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Background: The allocation policy for deceased donor livers in Korea was changed in June
2016 from Child-Turcotte-Pugh (CTP) scoring system-based to Model for End-stage Liver Dis-
ease (MELD) scoring system-based. Thus, it is necessary to review the effect of allocation
policy changes on anesthetic management.

Methods: Medical records of deceased donor liver transplantation (DDLT) from December
2014 to May 2017 were reviewed. We compared the perioperative parameters before and
after the change in allocation policy.

Results: Thirty-seven patients underwent DDLT from December 2014 to May 2016 (CTP
group), and 42 patients underwent DDLT from June 2016 to May 2017 (MELD group). The
MELD score was significantly higher in the MELD group than in the CTP group (36.5 + 4.6
vs. 26.5 £ 9.4, P < 0.001). The incidence of hepatorenal syndrome was higher in the MELD
group than in the CTP group (26 vs. 7, P < 0.001). Packed red blood cell transfusion oc-
curred more frequently in the MELD group than in the CTP group (5.0 £ 3.6 units vs. 3.4
2.2 units, P = 0.025). However, intraoperative bleeding, vasopressor support, and postoper-
ative outcomes were not different between the two groups.
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Conclusions: Even though the patient’s objective condition deteriorated, perioperative pa-
rameters did not change significantly.
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INTRODUCTION

Since establishment of the Korean Network for Organ
Sharing (KONOS) in 2000, allocation of deceased donor
livers had been performed according to patient status us-
ing Child-Turcotte-Pugh (CTP) score [1]. This system is
based on that of the United Network for Organ Sharing
(UNOS). Since 2002, UNOS has maintained an allocation
policy that relies on Model for End-stage Liver Disease

(MELD) score, and this practice has been adopted in many
countries to distribute deceased donor livers [2,3]. After
several years of research and simulation, the allocation
policy based on MELD score was implemented in Korea in
June 2016 [3].

Although debates remain on the association between
MELD score and surgical outcomes, the MELD score-
based allocation policy has led to a reduction in the num-

ber of new registrations on waiting lists, lower mortality,
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shorter listing time, and an increase in the number of liver
transplantation (LT) without altering the overall graft and
patient survival rates after LT. As prioritization of recipients
has switched from time on the waiting list to the principle
of “sickest first’, the medical severity of recipient status has
increased [4,5]. Obviously, MELD score-based allocation
brings sicker patients to the operating room, and anesthet-
ic management of these patients might be more challeng-
ing. Therefore, it is necessary to review the effect of the al-
location policy change on anesthetic management of
transplant recipients.

The aim of the present study was to analyze and report
changes in patient status and anesthetic management be-
fore and after implementation of the MELD scoring system

at a single institution.

MATERIALS AND METHODS

After obtaining approval from the Institutional Review
Board (no. 2020-04-155), we retrospectively investigated
adult patients who underwent deceased donor liver trans-
plantation (DDLT) from September 2014 to May 2017. In-
cluded patients were divided into two groups according to
allocation policy. Multiple organ transplantation, pediatric
patients, and re-transplant cases were excluded. Thir-
ty-seven patients underwent transplantation before the
new allocation policy was adopted (CTP group) while 42
patients had surgery after the new allocation policy was
implemented (MELD group).

According to the overall surgical policy at our institution,
anastomosis of the liver graft was performed using a piggy-
back technique without a veno-venous bypass, and intra-
operative continuous renal replacement therapy (CRRT)
was not administered. A cell salvage device was used rou-
tinely during LT. Transfusion guidelines for the hospital
were hemoglobin 8 g/dl for packed red blood cells (RBCs),
hemoglobin 9 g/dl for cell salvage blood, prothrombin time
(PT) expressed as an international normalized ratio (INR)
3 for fresh frozen plasma (FFP), platelet count 30 K/pl for
platelet concentrate, and fibrinogen 80 mg/dl for cryopre-
cipitate.

Patient age, sex, MELD and CTP scores at the time of al-
location, prevalence of hepatorenal syndrome (HRS), pre-
operative use of CRRT, and primary liver disease were in-
vestigated. For intraoperative parameters, incidence of po-
tassium level > 4.5 mEq/L before reperfusion and base ex-
cess < -10 mEq/L during surgery, blood loss, transfusion
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amount, operation time, and maximal vasoactive-inotropic
score (VIS,,,,) were analyzed. Lengths of pre- and postop-
erative stays in intensive care units (ICU), postoperative
mechanical ventilation, and total hospital stay, along with
the one-year patient and graft survival rates were analyzed.
And the same parameters were analyzed by subdividing
each group into high (> 30) and low MELD scores (< 30).

The amount of intraoperative blood loss was calculated
using the concept of red cell mass (RCM). Lost RCM (ml) =
estimated blood volume (ml) x (preoperative hematocrit
in % - postoperative hematocrit in %) + (transfused packed
RBCs in units x 213 x 70%) + (transfused cell salvage
blood in ml x 55%) [6]. The VIS, was calculated using the
following equation:

VIS, = dopamine dose (pg/kg/min) + dobutamine
dose (pg/kg/min) + 100 x epinephrine (pg/kg/min) + 10 x
milrinone dose (pg/kg/min) + 10,000 x vasopressin dose
(U/kg/min) + 100 x norepinephrine dose (pug/kg/min) [7].

Continuous variables showing normality were analyzed
using Student ¢-test and are expressed as mean * standard
deviation. Continuous variables that did not show normal-
ity were analyzed using Mann-Whitney U test and are ex-
pressed as median (1Q, 3Q). Categorical variables were
presented as number and frequency and were compared
using chi-square test or Fisher’s exact test. For all analyses,
a P value < 0.05 was considered statistically significant.
Statistical analyses were performed using IBM SPSS Statis-
tics software, version 25.0 (IBM Co., Armonk, NY, USA).

RESULTS

Table 1 summarizes the demographic characteristics of
the patients. Although there was no difference in CTP score
between the two groups, the MELD score was significantly
higher in the MELD group than in the CTP group (36.5 *
4.6 vs. 26.5 £ 9.4, P < 0.001). The incidence of HRS also
was higher in the MELD group than in the CTP group (26
vs.7, P < 0.001).

Intraoperative profiles are summarized in Table 2. Al-
though preoperative hemoglobin concentration was not
different between the two groups, the amount of packed
RBC transfusion was higher in the MELD group than in the
CTP group (5.0 * 3.6 units vs. 3.4 £ 2.2 units, P = 0.025).
Only one case in the CTP group received transfusion-free
transplantation. The amount of blood loss, operation time,
and VIS

groups.

were not significantly different between the two
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Table 1. Demographic Characteristics of the Patients

Variable MELD group (n = 42) CTP group (n = 37) P value
Age (yr) 50.8 + 11.6 531+ 1.3 0.377
Sex (M/F) 30/12 22/15 0.177
MELD score 36.5 + 4.6 26.5 + 9.4 < 0.001
CTP score 112+ 18 10.7 £ 1.9 0.615
HRS 26 7 < 0.001
Preoperative CRRT 13 3 < 0.001
Primary liver disease
HBV-related 18 10
HCV-related 5 4
Alcohol-related 14 15
Others* 6 9

Values are presented as mean + SD or number. MELD: Model for End-stage Liver Disease, CTP: Child-Turcotte-Pugh, HRS: hepatorenal
syndrome, CRRT: continuous renal replacement therapy, HBV: hepatitis B virus, HCV: hepatitis C virus, NBNC: non-B, non-C, HCC: hepatocellular
carcinoma. *Others include NBNC liver cirrhosis or HCC or autoimmune, unknown etc.

Table 2. Intraoperative Profiles of the Patients

Variable MELD group (n = 42) CTP group (n = 37) P value
Lost RCM (ml) 1,573.9 + 1,400.1 1,472.2 + 879.8 0.708
Transfused blood products
Packed RBC (units) 5.0 *+ 3.6 34122 0.025
Fresh Frozen Plasma (units) 4(2,8) 4(2,6) 0.159
Platelet concentrate (units) 1(0,1) 1(0.25, 1) 0.133
Cryoprecipitate (units) 6 (0, 6) 6 (0, 6) 0.990
Cell Saver (ml) 985.5 (686.5, 1,438.8) 1,179.5 (552.3, 2,102.3) 0.682
Operation time (min) 399.4 + 925 388.9 + 61.7 0.566
VIS, o 380 % 14.1 335 * 14.3 0.170
Potassium > 4.5 mEq/L before reperfusion (%) 10 (23.8) 8(21.6) 0.823
Base excess < -10 mEq/L during LT (%) 20 (47.6) 14 (37.8) 0.381

Values are presented as mean + SD, median (1Q, 3Q), or number (%). MELD: Model for End-stage Liver Disease, CTP: Child-Turcotte-Pugh, RCM:

red cell mass, RBC: red blood cell, VIS,,: maximal vasoactive-inotropic score, LT: liver transplantation.

Table 3. Postoperative Profiles of the Patients

Variable MELD group (n = 42) CTP group (n = 37) P value
Preoperative ICU stay (d) 0 (0, 2.3) 0 (0, 2.8) 0.769
Postop ICU stay (d) 6(4,7.5) 6(5,7) 0.729
Postop MV (h) 36.9 + 37.1 29.7 £ 41.8 0.451
Total hospital stay (d) 25.5 (19, 42.8) 23(17.3, 33.5) 0.834
Graft loss 6 (14.3) 5(13.5) 0.841
Patient survival, 1 year (%) 75.0 73.7 0.810

Values are presented as median (1Q, 3Q), mean + SD, or number (%). MELD: Model for End-stage Liver Disease, CTP: Child-Turcotte-Pugh, ICU:

Intensive care unit, MV: mechanical ventilation.

Pre- and postoperative ICU stay, total hospital stay, and
patient and graft survival rates are presented in Table 3; no
variables showed significant difference between the two
groups.

In subgroup analysis, MELD score was significantly high-
er in the MELD group with score both < 30 (median value:
29vs.19.9 + 5.7, P = 0.005) and > 31 (median value: 40 vs.
36 * 2.3, P = 0.048). Patients with a MELD score less than
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30 numbered 5 patients in the MELD group while 22 in the
CTP group (Fig. 1). Length of postoperative ICU stay was
significantly shorter in the MELD group with low MELD
score compared to the CTP group with low MELD score
(median: 4 days vs. 5.5 days, P = 0.023). All other variables
showed no significant difference (Tables 4, 5).
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Fig. 1. Numbers of patients in the MELD group and the CTP group based on MELD score. MELD: Model for End-stage Liver Disease, CTP: Child-

Turcotte-Pugh.

Table 4. Perioperative Profiles of the Patients with Low MELD Score (< 30)
Variable MELD group (n = 5) CTP group (n = 22) P value
MELD score 29 (23.5, 30) 199 = 5.7 0.005
Lost RCM (ml) 1,424.7 (622.6, 1,756.6) 1,127.8 (739.3, 1,501.2) 0.880
Transfused blood products
Packed RBC (units) 5(3, 6) 2.5 (1, 4.3) 0.075
Fresh frozen plasma (units) 4(2,8) 4(2,6) 0.928
Platelet concentrate (units) 1(0,1) 1(0,1) 0.694
Cryoprecipitate (units) 0(0, 6) 4.5 (0, 6) 0.447
Cell saver (ml) 1,050 (754.5, 1,615) 1,105.5 (617.5, 1,688) 0.928
VIS o 2.4 (30.9, 54.9) 317 + 14.7 0.146
Postop ICU stay (d) 4(3,5) 5.5 (4.8, 6.3) 0.023
Total hospital stay (d) 22 (15.5, 25.5) 22.5(15.8, 40.3) 0.567
Graft loss 0(0) 3(13.6)
Patient survival, 1 year (%) 0 72.7

Values are presented as median (1Q, 3Q), mean + SD, or number (%). MELD: Model for End-stage Liver Disease, CTP: Child-Turcotte-Pugh, RCM:
red cell mass, RBC: red blood cell, VIS, ,,: maximal vasoactive-inotropic score, ICU: Intensive care unit.

DISCUSSION

The MELD score is calculated by three objective labora-
tory test results, while the CTP score includes subjective
variables such as ascites and hepatic encephalopathy. As
CTP score has limitations in reflecting medical severity of
patient condition and the subjective judgment of medical
staff may play a role, MELD score may be superior to CTP
score [4]. Indeed, there was a significant difference in
MELD score between the two groups in the present study,
while CTP score showed little difference.
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The numbers of patients with HRS and those undergoing
CRRT preoperatively were significantly higher in the MELD
group. Preoperative kidney dysfunction may complicate
intraoperative management of these patients due to intra-
vascular fluid accumulation and shifts in acid-base status
and electrolytes [8]. Meanwhile, the incidence of intraop-
erative K" > 4.5 mEq/L before reperfusion or severe meta-
bolic acidosis (base excess < -10 mEq/L throughout LT)
showed no significant difference between the two groups.
This finding can be explained as follows. Unlike acute renal

failure, pulmonary edema, metabolic acidosis, or hyperka-
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Table 5. Perioperative Profiles of the Patients with High MELD Score (> 30)

Variable MELD group (n = 37) CTP group (n = 15) P value
MELD score 40 (35, 40) 36 + 23 0.048
Lost RCM (ml) 1,198.5 (907.5, 1,713.9) 1,730.9 (1,153.6, 2,482.6) 0.164
Transfused blood products
Packed RBC (units) 4 (3, 6.5) 45 (2, 6) 0.848
Fresh frozen plasma (units) 4(2,8) 6 (4, 6.5) 0.699
Platelet concentrate (units) 1(0,1) 1(4,1) 0.060
Cryoprecipitate (units) 6 (0, 6) 6(3,6.3) 0.473
Cell saver (ml) 965 (686, 1,440) 1,478 (292.5, 3,723.8) 0.473
VIS, .. 373 + 142 36.3 + 13.6 0.825
Postop ICU stay (d) 6 (5, 9.5) 6 (5, 8.8) 0.543
Total hospital stay (d) 28 (19, 45) 26 (18, 32.5) 0.627
Graft loss 6(16.2) 2(13.3) 0.891
Patient survival, 1 year (%) 64.9 66.7 0.443

Values are presented as median (1Q, 3Q), mean + SD, or number (%). MELD: Model for End-stage Liver Disease, CTP: Child-Turcotte-Pugh, RCM:
red cell mass, RBC: red blood cell, VIS,,.: maximal vasoactive-inotropic score, ICU: intensive care unit.

lemia is not common in HRS, except in cases of excessive
fluid therapy [9,10]. Any CRRT performed immediately be-
fore LT would partially adjust the acid-base balance and
electrolytes. Also, in line with another report from our in-
stitution, serum potassium level and metabolic acidosis
can be well controlled medically in recipients managed
with preoperative CRRT [11]. However, the presence of
HRS prior to transplantation is a strong predictor of mor-
tality after LT [12]. The prognosis for patients with cirrhosis
and renal failure is poor, and HRS is associated with the
worst prognosis [9]. Further study of the long-term out-
comes after the allocation policy change is required.
Prioritizing the sickest patients raises concerns, such as
increased risk of intraoperative bleeding and increased fre-
quency of transfusion. However, except for packed RBC
transfusion, this study found no significant difference in
patients following the allocation policy change. This result
is similar to those of another study in which MELD score
did not predict blood loss or blood product requirement
during LT [13]. In a study that evaluated the effect of the
MELD score-based allocation system in LT, increased
blood loss and transfusion rates were noted [14]. However,
consistent with our results, Varotti et al. [15] suggested that
MELD score is an independent variable associated with in-
creased perioperative packed RBC transfusion. In a study
by Frasco et al. [16], MELD score and preoperative fibrino-
gen concentration were independent predictors of transfu-
sion exposure. They detected significant differences in se-
verity of disease at the time of transplantation (as indicated
by a higher MELD score), degree of impairment of coagu-
lation function, and need for transfusion of RBCs and com-
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ponent therapy by comparing living donor LT and cadaver-
ic donor LT [16]. This outcome may explain our findings of
increased packed RBC transfusion in the MELD group. The
causes of bleeding during LT can be multifactorial, and
there is a limit to predicting the amount of bleeding or
transfusion using only MELD score. Despite these limita-
tions and the relatively small sample size of this study, a
larger amount of packed RBC transfusion in the MELD
group may be a notable finding.

Preoperative INR in the MELD group was significantly
higher than that in the CTP group (3.45 £ 2.87 vs. 2.30
0.83, P = 0.020). This result was not unexpected because
MELD score is calculated based on total bilirubin, INR, and
creatinine. However, surprisingly, there was no significant
difference in FFP transfusion rate between the two groups,
which may be partly explained by rebalanced hemostasis.
Multiple studies have shown that patients with cirrhosis
have deficiencies in both the pro-coagulant and anticoagu-
lant pathways, leading to a “rebalanced” coagulation sys-
tem [17-19]. The extent of coagulopathy as measured by PT
or INR does not appear predictive of bleeding complica-
tions, and the observed derangements in hemostatic vari-
ables might not translate to a diffuse bleeding risk during
LT [17,20]. However, prediction, prevention, and monitor-
ing of bleeding in patients with liver disease are complicat-
ed as a result of their extensive baseline changes and a
more precarious hemostatic system in these patients
[17,18]. Although some studies have reported no differenc-
es in bleeding or blood transfusion rates before or after us-
ing this coagulation testing [21], application of a viscoelas-

tic coagulation test for liver transplantation may be recom-
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mended to reduce the incidence of bleeding and blood
transfusion. This test has the advantage of reflecting the
overall process of coagulation, and it is more sensitive and
accurate at diagnosing coagulopathy than conventional
coagulation test performed during the surgery [22].

The VIS is a scale showing the amounts of vasoactive and
inotropic support [7]. We analyzed VIS, , to identify any
change in vasopressor support during LT and found no sta-
tistically significant difference. However, Xia et al. [23] re-
ported that patients with a high (> 30) MELD score re-
quired more vasopressors both before and during LT, al-
though they only indicated whether a vasopressor was ad-
ministered and did not specify the amount. VIS, was
higher in the high-MELD score patients in the CTP group
than in the low-MELD score patients, although the differ-
ence was not statistically significant (31.7 + 14.7 vs. 36.3
13.6, P = 0.071). Only five patients in MELD group had a
low MELD score, and the VIS, ,, analysis in the MELD
group was limited. Further exploration with a larger sam-
ple size is necessary.

Giving priority to the sickest patient has the potential to
create other concerns such as longer ICU stay. Oberkofler
et al. [12] reported that MELD score greater than 23 was an
independent risk factor for morbidity represented by ICU
stay longer than 10 days. Oberkofler et al. [12] also found
that transfusion of more than seven units of packed RBCs
was an independent risk factor for mortality and prolonged
ICU stay. Otherwise, there was no significant difference in
duration of ICU stay in the present study. A similar group
of patients reported by our institution showed no signifi-
cant difference in six-month survival rate or in-hospital
stay, but complication and readmission rates within the
first three months were higher in the MELD group [24]. The
one-year survival rate analyzed in this study did not differ
significantly between the two groups. This finding is con-
sistent with the results of other studies that overall patient
survival after change to MELD scoring was not worse than
that based on the pre-MELD criteria [9,25,26].

This study had certain limitations. It utilized a retrospec-
tive study design based on single-center data and a small
sample size. Temporal changes in clinical practice would
have influenced the results beyond a change in allocation
system. In addition, demographics and underlying physi-
cal status of the donor and quality of the graft, which may
influence the need for transfusions and vasopressors, were
not addressed in the study. Also, the data included only
DDLT, so the results may differ in LDLT recipients.
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Contrary to our expectations, although the patient’s ob-
jective condition worsened, perioperative parameters did
not change significantly. This outcome may be attributed
to advances in perioperative monitoring skills, improved
proficiency of surgeons, or more sophisticated ICU man-
agement. Our finding can also be explained by the shorter
postoperative ICU stay of the MELD group than that of the
CTP group in participants with low MELD score. Despite
these limitations, this topic is important, especially from
the anesthesiologist’s perspective. The parameters were
compared immediately before and after conversion to the
MELD score-based allocation system, and also were com-
pared by dividing the patients into groups according to
MELD score. In addition to the results shown by the pa-
rameters, it was clear that objective patient condition had
deteriorated, and that it is difficult to predict the patient
progress during LT. As a result, more detailed perioperative
care is required in the MELD era.
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