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BACKGROUND
Liver transplantation (LT) has become an acceptable curative method for children with
several liver diseases, especially irreversible acute liver failure and chronic liver
diseases. King Chulalongkorn Memorial Hospital is one of Thailand’s largest liver

transplant centers and is responsible for many pediatric cases.

AIM

To report the experience with pediatric LT and evaluate outcomes of living-related vs

deceased-donor grafts.

METHODS

This evaluation included hildren who underwent LT between August 2004 and
November 2019. Data were retrospectively reviewed, ipcluding demographics,
diagnoses, laboratory values of donors and recipients, theE

diatric end-stage liver

disease (PELD) or model for end-stage liver disease (MELD) score, graft source, wait




time, perioperative course, posﬁperati\re complications, and survival rates. Continuous
data were reported using the median and interquartile range. The Mann-Whitney U-
test WaSﬁed to compare the wait time between the living-related and deceased-donor
groups. The chi-square or Fishgrls exact test were used to compare the frequencies of
between-group complications. Survival rates were calculated using the Kaplan-Meier

method.

RESULTS

Ninety-four operated pediatric liver transplant patients were identified (54% were
females). The median age at transplantation was 1.2 (0.8-3.8) years. The median PELD
and MELD scores were 20 (13-26.8) and 19.5 (15.8-26.3), respectively. Most grafts
(81.9%) were obtained from living-related donors. The median wait time for the living
donors was significantly shorter compared with the deceased donors at 1.6 (0.3-3.1) mo
vs 11.2 (2.1-33.3) mo (P = 0.01). Most patients were diagnosed with biliary atresia
(74.5%), and infection was the most common complication within 30 d post-
transplantation (14.9%). Without a desensitization protocol, 9% of transplants were
ABO-incompatible. Eight hepatitis B core antibodies (anti—HBC)-negativearecipients
received positive anti-HBc grafts without different observed complications. The overall
survival rate was 93.6% and 90.3% at 1 and 5 years, respectively. No graft loss during

follow-up was noted among survivors.

CONCLUSION
A significant number of pediatric LT cases were reported in Thailand. Based on
relatively comparable outcomes, ABO-incompatible and HBc antibody-positive grafts

may be considered in an organ shortage situation.
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Core Tip: Pediatric liver transplantation (LT) is an acceptable life-saving operation for
several chronic liver diseases and irreversible acute liver failure. This single-center data
was analyzed from pediatric LTs performed between August 2004 and November 2019.
This study evaluated the most extensive series of pediatric liver transplant recipients in
Thailand in the past two decades. Preoperative and postoperative data, including
complications and survival_were reviewed. The overall 5-year survival rate yas > 90%.
In addition, the satisfying outcomes of ABO-incompatible living-donor and hepatitis B

core antibody-positive graft transplantation were also highlighted.




INTRODUCTION

Liver transplantation (LT) has long been accepted as the standard treatment for end-

stage liver disease due to acute fulminant hepatic failure and various chronic liver
disorders. Starzl et all'l were among the first group to demonstrate the possibility of this
procedure in 1963 at the University of Colorado, Denver, CO, United States. This
attempt faced several surgical and hemostatic challenges, requiring a very high dose of
steroids and mercaptopurine due to the lack of effective immunosuppression regimens.
The 1-year patient survival was about 30% at that time. However, the 1-year survival
improved, close to 70%, because of the introduction of immunosuppressive drugs in the
early 1980sl2l. Better organ-preservation techniques, enhanced surgical skills, and the
availability of more effective immunosuppressive agents are also respo&;ible for
improved success rates. The shortage of organs from deceased donors led to a rapid
expansion of living-donor programs, especially for children. The first successful living-
donor LT was performed in 1989 in a pediatric patientl3l. The traditional indications for
LT in children include end-stage liver disease with a predicted life expectancy of < 1
year, acute liﬁr failure, unresectable hepatic tumors, and liver-based metabolic defects.
The 5-year success rates for graft and patient survival for these life-threatening
indications have been reported at a range of 85%-90%4L. This success has led to an
understandable urge to slightly contemplate more nontraditional indications for LT,
including growth failure, intractable pruritus, or bone mass loss from cholestatic
disorders, a neurodevelopmental abnormality from metabolic liver disease, and liver
tumors in the absence of significant extrahepatic disease.

The first human LT was performed in Thailand at King Chulalongkorn Memorial
Hospital, Bangkok, Thailand, on 28 November 1987 by Sriwatanawongsa et alll. Later,
Nonthasoot et all®l reported outcomes of LT from 1 January 2002 to 30 June 2013 for 120
adults and 24 pediatric LT cases. The data showed that the 1- and 5-year survival rates
improved to 86% and 72%, respectivelhﬁu; for pediatric patients, 16 and ad living-

donor and cadaveric LT, respectively. The median age was 2 years old, and the most




common primary indication was biliary atresia (83.3%). Patient survival at 1 and 5 years
was 96% and 91%_respectively.

The objective of this study was to report the experience with pediatric LT performed
at the center of the current study and evaluate outcomes of living-related vs deceased-
donor grafts.

MATERIALS AND METHODS

Study population and data collection -

All pediatric liver transplant recipients who underwent LT at the center of this study
between August 2004 and November 2019 were included. The data of all pediatric LT
case& including demographics, diagnoses, laboratory values of donors and recipients,
the pediatric end-stage liver disease (PELD) or model for end-stage liver disease
(MELD) score, graft source, wait time, perioperative course, immunosuppression type,
postoperative complications, causes of death, and survival times, were retrospectively
reviewed. The follow-up time was the duration in months from LT to the latest date of a
doctor visit. Laboratory data were collected from preoperative assessmeﬁ in both
donors and recipients, including the ABO blood group and viral serology [hepatitis B
surface antigen, hepatitis B surface antibody (anti-HBs), hepatitis B core antibody (anti-
HBc), hepatitis C virus antibody, immunoglobulin G antibody to Epstein-Barr virus,
and immunoglobulin G antibody to cytomegalovirus (anti-CMV IgG)|. Postoperative
complications wer@categorized into three groups according to time to events after
transplantation as early complications (within 30 d), middle complications (between 30
d and 1 year), and late complications (after 1 year). CMV viremia was defined as a
detectable virus in blood quantified at = 1000 DNA copies/mL us'ﬁ quantitative
polymerase chain reaction or comparable positive antigenemia assaHatient survival
was defined as the time between LT and patient mortality. Moreover, graft survival was
defined as the time between LT and graft loss, either by patient mortality or by graft

failure necessitating retransplantation.




atistical analyses
Statistical analyses were performed using SPSS 22.0 for Windows (SPSS Inc. Chicago,
IL, United States). Categorical data were represented as numbers with percentages.
Moreover, continuous data were reported using medians and interquartile ranges. The

ait time was compared between the living-related and deceased-donorﬁoups using
the Mann-Whitney U-test. Frequencies of complications betw; groups were
compared using chi-square or Fisher's exact test as appropriate. The survival rates were
plotted using the Kaplan-Meier curves, and the differences in selected factors were

evaluated using the log-rank test. Statistical significance was defined by P values < 0.05.

RESULTS

Ovwerall characteristics of patients

The most common diagnosis was biliary atresia (74.5%) in all 94 pediatric transplant
recipients identified during the study period. Other less common diagnoses included
fulminant hepatic failure, progressive familial intrahepatic cholestasis, Alagille
syndrome, and others (Figure 1). Table 1 shows the patients’ characteristics. Most
patients were < 2 years old (64.9%). The median age at transplantation was 1.2 (0.8-3.8)
years, and significantly lower in the living-donor group [1.1 (0.8-1.9) years] compared
with the deceased-donor group [9.7 (3.5-13.5) years; P < 0.001]. The median wait time
for the living donors was significantly shorter than that for deceased donors at 1.6 (0.3-
3.1) mo vs 11.2 (2.1-33.3) mo (P = 0.01). The median follow-up time was 4.0 (2.2-7.3)

years.

Donor and recipient serology

Table 2 shows the serology data. Eight ABO-incompatible transplants were performed
in the living-donor group in infants (< 1 year old) without a desensitization protocol.
Positive donor anti-HBc grafts were transplanted to eight patients with negative anti-
HBc (8.5%). Five of the 54 recipients were anti-HBc-positive, although every patient in

this group received negative donor anti-HBc grafts. All recipients received at least one




primary hepatitis B Virus (HBV) vaccination at birth and a booster dose befgre LT. HBc

antibody-positive graft recipients also received lamivudine prophylaxis for de novo HBV
infection after LT. Most recipients (74/84, 88.1%) had positive anti-CMV IgG. All CMV-
naive recipients (10/84, 11.9%) received positive anti-CMV IgG grafts.

Immunosuppression use within the first 30 postoperative d

All patients postoperatively received corticosteroids in conjunction with at least one
main T-cell suppression immunosuppressant. Tacrolimus (78.7%) was the preferred
calcineurin inhibitor over cyclosporine (21.3%). Other additional immunosuppressive
drugs used included azathioprine (30.9%), mycophenolate mofetil (26.6%), and
sirolimus (3.2%). Apart from corticosteroids, more than half of the patients (58.5%)

required a combination of two or more immunosuppressive agents.

Complications after LT
Infection was the most common early complication (within 30 d after LT; 14.9%). Other
less common early complications included vascular complications, chylous ascites,
acute cellular rejection, bile leakage, and post-transplant lymphoproliferative disorder
(PTLD, Figure 2). One patient who received living-related-donor LT had hepatic artery
thrombosis, which required a second emergent deceased-donor LT. PTLD occurred in
10.6% of the patients within the first year after transplantation, whereas 3.2% developed
PTLD after the first year. Early CMV viremia within the first year after LT was detected
in 40% of CMV-naive patients compared with 4.8% of CMV-seropositive patients (P =
0.004). Food allergy was found in 23 patients (24.5%), 65.2% of which were de novo food
allergies, defined as the occurrence of allergic symptoms after LT. No donors with a
history of allergy were identified among these de novo food allergy recipients. The
median age at LT was 13 (10-19.8) mo, whereas the median time to the event was 148
(92-347) d. The common culprits were cow milk (66.7%), egg (46.7%), and wheat (20%).
No observed different vascular, infection, or rejection complications were noted in the

ABO-incompatible and positive donor anti-HBc graft transplantation cases. Four




patients among the eight ABO-incompatible LT recipients had no complications. One
patient developed early sepsis, candida urinary tract infection, hepatic artery stenosis,
portal vein thrombosis, and bile leakage. Two patients developed PTLD within the first

year after LT. One patient expired 4 d after LT due to sepsis.

st-transplant survival
The overall survival rate was 93.6% and 90.3% at 1 and 5 years (living-donor group =
92.2% and 88.1% at 1 and at 5 years, respectively; deceased-donor group = 100% at 1
and 5 years), respectively. All patients with acute liver failure (6.4%) survived after LT
with normal neurodevelopmental outcomes. Six (75%) of the eight total deaths occurred
within the first year after transplantation. The preoperative diagnoses were biliary
atresia (7/8, 87.5%) and bile acid synthesis disorder (1/8, 12.5%). The causes of
mortality were sepsis (three patients), acute renal failure and shock (two patients),

bacterial pneumonia (one patient), and unknown (two patients).

DISCUSSION

Pediatric LT is considered the standard management for children with several chronic
liver diseases and irreversible acute liver failure. King Chulalongkorn Memorial
Hospital, affiliated with the Faculty of Medicine, Chulalongkorn University, Bangkok,
Thailand, is the leading hospital for pediatric LT and is responsible for most procedures
in Thailand. At the aforementioned hospital, 23 children underwent LT (average, 2.6
cases per year) from 2004 to 2013. The remaining 71 ﬁtients underwent LT from 2014 to
November 2019 (average, 14.2 cases per year). The most common indication for
pediatric LT in the current series was biliary atresia (74.5%), consistent with other series
previously repgrted”l. The liver graft allocation policy for pediatric recipients in the
current study includes the use of living-donor grafts as default and deceased-donor
grafts when the former is unavailable or impossible due to donor limitations. Most
grafts came from living donors (81.9%); however, this rate was lower than recent

reports from Japan and Turkey. Kasahara et all?l reported on 414 and 22 Living- and




deceased-donor transplantations up to 2016 from the Organ Transplﬁltation Center at

the National Center for Child Health and Development in Japan. In Turkey, Yankol et
all8l reported on 135 cases of pediatric LT, 91.4% of which involved living donors.
However, the rate of living-donor LT in the current study was higher than in Western
and Middle Eastern countries, including centers in the United States (6%)P! and Iran
(40.6%)1191. Regarding other patient characteristics, the median age of patients [1.2 (0.8-
3.8) years] in the current study is relatively lower compared with other studies.
Moreover, the median PELD and MELD scores were 20 (13-26.8) and 19.5 (15.8-26.3),
respectively, which is comparable to other stﬁes[f‘:‘?l.

The most common early complication in the current series was an infection,
consistent with gther reports. Nikeghbalian et all'’l reported in-hospital complications
encountered by 34.7% of the patients, and the most common being infections (26.8%),
bleeding (23.4%), and vascular complications (18%). The United States Studies in
Pediatric Liver Transplantation (SPLIT) groupl!l also reported that infection was the
most common complication. It occurred in nearly half of all patients (46%) and could be
as severe as multisystem organ failure or cardiopulmonary failure. Infants, which
accounted for most of the pediatric LT cohorts in the current study, were at the highest
risk of developing an infection. Eight pediatric recipients received positive anti-HBc
grafts and were started on lamivudine after LT. These patients had good graft survival
and complications that were comparable to the negative anti-HBc group without HBV
infection reactivation that is likely because of the antiviral prophylaxis. In addition,
anti-HBs and revaccination of patients with low or undetectable anti-HBs before LT
were also monitored because keeping the anti-HBs > 200 mIU/mL before LT could be
sufficient to prevent de_govo HBV infection!'?l. However, one case with biliary atresia
and cirrhosis diagnosis developed de novo HBV infection after receiving a negative anti-
HBc liver graft. This patient had a high anti-HB titer (anti-HBs > 1000 IU/L) before LT
but had elevated transaminases at 3.83 years after LT before the HBV infection was
diagnosed. Sintusek ef all’3l reported the unexpectedly high prevalence of HBV
immunity loss after LT (46%, 57%, and 82% at 1, 2, and > 3 years following LT). Positive




anti-HBc grafts may be considered with relatively positive outcomes in the face of organ
shortages for LT. Oral antivirals for HBV and careful monitoring of viral serology
should be performed in endemic areas given the high prevalence of HBV immunity loss
after LT.

Regarding vascular complicat'as, hepatic artery thrombosis after pediatric LT
ranges from 5.7% to 84% and is an important cause of graft loss!'l. Portal vein
thrombosis is another vascular complication that can occur after LT. Vascular
complications occurred in 9.6% of the cohorts of the current study. One patient, who
underwent LT in 2010, developed hepatic artery thrombosis and required a second LT.
However, the rate of vascular complications significantly declined with careful selection
of donors and ultrasound monitoring. Doppler ultrasound after reperfusion was
routinely performed to ensure good vascular flow, and daily monitoring continued 1
wk after LT.

Herein, the good outcome of ABO-incompatible LT was highlighted in eight < 1-year-
old pediatric recipients without a desensitization protocol. No differences in terms of

mplications or graft and patient survival were found. This is likely because
differentiation and maturity of the immune system are closely tied to children’s age.
Isoagglutinin titers in < 1-year-old infants are lower than adult levels('4l. In a systematic
review and meta-analysis, Lee ef all'! reported comparable patient survival in both
groups. However, the ABO-incompatible group was inferior regarding graft survival
and several complications. Graft survival could be comparable in pediatric patients and
those using rituximab. However, another more recent systematic review and meta-
analysis by Kang et all'®l showed consistently lower patient and graft survival with
pediatric ABO-incompatible LT th the ABO-compatible group. The authors
concluded that ABO-incompatible LT is an important choice to consider for emergency
LT in the absence of blood type-matching liver source although it is not an optimal
treﬁment in terms of graft and patient survival rates.

Patient survival rates at 1 and 5 years after a pediatric LT are 97.3% and 94.2%,

respectively, according to a recent SPLIT registry database from 2011 to 2018[17l. The




survival rates from the largest single-center report on pediatric LT in Iran were up to

84.4% and 77.8% at 1 and 5 years, respectively[l%l. Thus, the overall survival rates of the
current series of 93.6% and 90.3% at 1 and 5 years, respectively, are comparable.

The limitations of the current study include the inherent nature of retrospective
studies. Some detailed information may be missing from the medical records, including
specific causes of mortality or mention of minor infections that could have occurred at
home or other hospitals. Also, the pretransplant viral serology of donors and recipients
was not available in all cases due to missing data from the records. The main strength of
the current study is that it is the most extensive report on pediatric LT in Thailand
covering the two decades. The experiences in the current study also highlighted a good
proportic&of living-donor LT in children with relatively comparable outcomes and

excellent graft and patient survival compared to global data.

CONCLUSION

In copglusion, pediatric LT has been accepted as a life-saving procedure for patients
with acute liver failure and chronic end-stage liver diseases. The transplant center of the
current study is responsible for a large number of pediatric LT procedures in Thailand.
Herein, the experiences in pediatric LT with excellent outcomes concerning survival
and complications are reported. The current series was mostly comprised of living-
related donor liver grafts, which had the advantage of shorter wait times compared to
deceased-donor grafts. The experiences with ABO-incompatible LT in < 1-year-old
patients without a desensitization protocol and HBc antibody-positive LT with
relatively comparable outcomes were also highlighted, leading to the assertion that
such grafts should be considered in the face of organ shortages. Overall, the results in

the previous 15 years regarding pediatric LT are promising.

ARTICLE HIGHLIGHTS

Research perspectives




The current study suggests that living-donor liver transplantation (LT) can save many
lives and has a good outcome with shorter wait times in the face of organ shortage.
ABO-incompatible LT can be considered in pediatric < 1-year-old recipients without a
sensitization protocol. Hepatitis B core (HBc) antibody-positive liver grafts may also be
used. Nonetheless, special attention should be focused on high titers of anti-hepatitis B
surface before LT and lifelong postoperative antiviral prophylaxis. More studies on

living-donor pediatric LT and protocols for these special donor groups are needed.

Research conclusions

Living-donor-related LT has saved many lives with shorter wait times compared with
deceased-donor surgeries. Based on relatively comparable outcomes, ABO-incompatible
and HBc antibody-positive liver grafts may be considered in the face of organ shortages.

The survival results in the previous 15 years are promising.

Research results

In the current study, 94 pediatric LT performed at the center of this study were
reported. The median age at transplantation was 1.2 (0.8-3.8) years. Most grafts (81.9%)
were obtained from living-related donors. The median wait time for the living donors
was significantly shorter than that for deceased donors at 1.6 (0.3-3.1) vs 11.2 (2.1-33.3)
months (P = 0.01). Most patients were diagnosed with biliary atresia (74.5%), and
infection was the most common complication within 30 d post-transplantation (14.9%).
In addition, 9% of transplants were ABO-incompatible without a desensitization
protocol. No observed different vascular, infection, or rejection complications were
noted. Eight (8.5%) recipients who tested negative for HBc antibodies received positive
anti-HBc grafts with no observed different infection or rejection complicatigns. The
overall survival rate was 93.6% and 90.3% at 1 and 5 years, respectively. No graft loss

during follow-up was noted among the survivors.

Research methods




The current retrospective study included 94 children who underwent LT and were

followed up for a median time of 4 years thereafter. Data of donors and recipients,

including postoperative complications and survival rates, were reviewed and analyzed.

Research objectives
The current study aimed to report experiences with pediatric LT performed at the

center of this study and evaluate outcomes of living-related vs deceased-donor grafts.

Research motivation

King Chulalgngkorn Memorial Hospital is the leading hospital in Thailand for pediatric
LT. Several reports on pediatric LT were noted in the United States, Europe, Middle
East, and East Asian countries. However, data from South East Asia, especially related

to ABO-incompatible LT, are scarce.

Research background

Pediatric LT has been accepted as a curative method for children with several liver
diseases. The success rates have improved due to better organ-preservation techniques,
enhanced surgical skills, and the availability of newer immunosuppressive agents.
Organ shortage has become a rising problem worldwide, especially in Eastern

countries.
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