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The only curative treatment for irreversible liver damage and chronic liver disease is liver transplantation (LT).

OBgJECTIVES: to determine long-term follow-up results, liver graft functions, and survival rates of pediatric LT
recipients at our center.

MATERIALS AND METHODS. All pediatric LT recipients performed between March 15, 1990 and August 11, 2022 were
included in our study. Demographic characteristics, preoperative clinical features, LT indications, early and late
postoperative complications, survival rates, and long-term outcomes of pediatric LT recipients were evaluated.

REesurts. Between March 15, 1990, and August 11, 2022, we performed 341 pediatric LTs (307 from living relat-
ed donors and 34 from deceased donors). The most common indication for LT was biliary atresia. There were 3
hepatic vein, 5 portal vein, and 54 hepatic artery complications. Biliary stenosis was observed in 62 patients, and
biliary leakage was observed in 54 patients. The overall five-year survival rate was 84.1 %, and the 10-year sur-
vival rate was 77.7 %.

Concrusions. According to the long-term outcomes of pediatric liver transplants performed in our center, liver
transplantation is a successful treatment option for pediatric patients with end-stage liver disease and irreversible

liver damage. The patients’ survival rates are also satisfactory.
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Liver transplantation (LT) is the only curative
treatment for end-stage liver disease and acute liv-
er failure. The incidence of chronic liver disease in
newborn children is 1 in 2700 [1]. Especially in the
last 20 years, there has been an improvement in graft
and patient survival as a result of the developments
in immunosuppressive therapy, advances in technol-
ogy, and surgical technique [2, 3]. Unfortunately, the
insufficiency of the deceased donor pool, especially
pediatric, makes living-related liver transplantation
a mandatory option in the world [4].

Technological, immunological, and strategic ad-
vances, as well as the use of a living related donor as
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an alternative to a deceased donor, have increased
graft and recipient survival in pediatric LT to
> 20 years [5, 6]. This research aims to present one
of the largest single-center studies in the literature
by examining the long-term outcomes of pediatric
LT recipients at our center.

Materials and methods

From November 8, 1988, to August 11, 2022, we
performed 709 LT procedures, and 341 of these
were pediatric LT. In March 1990, a pediatric left
lobe living related donor LT treatment was first
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carried out in Turkey, the Middle East, and Europe.
In April 1990, our center performed the first adult
left lobe living related donor LT procedure in the
world [7]. In May 1992, a combined liver and kid-
ney transplantation procedure from a living related
donor was the first transplantation of its kind ever
carried out anywhere in the world [8].

During the pandemic period, most of the trans-
plant centers in the world stopped their solid organ
transplantation activities [9]. Since it is unaccept-
able for our center to stop the organ transplant
procedure and delay the treatment of patients, we
quickly developed our own strategy and decided to
continue with organ transplantation [10]. We did
not limit our organ transplant activities within our
country. We have performed kidney and liver trans-
plants on many patients with end-stage kidney dis-
ease and end-stage liver disease in many countries
of the world. Some of these countries were: Jordan,
Kazakhstan, Bulgaria, Somalia, Kenya, Russia, Uz-
bekistan, Azerbaijan, Kosovo, Saudi Arabia, the
Turkish Republic of Northern Cyprus, and Ukraine.

We analyzed all 341 pediatric LT recipients ret-
rospectively. Liver transplant recipients were fol-
lowed up at regular intervals before and after trans-
plantation. Demographic features including body
weight, Child-Pugh score, etiology of liver disease,
blood type, perioperative patient condition, immu-
nosuppression protocol, postoperative complica-
tions, cause of death, and outcome at last follow-up
(survival or death) of LT recipients were analyzed.

The biliary and vascular anastomoses of LT re-
cipients were performed by the same surgical team.
Ultrasonographic evaluation was done twice daily
during the first week after LT. Further ultrasono-
graphic evaluation was done in the first month af-
ter surgery. Then it was repeated every 3 months.
All recipients received triple immunosuppression
therapy (tacrolimus, methylprednisolone, and my-
cophenolate mofetil ).

Results and discussion

Between November 8, 1988, and August 11, 2022,
709 LT procedures were performed by our team,
and 341 of these were pediatric LT. Of these pediat-
ric LTs, 307 (90 %) were from living related donors
and 34 (10 %) were from deceased donors. All liv-
ing related liver transplant recipients were relatives
to their donors. The mean body weight of recipients
was 24.7 kg (a range of 4.5—81.0 kg). 98 (28.7 %) of
the recipients weighed less than 10 kilograms, and
92 (26.9 %) were under 1 year old. When we grouped
the recipients according to their gender, 208 (60.9 %)
were male and 133 (39.1 %) were female.
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The most common indication for LT was biliary
atresia. The other common indications were Wilson
disease, fulminant hepatitis, progressive familial
intrahepatic cholestasis, hepatocellular carcinoma,
and cryptogenic cirrhosis (Table).

When we evaluated the vascular complications,
we found that hepatic vein complications occurred
in 3 patients. In all three patients, stenosis was de-
tected in the portal vein anastomosis region and was
successfully treated with interventional radiological
methods by placing a stent in the anastomosis region.
Portal vein complications occurred in 5 patients. In
one of these patients, hemostasis was performed by
surgical method due to bleeding from the portal vein
anastomosis. In three patients, the anastomosis was
surgically revised due to thrombus formation in the
portal vein. In one patient, due to a stenosis of more
than 50 % in the portal vein anastomosis, a stent was
placed in the anastomosis region after balloon dila-
tion using interventional radiological methods, and
blood flow was successfully maintained. Hepatic ar-
tery complications occurred in 54 patients. Hepatic
artery thrombosis occurred in 31 patients, hepatic
artery stenosis in 13 patients, bleeding from hepatic
artery anastomosis in 7 patients, hepatic artery dis-
section in 2 patients, and pseudoaneurysm in the he-
patic artery in 1 patient. Of these patients, 43 were
successfully treated with interventional radiological
methods, 11 of them surgically. When the recipients
were evaluated in terms of biliary complications, we
found that biliary leakage occurred in 54 (15.8 %)
patients and biliary stenosis in 62 (18.1 %) patients.

The mean length of hospital stay of the recipi-
ents was 13 days (6—121) and the mean length of
intensive care unit was 3 days (1—12). Revision
transplants were performed 14 times in 12 children.
The mortality rate in the first 3 months after LT
was 9.1% (n=31). The mortality rate was 10.5%
(n=36) 3 months after LT. The most common
causes of early and late mortality were sepsis (58 %

Table. Indications for pediatric liver transplantation

Etiology Number

Biliary atresia 72 (21.0%)
Wilson’s disease 64 (18.7 %)
Fulminant hepatitis 44 (129%)
Progressive familial intrahepatic cholestasis 38 (11.1%)
Hepatocellular carcinoma 34(9.9%)
Cryptogenic 27 (79%)
Other 62 (18.1%)
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and 47 %, respectively). Fortunately, the overall
five-year survival rate was 84.1 % (n=287) and the
10-year survival rate was 77.7 % (n = 265).

When we evaluated the long-term results of pedi-
atric liver transplants performed at our transplanta-
tion center, we found excellent five-year (84.1 %) and
10-year (77.7 %) survival rates. Compared to previ-
ously published studies, we found that our results
were more successful [11, 12]. In our opinion, the
reason for this difference is the surgical techniques
we have developed and the experience of our team.
In addition, we have achieved excellent long-term re-
sults in pediatric LTs thanks to our disciplined treat-
ment and follow-up algorithms from patient prepara-
tion for LT to post-discharge controls [13].

Studies in the literature have shown that vas-
cular complications are observed to occur more
frequently in LTs performed with large-size grafts
[14]. On the other hand, biliary complications
are more common in LTs from living-related do-
nors with reduced-size grafts [15]. The incidence
of hepatic artery thrombosis in the early period in
pediatric LTs is between 9% and 14.9 %. This rate
rises to 30 % in patients under 1 year of age [16].
Although 26.9 % of our patients are under the age of
1, the incidence of hepatic artery thrombosis is only
9 %. Portal vein thrombosis should be suspected in
patients with clinical signs of portal hypertension
and hypersplenism in the early post-LT period. The
incidence of portal vein thrombosis after pediatric
LT is 2—10% [17]. In our series, the rate of portal
vein thrombosis was only 0.88 %. The reason for our
success is that the smaller-sized portal vein is spatu-
lated (anterior and posterior walls) to make a wide
anastomosis when there is a difference in diameter
between the graft and the recipient portal vein. Pre-
vious studies have shown that there is no significant
difference in long-term outcomes between duct-to-
duct and Roux-N-Y hepaticojejunostomy in biliary
tract anastomoses in pediatric liver LTs [18]. In our
center, we generally prefer the duct to duct anas-
tomosis technique since it can be intervened with
endoscopic retrograde cholangio pancreatography
after LT except for patients with biliary atresia [19].

Conclusions

Since the beginning of pediatric liver transplanta-
tion, survival rates of pediatric liver disease patients
have increased, especially in the last 30 years as a re-
sult of the technical, surgical, immunological, and
pharmacological developments that have taken place
in recent years. In spite of high success rates in vas-
cular complications, biliary complications following
liver transplantation are still common and continue
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to be a challenging aspect in the management of such
patients. Therefore, we should continue to work on
finding solutions to eliminate post liver transplan-
tation biliary complications. On the other hand, we
should try to encourage pediatric hepatologists to
convince patients with liver disease to undergo early
transplantation given that these patients live com-
pletely normal lives after transplantation with only
a few immunosuppressive medications.

In conclusion, LT performed in experienced cen-
ters has become the optimal and standard treatment
method for pediatric patients with end-stage liver
disease and irreversible liver damage.
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Backentcpkmit yniBepcuret, [1Ikoma mequiman, Aukapa, Typeyunna

Binmasieni pe3yabraTi TPAHCIUIAHTAII] HEYiHKU
y JiT€H y HAlIOMYy LIEHTPi

TpaHCuIaHTAllisg TIEYiHKU — €IMHUNI METOJ, JIIKYBAHHSI HE3BOPOTHHUX YPAKEHDb T4 XPOHIYHHUX 3aXBOPIOBAHb
MNEYiHKA.

MeTa — BU3HAYMUTH BiJJIAJIEH] PE3YIBIATH CIIOCTEPEKEHHSA, (DYHKIIl TPAHCIUIAHTATA IIEYiHKN T4 BUOKUBAHICTD
JiTer-PEelUIIiEHTIB y HAIIOMY LICHTPI.

MarepiagHu Ta METOAH. Y JOCTIPKEHHS OYyJIO 3AIy4EHO JiTEH-PELUNIEHTIB, IPOONEPOBAHUX Y NEpiof i3 15
6epesnst 1990 p. 1o 11 cepnnsa 2022 p. OuiHOBAIN JeMOrpadidHi XapaKTEPUCTUKY, JOONEPALINHY KIHIYHY
KaPTUHY, ITOKA3AHHA IO TPAHCIVIAHTALLl EYiHKHU, PAHHI TA Mi3Hi Nic/monepariifiii yCKIaJHEHHs, BWWKUBAHICTb
i BiijasieHi pe3y/IsraTu.

PesyapraTy. Y 1iepiof i3 15 6epe3ns 1990 p. 1o 11 cepris 2022 p. BUKOHAHO 341 TPaHCIUIAHTAIIIO EYiHKU
y gitert (307 — Bif >KMBUX POANUIB, 34 — BiJl IOMEP/IOIO JOHOPA). HalyacTimmm IOKa3aHHAM IO TPAHCIUIAHTA-
1if neuinku Oymna aTpesis JKOBYOBUBIJHUX NUIAXIB. BUABICHO 3 YCKIAAHEHHS 3 O0KY IIEUiHKOBUX BEH, 5 — 3 GOKY
BOPITHOI BEHH, 54 — 3 60Ky ME9iHKOBOI apTepii. CTeHO3 KOBYHUX IUBIXIB COCTEPIranu y 62 MarfieHTis, BUTIK
JKOBUYi — y 54. 3arasibHa 5-piyHa BIWKUBAHICTD CTAaHOBWIA 84,1 %, 10-piuHa BIOKUBAHICTE — 77,7 %.

BHCHOBKH. Binganeni pe3yisratu IpOBEACHUX Y HAIOMY LIEHTPi TPAHCIUIAHTALIIN IIEYiHKU Y AiT€M CBiI4aTh,
IO TPAHCIUIAHTALLA IEYiHKA € YCIIIITHUM METO/IOM JIIKyBAHHA ITEN i3 TEPMiHAIBbHOIO CTAZICIO 3AXBOPIOBAHHA
MEYiHKU T4 HE3BOPOTHUM YPAKECHHAM IEYiHKY, 4 BUWKMBAHICTD ITALIIEHTIB € 33JOBUIBHOIO.

Ki1r09oBi ci1oBa: neiarpis, TpaHCIVIAHTALLiS IIEYiHKH, TEPMIHAIbHA CTA/1isl 3aXBOPIOBAHHS IICYiHKH.
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