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Hyperbilirubinemia is a common event that occurs after liver transplantation. Hyperbilirubinemia is usually
caused by early allograft dysfunction. Glucocorticoid is widely used for immunosuppression, but few studies
have analyzed the effects of steroid therapy on posttransplantation hyperbilirubinemia. The aim of this study
was to assess whether glucocorticoid was beneficial in treating hyperbilirubinemia caused by early allograft
dysfunction.

Patients with postoperative hyperbilirubinemia (those with conditions such as biliary complications and rejec-
tions were excluded) were randomly assigned, in a 2: 1 ratio, to the steroid and control groups. Patients in the
steroid group were treated with glucocorticoid combined with ursodeoxycholic acid, whereas patients in the
control group were only treated with ursodeoxycholic acid. The primary endpoint was decrease in bilirubin and
the secondary endpoint was safety.

From 1%t June 2016 to 30" April 2018, 40 patients were enrolled into the steroid group, and 20 were enrolled
into the control group. Donor, recipient, and operative data were similar between the 2 groups. The decrease
in bilirubin levels in the steroid group was significantly greater than that in the control group on the first
day after the intervention was finished (9.25+1.30 mg/dL vs. 3.11+1.45 mg/dL, p=0.005), and after 2 weeks
(15.01+1.20 mg/dL vs. 8.88+1.98 mg/dL, p=0.007). The steroid group did not have a higher complication rate
but it did have a shorter postoperative hospital stay than in the control group.

Low-dose steroid therapy was effective and safe for treating hyperbilirubinemia caused by early graft dysfunc-
tion, and it improved liver function.

Hyperbilirubinemia e Liver Transplantation ¢ Methylprednisolone ¢ Primary Graft Dysfunction

TBIL - total bilirubin; ALT — alanine aminotransferase; AST — aspartate aminotransferase;

v-GGT — gamma glutamyl transferase; PA — prealbumin; ALP — alkaline phosphatase; INR — international
normalized ratio; DCD — donation after circulatory death; UDCA — ursodeoxycholic acid; IRI - isch-
emia-reperfusion injury; MELD — model for end-stage liver disease; EAD - early allograft dysfunc-

tion; PNF - primary non-function; NAS — non-anastomotic biliary strictures; AS — anastomotic stricture;
MRCP - magnetic resonance cholangiopancreatography; ERCP — endoscopic retrograde cholangio-
pancreaticography; FFP = fresh frozen plasma; COTRS — China Organ Transplant Response System;

POD - postoperative day; ICU - Intensive Care Unit; MP — methylprednisolone
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Background

Liver transplantation is the only available treatment for end-
stage liver disease. However, liver graft dysfunction remains
a challenge for patients and clinicians, especially given the
trend that expanded-criteria donors and cardiac-death donors
are increasingly being utilized [1,2]. Early allograft dysfunction
(EAD) reflects poor graft function, manifested as increased
transaminase levels, hyperbilirubinemia, and an increased in-
ternational normalized ratio (INR), during the early period af-
ter transplantation [3]. Hyperbilirubinemia on postoperative
day (POD)7 is one of the most frequently used diagnostic cri-
teria for EAD [3-5]. Prolonged hyperbilirubinemia is not only
indicative of poor graft function, but also impedes recovery
of the graft liver, because high levels of bilirubin can be toxic
to hepatocytes [6,7]. Postoperative hyperbilirubinemia is also
a risk factor for graft loss in liver transplantation [8,9]. Although
many studies have reported risk factors [3,10] and prevention
strategies [11] for early graft dysfunction, few studies have
investigated the treatment of hyperbilirubinemia caused by
graft dysfunction [12].

Traditionally, corticosteroids have been widely used for immuno-
suppression, but with the development of immunosuppression
protocols [13] and considering the adverse effects of steroids,
more and more transplant centers have adopted steroid-free/
avoidance protocols for liver transplantation. However, steroids
play many roles in liver transplantation, such as reducing isch-
emia/reperfusion injury (IRI) [14,15], reducing inflammation,
and increasing hepatic clearance of bilirubin [16,17].

Controversy exists regarding the effect of steroids on improving
graft function in liver transplantation [18]. Katja et al. [19] re-
ported that methylprednisolone therapy in deceased donors
reduces inflammation in the donor liver and improves out-
come after liver transplantation. A randomized placebo-con-
trolled trial demonstrated that steroid pretreatment of organ
donors did not improve graft functions [20]. However, few stud-
ies have focused on steroids treatment during the postopera-
tive period of liver transplantation. Therefore, the aim of this
study was to assess whether steroids are beneficial in ame-
liorating hyperbilirubinemia caused by early graft dysfunction.

Material and Methods

This was a single-center randomized controlled trial (RCT) per-
formed between 1 June 1 2016 and 30 April 2018. Informed
consent was signed by all patients in the study. The study was
conducted in accordance with the Declaration of Helsinki and
was approved by the hospital Ethics Committee.

CLINICAL RESEARCH

Surgical procedures and immunosuppression

No organs from executed prisoners were used. All organs were
from donation after death and were allocated by the China
Organ Transplant Response System based upon the model for
end-stage liver disease (MELD) score, medical urgency, and
the time of patients on the waiting list. Donor organs were
procured using a rapid-procurement technique: rapid can-
nulation of the aorta and portal vein for perfusion with cold
University of Wisconsin solution, followed by flushing the bile
duct in situ with hypertonic citrate adenine solution. The in-
traabdominal organs were removed en bloc and placed in UW
solution at 4°C for storage. The liver transplantation was per-
formed by experienced transplant surgeons using a bicaval or
piggy-back technique.

Immunosuppression therapy was based on tacrolimus with
basiliximab induction protocols (steroid-free protocols). Briefly,
20 mg of basiliximab was administered intraoperatively and on
POD 4. Tacrolimus was administered from POD 4, and the tar-
get FK506 concentration was 8-12 ug/L for the first 3 months.
In our center, steroids are used cautiously during the postop-
erative period and avoided when possible. Generally, steroids
are only used in ABO-incompatible transplantations and re-
jections (confirmed by biopsies).

Study design

This study was conducted according to the Consolidated
Standards of Reporting Trials (CONSORT) guidelines. We ref-
erenced the most commonly accepted diagnostic criteria for
EAD [3] and defined those recipients who presented with TBIL
levels greater than 10 mg/dL after POD 7 as having hyperbiliru-
binemia. Therefore, from POD 7 to POD 14, recipients with se-
rum TBIL levels greater than 10 mg/dL who presented without
a decreasing trend were initially included the present study.

This study aimed to evaluate the efficacy of steroid therapy for
postoperative functional hyperbilirubinemia caused by graft
dysfunction, so we first evaluated the possible causes of hyper-
bilirubinemia. Postoperative liver function assays were moni-
tored daily until relative normal and stable liver function was
achieved. Abdominal ultrasonography of the liver graft was
monitored regularly (at least once every other day in the first
2 weeks) for monitoring the parameters of portal vein, hepatic
arterial, and bile duct. Suspicious bile duct anastomotic stric-
ture (AS) would be confirmed by magnetic resonance cholan-
giopancreatography (MRCP) or endoscopic retrograde cholan-
giopancreatography (ERCP). Biliary leakages were diagnosed by
abnormal abdominal drainage or ERCP; graft weight less than
0.8% of recipient weight would be excluded from the study due
to possibilities of small-for-size syndrome. Rejections were con-
firmed by biopsies. Generally, patients with confirmed biliary
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stricture or leakage, hepatic artery thrombosis, portal vein ste-
nosis or thrombosis, small-for-size syndrome, rejections, and
ABO-incompatible transplantations were excluded from enrol-
ment and analysis. Patients administered steroids before the
POD 7 or intraoperatively were secondarily excluded from the
study. Patients with other conditions that made them unsuit-
able for steroid therapy were also excluded from the study,
such as those with serious infections, hepatitis B virus (HBV)-
positive donors, or ulcer bleeding.

The included patients were randomly assigned 2: 1 to the
steroid or control group based on a computer-generated ran-
dom number table produced with SAS 9.2 (SAS Institute, Inc.,
Cary, NC). After assignment, patients in the steroid group re-
ceived 1 mg/kg of methylprednisolone (MP) intravenously once
daily, with 250 mg of oral ursodeoxycholic acid (UDCA) 3 times
daily for 5 days. Patients in the control group received 250 mg
of oral UDCA 3 times daily for 5 days.

The sample size calculation was based on our historic data
from treating postoperative hyperbilirubinemia. With to a ra-
tio of 2: 1, an a error of 0.05 and B error of 0.2 (power of the
test=1-p=80%), the intervention group required 40 patients,
and the control group required 20 patients. The primary end-
point was the change in TBIL levels within the first 2 weeks
after the intervention was finished. The change in alkaline
phosphatase (ALP), y-glutamyltransferase (y-GGT), and preal-
bumin (PA) levels within the first 2 weeks after the interven-
tion was finished and adverse events were recorded as sec-
ondary endpoints.

Postoperative liver function assays were monitored daily during
the first week and at appropriate time-points. The main liver
function parameters included TBIL, aspartate aminotransfer-
ase (AST), alanine transaminase (ALT), y-GGT, ALP, and PA lev-
els and the INR. Donors, intraoperative and postoperative data
were prospectively collected by an independent investigator
unaware of each patient’s group allocation. The Donor Risk
Index (DRI) was calculated for all donors according to the for-
mula proposed by Feng [21].

Adverse effects such as peptic ulceration, infections, hyper-
glycemia, and delayed incision healing were recorded. Peptic
ulceration was defined as postoperative gastrointestinal
bleeding and was diagnosed by endoscopy. Infections were
defined as positive cultures consistent with clinical evidence.
Data from a follow-up period of at least 6 months was avail-
able for all patients.

Statistical analysis

Continuous parameters were reported as the mean and stan-
dard error of the mean (SEM) or as the median and range,
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as appropriate, in the text or tables, and as the mean +SEM
in figures. Statistical analysis was performed using IBM SPSS
Statistics version 24 (IBM Corp., Armonk, NY). Continuous pa-
rameters were compared with the t test or a 2-tailed Mann-
Whitney nonparametric test, while Fisher’s exact test was used
to compare categorical parameters. A p-value <0.05 was con-
sidered to indicate statistical significance.

Results

Patients

Of the 362 consecutive patients who underwent liver transplan-
tation at the First Affiliated Hospital, Sun Yat-sen University
between 1 June 1 2016 and 30 April 2018, 297 patients were
excluded from the study. A total of 65 eligible patients were
randomly assigned to the steroid group (n=43) or the con-
trol group (n=22). Of these 65 randomized patients, 5 were
excluded because of a diagnosis of biliary complications or
cessation of treatment after assignment (see the flowchart in
Figure 1). Finally, 60 patients were compared — 40 in the ste-
roid group and 20 in control group.

Clinical and laboratory data from the donors were compara-
ble between the 2 groups, as summarized in Table 1. The re-
cipients included in the analysis included 56 males and 4 fe-
males. The baseline patient characteristics were also similar
between groups. The operative time, blood loss, and length
of postoperative stay in the ICU were also comparable (see
Table 2 for more details). In summary, baseline clinical char-
acteristics were balanced between the 2 groups.

Efficacy

The median TBIL peaks were approximately 21-22 mg/dL
in both groups. High TBIL levels were mainly caused by the
relatively high DRI and long cold storage time. Although
both groups finally achieved normal liver function, the ste-
roid groups had a shorter hyperbilirubinemia period. As
shown in Figure 2, after 5 days of therapy, the decrease in
TBIL in the steroid group was greater than that in the con-
trol group (9.25+1.30 mg/dL vs. 3.11+1.45 mg/dL, p=0.005).
There were also greater decreases of TBIL during the first
week after treatment was completed (12.93+1.30 mg/dL vs.
6.97+1.96 mg/dL, p=0.012) and 2 weeks after treatment was
completed (15.01+1.20 mg/dL vs. 8.88+1.98 mg/dL, p=0.007).

During the first and second weeks, the decrease in y-GGT in
the steroid group was greater, but the difference was not sta-
tistically significant (Figure 3). ALP, another marker of biliary
injury, showed similar results; only on the first day after treat-
ment was finished did ALP exhibit different trends (decrease
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Excluded (n=297)

Peak TBIL lower than 10 mg/dL (n=145)
Transient peak TBIL higher than 10 mg/dL but
decreased within first week (n=74)

HBV donor (n=28)

Serious infection (n=20)

Hepatic artery thrombosis (n=5)

Portal vein occlusion (n=2)

Biliary stricture (n=4)

Biliary leakage (n=2)

Retransplantation (n=3)

PNF (n=6)

ABO-incompatible transplantation (n=5)
Other causes (n=3)

v v

Allocated to steroid group (n=43)
Received allocated intervention (n=43)
Did not receive allocated intervention (n=0)

: |

Lost to follow-up (give reasons) (n=0)
Discontinued intervention (refractory

362 consecutive OLTs

Enrollment

v

Randomized (n=65)

Allocated to control group (n=22)
Received allocated intervention (n=22)
Did not receive allocated intervention (n=0)

Allocation

Lost to follow-up (give reasons) (n=0)

Follow-up Discontinued intervention (n=0)

hyperglycemia) (n=1)

}

Analysis Analysed (n=40)

Excluded from analysis (diagnosis AS) (n=2)

Analysed (n=20)
Excluded from analysis (diagnosis AS and bilary
leakage) (n=2)

Figure 1. CONSORT flowchart illustrating study enrollment. One hundred and 45 patients were excluded for peak TBIL levels less than
10 mg/dL, 74 for transient peak TBIL levels greater than 10 mg/dL that decreased within the first week, 28 for having HBV
donors, 20 for serious infections, 5 for hepatic artery thrombosis, 2 for portal vein occlusions, 4 for biliary strictures, 2 for
biliary leakage, 3 for repeated transplantations, 6 for primary non-function (PNF), 5 for ABO-incompatible transplantations,
and 3 for other causes. Two patients assigned to the control group were excluded because of subsequently diagnosis biliary
leakage and anastomotic stricture (AS). After assignment, 2 patients who developed AS confirmed by endoscopic retrograde
cholangiopancreatography (ERCP) on POD 26 and POD 29 were excluded from the steroid group. Treatment was stopped in
another patient in the steroid group on the third day of the intervention due to refractory hyperglycemia, and this patient
was also excluded from the analysis. OLT — orthotopic liver transplantation; TBIL — total bilirubin; AS — anastomotic stricture.

of 1 U/L vs. increase of 31.5 U/L, p=0.041). In addition, after
5 days of treatment, PA levels in the steroid group increased
much faster than that in the control group (67.43+8.13 vs.
14.13 mg/dL, p=0.003). The postoperative hospital stay in the
control group (median, 37.5 days; range, 17-54 days) was much
longer than that in the steroid group (median, 28.5 days; range
12-111 days; p=0.043). No patients developed ischemic-type
biliary lesions (follow-up range: 6-28 months) in either group
(see Table 3 for more details).

Safety

One patient in the control group died on POD 50 due to graft
failure. There were no postoperative deaths or graft failures in
the steroid group. No patients in the steroid group developed
gastrointestinal bleeding, and only 1 patient in the control group
had gastrointestinal bleeding caused by gastric ulceration. Four
patients in the control group and 3 in the steroid group expe-
rienced postoperative infections, but there was no significant

difference between groups. Two patients in the steroid group
and 1 in the control group had delayed wound healing, likely
due to delayed recovery of liver function. An enrolled patient
in the steroid group developed refractory hyperglycemia after
use of MP and was excluded from the analysis due to cessa-
tion of treatment. Thus, low-dose steroid therapy did not in-
crease the postoperative complication rate.

Discussion

Many cases of postoperative functional hyperbilirubinemia do
not need intervention, and waiting for the liver graft to recover
is sufficient by itself. However, in some cases, prolonged hy-
perbilirubinemia increases the length of postoperative hospi-
tal stay and costs, and these patients should be treated more
actively to achieve quick recovery of graft function. Based on
clinical practice, steroids have been shown to attenuate hy-
perbilirubinemia, but clinical studies of steroid therapy for
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Table 1. Donor characteristics.

Variable Total Control Group (n=20) Steroid Group (n=40) [

Donor gender (M/F) 44/16 13/7 31/9 0.302
Donorage (years) 26651 25[8-651 w2065 0832
 Donorserum Na (mmoll) 150 [131-187] 149 [133-180] 150 [131-187] 1000
DonorTBIL (mg/dl) 12 [04-37] 11 [04-23] 12 [0437] 0465
CDonorAtPUM) 795  [8-249] 755 [12-249] 1 805  [8-232] 0644
DonoryGGT(UA) 37 [10-300] 40 [14-300] 35 [10-183] 0505
CDonorAST(UA) 69.5 [17-683] 64 [17-683] 78 [21-662] 0736
CDonorALT(UA) 475 [13-1067] - 454 [13-1067] - 495  [16-507] 0748
ORI 154 [101-287] 147 [101-285] 156 [102-287] 0900
DCD (Yes/No) 1545 sz 1228 0206
Coldischemictime () 75503 76822 75419 0920
 Hepatic Steatosis (Yes/No) 236 e 1327 0094

TBIL — total bilirubin; ALP — alkaline phosphatase; y-GGT — gamma glutamyl transpeptidase; AST — aspartate transaminase;
ALT - alanine transaminase; DRI — donor risk index; DCD — donation after cardiac death.

Table 2. Recipient and operation characteristics.

Variable Total (n=60) Control Group (n=20) Steroid Group (n=40)

Recipient gender (M/F) 56/4 20/0 36/4 0.291

Recipientage (years) 1027:145 w625 189118 0778
MELDscore 18 744 205  [7-a4] 7 4] 0604
CDiagnosis 0944
"""" cthoss 1700 & o1
"""" CithosissHcC 2500 9 1.
"""" Uver failure 1500 4 o1
"""" Other 300 1 a2
Operation time (min) 4778412133 458209 18771148 o 0252
CBloodloss (m) 2200 [500-15000] 2250 [1000-6500] 2200 [500-15000] | 0544
| FFPtransfusion (unit) 9075  [0-31] 902  [-198] no 31 o053
| RBCtransfusion (unit) 695  [0-601] 8  [>-178] 645  [0-601] 047
Cpeakseum AT(UA) 8265 [127-7539] 920 [127-7539] - 826 [146-3792] < 0838
CPeakserum AST(UA) 2528 [138-14426] 3397 [215-9360] 2061 [138-14426] < 019
CPeakTBIL(mg/d) 2215  [85-434] 202 Q2537 22 [85-434] 0748

MELD — model for end-stage liver disease; HCC — hepatocellular carcinoma; FP — fresh frozen plasma; RBC — red blood cells;
ALT - alanine transaminase; AST — aspartate transaminase; TBIL — total bilirubin.

posttransplant hyperbilirubinemia are lacking. To evaluate significantly accelerated the clearance of bilirubin in posttrans-
whether steroid therapy can ameliorate hyperbilirubinemia plant patients with functional hyperbilirubinemia.

caused by graft dysfunction during the early period after liver

transplantation, we designed a prospective RCT involving con- After 5 days of intervention, TBIL levels in the steroid group de-
secutive recipients. In this study, low-dose MP therapy (1 mg/kg) creased more rapidly than those in the control group, reducing
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A First day after treatment finished B First week after treatment finished C Second week after treatment finished
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Figure 2. Change of total bilirubin and ALP in 2 groups. (A-C) Steroid group was much greater than control group at the reduction of
bilirubin levels (p<0.005). (D-F) The ALP decreased levels in steroid group was significantly greater than control group on the
first day (p=0.041) and second weeks (p=0.014) after treatment was finished.

A First day after treatment finished B First week after treatment finished c Second week after treatment finished
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Figure 3. Change of y-GGT and PA in 2 groups. (A—C) The changes in y-GGT in 2 groups from the start of treatment to the first day, first
week, and second week after treatment was finished. (D-F) The increase in PA levels in the steroid group was significantly
greater at the first day after treatment was finished (p<0.005).
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Table 3. Efficacy and safety of steroid therapy.
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Variable Control group (n=20) Steroid group (n=40) p
A TBIL after 1t day (mg/dL) -3.11+1.45 -9.25+1.30 0.005
| ATBILafter 14 week (mg/dl) 697196 12931130 0012
| ATBIL after 2% week (mg/dt) —g88:198 Sso1x120 0007
AAPafter 14day U) 315 [-80-682] o1 [es-971 0041
CAAWPafter 1tweek U) 10 [-128-430] 32 [-380~200] 0093
CAAWPafter 2¢week (W) 275 [177-612] 475 [-a41-167] 0014
| AYGGTafter 14day ) 133382 s2303 0382
| AYGGTafter 1t week U/) 29 [«05-873] -1105 [-553-s30] 0335
| AYGGTafter 27 week U/) _a1[-s28-1525] 160 [-543~451] 0100
 APAafter 1% day (mgrd) a372 6743:813 0001
| APAafter 1% week (mg/d) 5010£1273 6361258807 0356
| APAafter 2% week (mg/dl) %5 [74-156] 70 [75-185] 0814
Postoperative hospital stay (days) 375 [7esa 25 -1 0043
Ischemictype biliary lesion (Yes’No) o0 om0 -
Delayed wound healing (YesNo) 119 238 100
 Gastrointestinal bleeding (YesNo) 19 om0 0333
infection (Yes/No) A A 0208

TBIL — total bilirubin; ALP — alkaline phosphatase; y-GGT — gamma glutamyl transpeptidase; PA — prealbumin; A means change from

the treatment finished day to the day of monitored.

the duration of graft dysfunction. The markers of biliary injury
ALP and y-GGT also exhibited a rapid decrease after steroid
treatment. The trend in TBIL levels showed that the steroid ef-
fect was more pronounced early after treatment. Another inter-
esting finding of this study is that PA levels increased rapidly
in the steroid treatment group. The abovementioned results
suggest that steroid therapy may be helpful for recovering
liver function and may decrease postoperative hospital stay.

Studies of the treatment of hyperbilirubinemia after liver trans-
plantation are limited. Choe et al. [12] reported that thera-
peutic plasma exchange effectively removed plasma bilirubin
and improved survival. Steroids are used to ameliorate hy-
perbilirubinemia in biliary atresia before and after transplan-
tation [22,23], but studies are lacking to confirm its effect on
hyperbilirubinemia after adult liver transplantation.

MP therapy studies have mainly focused on pretreatment of
organ donors, but distinct results have been presented in sev-
eral studies. Katja et al. [19] reported that MP treatment sig-
nificantly ameliorated IRl during the posttransplant course.
However, another RCT demonstrated that systemic adminis-
tration of 1000 mg of MP to the deceased organ donor did not

significantly ameliorate liver allograft dysfunction, mortality,
or rejection within the first weeks after engraftment. Recent
clinical trials that characterize the benefits or risks of corti-
costeroid therapy for deceased organ donors are limited [18].

Intraoperative MP can alter the immediate posttransplant
course of liver transplantation either by attenuating reper-
fusion induced by inflammation or by addressing previously
unrecognized adrenal insufficiency [24]. An RCT also reported
that perioperative use of MP protects against renal and he-
patic dysfunction [25]. Martens et al. [26] reported that warm
ischemic injury in DCD donation could be attenuated with
steroid administration prior to warm ischemia and during ex
vivo lung perfusion. Taken together, the results of these stud-
ies demonstrate the potential benefits of steroid therapy in
liver transplantation.

Although the safety and benefits of steroid-free protocols have
been confirmed by many studies [13,27,28], the protective ef-
fect of steroids against IRl and their role in modulating biliary
organic anion transporters should be considered. An impor-
tant mechanism that induces impaired bilirubin metabolism is
IRI, and livers from ECDs and DCD donors promote increased
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vulnerability to IRI. Glucocorticoids can upregulate the expres-
sion of both multidrug resistance-associated protein 2 (MRP2)
and bile salt export pump (BSEP) in rat hepatocytes, which in-
creases the clearance of bilirubin [29].

Hyperbilirubinemia is also a common complication in hepatic
resection surgery with inflow control (the Pringle maneuver)
because the remaining liver also undergoes warm IRl. Some
studies [30,31] have reported that perioperative steroid admin-
istration improves liver function and postoperative outcomes
after liver resection with the Pringle maneuver. Considering
the protective role of steroids against IRl injury, administra-
tion of MP during the perioperative period of OLT may also
help to improve liver graft function.

The present study has several limitations. First, this was
a single-center study, and few eligible patients were included.
Further multicenter randomized clinical trials should be
performed to show the effectiveness of steroid therapy.
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Second, in this study, the dose of MP was relatively low, and
the optimal dose and duration of treatment should be consid-
ered. Third, the best time-point for intervention is controver-
sial and should be investigated in future studies.

Conclusions

Methylprednisolone is a safe and effective therapy to accel-
erate recovery from hyperbilirubinemia caused by EAD after
liver transplantation.
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