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Pediatric small bowel transplantation: A single-center experience 
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INTRODUCTION
The first successful isolated small bowel transplant pro-
cedures were reported by Deltz et al. (1), Goulet et al. 
(2), and Starzl et al. (3) during 1989-1991. Today, small 
bowel transplantation (SBTx) is performed in many in-
stitutions, particularly in the USA (4). The first pediatric 
SBTx in Turkey was performed at our institution in 2010. 
Our institution is still the only pediatric intestinal trans-

plant center in Turkey. By 2016, isolated SBTx had been 
performed on 18 adults and six pediatric patients in 
our transplant center. The number of pediatric patients 
with intestinal failure has increased due to advances in 
neonatal intensive care support and the increase in the 
number of premature births. SBTx is required in cases 
with unsuccessful intestinal rehabilitation such as some 
intractable diarrhea, total intestinal aganglionosis, gas-
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ABSTRACT

Background/Aims: Small bowel transplantation (SBTx) is a treatment option for patients with serious parenteral 
nutrition-related problems in intestinal failure. İzmir Tepecik Training Research Hospital Organ Transplantation 
Center is still the only pediatric intestinal transplant center in Turkey. 
Materials and Methods: This study was approved by the local ethics committee. Patients’ data were analyzed 
from the medical charts and the hospital digital database. Seven isolated SBTxs were performed in six children 
between 2010 and 2016. 
Results: One jejunal segment and six partial jejuno-ileal segments were used for seven transplants. All grafts 
were retrieved from deceased donors (one child and six adult donors). The six recipients had a mean age of 
8.8±6.9 years (9 months to 17 years; M: 4, F: 2). The mean follow-up period of patients was 727±848 (34 to 1950) 
days. Acute cellular rejection (ACR) rates were 57% (n: 4) in the first 2 months. Graft loss due to severe ACR was 
seen in one patient. Central line-associated fungal (n: 3, 42%) and bacterial infections (n: 3, 42%) were seen in 
the first 2 months. Two Epstein-Barr virus (EBV) infections were recorded between 3 and 8 months in two pa-
tients. Our 1-year patient and graft survival rates were 71% and 71%, respectively. 
Conclusion: SBTx has become a treatment modality for patients with intestinal failures. Management of ACR 
and infections are still challenging problems in SBTx. Appropriate-sized cadaveric donors are very limited in 
Turkey for pediatric intestinal transplantation candidates. Although the number of SBTxs performed was small, 
this study shows promising results.
Keywords: Small bowel transplantation, pediatria
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troschisis, and ultra-short segment short bowel syndrome. Al-
though the number of patients who require SBTx is increasing, 
organ supply is still limited, particularly for the pediatric popu-
lation. Because of this, we had to perform SBTx from deceased 
adult donors in all cases except one. 

Intestinal transplantation is the treatment option for patients 
with serious parenteral nutrition-related problems in intestinal 
failure. Due to the complexity of the procedure, prospective 
studies could not be conducted. In our opinion, all reports on 
SBTx are very important. Here we report our seven pediatric 
intestinal transplant experiences in detail. 

MATERIALS AND METHODS
This study was approved by the local ethics committee. Patients’ 
data were analyzed from medical files and the hospital digital 
database. Informed consent was received from all patients. 
Seven isolated SBTxs were performed in six children between 
2010 and 2016. Biochemistry, microbiological, and immuno-
logical analyses were evaluated for all patients. A conventional 
vaccine program was performed in all patients before trans-
plantation. Pre-transplant imaging included comprehensive 
computed tomography scans, angiograms, and radiographic 
intestinal studies. Liver and renal functions were carefully eval-
uated. Intestinal grafts were obtained from donors with iden-
tical blood groups. Before recovery, complement-dependent 
cytotoxicity and flow cytometric cross-match were performed. 
All cross-match analyses were negative in all patients.

Prophylactic treatments and Immunosuppression protocols 
Prophylactic treatment consisting of antifungal (fluconazole or 
amphotericin B), anti-bacterial (vancomycin or teicoplanin and 
piperacillin-tazobactam), and anti-viral (ganciclovir) therapies 
were introduced for all patients. Valganciclovir and nystatin 
prophylaxes were extended to 1 year. 

The immunosuppression protocol for induction therapy was 
rabbit antithymocyte globulin (rATG-Fresenius®, 10 mg/kg) and 
a steroid (10 mg/kg). After transplantation, intravenous tacroli-
mus was used until bowel motility was observed. Tacrolimus 
(Prograf TM), with an initial dose of 15–20 μng/mL, was tapered 
after 2 months to 8–10 μng/mL, and sirolimus or everolimus 
was added for immunosuppression therapy. A low-dose oral 
steroid was used in the following 6–9 months. In the post-
transplant second month, sirolimus or everolimus (3–8 μng/
mL) was added. Between 2009 and 2012, autologous bone 
marrow mesenchymal stem cell (BMSC) therapy was added to 
our protocol for patients undergoing SBTx. Our BMSC proce-
dure was previously described elsewhere (5). BMSCs were used 
only for the first three pediatric transplants before 2012.

High-dose steroids, rATG, and/or intravenous immunoglobulin 
(IVIG) were used in the acute cellular rejection (ACR) period. 
TNF-alfa blocker (Remicade®, Janssen Biotech Inc.; PA, USA) was 
used in chronic rejections. 

Organ recovery procedure
We used the University of Wisconsin (UWTM) solution for organ 
perfusion. After removing the small bowel, the graft was re-per-
fused with UW solution on the back table before cold preserva-
tion. We used only jejuno-ileal grafts without the right colon.

Surgical procedure
Before the transplant procedure, to create enough space, some 
failed organs were removed and major vascular vessels were ob-
tained for the graft placement. The graft artery was anastomosed 
to the infrarenal aorta and the graft vein was drained to the infrare-
nal vena cava. Extension graft was not used for the vascular anasto-
mosis. Duodenojejunostomy was performed and a feeding tube 
was placed into the graft via gastrostomy for postoperative nutri-
tion. For distal side reconstruction, a simple ostomy was preferred. 
Ostomy takedown was performed after one year by anastomosis 
with recipient remnant colon. As needed, the graft was shortened 
on the jejunal side for the abdominal closure procedure.

Graft monitoring via endoscopy was performed routinely two 
times in the first 2 weeks, then followed at 1-week intervals un-
til the second month. 

Statistical methods
For discrete and continuous variables, descriptive statistics 
(mean, standard deviation, median, minimum value, maximum 
value, and percentile) were given. The survival rates were ob-
tained using Kaplan–Meier curves. Patient survival was calcu-
lated from the transplantation date until the patient’s death or 
the end of the study period. Statistical analysis was performed 
with the Statistical Package for the Social Sciences (SPSS Inc.; 
NY, USA) version 22. 

RESULTS

Recipients
Ten patients were enrolled for SBTx between 2010 and 2016. 
Two patients died on the waiting list due to catheter-related in-
fections (one fungal, one bacterial) and currently, two patients 
are on the waiting list. One patient underwent re-transplan-
tation after graft loss due to chronic rejection. Demographic 
findings of the six recipients were: mean ages 8.8±6.9 (9 
months to 17 years; M: 4, F: 2). Mean follow-up was 727±848 
(34 to 1950) days. All patients were parenteral nutrition (PN) 
dependent and stayed in hospital before the transplantation. 
Pre and postoperative median hospital stay were 172 and 68 
days, respectively. Indications for SBTx were the presence of re-
current bloodstream derived sepsis (n=6), graft loss (n=1), and 
loss of central venous access (n=4). Liver biopsy was performed 
in two recipients and mild fibrosis was found. Three patients 
received BMSCs besides induction therapy; two recipients died 
from them. One patient died due to post-transplant lympho-
proliferative disease (PTLD) and sepsis on the 14th month. An-
other patient underwent re-laparotomy due to graft vascular 
thrombosis in the early postoperative period, the patient died 
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on the waiting list for re-transplantation. The third patient lost 
the graft due to chronic rejection at the 45th month. The patient 
characteristics are shown in Table 1. The patient survival rate of 
seven recipients was 71% in the first year. 

Grafts
All grafts were retrieved from deceased donors (one child and 
6 adult donors). One jejunal segment and 6 partial jejuno-ileal 
segments were used for seven transplantations. ACR rates were 
57% (n: 4) in the first 2 months. Graft loss due to severe ACR was 
seen in one patient. Other rejection attacks were mild. Chronic 
rejection was seen in one patient (14%) and resulted in graft 
loss in the 45th month despite the use of TNF-blocker treat-
ment. The graft survival rate in the first year was 71%.

Postoperative complications
Median duration in the intensive care unit was 4 days (min 1, 
max 81). Re-laparotomy was required in two patients (28%). 
Vascular thrombosis was seen in one patient (at day 3), and 
obstruction due to rejection was determined in another pa-
tient (at day 30). No abdominal compartment syndrome was 
observed. Encephalopathy was recorded in one patient due to 
posterior reversible encephalopathy syndrome (PRES). 

Infections
Central line associated bacterial and fungal infections were 
commonly seen prior to PN free time. Central line associated 
fungal (n: 3, 42%) and bacterial infections (n: 3, 42%) were 
seen in the first 2 months. Two Epstein-Barr virus (EBV) infec-
tions were recorded between 3 and 8 months in two patients. 
EBV-related PTLD were determined at tissue biopsy (CD 20+ 
and CD 79a+) in one patient. Persistent gastrointestinal hemor-
rhage was observed from multiple ulcers after the third dose 
of rituximab therapy. No recovery was seen despite IVIG and 
Rituximab (MAB-THERATM) therapy. Invasive cytomegalovirus 
(CMV) infection was seen at 39 months in one patient. Viral 
DNA were detected in sera and inclusion bodies were seen in 
tissue biopsy. She was treated with iv ganciclovir. 

Other complications on follow-up
Renal dysfunction occurred in three cases (50%). Renal failure 
was observed in one patient after one year (16%). In this pa-

tient, calcineurin-associated tubulopathy was detected in the 
renal biopsy. 

Lymphedema was observed in one patient on sirolimus ther-
apy at 11 months. Lymphatics obstructions were determined 
at lymphoscintigraphy. Vascular occlusion was not observed in 
the imaging examination. Sirolimus therapy was stopped as we 
considered that it might be responsible for the existing clinical 
condition. Lymphedema reduced after the cessation of siroli-
mus, but the patient did not completely recover. 

DISCUSSION
The International Transplant Registry reports shows that about 
100 to 120 pediatric intestine transplants are performed annu-
ally (6). We have a lack of data for the exact number of patients 
who need intestinal transplantation in Turkey. According to the 
multicenter European survey conducted in 2001, the estimated 
incidence of children on home parenteral nutrition was 2–6.8 
per million people (7). When this data is adapted to the Turkish 
population, the estimated incidence of children on parenteral 
nutrition is about 150–500 annually.

Surveillance endoscopic evaluation is the most important tool 
for the determination of ACR. ACR is determined in the first 3 
months. The historic incidence of ACR (80%) has improved to 
20–50% (6,8-11). The level of ACR has declined following the 
use of rATG (4,12). We used rATG and steroids for induction 
therapy and our ACR rate was 57%. 

Mesenchymal stem cells have the ability to inhibit T-cell pro-
liferation in vitro and in vivo and to exert similar inhibitory ef-
fects on B, dendritic, and natural killer cells. It is used as a new 
stem cell therapy for autoimmune diseases, solid organ trans-
plantation, and treatment of graft-versus-host disease (13-15). 
For reducing ACR, BMSC treatment was used in three patients. 
Mild ACRs were found in two patients who received BMSCs, 
but graft loss did not occur due to ACR in the early period. 

The incidence of chronic rejection was reported at 10% to 15% 
and is the most common in the 22–67-month period (1,3). The 
mechanism of this type of rejection is not understood; hence, 
treatment is not well-defined. Re-transplantation is usually the 
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	 Recipient age/gender	 Recipient weight (kg)	 Donor age/gender	 Donor weight (kg)	 Cause of intestinal failure

Patient 1	 9 months/male	 7	 34 years/female	 48	 Waardenburg syndrome

Patient 2	 12 years/female	 39	 27 years/male	 49	 Major traumatic injury

Patient 2 (re-transplant)	 16 years/female	 40	 50 years/male	 90	 Graft loss

Patient 3	 17 years/male	 47	 60 years/male	 80	 Malrotation

Patient 4	 12 years/female	 23	 42 years/male	 -	 Malrotation

Patient 5	 5 years/male	 10	 42 years/male	 75	 Waardenburg syndrome

Patient 6	 6 months/male	 6	 3 years/female	 15	 Volvulus 

Table 2. Patient and donor characteristics



only solution (10). We identified only one case of chronic rejec-
tion (14%), and the graft was removed due to failed treatment 
at the 45th month.

CMV and EBV infections are life-treating and cause graft loss 
in children with SBTx. The incidence of CMV infection was re-
ported at about 14% to 25% (6,11). We encountered one case 
of invasive CMV infection, and it was treated by IV ganciclo-
vir. There was a chronic rejection at the same time. Intensive 
anti-rejection treatment was used before the CMV infection. 
Re-transplantation was performed due to graft loss in this pa-
tient. In particular, in young children with SBTx, if anti-EBV IgG 
is negative in the pre-transplant assessment, the risk of PTLD 
increases (16,17). The incidence of EBV was reported to be 25–
33% in pediatric SBTx during the first 6 months. The prevalence 
of PTLD was 16–17% in pediatric SBTx (11,18). The use of anti-
T-cell antibodies has been considered as a risk factor (14). PTLD 
was seen in one patient (14%) 9 months post transplant under 
oral valganciclovir prophylaxis. 

Kidney dysfunction secondary to immunosuppressive therapy 
in SBTx has been reported as 46% (19). Ojo et al. (20) reported 
that 21% of 5-year survivors of SBTx had chronic kidney disease. 
In our series, renal dysfunction occurred in three patients (50%) 
and chronic renal failure was observed in one patient (14%). 

As in other solid organ transplants, m-Tor inhibitors were used 
in SBTx as an immunosuppressive therapy with corticosteroids 
and tacrolimus (11,21,22). Sirolimus-related lymphedema has 
been reported in organ transplantation (23). Lymphedema was 
seen in one of three patients using sirolimus, and a partial im-
provement was observed when treatment was stopped in this 
patient. Everolimus was given to two patients. It was well toler-
ated without any adverse effects.

The incidences of 1-year graft and patient survival were 75% 
and 79%, respectively, in 2007 (3). Nearly Dopazo et al. (12) re-
ported that they performed 91 SBTxs for 74 children. One- and 

5-year patient survival rates were 80% and 68%, respectively, 
and 1- and 5- year graft survival rates were 68% and 59%, re-
spectively The 1-, 3-, and 5-year patient survival rates of 199 
children who had transplants in Pittsburgh were 95%, 84%, 
and 77%, respectively, and 1-, 3-, and 5-years graft survival rates 
were 88%, 74%, and 58%, respectively (3). Our 1-year patient 
and graft survival rates were 71% and 71%, respectively.

Small bowel transplantation has become a potential treatment 
for patients with intestinal failure. ACR and infections are the 
main problems in SBTx. 

In conclusion, appropriate-sized deceased donors for pediatric 
intestinal transplantation candidates are very limited in Turkey. 
Therefore, pediatric candidates have to wait for a long time on 
the transplant list. Despite this, we have performed SBTx from 
adult donors for pediatric patients, and this study shows ac-
ceptable and promising results.
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		  CI time				    Patient 	 Cause of	 Cause of 
	 HLA Mm	 (minute)	 BMSCs	 GS (day)	 PS (day)	 status	 graft loss	 death

Patient 1	 6	 420	 +	 415	 415	 Dead	 PTLD	 Sepsis

Patient 2	 2	 410	 +	 1500	 1950	 Alive	 Chronic rejection	 -

Patient 2 

(Re-tx)	 4	 450	 −	 450	 450	 Alive	 -	 -

Patient 3	 5	 380	 −	 390	 390	 Alive	 -	 -

Patient 4	 5	 380	 −	 30	 34	 Dead	 Acute rejection	 Sepsis and MOF

Patient 5	 5	 340	 −	 300	 300	 Alive	 -	 -

Patient 6	 5	 255	 +	 3	 51	 Dead	 Vascular thrombosis	 Sepsis

Mm: mismatch; CI: cold ischemia; BMSCs: bone marrow mesenchymal stem cell; GS: graft survival; PS: patient survival; Re-tx: re-transplant; MOF: multiple organ failure; PTLD: post-
transplant lymphoproliferative disease

Table 2. Patient and graft survival
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