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The aim of this study was to evaluate and compare the Child-Turcotte-Pugh (CTP)
classification system and the model for end-stage liver disease (MELD) score in predicting
the severity of the systemic inflammatory response in living-donor liver transplantation
patients. Recipients of liver graft were allocated to a recipient group (n = 39) and healthy
donors to a donor group (n = 42). The association between the CTP classification, the
MELD scores and perioperative cytokine concentrations in the recipient group was
evaluated. The pro-inflammatory cytokines measured included interleukin (I)-1B, IL-6,
and tumor necrosis factor (TNF)-a; the anti-inflammatory cytokines measured included IL-
10 and IL-4. Cytokine concentrations were quantified using sandwich enzyme-linked
immunoassays. The IL-6, TNF-a,, and IL-10 concentrations in the recipient group were
significantly higher than those in healthy donor group patients. All preoperative cytokine

levels, except IL-6, increased in relation to the severity of liver disease, as measured by the
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CTP classification. Additionally, all cytokine levels, except IL-6, were significantly correlated
preoperatively with MELD scores. However, the correlations diminished during the
intraoperative period. The CTP classification and the MELD score are equally reliable in
predicting the severity of the systemic inflammatory response, but only during the
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INTRODUCTION

Both the Child-Turcotte-Pugh (CTP) classification and the mod-
el for end-stage liver disease (MELD) score are used as general
indicators of the severity of liver failure in patients with end-stage
liver disease. Many studies have been conducted to evaluate
which of the two indicators is more reliable. The studies have
focused on the indicators’ reliability for establishing priority for
liver transplantations (1, 2), evaluating health-related quality of
life and predicting mortality (3-5), predicting survival after liver
transplantation or hepatic resection (1, 6-9), and predicting prog-
noses regarding other liver diseases, such as cirrhosis, carcino-
ma, and hepatitis (10-13).

Studies have shown that cytokine concentrations in patients
undergoing liver transplantations can be used to predict the graft
prognosis (14-17). This suggests that the CTP classification or
the MELD score may be useful in assessing the degree of sys-
temic inflammatory reaction in liver transplantation patients
by measuring cytokine concentrations. However, comparison
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of the ability to predict the severity of the systemic inflammato-
ry response by immunological reaction between the CTP clas-
sification and the MELD score has not been prospectively eval-
uated.

In this study, we investigated the usefulness of the CTP clas-
sification and the MELD score in assessing the degree of system-
ic inflammatory reaction in patients undergoing liver transplan-
tation and compared the reliability of the two indicators.

MATERIALS AND METHODS

This prospective study was conducted in a cohort of living-do-
nor liver transplantation (LDLT) donors and recipients with liv-
er cirrhosis between January and December 2008. Patients with
a history of abdominal surgery, those with an unstable preop-
erative cardiovascular status, those with severe hypoxemia due
to acute respiratory distress syndrome (ARDS) or hepatopulmo-
nary syndrome (HPS), those who had evidence of infection oth-
er than viral hepatitis, those who required intraoperative veno-
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veno bypass or hemodialysis and minors (less than 18 yr old)
were excluded. Healthy donors were allocated to a donor group,
and the recipients with liver cirrhosis were assigned to a recipi-
ent group.

The CTP classification and the MELD scores of the patients
in the recipient group were assessed at preoperative visits, based
on the most recent laboratory data. The CTP scores were calcu-
lated using levels of prothrombin time, albumin, bilirubin, and
clinical ascites and encephalopathy findings and stratified as
class A (5-6), B (7-9) or C (10-15) (18). The MELD scores were
assessed using three individual factors that affect the liver trans-
plant prognosis: serum total bilirubin, serum creatinine, and the
prothrombin time-international normalized ratio (PT-INR); the
values were applied to a multivariate regression model (MELD
Score = 9.57 x log[creatinine mg/dL] + 3.78 x log.[bilirubin
mg/dL] + 11.20 x log[INR] +0.643) (19).

A right lobe hepatectomy was performed on the LDLT donor
patients and transplanted into the recipients. Liver allografts
were preserved in University of Wisconsin solution. None of the
patients received veno-veno bypass or temporary portocaval
anastomosis. After general anesthesia was induced, a 20-gauge
angiocatheter was inserted into the right radial artery and 10 mL
of fresh blood was collected for the preoperative serum cytokine
level analysis. In the recipients, additional blood samples were
collected at 60-min after the start of the anhepatic stage (inferior
vena cava is clamped above and below the liver, as are the he-
patic artery, portal vein, and common bile duct) and at 60-min
post-reperfusion. Blood samples were delivered to the labora-
tory in a test tube, which was preserved in an ice-filled contain-
er and centrifuged (1,300 rpm, 5 min, 4°C). The separated serum
was frozen at -70°C.

The pro-inflammatory cytokines measured included tumour
necrosis factor (TNF)-q, interleukin (IL)-1f and IL-6; the anti-
inflammatory cytokines included IL-4 and IL-10. Cytokines were
quantified using commercial sandwich enzyme-linked immu-
noassay kits (Quantikine; R&D Systems, Minneapolis, MN, USA).

Parametric data are presented as means + SD, and nonpara-
metric data are presented as medians with quartiles. The SAS
software (ver. 8.02; SAS, Inc., Cary, NC, USA) was used for statis-

Table 1. The patient characteristics

Donor group
(n=42)

Not applicable
Not applicable

Recipient group
(n=139)

6/13/20 (A/B/C)

Parameters

CTP classification
Underlying Disease

Cirrhotic viral hepatitis 29
Cirrhotic alcoholic hepatitis 10
Age (yr) 33.3(4.6) 48.7 (7.8)
Body Weight (kg) 69.8 (7.4) 63.9 (6.9)
Height (cm) 172.4 (9.4) 167.0 (11.2)
Sex (M/F) 36/6 23/16

Values are given as mean (SD) or absolute numbers. CTP, Child-Turcotte-Pugh; A, B,
C, CTP classification.
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tical analyses. Based on data from a pilot study, the expected
correlation coefficient for preoperative MELD scores and the
cytokine concentrations was 0.45. A sample size of 36 patients in
each group was required to achieve a power of 80% with an alpha
error of 0.05. To compensate for potential dropouts, we enrolled
43 patients in each group. The Mann-Whitney rank-sum test was
used to compare cytokine levels between the two groups, and
the Friedman test was used to compare the intra-operative cyto-
kine concentrations according to the CTP classification. The im-
pact of the CTP score and the MELD score on the cytokine levels
was evaluated with Spearman’s rank correlation coefficient. P
values < 0.05 were considered to indicate statistical signifi-
cance in all analyses.

Ethics statements

The study was approved by the institutional review board of the
Seoul St. Mary’s Hospital (number: KCMC070T268) and regis-
tered with CRiS (identification number: KCT0000038). It com-
plies with the standards of Declaration of Helsinki. Written in-
formed consent was provided by each patient prior to partici-
pation in the study.

RESULTS

In total, 86 patients were recruited for the study but 5 were ex-
cluded based on the exclusion criteria. One patient in each group
declined to participate in the study and 3 patients in the recipi-
ent group showed preoperative cardiovascular instability or se-
vere hypoxemia, so data from 81 patients were finally analyzed.
In the recipient group, 29 patients were diagnosed with cirrhot-
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Fig. 1. Comparison of preoperative cytokine concentrations between groups. The box
plots show the median (line in the middle of the box), interquartile range (box), and
10th and 90th percentiles (whiskers). *P < 0.05 versus donor group.
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Table 2. Comparison of cytokine concentrations among Child-Turcotte-Pugh classification

Stages Cytokines Criteria A Criteria B Criteria C P value
Preoperative IL-1B 7.48 (1.87,10.17) 4.94 (3.79,9.34) 11.87 (7.94, 38.46) 0.002
IL-6 7.09 (1.66, 11.02) 3.77 (1.89, 4.65) 9.62 (2.00, 33.72) 0.457
TNF-a. 10.39 (8.17,14.88) 27.10(10.97,50.67) 40.00 (24.68, 67.33) 0.007
IL-10 0.58 (0.27,1.52) 2.89(1.13,5.47) 4,21 (1,50, 15.58) 0.001
IL-4 0.05 (0.05, 0.46) 1.99 (0.05, 24.89) 25.15(7.02, 67.53) < 0.001
Anhepatic IL-1B 20.28 (5.88, 35.61) 6.23 (2.40, 27.20) 13.09 (3.68, 72.70) 0.670
IL-6 97.69 (53.25, 330.41) 408.23 (145.84, 1104.03) 179.37 (63.79, 450.44) 0.139
TNF-a 17.43 (15.71,17.84) 20.70 (7.40, 58.33) 46.83 (24.54,100.59) 0.010
IL-10 116.46 (41.27,210.72) 103.35 (19.17, 224.03) 117.90 (60.18, 229,43) 0.964
IL-4 0.94 (0.05, 6.42) 11.42 (2.62, 22.09) 40.82 (13.46,83.58) 0.001
Neohepatic IL-1B8 4.81(3.83,84.17) 5.75(3.14,31.95) 13.48 (3.00, 58.13) 0.994
IL-6 52.82 (37.64, 58.18) 432.89 (148.02, 597.31) 107.01 (43.34, 279.21) 0.001
TNF-a 50.42 (18.25, 55.20) 54.22 (18.61,67.42) 57.34 (52.58, 67.83) 0.296
IL-10 203.17 (90.91, 311.48) 141.88 (94.62, 323.24) 117.90 (60.18, 229.43) 0.300
IL-4 1.08 (0.46, 4.39) 5.64 (0.87,14.48) 18.34 (7.28, 40.75) 0.005

Values are median (inter-quartile). All cytokines concentrations are pg/mL in value. Preoperative, after induction of anesthesia; Anhepatic, 60 min after the start of anhepatic
stage; Neohepatic, 60 min after reperfusion; Criteria A, B, C, Child-Turcotte-Pugh classifications.

Table 3. Correlations of CTP scores with concentrations of various cytokines

Table 4. Correlations of MELD scores with concentrations of various cytokines

Stages Scores IL-1B IL-6 INF-a  IL-10 IL-4 Stages Scores IL-1B IL-6 INF-o  IL-10 IL-4
Preoperative  Spearman’s  0.491 0.208  0.397  0.407 0.552 Preoperative ~ Spearman’s  0.374 0.322 0.453 0.559 0.714
Coefficient Coefficient
Pvalue 0.002 0.202 0.013 0010 <0.001 Pvalue 0.023 0.052 0.005 <0.001 <0.001
Anhepatic Spearman’s  0.001 0.071 0.302 0.016 0.421 Anhepatic Spearman’s  0.060 0.019  0.409 0.113 0.576
Coefficient Coefficient
Pvalue 0993  0.681 0.073  0.923 0.011 Pvalue 0.721 0.909 0.012 0.505 < 0.001
Neohepatic ~ Spearman’s  0.056  0.05 0.269 -0.072 0.389 Neohepatic ~ Spearman’s ~ 0.092 0.070 0.334 0.040 0.644
Coefficient Coefficient
Pvalue 0.739 0767 0.106  0.67 0.017 Pvalue 0.584 0.680 0.0437 0.815 < 0.001

Preoperative, after induction of anesthesia; Anhepatic, 60 min after the start of anhe-
patic stage; Neohepatic, 60 min after reperfusion.

ic viral hepatitis, and 10 were diagnosed with cirrhotic alcoholic
hepatitis. Patient characteristics are shown in Table 1.

The IL-6, TNF-a, and IL-10 concentrations in the recipient
group were significantly higher than those in healthy donor
group patients (Fig. 1). Preoperative concentrations of cytokines,
except IL-6, were higher in patients with CTP classifications in-
dicating increased severity of liver disease. During the periop-
erative period, the correlation between the cytokines and the
severity of liver disease diminished. However, TNF-o and IL-4
concentrations during the anhepatic stage and the IL-6 and IL-4
concentrations during the neohepatic stage (post-reperfusion)
were significantly higher in patients with severe liver disease
(Table 2). All of the cytokine concentrations, except IL-6, were
significantly correlated with the CTP scores and the MELD scores
preoperatively. The correlations diminished during the surgery,
although TNF-a and IL-4 concentrations continued to be cor-
related with the MELD scores (Tables 3, 4).

DISCUSSION

Our results show that both the CTP classification and the MELD
score, indicators of the severity of liver disease, are valid tools

http://dx.doi.org/10.3346/jkms.2011.26.10.1333

Preoperative, after induction of anesthesia; Anhepatic, 60 min after the start of anhe-
patic stage; Neohepatic, 60 min after reperfusion.

for predicting the severity of the systemic inflammatory reaction
in patients with liver cirrhosis who underwent living-donor liver
transplantation. Perioperative secretion of cytokines in patients
undergoing liver transplantation is closely related to the graft
prognosis. Boros et al. (14), found that IL-1, IL 6, and IL-8 con-
centrations in the hepatic vein at the time of reperfusion were
higher in patients who suffered poor postoperative graft func-
tion, and Hassan et al. (15) reported that plasma concentrations
of IL-6 and IL-10 might be useful as predictive indicators for post-
operative complications in liver transplant recipients. Mueller
et al. (16) also reported that several cytokines secreted during
liver transplantation, including IL-2, were correlated with post-
operative graft function. The proposed mechanism is excessive
secretion of cytokines, promoting graft inflammation, resulting
in a loss of graft function (17). Thus, it seems likely that the CTP
classification or the MELD score, which are used to predict sur-
vival after liver transplantation, may also be useful in estimating
the severity of the systemic inflammatory reaction, which is mea-
sured in terms of plasma cytokine concentrations. In this study,
we evaluated perioperative cytokine concentrations according
to the CTP classification and the MELD score of the patient and
then analyzed which indicator was more closely related to cyto-
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kine concentrations. Before surgery, the concentrations of all of
the cytokines measured, except IL-6, were higher in patients with
more severe liver disease, as classified according to the CTP clas-
sification and the MELD score. This indicates that severity of the
systemic inflammatory reaction before liver transplantation can
be estimated with equal reliability using the CTP classification
and the MELD score.

Both the CTP classification and the MELD score have been
used to prioritize patients for orthotopic liver transplantation
and to evaluate pre-transplantation health related quality of life,
as well as to predict post-transplantation mortality. Although
they are both used as indicators of patient prognosis, there is
controversy regarding which is the more reliable indicator. The
controversy stems from differences in underlying diseases, re-
search centers, and research methods. This study shows that in
both the CTP classification and the MELD scoring system, a poor
prognosis was associated with higher preoperative cytokine con-
centrations, which suggests that both rating systems are useful
for predicting the severity of the systemic inflammatory response
in patients with end-stage liver disease. This result is consistent
with those of Boin et al. (2), Said et al. (5), and Mishra et al. (20),
who suggested that both the CTP classification system and the
MELD scores were equivalent for determining the outcome of
patients suffering from chronic liver disease.

The reason both the CTP classification and the MELD score
are equivalent in estimating the severity of the preoperative sys-
temic inflammatory response is that the factors constituting the
CTP classification and the MELD score are closely related to the
clinical and laboratory findings in patients with systemic inflam-
matory response syndrome (SIRS) or sepsis. Cazzaniga et al. (21)
demonstrated that the prevalence and in hospital outcome of
SIRS in patients with cirrhosis were correlated with high serum
bilirubin levels, high PT-INR, and high serum creatinine levels,
all of which are constituent factors for the MELD scores and two
of which contribute to the CTP classification. Also, SIRS media-
tors may exacerbate the neuropsychological effects of hyperam-
monemia in cirrhosis (22). Additionally, bacterial translocation,
the main bacterial entry route into the cirrhotic host, was signif-
icantly increased in Child C patients (31%), compared with Child
B (8%) and Child A (3%) patients (23). Thus, we can conclude
that the systemic inflammatory response that occurs in end-stage
liver disease patients may result in a more severe preoperative
CTP classification and MELD score.

During the intraoperative period, the relationship between
the CTP classification or the MELD score and the cytokine lev-
els diminished or disappeared. Cytokine level trends during sur-
gery were different from those during the preoperative period.
Although IL-4 levels were closely correlated with the CTP clas-
sification, the CTP score, and the MELD score throughout the
surgery, other cytokine levels were not. TNF-a levels had a sig-
nificant correlation with the MELD scores during the anhepatic
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and neohepatic stage, but not with the CTP score during any
stage. IL-6 concentrations were closely related to the CTP clas-
sifications during the neohepatic stage, but not with the CTP or
the MELD scores during any stage. Thus, it appears that the cor-
relation of cytokine levels with the liver disease indicators varied
according to the time of measurement during the surgery, not
because of differences between the indicators themselves. This
is supported by the fact that the CTP classification, the CTP score,
and the MELD score had statistically similar correlations with the
concentration of each cytokine in preoperative measurements.
That is, the main factor impacting cytokine secretions during
surgery is surgical stress from extensive tissue injury, clamping
of great vessels, deterioration of acid-base balance, massive bleed-
ing and transfusion, and severe hemodynamic instability.

This study had both a controlled and prospective design, and
we excluded patients with a history of abdominal surgery, those
with an unstable preoperative cardiopulmonary status, and those
who were under veno-veno bypass or hemodialysis during sur-
gery. Furthermore, the underlying disease caused liver failure
was confined to the cirrhotic hepatitis. These allowed us to re-
move several important factors other than the preoperative CTP
classification and MELD score that may have impacted the se-
verity of the systemic inflammatory response.

Plasma concentrations of IL-6, TNF-o. and IL-10 were signifi-
cantly higher in patients with liver failure than in healthy sub-
jects (donors), confirming the difference in the stress response
between the two groups. This stress is the result of dysfunction
in multiple organs, including the liver, as well as systemic inflam-
mation. Measuring plasma cytokine levels is a way to indirectly
determine the degree of inflammation and stress in a patient
with liver failure. However, the difference in cytokine concen-
trations between healthy subjects and patients with liver failure
seen in this study may not be a true reflection of disease severi-
ty, because blood samples were collected in the operating room
after the induction of anesthesia. Drugs administered to induce
and maintain anesthesia, the response to tracheal intubation,
and a patient’s preoperative anxiety could be stress factors that
interfere with assessing the influence of end-stage liver disease
on cytokine concentrations. Reports that anesthesia itself has an
impact on the immune response support this (24-26). Neverthe-
less, the study showed clear differences in the cytokine concen-
trations between donor and recipient groups and factors asso-
ciated with anesthesia should have affected both groups equal-
ly. Thus, we conclude that differences in the cytokine concen-
trations were a reflection of the severity of liver disease.

In conclusion, the plasma levels of cytokines in patients with
liver failure increase according to the severity of liver disease, as
indicated by the CTP classification and the MELD scores, but
they were less correlated during the intraoperative period. The
severity of the systemic inflammatory reaction prior to liver trans-
plantation is estimated with equal reliability using the CTP clas-

http://dx.doi.org/10.3346/jkms.2011.26.10.1333
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sification and the MELD score. The results of this study provide
another application of the CTP classification and the MELD
scores.
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We investigated the usefulness of the Child-Turcotte-Pugh (CTP) classification and the model for end-stage liver disease (MELD)
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in patients with liver failure showed correlation with the severity of liver disease. However, the correlations diminished during the
intraoperative period. The severity of the systemic inflammatory reaction prior to liver transplantation was estimated with equal
reliability using the CTP classification and the MELD score. This study provide another application of the CTP classification and the
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