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Background. Chronic graft rejection (CR) represents an increasing concern in pediatric liver transplantation (LT).
Risk factors of CR in this population are uncertain. In present study, we aimed to ascertain if clinical parameters
could predict the occurrence of CR in LT children. Methods. We retrospectively analyzed the results from 47 child-
ren who had experienced acute hepatic rejection in Namazee hospital, Shiraz, Iran during 2007-2017. Results.
Out 0f 47 children, 22 (46.8%) and 25 (53.2%) were boys and girls respectively. Ascites, gastrointestinal bleeding,
and spontaneous bacterial peritonitis were observed in 20 (44.4%), 14 (31.1%), and 4 (9.1%) respectively. Post-
transplant vascular and biliary complications were observed in 3 (7%) and 4 (9.3%) cases respectively. The mean
time from LT to normalization of liver enzymes was 14.2 &+ 7.5 days. The mean of acute rejection episodes was
1.4 + 0.6 (median = 1 (22, 46.8%), range of 1-3). Six (12.7%) patients experienced CR. The mean time from LT
to CR was 75 + 28.4 days. A significant association was found between CR and patients’ condition (being inpatient
or outpatient) before surgery (P = 0.03). No significant relationship was found between CR and post-transplant
parameters except for biliary complications (P = 0.01). Both biliary complication (RR = 33.7, 95% CI: 2.2-511,
P =0.01) and inpatient status (RR = 10.9, 95% CI: 1.1-102.5, P = 0.03) significantly increased the risk of CR.
Conclusion. Being hospitalized at the time of LT, and development of biliary complications might predict risk
factors for development of CR in LT children.
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YACTOTA BO3HUKHOBEHUA U PAKTOPbI PUCKA PA3BUTUA
XPOHU4ECKOTIO OTTOPXEHUSA MPU OCTPOM OTTOPXXEHWUU
TPAHCNAAHTUPOBAHHOMU MNMEYEHWU Y AETEU

C.M. Jlexcanu', U. lllaxpamar’, M. Aamonnaxu', @. Ilapoo’, M. Canapzan’,
M. Baxmanwsap®, A. Capeasu’, M. Jlenapamnaca6’

" LLeHTP TPAHCMIAQHTALMM OPraHoB LLUMpas, BOAbHMLA Hemasu,
LLIMpA3CKMM YHUBEPCUTET MEAMULMHCKMX HAYK, LLInpas, NpaH

2 YCCAEAOBATEABCKMM LLEHT AETCKOM raCTPOIHTEPOAOTMM U TEMATOAOTIM,
30D0ACKNIN YHUBEPCUTET MEAMLIMHCKMX HAYK, 3000A, NPaH

* YHMBEPCUTET MEAMLIMHCKMX HaYK Paca, Paca, MpaH

AKTyalabHOCTb. XpoHHYecKoe oTTopkeHne (XO) TpaHCIIaHTaTa CTAHOBUTCS Bee OoJiee Cephe3HOH MPodIeMoin
pu TpaHcrutanTauy nedeHu (TI1) y nereit. @akxTops! pricka XO B 3TO# NMOMYJSAINHA OCTAIOTCS HEOTPEAEITICH-
HBIMH. B HacTosIIeM ncCllefOBaHUN MBI CTPEMITUCH BELSICHATH, MOXKHO JIM CIIPOTHO3WPOBaTh BOSHUKHOBEHUE
XO vy nereit ¢ TII no knuHUYECKUM apaMeTpaM. MeToabl. MBI TPOBENH peTPOCIIEKTUBHBIN aHamu3 47 cllydacB
OCTPOT0 OTTOPKEHUSI TPAHCIIAHTaTa IIEYeHH Y A€TeH, IpoonepupoBaHHbIX B OonpHuLe Hamasu (1. [upas, Upan)
B nepuoz ¢ 2007-ro mo 2017 rox. Pe3ynbrarsl. B uccienosanue Briroummu 47 nereii: 22 (46,8%) Manpuanka u
25 (53,2%) neBouek. ACIHT, )KeITyI04YHO-KUIIEYHOE KPOBOTEUECHHE U CIIOHTaHHBIN OaKkTepHalbHbIN IEPUTOHUT
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HaOmonanvcek B 20 (44,4%), 14 (31,1%) u 4 (9,1%) ciydasx coorBercTBeHHO. [locTTpaHCIIIaHTAIIMOHHBIE CO-
CYIUCTBIE U OMIIMApHBIE OCIOKHEHUsT oTMeyanuch B 3 (7%) u 4 (9,3%) ciyuasx coorBercTBeHHO. [lokazarenu
MEUYEHOYHBIX ()ePMEHTOB HOPMAIM30BAINCE B cpeaHeM yepe3 14,2 + 7,5 nus nocne TII. Cpegnee konu4ecTBO
3MU30/I0B OCTPOTO OTTOPKeHUS cocTaBmio 1,4 + 0,6 (mequana = 1 (22; 46,8%), auanazon 1-3). Y 6 (12,7%)
narreHToB Haomonanock XO. Cpennee Bpems ot TII go XO cocraBuio 75 £ 28,4 nHs. MbI BBISIBUIN CTaTUCTH-
YECKH 3HAYMMYI0 KOppersinuio Mexay XO U mpenonepaoHHbIM IepHoaoM (HaX0KACHUE B CTAMOHAPE HIIH
amOynaropHas moarotoska, p = 0,03). XO craTucTUYeCcKHd 3HAYMMO KOPPEIHPOBAIO ¢ HATUYHMEM OHIIHAPHBIX
ocnokuenui (p = 0,01), mpyrue mociaeonepanioHHbie (JaKTOPhl CTATUCTHYSCKUA 3HAYUMO Ha HETO HE BIIHSUIM.
bunuapusie ocnoxuaenns (OP =33,7,95% 11 2,2-511, p=0,01) u npenonepanroHHbIi ctaryc nanuenTa (OP =
10,9, 95% A 1,1-102,5, p = 0,03) 3raunTenpHo MoBBImany puck XO. 3akiaodenue. ['ocnuranu3anus mpu
ITOJITOTOBKE K TPAHCIDIAHTAIIMY U paHHEE BBISBICHNE OMIHAPHBIX OCIOXKHEHHH MOTYT IPEIOTBPATHTD Pa3BUTHE

XO tpancmianrTara y gaerer mocie TIL.

Kniouesvie cnosa: mMpancniarnmayusl nevyeHu, onmmopotcenHue mpancnianmama, peaxyus TIIX.

INTRODUCTION

In the courtesy of substantial improvements in pre-
and post-transplant care, patients who are organ trans-
planted now encounter lower rate of early complica-
tions after surgery. However, patients are still at risk of
long-term complications and in particular, chronic graft
rejection (CR). Accordingly, CR is the most debating
and concerning survival-limiting complication in liver
transplanted patients and is encountered in 2-20% of the
patients [1, 2]. CR is generally defined by foamy changes
in sinusoidal and vascular beds as well as the loss of
>50% of portal bile ducts [3, 4]. The most identifiable
feature in biopsy specimens, however, is the loss of bile
ducts as foamy changes which are usually restricted to
large arteries. Nevertheless, the loss of bile ducts is con-
sidered as a late feature of CR [3]. Immunosuppressive
therapies have had the least impacts in progression of
tissue degeneration in advanced CR. The majority of
patients affected with advanced CR are required to be
re-transplanted [5]. In accordance, CR is the main reason
for graft failure in pediatric population [6]. After nearly
five decades experience on pediatric LT, survival rate
for patients hits 90% in 1-year post transplant [7]. This
survival rate could particularly be attributed to improve-
ments in preoperative managements, optimizing donor
selection strategies, and developing proficient surgical
methods. The majority of these advancements, however,
contribute to lower acute and short-term complications
while long-term complications, and in particular, CR, is
still relatively common encountered feature. Compared
to adult LT (2-5%), CR is encountered in higher ratios
(8—12%) in pediatric patients [6]. Parameters associated
CR are not well known in pediatric LT. Based on this,
studying risk factors related to incidence of CR is of
crucial importance to early identify CR in pediatric LT.

METHODS

This was a retrospective study performed in Organ
transplant center of Nemazi Hospital, Shiraz, Iran. Data
on CR was gathered from 47 pediatric patients who had
experienced acute rejections. A comprehensive view on
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these patients has been reported earlier by ours. These
patients had biopsy diagnosed acute rejection. Chronic
rejection was diagnosed in these patients based on the
loss of >50% of portal bile ducts. Statistical analysis
was performed in SPSS 19 software using appropriate
descriptive and analytical tests.

RESULTS

From 47 children, 22 (46.8%) and 25 (53.2) were
boys and girls respectively. Family history of liver di-
sease was noted in 9 (19.1%) of the patients. None of
the patients had renal insufficiency, cyanosis or hepa-
topulmonary syndromes pre-transplant. However, asci-
tes, gastrointestinal bleeding, and spontaneous bacterial
periodontitis (SBP) were observed in 20 (44.4%), 14
(31.1%), and 4 (9.1%) of patients respectively.

Only 6 (13%) of the patients had been hospitalized at
the time of transplantation. Cadaveric transplants were
done in 33 (71.7%), while the grafts came from either
fathers or mothers in 4 (6.5%) and 10 (21.7%) cases
respectively. The means for the numbers of transfused
FFP, whole blood, and packed cell units before LT were
1+£1.7,04 + 1.4, 0.6 = 1.5 respectively. basic clinical
features of the patients have been noted in table 1.

One (2.2%) patient developed diabetes, and 1 (2.2%)
developed renal insufficiency after transplantation. Se-
rological tests for cytomegalovirus (CMV) was positive
for 1 (2.2%) case after transplantation. Bayloma was
noted in 6 (14%) of the patients after the surgery. Post-
transplant vascular and biliary complications were ob-
served in 3 (7%) and 4 (9.3%) of the cases respectively.
No cases developed post-transplant lymphoproliferative
disorder (PTLD) following LT.

The mean time from LT to normalization of liver
enzymes was 14.2 = 7.5 days. The mean of acute rejec-
tion episodes was 1.4 = 0.6 (median = 1 (22, 46.8%),
range of 1-3). Six (12.7%) patients experienced chronic
rejections. The mean time from transplantation to CR
was 75 + 28.4 days. Table 2 represents features of the
six patients who developed CR.

No association was identified between CR and sex,
blood group, child class, pre-transplant complications
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(SBP, GI bleeding, ascites, hepatopulmonary syndrome,
cyanosis, renal insufficiency), and graft origin (cada-
veric, parental). However, fisher exact test revealed a
significant association between CR condition (being in-
patient of outpatient) of the patients before surgery (P =
0.03). Beside biliary complications (P = 0.01, table 3),
no significant relationship was found between CR and
post-transplant parameters (diabetes, renal insufficiency,
CMYV infection, and vascular complications). In regres-
sion analysis, both biliary complication and inpatient
status increased the risk of CR significantly (table 4).

DISCUSSION

Graft failure due to CR is a growing concern in pe-
diatric LT. Mechanisms behind CR are of great interest
for researchers in order to make progress on patient and

graft outcome. In respective to the adults, LT in children
offers a superior prognosis. This is governed by a variety
of factors such as graft quality and viability (source,
harvesting, preserving and transporting) as well as effici-
ency of surgical techniques and inter-individual patients’
related factors.

In our study, 6 (12.7%) patients encountered CR.
The mean time from LT to CR was 75 + 28.4 ranging
from 35-102 days. It has been noted that graft failure is
mostly encountered within three months after LT, while
85% of rejections occurred within six months [8]. In a
study in Brazil on 537 LT children, 29 (5.4%) develo-
ped CR [6]. In another report in 22 pediatric LT, 2 (9%)
encountered CR [9]. In a study by Dattani et al., 2% of
46 LT children developed CR [10]. CR development is
a multifactorial phenomenon. This could be provoked
in grafts from unrelated donors as CR was reported in
14.7% of patients transplanted with unrelated while in

Table 1 7% of related allografts [11]. Overall, CR is a relatively
Basic clinical features in 47 liver transplanted common feature in pediatric LT, however, its risk factors
children and underlying pathological and immunological mecha-

Parameter Amount nisms need to be more elucidated.
At 17 (36.2) In our patients, neither of recipients’ age, weight,
B+ 8(17) PELD/PELD or child scores, and nor acute rejection
B— 2(4.3) episodes, hospitalization period, time laps for norma-
Blood groups O+ 17 (36.2) lization of liver enzymes, and receiving blood compo-
O- 2(4.3) nents or bleeding during surgery were associated with
AB+ 1(2.1) occurrence of CR. Nevertheless, status of the patients at
A 12 (22.2) the time of LT (i.e. inpatient or outpatient), the ICU stay
Child class B 24 (58.3) duration, and post-transplant biliary compilations were
C 11 (19.4) significantly associated with CR. Among risk factors of
Age at transplant (years) 9.6+9.5 CR in LT are recurrent acute rejections [3, 6, 12], viral
Weight at transplant (Kg) 23.7+13.4 infections [13—16], low-dose immunosuppression thera-
PELD/MELD score 18.7+10.5 py, anti-viral therapy [2], underlying liver disease [17,
Child Score 7.6+23 18], human leukocyte antigen (HLA) mismatch [18-20],
Hospitalization episodes 252 ABO-incompatible graft [21, 22], donor-specific antibo-
Bleeding volume (ml) 327.6+4203 | dies (DSA) against HLA or other immune determinants
Surgery time (hours) 192.8£109.6 | (i.e. complement system) [23—25], and post-transplant
ICU stay after transplantation (days) 10.7+£5.1 complications (i.e. vasculopathies and sinusoidal fibrosis
Hospital stay after transplantation (days) 142£59 [16]. In another study, however, none of 36 patients who

Table 2
Features of six children who developed chronic graft rejection after liver transplantation

Features P1 P2 P3 P4 P5 P6
Gender M F M M M F
Age at transplant (years) 6 3 2.5 10 11 2
PELD/MELD score 24 16 28 40 14 18
Child Score 6 11 8 12 6 7
Time to liver enzyme normalization (days) 17 8 28 17 10 12
Acute rejection episodes 1 1 1 2 2 2
Time to chronic rejection (days) 102 94 89 43 87 35
Status before transplant inpatient inpatient | outpatient | inpatient | outpatient | outpatient
Type of transplant Mother Mother Cadaver Cadaver Cadaver Cadaver
Biliary complications Yes No No No No Yes

Note. P — patient; M — male; F — female.
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received long-term low dose immunosuppressive therapy
developed CR [26]. In fact, tacrolimus based immuno-
suppressive treatment has been reported as an effective
factor for preventing CR [4, 27], however, other studies
suggested that immunosuppression regimes could not
be definitive determinants in prevention of CR [6, 26].
DSAs which have been mainly against HLA Il and C3d
component of complement system are seen in increa-
sing frequencies with the time after transplantation (8%
within 5 years while 50% in >15 years of LT) [23]. Ne-
vertheless, DSAs may not be specific for detection of
CR as they have also been described in as high as 56%
of patients without any evidences of CR [25]. Allografts
In patients positive for CMV infection have shown more
pronounced fibrotic and vasculopathy, as well as necrotic
changes [13]. This has been attributed to higher expres-
sion of vascular growth factors (such as platelet derived
growth factor and fibroblast growth factor; i.e. PDGF
and FGF) [13]. On the other hand, chronic stimulation of
inflammatory cytokines has been suggested as a possible
contributor to the aggravation of hepatic inflammation

and CR [13]. Some other risk factors have also been de-
scribed for CR. Of these are recipient general health and
absence of autoimmune disorders, as well as recipient
age and gender [12, 22]. These implications are mainly
acknowledged from adult studies, and on the other hand,
these risk factors have been inconsistent among different
populations.

In the study of Tannuri et al., CR was not asscoia-
ted with neither of the age or gender of recipients, nor
with graft origin, unerlying liver disease, acute rejection
episodes, viral infections (CMV and EBV), immunosup-
pressive treatement, and post transplant complications
(i.e. PTLD, vascular, and biliary complications) [6].
Instead, ductopenia was noted as the sole predictor of
CR in the recent reprot [6]. Here we found that billiary
complications afetr LT signfiicantly increased the risk
of CR (Adjusted relative risk = 33.7, 95% CI: 2.2-511).
Biliary complication is a respectively common sequala
after LT [28, 29]. Some factors that may contribute to the
development of biliary defects have been noted as high
serum bilirubin, advanced donor age, MELD score, acute

Table 3

Univariate analysis for association of clinical characteristics pre and post liver transplantation with
occurrence of chronic graft rejection

Parameters Chronic rejection p
Yes (n = 6) No (n=41)
. Yes 2 3
Biliary No 7 33 0.01%*
Inpatient 2 3
Status Outpatient 4 37 0.03*
Age at trans 155+£2.7 8.7+43 0.11
Weight at trans 27+ 18.1 23.1+12.6 0.74
PELD/MELD score 22.7+11.7 18.1 £10.5 0.40
Child score 8+£2.7 75+£23 0.61
FFP units 1.2+14 1+£1.8 0.38
Whole blood units 0.25+0.5 052+1.5 0.89
Hospitalization before 1.5+0.5 27+£2.1 0.16
Bleeding volume at surgery 568 + 567.5 296 +396.1 0.18
ICU stays after transplant 55+39 11.5+4.38 0.007**
Surgery time 230 £ 62.4 189.7 + 112.8 0.84
Hospital stay after transplant 13+£6 145+£59 0.93
Days to normalization of liver enzymes 14.8+ 6.6 14.1+7.8 0.56
Acute rejection episodes 1.4+0.5 1.4+0.6 0.84
Note. * — Fisher exact test; ** — Mann Whitney U test.
Table 4
Logistic regression analysis for selected variables and risk of chronic rejection in pediatric liver
transplantation
Parameters 95%CI p Adjusted RR | 95%CI p
Status Outpatient Ref Ref
Inpatient 1.3-60.4 0.02 10.9 | 1.1-102.5 0.03
Biliary complications No Ref
Yes 2.1-316 0.01 33.7 | 2.2-511 0.01
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rejections and biliary structural defects following
LT [29]. Furthermore, patients with primary biliary cir-
rhosis had higher risk for occurrence of biliary compli-
cations after LT [29]. Recently by proposing a chronic
antibody-mediated rejection (cAMR) score based on a
variety of serological, histological and clinical parame-
ters, it was possible to predict a risk-stratification for
graft failure following 10 years of LT [16]. Overall, many
inter and intra individual, as well as procedural factors
are important in development of CR in LT.

In addition to clinical parameters, lights have also
been shed on the molecular and cellular mechanisms
involved in hepatic CR. In study of Wei et al. in animal
model of CR, it was found that the expression of at least
sixty two proteins were modulated in the face of CR de-
velopment [30]. Among these, CLU (clusterin), a widely
expressed secretory glycoprotein with proposed roles in
protein hemostasis, graft survival, apoptosis, immune
tolerance and tumorigenesis was suggested as a relia-
ble early indicator of CR [30-32]. Two other possible
early indicators of CR proposed by Wei et al. included
keratin type I cytoskeletal 19 (Krt19) and lipocalin 2, a
neutrophilic gelatinase with respective roles in regulating
bile duct biogenesis and immune system [30]. In additi-
on, Th2 lymphocytes seems to contribute in hepatic CR
by production of IL-10 and promoting humoral and in-
flammatory responses [33]. Through balancing Th1/Th2
responses, invariant natural killer T cells (iNKT) may
execute a substantial role in inducing immune tolerance
toward liver allografts [34]. New evidences have sugge-
sted a role for hepatic mast cells in augmenting immune
tolerance and graft preservation [35]. From other early
molecular indicators of CR has been proposed increased
expression of apoptotic receptor (i.e. FasL) on Kupfer
cells and antigen presenting cells (APCs) within hepatic
allografts [36]. Decreased expression of serine/threonine
kinase; STK17A, with suggested roles in biliary bioge-
nesis in liver allograft may also be an early predictor of
hepatic CR [37]. More studies are necessary to unravel
molecular adaptors responsible for CR in LT.

CONCLUSION

The only rescuing option in patients afflicted with
CR may be re-transplantation. Considering this, and also
potential reversibility of CR in early phases, accurate and
timely diagnosis of CR in initial stages is of paramount
importance. This necessitates identifying and monitoring
at risk patients for CR. Our findings suggest that being
hospitalized at the time of LT, and development of biliary
complications might predict such high risk conditions.
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