6) had a resection of hepatic metastatic lesion and six courses of chemotherapy using DDP/IL-2/IFN every other day. One
(#8) received the primary lesion surgery and four courses
of biotherapy/chemotherapy using DTIC/IL-2/IFN. All
these patients had a survival time more than 29 mo. Another patient (#9) had no recurrence yet for 18 mo after
hepatectomy only. This patient is the one we are continuing to follow up currently. One (#7) had a resection of
the primary melanoma and celiac metastatic solid mass.
One patient (#2) had liver lesion biopsy, received six
courses of BCG 75 g. Three patients (#3, 4 and 5) only
received supportive treatment. The average survival time
of the last five patients is only 4.6 mo after diagnosis.
The patients who had resections of primary and metastatic lesions followed by post-operative comprehensive
therapy tended to have longer survival times (Table 1).

Imaging exam
Ultrasound examinations showed lesions ranging 2-12
cm in diameter, with no- or low-echo peripheral areola.
Doppler showed blood flow appeared inside some tumors as well as in the surrounding area. Six patients had
CT scans, the non-contrast phase showed low density
solid masses, with two cases close to the water density.
The lesions had heterogeneous density inside and peripheral calcification (Table 2). Contrast phase showed
heterogeneous enhancement, with a density higher than
normal liver tissue, which was especially apparent at the
edge (Figure 1).
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A

B

C

Figure 1 The hepatic metastatic melanoma was shown by computed tomography image on different phases. A: Non-contrast; B: Arterial phase; C: Portal vein
phase. The lesion (arrow) showed low density without uniform, enhanced in the arterial and portal phase.

ocular melanoma, the response rate to chemotherapy is
extremely low. However, percutaneous hepatic perfusion,
as a novel approach to chemotherapy delivery, has been
applied in clinic[21]. With ocular melanoma, a 50% overall
response rate was observed, including two complete responses[22]. Also other methods such as hepatic artery chemoembolization resulted in radiologic response (38.9%)
or disease stabilization (47.2%) in most patients[23]. Nevertheless, the median overall survival and time to progression of liver disease were 7.7 mo and 6 mo, respectively.
Some researchers have proposed that chemotherapy
combined with biotherapy using IL-2, IFN, etc., could
increase the response rate and prolong survival time[13].
When data were pooled, biochemotherapy was superior
to chemotherapy in response and delayed progression at
6 mo, but not in decreased mortality at 12 mo. However,
this regimen may need further exploration because of
the toxicity of biochemotherapy, which may induce serious complications and significantly affect patient’s quality of life[24].
Surgical resection has been shown to prolong the
survival time, since metastatic lesions for primary ocular
melanoma are usually confined in liver[5]. Although the
recurrence rate is high, ocular melanoma patients tend
to remain disease free longer than cutaneous patients[11].
Recently, investigators have indicated that for patients
without metastasis to extrahepatic organs, resection
of hepatic metastatic lesions may prolong the survival
times, with apparently a higher 2-year survival rate than
that of chemotherapy, biotherapy, or supportive therapy
alone[25-28]. Meyer et al[29] also imply surgical resection
could apparently prolong the survival time even if the
metastatic lesion is resected palliatively. Aoyama et al[30]
has reported at an earlier time that after resection, recurrence-free and overall 5-year survival rates of those patients were 15.6% and 53.3%, respectively. Other reports
also demonstrated advantages of resection over non-surgical measurement[31,32]. It has reported that combination
therapy of resection with TIL treatment dramatically improved survival[33]. In our case, three patients received resection plus comprehensive therapy, and all had survival
times longer than 2 years. Even for the patient receiving
a resection of primary lesion only, the post-operative

DISCUSSION
HMM is a rare disease in China. As one of the best
hospitals in China, we only collected 9 cases in a span
of 25 years. The symptoms of the patients were often
observed in the main clinical manifestations of HMM
including both the symptoms of the primary lesions and
those of the hepatic metastasis. Early-stage patients can
be asymptomatic; enlarged tumors can cause distention,
discomfort, gastrointestinal symptoms, etc[14]. Since most
patients have explicit histories of primary lesion, HMM
should be considered as hepatic lesion being detected.
Under B-ultrasound, HMM is mainly manifested as
low echo or even no echo, and frequently heterogeneous.
Sometimes a solid neoplasm bulging to the cystic mass
can be seen. Doppler shows peripheral surrounding
blood flow, presenting as a bull’s-eye configuration[15],
which suggests a likely hepatic metastatic tumor.
In CT scan, HMM is shown as a solid mass of heterogeneous density: low density and even cystic degeneration in the center, and circular irregular higher density
and even calcification in the periphery, presenting as the
“rosette sign”[16] (Figure 1A). Enhanced CT scans show
that HMM is rich in blood supply, as the arterial phase
(Figure 1B) is apparently enhanced while the portal vein
(Figure 1C) and delay phases have decreased density. It
is similar to the signs of hepatocellular carcinoma, but
mainly manifests as circular enhancement in general[17].
Similar to the former studies, this study also showed
that routinely tested tumor markers, such as AFP and CA
series, are not helpful in the clinical diagnosis of HMM[14].
New biomarkers have been evaluated but not yet in clinical application[18]. As HMM can be of various tissue origin, different cell morphologies, arrangement structures,
or amounts of melanin pigment are observed. The final
diagnosis of malignant melanoma mainly relies on pathological examination and immunohistochemistry staining.
Therapeutic options for HMM were few with limited
effectiveness. It includes surgical resection, systemic or
local catheterized chemotherapy, radiotherapy, immunotherapy, and biotherapy. Response rate to chemotherapy is
only 10%-30%, and it differs significantly between ocular
and cutaneous melanoma[19,20]. For patients with primary

WJH|www.wjgnet.com

308

November 27, 2012|Volume 4|Issue 11|

Du SD et al . Treatment of hepatic metastatic melanoma

survival time was longer than 1.5 year. Two patients with
hepatectomy (#6, 9) are still living currently under following up. These results suggested that resection of the
primary and HMM lesions and/or in combination with
chemotherapy and immunotherapy may enhance the effectiveness of the treatment and prolong survival time,
even with other extrahepatic lesions. Further study with
larger number of the patients is needed to accumulating
the evidence.
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junojejunal intussusception. She underwent emergent
exploratory laparotomy and resection of the infarcted
intussusceptum and the previous jejunojejunostomy.
She had rapid clinical improvement, with decreasing
liver enzymes and improved hepatic synthetic function. She had complete resolution of coagulopathy
and encephalopathy, and was removed from the liver
transplant list . She was discharged home 20 d after hospitalization with normal liver tests. This case
demonstrates that acute abdominal catastrophes can
potentiate liver injury in the setting of acetaminophen
toxicity. Encephalopathy may obscure history and
physical exam findings. This case also exemplifies the
pitfalls in the management of the bariatric surgery
patient and the importance of multispecialty collaboration in patients presenting with organ failure.
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Over 200 000 weight loss procedures are performed
annually in the United States. Physicians must therefore be cognizant of the unique array of complications
associated with these procedures. We describe a case
of jejunojejunal intussusception in a gastric bypass patient who presented with acute liver failure (ALF) due
to acetaminophen (APAP) toxicity. Our patient is a 29
year-old female who had undergone Roux-en-Y gastric
bypass surgery seven years prior. She was evaluated
in the emergency department for confusion. Her family
reported a 3-wk history of progressive abdominal pain
and vomiting, for which she had ingested 40 acetaminophen/oxycodone tablets over the past 2 d. Physical
examination showed icteric sclerae, a distended abdomen, and grade Ⅰ encephalopathy. She fulfilled the
criteria for ALF and was listed for liver transplantation.
Abdominal computed tomography scan revealed a je-
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INTRODUCTION
Acute liver failure (ALF) is an uncommon but catastrophic illness, with an estimated annual incidence of
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2000 cases in the United States[1]. It is defined as coagulopathy (international normalized ratio ≥ 1.5) and
encephalopathy without pre-existing liver disease, of less
than 26 wk duration[1]. Drugs and toxins account for the
majority of cases of ALF, followed by acute viral hepatitis A and B. Of ALF cases, 15%-20% have no identifiable cause despite extensive clinical investigation[1].
The mortality rate of acute liver failure approaches
85%. However, approximately 15%-20% of patients
with fulminant or subfulminant hepatic failure will improve spontaneously[2]. Of the treatments available for
the management of ALF, emergency orthotopic liver
transplantation is one of the best interventions with
3-year survival rates of 50%-75%[2,3].

Table 1 Significant laboratory results upon patient’s initial
presentation
Laboratory results
Aspartate aminotransferase
Alanine aminotransferase
Total bilirubin
Direct bilirubin
International normalized ratio
Creatinine
Acetaminophen level
Hepatitis B
Hepatitis C
Urine drug screen
Benzodiazepine
Phencyclidine
Opiates

5681 U/L
6705 U/L
3.1 mg/dL
2.5 mg/dL
4.5
4.7
138
Negative
Negative
Positive
Positive
Positive

CASE REPORT
A 29-year-old female with altered mental status was
brought to the Emergency Department by her family. She
had undergone a Roux-en-Y gastric bypass procedure
seven years prior. According to her family, she had progressive abdominal pain and vomiting for three weeks.
She had ingested 40 tablets of acetaminophen/oxycodone
(acetaminophen total dose 13 000 mg) to control her abdominal pain over the previous two days, prescribed by
her family physician while awaiting further outpatient evaluation. Her physical examination showed icteric sclerae,
a distended abdomen, and gradeⅠencephalopathy. Her
laboratory values are summarized in Table 1. Her model
for end Stage liver disease score was 41. She fulfilled the
criteria for ALF and was promptly listed for liver transplantation. Her creatinine at admission was elevated to 4.7
and she was oliguric. She was started on N-acetylcysteine
and was admitted to the intensive care unit.
Hepatic ultrasound revealed a mildly enlarged liver measuring 21.4 cm that was otherwise normal in echotexture
and contour. Due to her history of abdominal pain, a computed tomography scan of her abdomen was also obtained,
which revealed a jejunojejunal intussusception (Figure 1).
Based on these findings, the patient underwent an
emergent exploratory laparotomy and resection of the
intussuscepted bowel and the entire jejunojejunostomy.
The jejunojejunostomy was patulous, with 45 cm portion of her common channel intussuscepted in an antiperistaltic fashion into her jejunojejunostomy (Figure
2). The intussusception was unable to be reduced and
succus was found leaking from this site, which suggested
bowel necrosis. The jejunojejunostomy was opened and
the intussusceptum was found to be infarcted (Figure
3). The necrotic bowel was resected en bloc, and the patient was left in gastrointestinal discontinuity. A planned
second look operation was conducted to assess the viability of the Roux limb, which was at risk for ischemia
as its vascular pedicle was violated on resection of the
jejunojejunostomy. Two days after her first surgery, her
gastrointestinal continuity was restored. At the same
procedure, a liver biopsy was performed which showed
extensive pericentral hepatocyte dropout and central-
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Figure 1 Jejunojejunal intussusceptions seen in left hemiabdomen.

central bridging necrosis, consistent with drug-induced
liver injury secondary to acetaminophen (Figure 4). After
the second operation, her clinical condition improved.
She had complete resolution of coagulopathy and encephalopathy, and was removed from the liver transplant
list. Her renal function improved without hemodialysis,
and her oliguria resolved. She was able to tolerate a full
diet and was discharged home 20 d after hospitalization.
At follow-up three months later, she remains well with
normal liver function tests.

DISCUSSION
Over 200 000 weight loss procedures are performed annually in the United States[4]. The Roux-en-Y gastric bypass, first performed in 1966, is the most common bariatric procedure performed in the United States. Internal
and incisional hernias are by far the most common cause
of bowel obstruction after Roux-en-Y gastric bypass[5].
Small bowel intussusception is a rare cause of bowel
obstruction, the etiology of which remains unclear. The
incidence of intussusception is approximately 0.1%[6].
The orientation of the intussusceptions is unique in that
the distal small bowel, in an anti-peristaltic fashion, is
pulled into the jejunojejunostomy. Symptoms may be
acute, mimicking a small bowel obstruction, or chronic,
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A

1 mm

B
Figure 2 Jejunojejunostomy encountered during exploratory laparotomy.

0.1 mm

Figure 4 Liver biopsy showing central-central bridging necrosis (arrow)
with portal tract sparing (A) and centrilobular necrosis (arrow) (B).

her to be added to the liver transplant list without delay.
Furthermore, the collaboration with the gastroenterologists made it possible to care for this patient optimally,
which requires a highly specialized supportive care.

Figure 3 Opened jejunojejunostomy revealed a substantial portion of
dead bowel inside it.
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-Ⅵ and FNH in segment Ⅲ, respectively. Six months
later, the patient remains asymptomatic with normal
liver function tests, ultrasound and magnetic resonance imaging follow-up. To our best knowledge, this
is the first case to describe simultaneous occurrence of
HA and FNH without the presence of any known risk
factors for these entities. The uncertainty in diagnosis
and acuteness of presenting symptoms were established criteria for prompt surgical intervention.

Dimitrios Dimitroulis, Panagiotis Lainas, Petros Charalampoudis, Theodore Karatzas, Nikolaos Karidis, Gregory
Kouraklis, 2nd Department of General Surgery, Laiko Hospital,
University of Athens Medical School, 11527 Athens, Greece
Ioanna Delladetsima, Stratigoula Sakellariou, Department
of Pathology, Laiko Hospital, University of Athens Medical
School, 11527 Athens, Greece
Author contributions: Dimitroulis D and Lainas P designed,
evaluated and wrote this work; Charalampoudis P, Karatzas
T and Karidis N contributed to the discussion of the paper;
Delladetsima I and Sakellariou S performed the pathological
examination; and Kouraklis G supervised and critically revised
the manuscript.
Correspondence to: Dimitroulis Dimitrios, MD, PhD, 2nd
Department of General Surgery, Laiko Hospital, Agiou Thoma
17, 11527 Athens, Greece. dimitroulisdimitrios@yahoo.com
Telephone: +30-210-9803331 Fax: +30-210-7456972
Received: September 8, 2011 Revised: December 14, 2011
Accepted: October 22, 2012
Published online: November 27, 2012

© 2012 Baishideng. All rights reserved.

Key words: Liver surgery; Liver disease; Hepatocellular
adenoma; Focal nodular hyperplasia; Benign hepatic
tumor
Peer reviewers: Jordi Muntane, PhD, Unidad de Investigacion,

Hospital Universitario Reina Sofía, Av. Menéndez Pidal s/n,
14004 Cordoba, Spain; Felix Dias Carvalho, Professor, University
of Porto, Faculty of Pharmacy, Toxicology Department, Rua
Anibal Cunha, 164, 4099-033 Porto, Portugal

Abstract

Dimitroulis D, Lainas P, Charalampoudis P, Karatzas T, Delladetsima I, Sakellariou S, Karidis N, Kouraklis G. Co-existence
of hepatocellular adenoma and focal nodular hyperplasia in a
young female. World J Hepatol 2012; 4(11): 314-318 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v4/i11/314.
htm DOI: http://dx.doi.org/10.4254/wjh.v4.i11.314

Focal nodular hyperplasia (FNH) and hepatocellular
adenoma (HA) are both benign hepatocellular lesions,
presenting mainly in women of childbearing age in
non-cirrhotic, non-fibrotic livers. Simultaneous occurrence of these two lesions is extremely rare. We herein
report a case of a young female without any predisposing risk factors who presented to our emergency
department complaining of acute abdominal pain.
Imaging studies revealed a 6 cm lesion in the right
hepatic lobe and a 2.5 cm lesion in the left hepatic
lobe, respectively. In view of the patient’s symptoms
and lack of a confirmed diagnosis based on imaging,
we performed a bisegmentectomy Ⅴ-Ⅵ and a wedge
resection of the lesion in segment Ⅲ by laparotomy.
Postoperative course was uneventful and the patient
was discharged on the fourth postoperative day. The
pathology report demonstrated an HA in segments Ⅴ
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INTRODUCTION
Focal nodular hyperplasia (FNH) and hepatocellular
adenoma (HA) are both benign nodular hepatocellular
lesions, presenting mainly in women of childbearing age
in non-cirrhotic, non-fibrotic livers. FNH is the second
most common benign hepatic tumor in adults and represents about 8% of all primary hepatic lesions[1]. Typically,
FNH is an incidental finding in symptom-free patients.
It presents as a palpable abdominal mass in 2% to 4%
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of patients, while hepatomegaly and fever occur in less
than 1 percent of cases. Spontaneous rupture leading to
hemorrhage is extremely rare and there is no incidence of
malignant transformation of FNH[2,3]. Levels of serum
alpha-fetoprotein are within normal range[4,5].
HA is the third most common benign liver lesion
in adults, after hepatic hemangioma and FNH, and is 3
to 10 times less common than FNH[6,7]. A 30 to 40 fold
increase in the incidence of HA has been assumed in
long term users of oral contraceptives, with a base level
incidence of 1 per million in women using oral contraceptives for less than 24 mo or not at all[8,9]. As in FNH,
patients with HA are often asymptomatic. Atypical abdominal discomfort is reported in about 30% to 40% of
patients and in a small number of cases a palpable mass
is present. Large lesions may cause more severe complaints such as abdominal pain; hypovolemic shock after
rupture or intratumoral hemorrhage has been observed
in some cases. As with FNH, serum alpha-fetoprotein
levels are within normal range[4,10].
Simultaneous presence of FNH and HA is very rare
and only few cases have been published in the pertinent literature[11-14]. We report a case of a young female
without any predisposing risk factors with simultaneous
existence of FNH and HA. The diagnostic procedure,
therapeutic management and possible pathogenic setting
are discussed herein.

A

B

Figure 1 Magnetic resonance imaging of the liver showing a 6 cm lesion
in segments Ⅴ and Ⅵ (A) and a smaller lesion of 2.5 cm in segment Ⅲ (B).

preoperative imaging examinations, we opted for prompt
surgery.
The patient underwent a bisegmentectomy Ⅴ-Ⅵ and
a wedge resection of the lesion in segment Ⅲ by laparotomy. Total operating time was 125 min and blood loss
was minimal. Portal triad clamping was not performed
at any stage of the operation. Perioperative or postoperative blood or plasma products transfusion was not
required. The postoperative course ran uneventfully and
the patient was discharged on the fourth postoperative
day in good general condition.
Pathology report of the larger lesion in segments
and
Ⅴ
Ⅵ revealed a non-encapsulated hepatocellular
neoplasm composed of benign-looking hepatocytes,
arranged in sheets and thin cords, occasionally forming rosette-like structures (Figure 2A and B). Isolated
arteries were also present. Two different hepatocellular
populations were discernible, demonstrating a zonal
distribution. In the periphery of the lesion, eosinophilic
hepatocytes were present alternately with larger hepatocytes, thus forming a vague lobulation. Abortive portaltract like structures with thin fibrous septa and mild
ductular reaction were observed mainly towards the periphery of the lesion. Overall, the tumor was characterized by mild to moderate steatosis, lipofuscinosis, a welldeveloped reticulin network, no cytological abnormalities
and no inflammatory infiltrates. Immunohistochemical
examination showed absence of nuclear expression of
beta catenin, while serum amyloid A gave a weak, nonspecific reaction. Cytokeratin 7 was positive in the abor-

CASE REPORT
An 18 year old nulliparous female patient presented to
the emergency department complaining of acute abdominal pain. She was 1.65 m tall and weighed about 55
kg upon admission (body mass index 20.2). The patient
denied any oral contraceptive pill use, tobacco or alcohol consumption and there was no history of hepatitis.
Hepatitis infection markers were negative. Gynecological
history was unremarkable, with normal pubertal/postpubertal development and menstruation. Past medical
history was likewise unremarkable. The pain was localized in the right upper quadrant of the abdomen and
was accompanied by a slight elevation of body temperature (37.2 ℃). The patient did not complain of vomiting,
change in bowel habits or any urinary symptoms. Clinical
examination did not demonstrate any suspicious signs of
high endogenous androgen activity. Routine laboratory
studies, including a complete blood count, biochemical
profile with liver function tests and a-fetoprotein measurement, were within normal range.
Emergency ultrasound showed a mass of approximately 6 cm in diameter located in the right liver lobe.
Upper abdominal magnetic resonance imaging (MRI)
revealed a 6 cm lesion in the right liver lobe (segments
Ⅴ and Ⅵ) and a smaller one (2.5 cm) in the left lobe
(segment Ⅲ), respectively (Figure 1). However, the MRI
findings were not specific for the larger lesion in the
right lobe (Figure 1A). In view of the patient’s symptoms and the lack of a confirmed diagnosis based on
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A

B

C

D

Figure 2 Pathology report of
the larger lesion in segments.
A, B: Hematoxylin and eosin (HE)
staining of the hepatocellular adenoma showing a vague lobularity
created by two hepatocytic populations with zonal arrangement.
Rosette-like formations are apparent (A ×5, B ×10); C: HE staining
of the focal nodular hyperplasia
lesion showing nodularity and thin
fibrous septa (×5); D: Ductular
reaction depicted by cytokeratin 7
expression (×10).

tive bile ducts and ductules and in a few tumor cells at
the periphery of the fibrous septa. Cytokeratin 19 was
positive only in rare ductular structures. Glutamine
synthetase exhibited a patchy positive expression, while
L-FABP antibody was not attenuated compared to normal parenchyma. Pathology and immunohistochemistry
findings supported the diagnosis of hepatocellular adenoma partly featuring a telangiectatic variant.
The pathology report of the resected segment Ⅲ
revealed a non-encapsulated, circumscribed hyperplastic
hepatocellular lesion. The tumor was divided into smaller nodules by fibrous septa, which contained dystrophic
arteries (Figure 2C). Prominent ductular reaction and
mild to moderate inflammatory infiltrates were also observed (Figure 2D). A well developed reticulin network
supported the tumoral hepatocytes that showed no cytological atypia and minimal steatosis. The diagnosis was
that of focal nodular hyperplasia.
At present, 6 mo after the operation, the patient remains asymptomatic with normal hepatic function tests
and ultrasound and MRI imaging show liver regeneration
without signs of tumor relapse.

generally suggested that FNH originates from arterial
malformation, which causes a hyperplastic reaction of
normal liver cells to either hyperperfusion or hypoxia[15].
As hyperplastic reactions respond to cell proliferation
mechanisms, FNH does not undergo any malignant
transformation. Several clinical observations strengthen
the above hypothesis as FNH may coexist with hepatic
hemangioma or telangiectasia[13,16-19]. Scalori et al[20] suggested that cigarette smoking might be an elevated risk
index for FNH. On the other hand, HA seems to have
a causal relationship with exogenous administration of
male and female sex hormones. The use of oral contraceptives provides convincing evidence that the incidence and size of HA is dose and duration dependent[9].
Moreover, the pertinent literature reports sporadic
cases of HAs occurring in patients with elevated levels
of endogenous androgens, sex hormone imbalance or
exogenous administration of androgens as a treatment
option for aplastic anemia[12,21-23]. A special form of HA
has been described where multiple adenomas occur with
at least ten lesions in the liver parenchyma, a condition
designated as liver adenomatosis[24]. The etiology of liver
adenomatosis is unknown but there is some evidence
supporting common pathways with HA[25]. The fact that
this condition is often found in women with a history of
estrogen exposure could imply that liver adenomatosis
is an advanced form of HA. Obesity, positive history
of viral hepatitis, alcohol abuse and metabolic diseases,
such as Von Gierke glucogen storage disease, have also
been depicted as possible risk factors for HA by some
authors[26-28].
Recently, a meticulous analysis of a large series of
HA by a French collaborative group resulted in their

DISCUSSION
We herein describe a case of a young female patient,
with no history of oral contraceptive use or other risk
factors, exhibiting simultaneous occurrence of FNH and
HA in different liver segments.
FNH and HA are two benign liver lesions that very
seldom co-exist. The pathogenesis of FNH and HA
is considered to be different. On one hand, the exact
etiology of FNH is not completely understood. It is
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classification of 4 subtypes[10]. The first group includes
heavily steatotic adenomas exhibiting biallelic inactivation of hepatocyte nuclear factor 1 alpha. The second
group is characterized by activating mutation of beta
catenin and a higher risk for malignant transformation.
The third group is defined by the presence of inflammatory infiltrates, sinusoidal dilatation, fibrous septa with
ductular reaction and abortive portal tracts, while the
fourth group includes adenomas that cannot be classified
in any of the above three subtypes. Of note, the newly
characterized entity previously called telangiectatic FNH,
now believed to be a variant of liver cell adenoma, is
classified in the third group of inflammatory/telangiectatic adenomas[29]. The adenoma described herein shared
some morphological features with the telangiectatic subtype. However, it was categorized into the fourth group
(adenoma not otherwise classified) due to the absence of
pathognomonic telangiectatic and inflammatory findings.
It is well established that HA and FNH are two distinct entities with specific histological and molecular features. However, differential diagnosis between them may
be difficult in liver resection specimens or liver biopsyobtained material. It is most likely that in the near future
diagnosis will be facilitated by the molecular alterations
detected in such lesions. Liver cell adenomas, including
subtypes previously called telangiectatic FNH, are monoclonal tumors[26,30]. Conversely, clonal analysis on FNH
lesions indicated a monoclonal origin in 14% to 50%
of cases, depending on the samples examined and molecular techniques carried out. Furthermore, the mRNA
ratio of angiopoietin genes (ANGPT-1 and ANGPT-2,
respectively) is found to be attenuated in typical FNH
compared to HA[31].
The simultaneous presence of both FNH and HA in
the same patient is very rare and only a few cases have
been described in the pertinent literature[11-14]. The largest report is the work of a French group that studied the
co-existence of benign liver tumors[14]. In this study, HA
and FNH were found in the same liver in 5 out of 30
cases with multiple benign liver lesions over a period of
12 years[14]. It is of note that in all cases published in the
literature, patients were either on exogenous administration of oral contraceptives or had endogenous elevated
sex hormones, conversely to our case presented herein.
Laurent et al[14] reported that simultaneous occurrence of
HA and FNH could be generated secondary to systemic
and local angiogenic abnormalities by oral contraceptives, tumor induced growth factors or thrombosis and
local arterio-venous shunting.
In our case, the young female patient had no clinical
signs of androgen hyperactivity, nor did she receive any
oral contraceptives. She did not consume any tobacco
or alcohol and her BMI was within normal range. She
also had a negative history of viral hepatitis with normal
serum hepatitis virus infection assays. Thus, our report
is the first in the literature to describe the simultaneous
occurrence of HA and FNH without the presence of
any known risk factors. In our case, there is no obvious
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common pathogenic mechanism and the co-existence of
the lesions could be incidental. However, the presence
of some morphological overlapping features does not
exclude the possibility of a commonly shared causative
relationship. Deeper knowledge of the molecular background of those two tumors could help recognize the
exact association between them.
In recent years, there has been an increased incidence
in the diagnosis of FNH and HA. The reason for this
fact is increased administration of oral contraceptives
on one hand and, on the other hand, imaging modalities evolution. This reality urges the need for providing
secure preoperative diagnostic criteria in order to avoid
an unnecessary operation and, more importantly, not to
skip a necessary resection of a potential malignant tumor
in a young or middle aged female. Many imaging modalities are used to diagnose FNH and HA. Especially for
FNH, diagnosis can be achieved with high certainty on
several imaging studies based on typical features. However, there are atypical imaging findings in both FNH
and HA[32]. Sensitivity and specificity of diagnostic imaging has been improved for the diagnosis of FNH, while
the gold standard for HA is still liver biopsy. In our case,
we decided to proceed to surgery mainly due to preoperative diagnostic uncertainty and acute symptomatology.
In this report, we present a case of a young female
patient with co-existence of FNH and HA of the liver
without any previous exogenous administration of oral
contraceptives or any other known risk factors predisposing to these liver lesions. This fact, together with the
absence of typical radiological characteristics, could imply a common pathway in the pathogenesis of these two
benign liver lesions or the presence of an intermediate
form with interesting radiological, molecular or pathological features. The uncertainty in diagnosis and acuteness of presenting symptoms were established criteria
for prompt surgical management. However, in cases of
diagnosed benign tumors, surgery should be performed
only when tumors are symptomatic or have a risk of
complications such as hemorrhage, rupture or malignant
potential.
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INTRODUCTION
Pyogenic liver abscesses are uncommon but a life-threatening important condition. Pyogenic liver abscesses are
caused by infections, usually originating from biliary or
portal pathologies, gastrointestinal and subdiaphragmatic infections, traumas, sepsis (hematogenous route)
or idiopathic.
Dental procedures and diseases are very rare etiologies of pyogenic liver abscesses and, to date, only a few
cases of pyogenic liver abscess associated with dental
procedures have been reported in the literature[1-5]. A
case of hepatic abscess has also been reported that originated from the oral cavity other than dental diseases[6].
We report a patient with liver abscess following a
dental procedure (implantation).

Abstract
Pyogenic liver abscesses are rare but a life-threatening
important condition. Dental procedures constitute only
rare cases of pyogenic liver abscesses, with only a
few cases in the literature. We report a patient with
liver abscess following a dental procedure. A 74 years
old diabetic male patient was admitted to our hospital
with complaints of fatigue, 40 ℃ fever, rigors and right
upper quadrant pain, 3-4 d after a dental procedure.
Physical examination revealed fever and tenderness
in the right upper quadrant. Laboratory examination
revealed leucocytosis, elevated erythrocyte sedimentation rate and C-reactive protein and moderately
elevated transaminases. An abscess was detected in
radiological examination in the medial part of the left
lobe of liver, neighboring the gall bladder. He was successfully treated with percutaneous abscess drainage
and antibiotherapy.

CASE REPORT
A 74 years old man underwent a dental prosthesis implantation approximately ten days ago. Three to four
days after the dental prosthesis implantation, he suffered
from malaise, abdominal pain in right upper quadrant
and chills. He recoursed to the first medical center with
40 ℃ fever and increasing complaints. In the first hospital, liver abscess was suspected on ultrasonographic
(USG) evaluation of the abdomen and with USG-guided
drainage, this abscess material was sent for cultural analysis simultaneously with the blood culture. Intravenous
empirical antibiotherapy with Ceftriaxone 1 gr bid +
Metronidazole 500 mg bid was given in the first medical
center. The patient recoursed to our center for treatment
by his own desire.
He had a 3 years history of diabetes mellitus and used
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smelling purulent material was drained; 300 mL on the
first day and 100 mL on the following day. His complaints improved after the drainage of the abscess and 14
d of antibiotherapy. The fever decreased, he was clinically
well and the white blood cell count, CRP and sedimentation rate values returned to normal.
Control USG evaluation after 14 d showed almost
complete resolution of the liver abscess. Levofloxacin
500 mg/d po for seven days was recommended after
discharge from hospital.
In our case we demonstrated a liver abscess development with hematogenous route due to the dental procedure. Isolating the same microorganisms from both
the blood sample and abscess material, the onset of his
symptoms 3-4 d after the dental prosthesis implantation
and no detection of another infection origin supported
our opinion. This procedure might have caused bacteremia spreading to the liver via the hepatic artery.

Figure 1 An intraparenchymal abscess approximately 82 mm × 73 mm in
diameter including air-fluid level viewed within the medial of the left lobe
in liver in abdominal computed tomography.

metformin irregularly. Physical examination revealed
weakness, a blood pressure of 120/80 mmHg, a heart
rate of 84 beats/min and a body temperature of 38.7 ℃.
His conjunctiva were pale. Tenderness was found in the
right upper quadrant and other physical findings were
unremarkable.
Laboratory examination revealed the following findings: hemoglobin was 11.2 g/dL; white blood cell count
was 11.200 cells/mm³ with 87.6% neutrophils; serum
transaminases and prothrombin time were mildly elevated; serum total bilirubin, alkaline phosphatase and
gamma-glutamyl transferase levels were all within normal range; serum glucose was 256 mg/dL; glucosylated
hemoglobin level was 6.8%; erythrocyte sedimentation
rate was 69 mm/h; C-reactive protein level was 115
mg/L; serological tests for infection with hepatitis B, C,
human immunodeficiency virus, brucella, salmonella and
amebiasis were all negative; and urine analysis was unremarkable except for microalbuminuria. Chest radiograph
was normal.
Ultrasonography of the abdomen revealed that the
liver was steatotic and there was a single hypoechoicheterogenous lesion 75 mm × 60 mm in diameter within
the medial part of the left lobe, neighboring the gall
bladder. Abdominal computed tomography (CT) scan
showed no contrast involvement in the lesion after the
contrast injection but showed involvement just around
this lesion (Figure 1). Separately, the cortical cyst 10 mm
in diameter was detected on the left kidney. Calibration
of small and large intestinal segments and wall thickness
were normal. Gall bladder and biliary tract were normal.
No intraabdominal fluid collection was detected.
After diagnosis of liver abscess, the patient was treated with intravenous Imipenem 4 mg × 500 mg + Metronidazol 3 mg × 500 mg empirically. Hydration and subcutaneus insulin injections were applied. We learned that
streptococcus subspecies was isolated from the abscess
material culture and from the blood sample taken before
empirical antibiotherapy. Urine culture was negative.
After that, USG-guided percutaneous drainage of
the liver abscess was performed. A total of 400 mL foul-
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DISCUSSION
Isolated pathogens from a liver abscess are usually gram
negative bacterias like Escherichia Coli, Klebsiella, Pseudomonas; gram positive microorganisms like Streptococcus and
Staphylococcus species; and anaerobic organisms like Fusibacterium, Bacteroides, Ameobas or fungal microorganisms[1].
Prognosis may be poor if diagnosis and treatment are
delayed in pyogenic liver abscesses. CT scan and ultrasound-guided drainage of pyogenic liver abscesses are safe
and effective methods of treatment[7]. Liver transplantation, diabetes and a history of malignancy are risk factors
for pyogenic liver abscess[8].
Dental diseases or procedures are very rare etiological factors of liver abscesses. However, poor oral hygiene
might also be an independent risk factor. Usually hematogenous spread of bacteria occurs after interventional
treatment of dental disease.
Patients with increased risk of infection, such as immunosuppression, diabetes and malignancy, should be
treated with prophylactic antibiotherapy during and after
dental procedures. Appropriate oral care is clearly important, not only for dental, but also for systemic diseases.
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CASE REPORT

Hepatocellular adenoma associated with familial
adenomatous polyposis coli
Keisuke Inaba, Takanori Sakaguchi, Kiyotaka Kurachi, Hiroki Mori, Hong Tao, Toshio Nakamura, Yasuo Takehara,
Satoshi Baba, Masato Maekawa, Haruhiko Sugimura, Hiroyuki Konno
went a total colectomy and was genetically diagnosed
as FAP. A tumor, 3.0 cm in diameter, was detected in
the right lobe of the liver during a screening study
for FAP. A colonoscopy and gastroendoscopy revealed
numerous adenomatous polyps without carcinoma.
The patient underwent a total colectomy and ileo-anal
anastomosis and hepatic posterior sectoriectomy. The
pathological findings of the liver tumor were compatible with HCA. The resected specimen of the colon
revealed multiple colonic adenomatous polyps. Examination of genetic alteration revealed a germ-line mutation of the adenomatous polyposis coli (APC ) gene.
Inactivation of the second APC allele was not found.
Other genetic alterations in the hepatocyte nuclear factor 1 alpha and β-catenin gene, which are reported to
be associated with HCA, were not detected. Although
FAP is reported to be complicated with various neoplasias in extracolic organs, only six cases of HCA associated with FAP, including the present case, have been
reported. Additional reports will establish the precise
mechanisms of HCA development in FAP patients.
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Abstract

Inaba K, Sakaguchi T, Kurachi K, Mori H, Tao H, Nakamura
T, Takehara Y, Baba S, Maekawa M, Sugimura H, Konno H.
Hepatocellular adenoma associated with familial adenomatous
polyposis coli. World J Hepatol 2012; 4(11): 322-326 Available
from: URL: http://www.wjgnet.com/1948-5182/full/v4/i11/322.
htm DOI: http://dx.doi.org/10.4254/wjh.v4.i11.322

Hepatocellular adenoma (HCA) is a benign liver tumor
that most frequently occurs in young women using oral
contraceptives. We report a rare case of HCA in a 29
years old female with familial adenomatous polyposis
(FAP). The first proband was her sister, who under-
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INTRODUCTION

A

Hepatocellular adenoma (HCA) is a benign liver tumor
that usually arises in women who are over 30 years old
and have used oral contraceptives for over 5 years[1]. Other risk factors associated with HCA have been described,
including glycogen-storage diseases, androgens, anabolic
steroids, diabetes mellitus, some drugs and pregnancy[2-5].
Familial adenomatous polyposis (FAP) is an autosomal
dominant inherited disease caused by a mutation in the
adenomatous polyposis coli (APC) gene. FAP is characterized by the early onset of multiple colorectal adenomatous
polyps, with an inevitable progression to carcinoma if left
untreated. Additionally, FAP is known to be associated
with extracolic neoplasms in various other organs; adenomas and carcinomas of the upper gastrointestinal tract,
desmoid tumors and thyroid carcinomas[6]. Due to familial
screening and prophylactic colectomies, the prognosis of
FAP patients has improved[6-8]. Thus, extracolic tumors
have become more important causes of mortality[7]. Duodenal or periampullary cancer and desmoids are the two
main causes of mortality after a total colectomy[9]. Other
rare extracolic manifestations include cancers of the thyroid, liver, bile ducts and central nervous system[6,7,9]. HCA
is rare for FAP-associated extracolic neoplasms[10].
Herein, we report a rare case of HCA concomitant
with FAP. She had no history of oral contraceptive use or
other risk factors for HCA. We summarize previous case
reports[5,10-14] and consider HCA arising in FAP patients.

B

C

CASE REPORT
A 29 years old Japanese woman was called for familial
surveillance of FAP because her 27 years old sister had
undergone a total colectomy due to the diagnosis of
ascending colon cancer arising from FAP, already confirmed by gene analysis. Her 46 years old father died
of gastric cancer but FAP was uncertain. Her son had
suffered from hepatoblastoma which had been resected
when he was 18 mo old. Her preoperative clinical laboratory tests, including liver function, were normal. Serologically, serum hepatitis B and hepatitis C virus markers
were negative. Serum levels of alpha-fetoprotein and desγ-carboxy prothrombin were also within normal ranges.
Preoperative computed tomography (CT) showed a tumor in the posterior sector of the right lobe, measuring
28 mm in diameter. The tumor showed a slight inhomogeneous low density area on the unenhanced scan when
compared with the surrounding liver parenchyma (Figure
1). The tumor was well enhanced in the early phase after
the contrast medium injection. The tumor became indistinguishable in the late phase. Although the tumor was
not detectable on T1-weighted magnetic resonance imaging (MRI), it was detected as a mild hyper-intense tumor
in the posterior sector on T2-weighted MRI (Figure 1).
The tumor was indiscernible in the arterial phase, but became a hypo-intense area in the hepato-biliary phase after
gadolinium ethoxybenzyl diethylenetriaminepentaacetic
acid enhancement on T1-weighted MRI. No obvious
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Figure 1 Preoperative computed tomography scan revealed a 28 mm tumor
in the posterior sector of the right hepatic lobe. A: Plain computed tomography showed a tumor as a slight low density area; B: The tumor was inhomogeneously enhanced with a ragged border during the early phase; C: The tumor was
indistinguishable in the late phase.

capsular formation or visible central scars were observed
(Figure 2). Hepatic arteriography showed a tumor stain
without any abnormalities in vascular structure or angioplany. A total colonoscopy revealed numerous polyps of
various sizes throughout the colon and rectum but no
obvious colorectal carcinoma was found. Gastroendoscopy also found thick polyps without carcinoma.
On the basis of clinical features[15] and previous literature[10-13], we performed a total colectomy and ileoanal anastomosis and hepatic posterior sectoriectomy on
December 2008. Macroscopically, numerous polyps of
various sizes, including one lateral spreading tumor in
the ascending colon, were found in the mucosal surface
of the resected colon specimen. In the cut surface of
the resected liver specimen, the tumor grossly showed a
faint yellow tumor without hemorrhage or necrosis. The
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A

Figure 2 Magnetic resonance imaging of the
tumor. A: The tumor showed an iso-intensity
with the surrounding liver parenchyma on T1weighted imaging; B: The tumor was visualized
as a heterogeneous hyper-intense mass on T2weighted imaging; C and D: After gadolinium
ethoxybenzyl diethylenetriaminepentaacetic
acid enhancement, the tumor was discernible
in the arterial phase and was clearly detected
as a hypo-intense lesion in the hepato-biliary
phase on T1-weighted imaging. CE: Contrast
enhanced.

C

T1W1

B

T1 + CE early

D

T2W1

T1 + CE late

A

B

C

D

Figure 3 Pathological findings of the liver tumor. A:
Cut surface of formalin-fixed
liver specimen. The tumor was
unencapsulated and its border
was ill-defined (arrow); B, C:
Microscopically, the tumor
consisted of low-grade atypical
hepatocytes, without cellular
mitosis or changes in cellular
density and structures. Fatty
deposition in the tumor cells
was ubiquitously remarkable.
Neither biliary structures nor
portal triads were present
within the tumor (hematoxylineosin stain, original magnification ×40 in B and ×200 in C);
D: b-catenin was immunohistochemically detected on the
cytomembrane. Neither aberrant nuclear nor cytoplasmic
accumulations were found
(original magnification ×100).

tumor showed an ill-defined border and was unencapsulated (Figure 3A). The surrounding liver tissue seemed to
be normal parenchyma.
Histologically, multiple colorectal polyps were adenomas with mild to moderate cellular atypia. A lateral spreading tumor was a tubular adenoma with severe atypia. The
liver tumor consisted of low-grade atypical hepatocytes,
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without cellular mitosis or changes in cellular density and
structures. Fatty deposition in the tumor cells was remarkable in some parts. No biliary structures or portal triads
were present within the tumor (Figure 3B and C). There
was no underlying hepatitis, fibrosis or cirrhosis in the adjacent liver parenchyma. These pathological findings were
compatible for hepatic adenoma. To clarify the pathogen-
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Table 1 Reported cases of primary hepatocellular adenoma associated with familial adenomatous polyposis
Case

Mutated codon in
Oral
Steroid use
the APC gene
contraception

Age/gender Location No. of tumors Size (cm) Treatment

Bala et al[11]
Nakao et al[13]
Bläker et al[10]
Jeannot et al[12]
Okamura et al[5]
1
Toiyama et al[14]
This case

2/F

Right lobe

Solitary

10

Resection

(-)

(-)

1451

20/F
27/F
37/F
27/M
25/M
29/F

Left lobe
ND
Right lobe
Left lobe
Left lobe
Right lobe

Multiple
ND
Solitary
Solitary
Solitary
Solitary

5.5
ND
7
8.5
5.5
3

Observation
ND
Resection
Resection
Resection
Resection

(-)
ND
(+)
(-)
(-)
(-)

(+)
ND
(-)
(-)
(-)
(-)

ND
1156
1062
ND
ND
499

Disorder in the somatic
gene of HCA
Loss of wild-type allele of
APC, mutation of p53
ND
1516
Mutation of HNF1a
ND
Mutation of HNF1a
(-)

1

Case 6 is hepatocellular carcinoma within hepatocellular adenoma (HCA) in a familial adenomatous polyposis patient. APC: Adenomatous polyposis coli;
ND: Not described; HNF1a : Hepatic nuclear factor 1 alpha; F: Female; M: Male.

esis of this patient, genetic alterations of the germ-line and
somatic genes were examined[16]. Sequencing of the germline APC gene revealed a transition from ACG to ATG at
codon 499 in exon 11. No loss of the APC gene in HCA
cells was demonstrated by fluorescence in situ hybridization
(data not shown). No additional somatic mutation of the
APC gene was found in the HCA. Moreover, a mutation of
the hepatocyte nuclear factor 1 alpha (HNF1 gene, which
is reported to be related to HCA[12]) was not detected.
The postoperative course was uneventful without any
complications, and the patient was discharged twenty
days after the operation. Follow-up CT scans revealed
no signs of recurrence and other abdominal extracolic
lesions 3 years after surgery.

Five of these patients were female and two were male.
Among them, one patient used oral contraceptives[12] and
another had a medical history of androgenic steroid use
for the treatment of anaplastic anemia[13]. HCA containing
HCC in a male FAP patient was recently presented[14].
The germ-line mutation of the APC gene was examined in four cases, including our patient[10-12]. Bala et al[11]
suggested that inherited mutations in the APC gene between codon 1444 and 1578 significantly increase the risk
of developing extraintestinal tumors, including liver tumors. However, the other APC gene mutation occurred
at different codons in 3 cases[10,12], including the present
case (Table 1). Biallelic inactivation of the APC gene was
described in two cases[10,11] (Table 1). In the first case, loss
of the wild-type APC allele, which caused hemizygosity of the inherited mutation, was demonstrated[11]. A
somatic 4-bp insertion was detected at codon 1516 in
another case[10]. These findings suggest that the relationship between the APC gene anomaly and HCA is more
complicated than initially expected.
Recently, genotype/phenotype classifications of HCA
have drawn attention as a noticeable phenomenon from
the aspects of pathogenesis and pathological tumorigenesis[21-23]. In their reports, HCAs are classified into
four categories: (1) HCAs with mutations of the HNF1
gene (H-HCA, 35%-40%); (2) HCAs with mutations of
the β -catenin gene (β-HCA, 10%-15%); (3) inflammatory HCAs with mutation of the IL6ST gene (I-HCA,
40%-50%); and (4) HCAs without markers (unclassified
HCA, less than 5%-10%). Our patient showed no symptoms or signs of an inflammatory syndrome. Additionally,
the HCA in the present case morphologically lacked the
typical characteristics of I-HCA, such as inflammatory
infiltrates, sinusoidal dilatation and numerous thick arteries[21-23]. The β -catenin gene was supposed to be normal[24,25]
because β -catenin was immunohistochemically detected
only around the cytomembrane, without aberrant nuclear
and cytoplasmic staining distributed in random and heterogeneous patterns (Figure 3D). Thus, the tumor is not
β-HCA. In our case, histopathological characteristics of
the liver tumor were closely compatible for H-HCA (Figure
3B and C) since H-HCAs are pathologically characterized by marked lipid deposition in tumor cells without

DISCUSSION
HCA is usually found in healthy young women, especially those who use oral contraceptives for a long time.
More than 750 HCA cases have been reported since the
first report, showing a possible etiological association
between HCA and contraceptives[17]. Glycogen-storage
diseases, androgens, anabolic steroids, diabetes mellitus,
some drugs and pregnancy have been reported as other
causal factors for HCA[2-5]. However, the present patient
did not have any known exogenous or endogenous
pathogenic factors, except for FAP.
Patients with FAP can develop extracolonic lesions
such as desmoid tumors, adenomas and carcinomas of
the upper gastrointestinal tract[6]. An increased risk of
hepatic tumors, mainly hepatoblastoma and hepatocellular carcinoma[18-20], has also been shown in FAP patients.
Hepatoblastomas develop in young patients with FAP
at least 100 times more frequently than in the general
population[18]. Kurahashi et al[19] reported a biallelic mutation in the APC gene in hepatoblastoma developed in
a FAP patient showing a germline mutation in APC. In
fact, this patient’s son had hepatoblastoma at the age of
18 mo but the precise genetic information of hepatoblastoma has not been obtained.
Reported cases of HCAs arising in FAP patients are extremely rare. According to our literature review, only seven
cases, including our case, have been reported (Table 1)[5,10-14].
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cytological abnormalities or inflammatory infiltrates[21-23].
However, no HNF1 gene mutation was identified (data
not shown). Although this tumor may be categorized as
an unclassified HCA, further investigation of tumorigenesis is necessary[26].
In conclusion, we reported here a rare case of HCA
arising in a female FAP patient. Because of its rarity, the
pathogenesis of HCAs in patients with FAP remains
undefined. More cases should be examined to establish
the genetic alterations associated with benign hepatic tumorigenesis in FAP patients. Results may shed light on a
breakthrough for hepatocellular carcinogenesis[25].
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April 18-22, 2012
The International Liver Congress by
EASL
Barcelona, Spain

September 7-9, 2012
Viral Hepatitis Congress 2012
Macclesfield, United Kingdom

April 27-28, 2012
The European Society for Paediatric
Gastroenterology, Hepatology and
Nutrition
Stockholm, Sweden
May 16-19, 2012
International Liver Transplant
Society 18th Annual International
Congress 2012
San Francisco, CA, United States
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September 20-22, 2012
Prague Hepatology Meeting 2012
Prague, Czech Republic
September 20-22, 2012
1st World Congress on Controversies
in the Management of Viral Hepatitis
Prague, Czech Republic
October 18-20, 2012
2nd World Congress on
Controversies in the Management of
Viral Hepatitis
Berlin, Germany
November 9-13, 2012
AASLD - The Liver Meeting 2012
Boston, MA, United States
November 9-13, 2012
The Liver Meeting - 63rd Annual
Meeting and Postgraduate Course
of the American Association for the
Study of Liver Diseases
Boston, MA, United States

September 7-9, 2012
The Viral Hepatitis Congress
Frankfurt, Germany

November 14-18, 2012
4th World Congress of Pediatric
Gastroenterology, Hepatology and
Nutrition
Taipei, Taiwan, China

September 14-16, 2012
The International Liver Cancer
Association’s 6th Annual Conference
Berlin, Germany

December 26-28, 2012
International Conference on
Gastroenterology, Hepatology and
Nutrition
Bangkok, Thailand
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INSTRUCTIONS TO AUTHORS
Aims and scope

GENERAL INFORMATION

The major task of WJH is to rapidly report the most recent
results in basic and clinical research on hepatology, specifically
including autoimmune, cholestatic and biliary disease, cirrhosis
and its complications, liver biology/pathobiology, liver failure,
growth , liver failure/cirrhosis/portal hypertension, liver fibrosis,
hepatitis B and C virus infection, hepatocellular carcinoma, biliary
tract disease, transplantation, genetics, epidemiology, microbiology
and inflammatory disorders, molecular and cell biology, nutrition,
geriatric hepatology, pediatric hepatology, steatohepatitis and
metabolic liver disease, diagnosis and screening, endoscopy,
imaging and advanced technology.

World Journal of Hepatology (World J Hepatol, WJH, online ISSN
1948-5182, DOI: 10.4254), is a monthly, open access (OA), peerreviewed journal supported by an editorial board of 573 experts
in hepatology from 46 countries.
The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle that
traditional journals possess and usually delays the speed of the
propagation and communication of scientific research results.
Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between
scientists and the public. As we all know, the significance of the
publication of scientific articles lies not only in disseminating
and communicating innovative scientific achievements and
academic views, as well as promoting the application of scientific
achievements, but also in formally recognizing the “priority” and
“copyright” of innovative achievements published, as well as
evaluating research performance and academic levels. So, to realize
these desired attributes of WJH and create a well-recognized
journal, the following four types of personal benefits should be
maximized. The maximization of personal benefits refers to the
pursuit of the maximum personal benefits in a well-considered
optimal manner without violation of the laws, ethical rules and the
benefits of others. (1) Maximization of the benefits of editorial
board members: The primary task of editorial board members
is to give a peer review of an unpublished scientific article via
online office system to evaluate its innovativeness, scientific and
practical values and determine whether it should be published or
not. During peer review, editorial board members can also obtain
cutting-edge information in that field at first hand. As leaders
in their field, they have priority to be invited to write articles
and publish commentary articles. We will put peer reviewers’
names and affiliations along with the article they reviewed in the
journal to acknowledge their contribution; (2) Maximization of
the benefits of authors: Since WJH is an open-access journal,
readers around the world can immediately download and read,
free of charge, high-quality, peer-reviewed articles from WJH
official website, thereby realizing the goals and significance of
the communication between authors and peers as well as public
reading; (3) Maximization of the benefits of readers: Readers can
read or use, free of charge, high-quality peer-reviewed articles
without any limits, and cite the arguments, viewpoints, concepts,
theories, methods, results, conclusion or facts and data of
pertinent literature so as to validate the innovativeness, scientific
and practical values of their own research achievements, thus
ensuring that their articles have novel arguments or viewpoints,
solid evidence and correct conclusion; and (4) Maximization
of the benefits of employees: It is an iron law that a first-class
journal is unable to exist without first-class editors, and only firstclass editors can create a first-class academic journal. We insist on
strengthening our team cultivation and construction so that every
employee, in an open, fair and transparent environment, could
contribute their wisdom to edit and publish high-quality articles,
thereby realizing the maximization of the personal benefits of
editorial board members, authors and readers, and yielding the
greatest social and economic benefits.
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Columns

The columns in the issues of WJH will include: (1) Editorial: To
introduce and comment on major advances and developments
in the field; (2) Frontier: To review representative achievements,
comment on the state of current research, and propose directions
for future research; (3) Topic Highlight: This column consists of
three formats, including (A) 10 invited review articles on a hot
topic, (B) a commentary on common issues of this hot topic, and
(C) a commentary on the 10 individual articles; (4) Observation:
To update the development of old and new questions, highlight
unsolved problems, and provide strategies on how to solve the
questions; (5) Guidelines for Basic Research: To provide guidelines
for basic research; (6) Guidelines for Clinical Practice: To provide
guidelines for clinical diagnosis and treatment; (7) Review: To
review systemically progress and unresolved problems in the field,
comment on the state of current research, and make suggestions
for future work; (8) Original Article: To report innovative and
original findings in hepatology; (9) Brief Article: To briefly
report the novel and innovative findings in hepatology; (10) Case
Report: To report a rare or typical case; (11) Letters to the Editor:
To discuss and make reply to the contributions published in
WJH, or to introduce and comment on a controversial issue of
general interest; (12) Book Reviews: To introduce and comment
on quality monographs of hepatology; and (13) Guidelines: To
introduce consensuses and guidelines reached by international and
national academic authorities worldwide on basic research and
clinical practice in hepatology.
Name of journal
World Journal of Hepatology

ISSN
ISSN 1948-5182 (online)
Editor-in-Chief
Masatoshi Kudo, MD, PhD, Professor, Department of
Gastroenterology and Hepatology, Kinki University School
of Medicine, 377-2, Ohno-Higashi, Osaka-Sayama, 589-8511,
Osaka, Japan
Editorial office
World Journal of Hepatology
Editorial Department: Room 903, Building D,
Ocean International Center,
No. 62 Dongsihuan Zhonglu,
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Clinical Trials; UK Medicines Research Council Guidelines
for Good Clinical Practice in Clinical Trials) and/or the World
Medical Association Declaration of Helsinki. Generally, we
suggest authors follow the lead investigator’s national standard.
If doubt exists whether the research was conducted in accordance
with the above standards, the authors must explain the rationale
for their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved
by the relevant research ethics committee or institutional review
board. If human participants were involved, manuscripts must
be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that
appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

Indexed and abstracted in
PubMed Central, PubMed, Digital Object Identifier, and Direc
tory of OA Journals.
Published by
Baishideng Publishing Group Co., Limited

SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of
the authors except where indicated otherwise.
Biostatistical editing
Statisital review is performed after peer review. We invite
an expert in Biomedical Statistics to evaluate the statistical
method used in the paper, including t-test (group or paired
comparisons), chi-squared test, Ridit, probit, logit, regression
(linear, curvilinear, or stepwise), correlation, analysis of variance,
analysis of covariance, etc. The reviewing points include: (1)
Statistical methods should be described when they are used
to verify the results; (2) Whether the statistical techniques are
suitable or correct; (3) Only homogeneous data can be averaged.
Standard deviations are preferred to standard errors. Give the
number of observations and subjects (n). Losses in observations,
such as drop-outs from the study should be reported; (4) Values
such as ED50, LD50, IC50 should have their 95% confidence
limits calculated and compared by weighted probit analysis
(Bliss and Finney); and (5) The word ‘significantly’ should be
replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Bo
ok Antiqua with ample margins. Number all pages conse
cutively, and start each of the following sections on a new
page: Title Page, Abstract, Introduction, Materials and Me
thods, Results, Discussion, Acknowledgements, References,
Tables, Figures, and Figure Legends. Neither the editors nor
the publisher are responsible for the opinions expressed by
contributors. Manuscripts formally accepted for publication
become the permanent property of Baishideng Publishing
Group Co., Limited, and may not be reproduced by any means,
in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copyedit and put onto our website accepted manuscripts. Authors
should follow the relevant guidelines for the care and use
of laboratory animals of their institution or national animal
welfare committee. For the sake of transparency in regard to
the performance and reporting of clinical trials, we endorse
the policy of the International Committee of Medical Journal
Editors to refuse to publish papers on clinical trial results if
the trial was not recorded in a publicly-accessible registry at its
outset. The only register now available, to our knowledge, is
http://www. clinicaltrials.gov sponsored by the United States
National Library of Medicine and we encourage all potential
contributors to register with it. However, in the case that other
registers become available you will be duly notified. A letter of
recommendation from each author’s organization should be
provided with the contributed article to ensure the privacy and
secrecy of research is protected.
Authors should retain one copy of the text, tables, ph
otographs and illustrations because rejected manuscripts will
not be returned to the author(s) and the editors will not be
responsible for loss or damage to photographs and illustrations
sustained during mailing.

Conflict-of-interest statement
In the interests of transparency and to help reviewers assess
any potential bias, WJH requires authors of all papers to
declare any competing commercial, personal, political, in
tellectual, or religious interestsin relation to the submitted work.
Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Con
siderations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board mem
ber for [names of organizations], and has received research fun
ding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual]
owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wjgnet.com/1948-5182/
g_info_20100316080002.htm) before attempting to submit
online. For assistance, authors encountering problems
with the Online Submission System may send an email
describing the problem to wjh@wjgnet.com, or by telephone:
+86-10-85381892. If you submit your manuscript online, do not
make a postal contribution. Repeated online submission for the
same manuscript is strictly prohibited.

Statement of informed consent
Manuscripts should contain a statement to the effect that all
human studies have been reviewed by the appropriate ethics
committee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under study
should be omitted. Authors should also draw attention to the
Code of Ethics of the World Medical Association (Declaration
of Helsinki, 1964, as revised in 2004).
Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should comform
to Good Clinical Practice (for example, US Food and Drug
Administration Good Clinical Practice in FDA-Regulated
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MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must
be submitted using word-processing software. All submissions
must be typed in 1.5 line spacing and 12 pt. Book Antiqua with
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ample margins. Style should conform to our house format.
Required information for each of the manuscript sections is as
follows:

Province, China; and Professor Anren Kuang, Department of
Nuclear Medicine, Huaxi Hospital, Sichuan University, Chengdu,
Sichuan Province, China.

Title page
Title: Title should be less than 12 words.

Abstract
There are unstructured abstracts (no less than 256 words)
and structured abstracts (no less than 480). The specific re
quirements for structured abstracts are as follows:
An informative, structured abstracts of no less than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/…; MATERIALS AND METHODS (no less than 140
words); RESULTS (no less than 294 words): You should present
P values where appropriate and must provide relevant data to
illustrate how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67,
P < 0.001; CONCLUSION (no more than 26 words).

Running title: A short running title of less than 6 words
should be provided.
Authorship: Authorship credit should be in accordance with
the standard proposed by International Committee of Me
dical Journal Editors, based on (1) substantial contributions
to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it
critically for important intellectual content; and (3) final approval
of the version to be published. Authors should meet conditions 1,
2, and 3.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

Institution: Author names should be given first, then the
complete name of institution, city, province and postcode. For
example, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions, for
example, George Sgourakis, Department of General, Visceral,
and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece

Text
For articles of these sections, original articles, rapid commu
nication and case reports, the main text should be structured
into the following sections: INTRODUCTION, MATERIALS
AND METHODS, RESULTS and DISCUSSION, and
should include appropriate Figures and Tables. Data should be
presented in the main text or in Figures and Tables, but not in
both. The main text format of these sections, editorial, topic
highlight, case report, letters to the editors, can be found at:
http://www.wjgnet.com/1948-5182/g_info_list.htm.

Author contributions: The format of this section should
be: Author contributions: Wang CL and Liang L contributed
equally to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong
F and Wu XM designed the research; Wang CL, Zou CC,
Hong F and Wu XM performed the research; Xue JZ and Lu
JR contributed new reagents/analytic tools; Wang CL, Liang L
and Fu JF analyzed the data; and Wang CL, Liang L and Fu JF
wrote the paper.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should
be used rather than magnification factors, with the length
of the bar defined in the legend rather than on the bar
itself. File names should identify the figure and panel. Avoid
layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the printed and E-versions.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g., Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should
be provided. Author names should be given first, then author
title, affiliation, the complete name of institution, city, postcode,
province, country, and email. All the letters in the email should be
in lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu
Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-85381892 Fax: +86-10-85381893

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in
WJH, reviewers of accepted manuscripts will be announced
by publishing the name, title/position and institution of the
reviewer in the footnote accompanying the printed article. For
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute
of Digestive Disease, Shanghai, Affiliated Renji Hospital,
Medical Faculty, Shanghai Jiaotong University, Shanghai, China;
Professor Xin-Wei Han, Department of Radiology, The First
Affiliated Hospital, Zhengzhou University, Zhengzhou, Henan
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Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP <
0.01 are used. A third series of P values can be expressed as eP
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In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hy
pertension, insulin, and proinsulin in participants with
impaired glucose tolerance. Hypertension 2002; 40: 679-686
[PMID: 12411462 PMCID:2516377 DOI:10.1161/01.
HYP.0000035706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar
RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. J Urol 2003; 169: 2257-2261 [PMID: 12771764
DOI:10.1097/01.ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail.
BMJ 2002; 325: 184 [PMID: 12142303 DOI:10.1136/
bmj.325.7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan.
Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

< 0.05 and fP < 0.01. Other notes in tables or under illustrations
should be expressed as 1F, 2F, 3F; or sometimes as other symbols
with a superscript (Arabic numerals) in the upper left corner. In
a multi-curve illustration, each curve should be labeled with ●, ○,
■, □, ▲, △, etc., in a certain sequence.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/
or illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals
according to the citation order in the text. Put reference nu
mbers in square brackets in superscript at the end of citation
content or after the cited author’s name. For citation content
which is part of the narration, the coding number and square
brackets should be typeset normally. For example, “Crohn’
s disease (CD) is associated with increased intestinal per
meability[1,2]”. If references are cited directly in the text, they
should be put together within the text, for example, “From
references[19,22-24], we know that...”
When the authors write the references, please ensure that
the order in text is the same as in the references section, and
also ensure the spelling accuracy of the first author’s name. Do
not list the same citation twice.
PMID and DOI
Pleased provide PubMed citation numbers to the reference
list, e.g. PMID and DOI, which can be found at http://www.
ncbi.nlm.nih.gov/sites/entrez?db=pubmed and http://www.
crossref.org/SimpleTextQuery/, respectively. The numbers will
be used in E-version of this journal.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tu
mours V. Proceedings of the 5th Germ cell tumours Con
ference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza's compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors.
Genetic programming. EuroGP 2002: Proceedings of the
5th European Conference on Genetic Programming; 2002
Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious di
seases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cdc.gov/ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., ass
ignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is
abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of
the cited article and italicized journal title (journal title should
be in its abbreviated form as shown in PubMed), publication
date, volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number.
Publication place: Publication press, Year: start page and end page.
Format
Journals
English journal article (list all authors and include the PMID where
applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World
J Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224
DOI: 10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where
applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
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Statistical data
Write as mean ± SD or mean ± SE.
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Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square
test as χ2 (in Greek), related coefficient as r (in italics), degree
of freedom as υ (in Greek), sample number as n (in italics),
and probability as P (in italics).

Book reviews: http://www.wjgnet.com/1948-5182/g_info_2010
0315105017.htm
Guidelines: http://www.wjgnet.com/1948-5182/g_info_2010
0315105107.htm

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) =
96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L;
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc.
Arabic numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1948-5182/
g_info_20100107115140.htm.

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies
of WJH. The revised version including manuscript and highresolution image figures (if any) should be re-submitted online

(http://www.wjgnet.com/1948-5182office/). The author should
send the copyright transfer letter, responses to the reviewers,
English language Grade B certificate (for non-native speakers of
English) and final manuscript checklist to wjh@wjgnet.com.

Language evaluation
The language of a manuscript will be graded before it is
sent for revision. (1) Grade A: priority publishing; (2) Grade
B: minor language polishing; (3) Grade C: a great deal of
language polishing needed; and (4) Grade D: rejected. Revised
articles should reach Grade A or B.

Abbreviations
Standard abbreviations should be defined in the abstract and
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