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ARTICLE INFO ABSTRACT

Keywords: Background: Intestinal transplantation (ITx) has evolved into a viable option for patients suffering from
Intestinal transplantation intestinal failure (IF). As graft and patient survival increase, we enter a new era where re-transplantation
Multi-visceral transplantation (re-ITx) is increasingly considered. Re-ITx grafts historically are less successful than their primary
Acute rejection counterpart. While re-ITx is challenging for the obvious reasons of a re-do operation, there are poten-
retransplantation

tially modifiable pre-transplant clinical and technical factors which are not yet understood.

Methods: We conducted an in-depth review of our re-ITx experience at a high volume transplant
center, and describe unique predictors associated with improved outcomes.

Results: There were 132 primary ITx performed from 1991-2021; 44 primary ITx failed (33%) and of
those, 25 (56%) were re-transplanted within the time of this retrospective review. The median time to
re-ITx was 13 months (5 days—6 years). I-ITx recipients were more commonly re-transplanted with
liver-inclusive grafts (64%). Re-ITx recipients were more often male (p=0.05), had positive crossmatch
(p=0.01), PRA>20% (p=0.03), and underwent ATG-induction (p=0.00). The mean graft survival in
months in primary ITx was 74.0 (0.0 - 303.2) and in re-ITx was 60.0 (0.0 - 155.83) (p=0.37). The
leading indication for re-ITx was ACR of the primary graft (64%). Successful re-ITx (graft survival >1
year) was significantly associated with ATG-induction (p=0.003). Liver-inclusive grafts demonstrated
increased 1-year survival compared with liver-free grafts, but not significantly (primary ITx: 72% vs
55%; re-ITx: 75% vs 57%). Enterectomy of the primary graft prior to re-ITx appeared to increase
overall graft survival after re-ITx, but not significantly (70 vs 40 months, p=0.17). Enterocolonic
continuity was associated with overall longer graft survival after re-ITx (95 vs 40 months, p=0.03).
Conclusion: We demonstrate several factors to consider when evaluating patients for re-ITx, a
multicenter study is needed to understand how patient selection, clinical management, and
technical modifications can improve outcomes after re-ITx.

Introduction

Intestinal failure (IF) is defined as any cause of gastrointestinal dysfunction that results in the inability to meet nutrition demands,
necessitating dependence on parenteral nutrition.[1] For patients suffering from IF, intestinal transplantation (ITx) is a potentially
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life-changing treatment option. The intestine can be transplanted alone or in combination with other organs such as the liver,
pancreas, and kidney. While significant advancements have been made, the intestine poses a greater challenge to transplantation than
other solid organs. Due to its high concentration of lymphoid tissue and it being host to a multitude of foreign antigens, the intestinal
allograft is highly susceptible to rejection and suffers from poor long-term outcomes. These issues are apparent when the 1- and 5-
year graft survival rates after intestine, liver, and kidney transplant are compared — 66 % and 45 % in intestine, 93 % and 85 % in
liver, and 95 % and 80 % kidney transplantation.[2].

Increasingly, re-transplantation (re-ITx) is seen as a viable option for ITx recipients who have failed primary transplantation. Re-
ITx is now the 4th leading indication for ITx in adult and pediatric patients.[3] Nationally, the incidence of re-ITx is 8 %.[4] However,
there are significant challenges to re-ITx, including the technical challenge of a re-do operation and the complex immunosuppression
involved. Re-ITx grafts are less successful than their primary counterpart, with 1- and 5-year graft survival rates of 56 % and 35 %
compared to 66 % and 45 %.[5] The potential modifiable factors related to improved outcomes are not well understood. We set out to
conduct a multi-decade analysis of our re-ITx expiereince at a high volume transplant center in order to describe unique predictors of
improved outcome after re-ITx.

Methods

We performed an IRB approved retrospective single center observational study of ITx recipients transplanted between 1991-2021.
We collected data on a large number of clinical and technical factors (Table 1).

Recipient selection

All potential candidates for ITx and re-ITx were evaluated and selected using a standard multidisciplinary process. Candidates
were required to have either irreversible IF, potentially life-threatening complication of IF or indications such as desmoid tumors or
porto-mesenteric venous thrombosis that were refractory to other therapies. Candidates that were selected for transplantation were
listed according to the regulations set forth by the United Network for Organ Sharing (UNOS).

Donor selection

Suitable donors were selected based on age, size and quality of organs. The organs procured were based on the needs of the
recipients. All organs were procured using an en bloc technique. The types of transplants performed included isolated intestinal
transplants (iITx) using donor jejuno-ileum with or without colon; liver-intestinal transplants (L-ITx) using an en bloc donor liver,
pancreas/duodenum, and jejuno-ileum with or without colon and/or kidney; multivisceral transplant (MVT) using en bloc donor
liver, pancreas/duodenum, and jejuno-ileum with or without colon, stomach, and/or kidney; and modified multivisceral transplant
(mMVT) using donor pancreas/duodenum and jejunoileum with or without stomach and/or colon. University of Wisconsin solution
was the preservation fluid of choice. All efforts were made to maintain cold ischemia time less than 8 h.

Recipient operation

The recipient operation was conducted according to standards previously published.[6] For recipients of isolated intestinal grafts,
a midline incision was typically used for exposure. Arterial inflow usually originated from the infra-renal aorta with the liberal use of
donor arterial conduits. Alternate arterial inflow was via the superior mesenteric artery. Venous outflow was typically into the
inferior vena cava with the liberal use of donor venous conduits. Alternative venous outflow was via the superior mesenteric vein.
Gastrointestinal reconstruction was achieved between the donor and recipient jejunum and the donor ileum and recipient colon.
Enteral feeding tubes and ileostomies were standard.

For recipients of the liver-intestine, modified multivisceral or multivisceral transplants, a bilateral subcostal incision with midline
extension was used. Removal of the native liver and viscera was performed when indicated. Arterial inflow was from the supraceliac
aorta with the liberal use of donor aortic conduits. Venous outflow was via the suprahepatic inferior vena cava. For liver-intestinal
recipients where the native foregut was preserved, a native portocaval shunt was performed in all but the first several cases.
Gastrointestinal reconstruction was accomplished between the donor and recipient foregut and hindgut. Enteral feeding tubes and
ileostomies were standard in most cases.

Immune matching

All donors and recipients were typed at the major HLA loci but no attempt to match was accomplished. The use of donor: recipient
crossmatching was performed in all cases where blood and tissue were available. The results were available after the transplant was
performed. As the program evolved, virtual crossmatching came into use and was standard in the more recent cases. Other tests for
immune activation have included the CDC lymphoassay, the panel reactive antibody testing (PRA), and single antigen testing. Over
the past two decades, a Flow Class I & II PRA is performed at evaluation every three to six months for patients actively listed and pre-
transplant, with efforts to avoid pre-formed anti-HLA antibodies when possible. A single antigen Luminex platform test is also
performed at evaluation and pre-transplant with preformed anti-HLA antibodies avoided when possible. In select cases with high PRA
levels, desensitization was attempted using any combination of IVIG, plasmapheresis, rituximab, and/or bortezomib.
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Immunosuppression

Immunosuppression was used in the recipient only with each case divided into the predetermined immune risk category. For
recipients deemed standard immune risk, induction with an interleukin-2 receptor antibody Basiliximab (Simulect®, Novartis,
McKesson, Irving, TX, USA) or Daclizumab (Zinbryta®, BioGen, Cambridge, MA, USA) was used over a 4-6 week post operative
period. For recipients deemed high immune risk, induction with rabbit Antithymocyte Globulin (rATG®, Thymoglobulin, Sanofi-
Aventis, France) was used over the first 5-7 postoperative days for a total dose of 5-10 mg/kg. All recipients received pulse and
maintenance steroid as well as Mycophenolate Mofetil (MMF/Cellcept®, Hoffmann-La Roche Inc., Switzerland). In all but the first
two cases, Tacrolimus (Prograf®, Astellas Pharma, Deerfield, IL, USA) was the standard maintenance agent with target trough levels
adjusted depending on patient conditions. In general, target 12 h trough levels are 10-15 ng/mL for the first 30 days post-ITx, 10-12
for the next 60 days, and then 8-10 days thereafter. Allograft acute cellular rejection was treated with steroid pulse as a first line
therapy followed by rATG and/or Alemtuzumab (Campath®, Genzyme, Cambridge, MA, USA) for steroid resistant or severe rejection
episodes. Recipients are also typically monitored for the presence of de-novo donor specific antibodies (DSAs) after transplantation.
The development of DSA or suspected antibody mediated rejection (AMR) is treated in a similar manner to the desensitization
protocols described above. Chronic rejection is typically treated with the addition of Rapamycin (Sirolimus®, Pfizer, New York, NY,
USA) and tacrolimus. Lastly, patient who develop symptoms consistent with calcineurin-inhibitor toxicity, including renal in-
sufficiency, are treated with the addition of sirolimus and the reduction of tacrolimus trough levels.

Monitoring

A strict monitoring protocol has been in place since the start of the program with expansion as the field and program have
evolved. Monitoring blood testing occurs weekly in the early transplant period and then tapers to monthly and quarterly as the
patient is further post-transplant. Surveillance endoscopy and biopsy has been previously described and consists of weekly occurrence
in the first month post-transplant and then tapers to monthly and quarterly as the patient is further out from ITx. For-cause endoscopy
and biopsy takes place on an urgent basis related to a change in the functional status of the intestinal allograft. Biopsies are in-
dependently assessed by experienced pathologists and evaluated and graded for rejection based on established criteria.[7] Specialized
immunohistochemistry staining is performed when clinically applicable and includes assay for CMV, adenovirus, or C4d.

Data collection

A large clinical IRB-approved database has been maintained since the inception of the program. Data is collected in a prospective
manner and manually entered into the pre-set data fields. Data is retrospectively reviewed and quality checked to ensure the validity
of all data points.

Statistical analysis

Characteristics of primary and re-ITx were compared using standard chi-square and t-tests, with significance set to p < 0.05.
Survival analysis was computed using Kaplan-Meier methods.

Results
Transplant types of primary and Re-ITx

There were 132 total primary ITx. Indications for primary ITx included anatomic short-bowel syndrome (60 %), functional
motility disorders (8 %), mucosal disorders causing congenital enteropathy (8 %), and other (e.g. IBD, vascular thrombosis, and
desmoid tumors) (21 %). (Fig. 1) Of the 132 primary ITx, 44 failed (33 %). Of those, 25 (56 %) were re-transplanted within the time
of this retrospective review. Of the remaining 19, 2 are currently re-listed for transplantation but have not been re-transplanted
because of various reasons related to patient stability and organ availability. The other 17 were not candidates for re-transplantation
due to [1] death secondary to multi-system organ failure (MSOF) (n = 10); [2] death secondary to hemorrhage (n = 3); death
secondary to recurrence of lymphoma (n = 2); medical comorbidities (e.g., highly sensitized) or surgical contraindications (e.g.,
hostile abdomen) (n = 2). (Fig. 2) I-ITx recipients were more commonly re-transplanted with liver-inclusive grafts (64 %). Of the L-
ITx recipients, 85 % were re-transplanted with L-ITx grafts, while 100 % of MVT recipients were re-transplanted with MVT grafts.
There were only two mMVT recipients who required re-transplantation — one using mMVT and the other using MVT. To date, 15 of
the 25 (60 %) re-ITx patients have functioning grafts. (Fig. 3).

Demographics of primary ITx

The ethnic makeup of primary ITx recipients was representative of the Southwestern United States with the majority of Hispanic/
Latino background (52 %). The majority of the cohort were children (< 18 years, 64 %) and assigned male sex at birth (54 %). The
mean age and weight of primary ITx recipients was 17.1 years (6 months — 60 years) and 35.6 kg (kg) (7 — 101 kg). The mean age
and weight of donors of the primary ITx organs was 8.9 years (0.15 — 61.28) and 27.9 kg (0.83 — 89.9). The mean donor: recipient
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weight ratio was 0.8 (0.34-1.95). Gender matching was not attempted. Donor: recipient HLA matching was > 1 in 58 % of cases
(n = 77). The most common transplant technique used was L-ITx which comprised 66 % of all primary ITx. Primary ITx recipients
who were more likely to undergo re-ITx were male (p = 0.0009), had positive DSA (p = 0.0002) and crossmatch (p = 0.04), and
PRA > 20 % (p = 0.02). (Table 2).

Demographics of re-ITx

There were a total of 25 re-ITx. 60 % were of Hispanic/Latino background. The majority were children (< 18 years, 68 %) and
assigned male sex at birth (84 %). The mean age and weight of re-ITx recipients was 11.9 years (1 - 35 years) and 35.4 kg (10 - 90 kg).
The mean age and weight of donors of the re-ITx organs was 9.6 years (1.1 - 61.3 years) and 24.6 kg (7.9 — 66.4 kg). The mean donor:
recipient weight ratio was 0.7 (0.3 — 1.45). Donor: recipient HLA matching was > 1 in 52 % of cases (n = 13). The most common
transplant technique used was L-ITx which comprised 84 % of all re-ITx. Re-ITx recipients were more often male (p = 0.05), had
positive crossmatch (p = 0.01), PRA > 20 % (p = 0.03), and underwent rATG-induction (p = 0.00). (Table 2).

Outcomes of primary ITx and Re-ITx

The mean graft survival for primary ITx was 74.0 months (0.0 - 303.2) and in re-ITx was 60.0 months (0.0 - 155.83) (p = 0.37).
The 1-, 3-, and 5-year graft survival rates after primary ITx were 65 %, 55 %, and 47 %, and after re-ITx were 72 %, 60 %, and 44 %
after re-ITx (p = not significant)(Fig. 4) The leading indication for re-ITx was ACR of the primary graft (64 %). The mean time to re-
ITx was 13 months (5 days-6 years). Re-ITx recipients were more likely to experience episodes of ACR and AMR as well as develop
malignancy after transplantation. (Table 3).

Clinical and technical predictors of graft survival after re-ITx

The most common complication after primary and re-ITx was ACR. The median time to the first rejection episode was similar in both
primary and re-ITx (50 days vs 45 days). Acute cellular rejection was the most common reason for graft loss after primary ITx. Successful re-
ITx (graft survival > 1 year) was significantly associated with rATG-induction (p = 0.003). Liver-inclusive grafts demonstrated increased 1-
year survival compared with liver-free grafts, but not significantly (primary ITx: 72 % vs 55 %; re-ITx: 75 % vs 57 %). Enterectomy of the
primary graft prior to re-ITx appeared to increase overall graft survival after re-ITx, but not significantly (70 vs 40 months, p = 0.17).
Enterocolonic continuity was associated with overall longer graft survival after re-ITx (95 vs 40 months, p = 0.03). (Table 4).

Discussion

While re-ITx is a complex and challenging undertaking, successful outcomes can be achieved with proper patient selection. Our
study summarizes one of the largest and longest single-center adult and pediatric experiences with re-ITx that offers a detailed
analysis of pre-transplant variables and post-transplant outcomes and highlights novel strategies in the approach to improving re-ITx
outcomes. We found that ACR was the most common indication for graft loss after primary ITx, and that improved graft survival after
re-ITx is seen with the use of rATG-induction, liver-inclusive grafts, and staged enterectomy.

Our center demonstrated a higher incidence of re-ITx compared to that reported in the literature (18.9 % vs 8 %).[3] We cannot
discern the reasons for this higher incidence from this study; possible explanations include a higher rate of graft loss to rejection [8], a
more aggressive approach to re-transplantation, or potentially other factors that cannot be elucidated from a single center study. We
also found improved 1- and 5-year graft survival rates after re-ITx compared to those reported in the literature (72 % and 44 % vs
56 % and 35 %).[3] Furthermore, 5-year outcomes after primary and re-ITx were similar in our study (47 % vs 44 %).

Induction with rATG was associated with improved graft survival after re-ITx, leading us to strongly consider rATG induction for
all re-ITx cases.[9] Further, the inclusion of a liver allograft appeared to offer an immunoprotective effect, with decreased rates of
rejection and longer graft survival times. Farmer et al. found liver inclusive grafts to be a univariate predictor of improved graft
survival.[10] Similarly, Abu-Elmagd et al. reported 5-year graft survival in re-ITx patients was better in liver-inclusive allografts with
61 % compared to 16 % with liver-free visceral allografts.[11] In a retrospective study, Wu et al. reported on 24 of 212 (10 %) adult
recipients of ITx during a 10 year period, and found that graft survival rates at 1, 3, and 5 years were 76 %, 41 %, and 27 % in liver-
free grafts, as compared with rates of 90 %, 80 %, and 80 % in liver-inclusive grafts.[12] Including liver grafts with re-ITx recipients is
a consideration but is limited by the practical nature of the organ allocation system. Waiting times for liver-inclusive grafts is
historically long. Our practice has been to only include a liver when signs of irreversible liver failure and damage exists.

The most common reason for graft loss after primary ITx in our study was ACR. Abu-Elmagd et al. reported on the largest single
center experience to date, with 500 ITx and MVT performed with a 10 % incidence of re-ITx. Acute rejection was the leading
indication for re-ITx (14 %), followed by chronic rejection, primary non function, and vascular complications.[10] Mazariegos et al.
reported on their experience of 15 cases of re-ITx in 14 pediatric recipients, and similarly reported the most common indications for
re-ITx to be ACR, chronic rejection, PTLD, graft dysmotility or dysfunction.[13] In a large single center experience, Nagai et al.
reported the following indications for re-ITx in 20 (9 %) of 221 ITx recipients: ACR, chronic rejection, recurrence of pseudo-ob-
struction, and SMA thrombosis.[14] Finally, Ekser et al. in a report of 18 cases of re-ITx found that 14 (78 %) were performed due to
severe acute rejection.[3] In our review, ACR was the most common complication following ITx, was most often seen within the first
year after transplant, and was the most common reason for re-ITx.
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In this study, we found that patients who underwent allograft enterectomy prior to their re-ITx demonstrated longer re-ITx graft
survival times compared to those without staged enterectomy. There is no standardized timing regarding when to perform re-ITx after
a failed primary ITx and whether or not to perform graftectomy prior to or at the time of re-ITx. This decision is complicated by
adhesions and scarring and loss of intra-abdominal domain. However, the positive impact of enterectomy prior to re-ITx on patient
survival has been shown.[15,16] Allograft enterectomy can reduce the risk of post-transplant septic complications, and allows
cessation of immunosuppression and reconstitution of the host immunity prior to re-ITx. Nagai et al. described 8 patients who
underwent re-ITx at a mean interval of 74 days (42-252 days) between enterectomy and re-ITx, and found similar patient and graft
survival between patients who underwent interval allograft enterectomy and those who had allograft enterectomy at time of re-ITx.
[14] Kubal et al. reported on interval allograft enterectomy performed in 6 patients receiving re-ITx at a median interval of 85 days
prior to re-ITx, and concluded that while the immunosuppression free interval might have allowed recovery from life-threatening
complications, the time was perhaps inadequate for reconstitution of the recipient immune system.[17] Finally, in the report from
Ekser et al., 7 patients receiving re-ITx underwent allograft enterectomy at a median interval of 82 days prior to re-ITx and found that
only 2 developed increased pre-transplant sensitivity with positive DSA and PRA > 20 %, suggesting a prolonged im-
munosuppression free interval prior to re-ITx was beneficial.[3].

Conclusion

As patient and graft survival outcomes continue to improve after primary ITx, we are likely to see an increase in the number of re-
ITx. Re-ITx is increasingly seen as a viable option after primary graft failure and is now the 4th most common indication for ITx.
While we demonstrate several modifiable factors to consider when evaluating patients for re-ITx, including induction with rATG, use
of liver-inclusive grafts, staged enterectomy and enterocolonic continuity, a small sample size precludes analysis of efficacy and
significance. While patient survival was mostly limited by complications associated with a compromised host immune status, graft
survival was still overwhelmingly limited by acute rejection, reinforcing the importance of early diagnosis and treatment. In con-

clusion, a multicenter study is needed to understand how patient selection, clinical management, and technical modifications can
meaningfully improve long-term outcomes after re-ITx.
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