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Abstract
Sensitized patients tend to have longer waiting times on the deceased donor list and are at increased risk of graft loss from acute or chronic rejection compared to non-sensitized candidates. Desensitization protocols are utilized to decrease the levels of alloantibodies and to convert an initial positive cross-match to prospective donors into a negative crossmatch. These procedures are mostly available in the setting of living donation. Due to the elective nature of the procedure, desensitization protocols can be extended until the desire result is obtained prior to transplantation. We present two cases of successful desensitization protocol applied to living donor intestinal transplant candidates that converted to negative cross-match to their donors. We present two cases of intestinal transplant candidates with a potential living donor to whom they are sensitized. Both cases underwent successful transplantation after desensitization protocol. No evidence of humoral rejection has occurred in either recipient. Living donor intestinal transplantation in sensitized recipients against the prospective donors provides the ability to implement a desensitization protocol to convert to negative cross-match.
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Core tip: Intestinal transplant candidates are frequently sensitized and waiting longer on the list. Living donation of intestine has been successful and allows for time to immunologically prepare sensitized recipient prior to transplant to achieve higher degree of success.

INTRODUCTION
Allosensitization represents a common problem for patients awaiting small bowel transplantation. In this patient population, allosensitization occurs often consequent to multiple blood transfusions administrated during complex abdominal procedure, eventually leading to short bowel syndrome. 

The presence of donor specific antibodies to the human leukocyte antigens (HLA) antibodies augments the risk of either acute or chronic immune mediated graft loss[1]. In kidney transplantation, re​moving anti-HLA antibodies by a combination of plas​mapheresis, immunoglobulins (IVIG) and immuno​suppression have been successfully applied to prevent antibody-mediated rejection (AMR). However, this approach can logistically only be applied in the context of elective living donor transplantation. 

Outcomes after living donor small bowel trans​plantation in experienced centers are comparable to those obtained with cadaver grafts[2]. The elective nature of living donor intestinal transplantation offers the opportunity for the use of desensitization protocols in highly sensitized patients. Herein, we present the first report of two successful small bowel transplants after desensitization protocol in recipients with a positive cross-match (CM) to their prospective living donors.

CASE REPORT

Case one

A 13-year-old Caucasian male was diagnosed of pseudo-papillary tumor of the head of the pancreas with vascular encasing of portal vein and superior mesenteric artery. He underwent a Whipple procedure with vascular resection and reconstruction. Twelve months later, the patient presented with acute bowel ischemia secondary to superior mesenteric artery thrombosis and underwent nearly total enterectomy and extended right colectomy. The patient was placed on total parenteral nutrition (TPN) as he was left with less than 5 cm of intestine. Given the young age of the patient and the high sensitization we suggested living donor small bowel transplant.

The other of the patient, 36-year-old in perfect health without previous abdominal surgeries, volunteered as a potential donor for intestinal transplantation. The donor evaluation process was carried out according to our standard protocol previously reported[3]. 

Due to the multiple blood transfusions required during the events leading to transplantation, his Panel Reactive Antibodies (PRA) was 67% for class Ⅰ and 100% for class Ⅱ. He had strong donor specific antibodies (DSA) at locus A × 11:01 (MFI = 7359). The initial CM was positive by flow cytometry technique with pronase treatment at + 55 channel shifts for T cell and + 40 for B cell (negative CM less than + 17 channel shift); the standard cytotoxic CM was negative. The patient underwent seven plasma exchange treatments before the planned transplant procedure, each followed by IVIG at the dose of 100 mg/kg. The final flow cytometry CM remained weakly positive, with + 19 channel shifts for T cell and + 23 channel shift for B cell; the standard CM stayed negative. At the time of transplant our recipient was 36.7 kg (the 10th percentile in the growth chart) and fully dependent on total parenteral nutrition. The transplant event was successful; the 180 cm ileal graft was revascularized through anastomosis to the aorta and the vena cava. Proximally, the bowel graft was anastomosed to the stomach and distally to the residual colon; a loop ileostomy was created for graft monitoring.

Induction immunosuppression consisted of methyl​prednisolone taper along with of five doses of thymo​globulin (100 mg/kg) and 5 plasmapheresis treatments every other day followed by IVIG (125 mg/kg based on ideal body weight) on alternative days. He was closely monitored with ileoscopy and graft biopsy for surveillance of rejection weekly for a month, biweekly for another 2 mo and monthly thereafter. There was no evidence of rejection in any of the biopsies over two years follow-up. 

Two months post-transplant, his course was compli​cated by an Epstein barr virus positive post-transplant lymphoprolipherative disorder (PTLD) involving lymph nodes in both sides of the diaphragm. He was successfully treated with reduction of immunosuppression, antiviral therapy, Rituximab (375 mg/m2) weekly for total of 6 doses and Cytoxan (600 mg/m2) every 21 d for a total of 6 doses.

Nine months after transplant, he had successful ileostomy reversal and his TPN was completely dis​continued. He is currently fully supported by unrestricted oral diet and his most recent weight is 51.7 kg (the 18th percentile of his peers) at 2 years follow up; he remains in remission from PTLD. His maintenance immunosuppression consists of prednisone 5 mg daily and low dose Tacrolimus with target levels of 4-6 ng/mL.

Case two

A 56-year-old Caucasian female with history of sclero​derma complicated by intestinal pseudo-obstruction, underwent several intestinal resections and diverting ileostomy. Unfortunately, an injury to the superior mesenteric vessels occurred during one of the surgical procedures, resulting in near total enterectomy and extended right colectomy. At the time of presentation to our center, she was TPN-dependent for 6 mo, with high output tube duodenostomy; she was underweight at 42.2 kg with a body mass index (BMI) of 17 kg/m2. 

Her daughter, a healthy 36-year-old female ABO compatible, with a BMI of 24 kg/m2, volunteered as a potential donor. The recipient was sensitized with a PRA class Ⅰ 80% and class Ⅱ 26%; no DSAs were identified. While the standard cytotoxic CM was negative, the flow cytometry CM was negative for T cell but positive for B cell with + 69 channel shifts. Desensitization was conducted by three plasma exchange treatments prior to transplant followed by IVIG, obtaining a completely negative flow cytometry and standard CM at the time of transplant. 

A donor ileal graft of 190 cm was transplanted successfully in the recipient with our standard technique. Thymoglobulin (3 mg/kg) was given intraoperative and followed by three more doses (1.5 mg/kg) on alternate days to plasmapheresis; Tacrolimus was initiated the day prior to procedure with rapid taper of steroids to 10 mg daily by post-operative day 5. Endoscopic surveillance at previously described intervals during the initial 6 mo follow up revealed no evidence of rejection. The patient has had successful ileostomy reversal at 6 mo and is tolerating oral intake; she is no longer on supplemental TPN. 

DISCUSSION

Small bowel transplantation is an accepted treatment for patient with irreversible intestinal failure with life-threatening complications of TPN. At the end of 2014, there were approximately 250 patients listed for bowel transplantation in the United States. For candidates wait-listed in 2010, the median time to transplant was 14.9 mo for those younger than 18 years and only 2.8 mo for those aged 18 years or older[4]. The United Network of Organ Sharing does not report separately the waiting time on sensitized candidates for bowel transplantation, but experience in kidney recipients suggests potentially longer waiting times[5]. Importantly, transplant outcomes performed on recipients receiving total parenteral nutrition for less than one year are significantly better than those on TPN of a year or longer[6]. 

In the current literature there are limited publications concerning small bowel transplantation in CM positive recipients. While intestinal transplantation has a higher rejection rate than most other solid organs (42% in the first year)[4], antibody mediated rejection (AMR) is not well characterized and understood in this set of patients. In other solid organs, the presence of C4d staining in the biopsies is indicative of AMR but this may not apply to intestinal transplants[7].

Recently, virtual crossmatch has been successfully used to facilitate allocation of intestinal grafts specifically in the subgroup of sensitized candidates[8]. With this strategy, the group at Georgetown University has achi​eved 80% successful allocation with negative cross-match in sensitized recipients compared to 86.7% in non-sensitized, minimizing the discard rates of suitable organs originating out of state. However, sensitized patients with elevated PRA achieving a negative CM showed a survival disadvantage. The 1-year graft survival was lower in the sensitized group at 66.7% compared to 85.2% in the group with low PRA[8]. Although the authors did not observe a statistically significant difference between the two groups, likely due to a small sample size, the discrepancy is clinically concerning. The study also did not comment on specific therapy to reduce the levels of alloantibodies. 

Experience in other solid organ transplantation such as kidney or heart indicates that outcomes in sensitized recipients are inferior to those observed in non-sensitized patients. Sensitized patients exhibit higher rejection rates, lower graft and patient survival[9]. Similarly, in intestinal transplantation, the risk of AMR has been reported to be higher in sensitized recipients and in those developing de-novo DSA. Diagnosis of AMR should be based on clinical suspicion in the presence of DSA or increased PRA since intestinal biopsy may not be conclusive[10,11]. Independent risk factors for worse outcomes in intestinal transplantation are: recipient PRA more than 20%, liver-sparing grafts and absence of recipient splenectomy[12]. Persistence of DSA after transplantation or de-novo formation of DSA result in increased risk of graft loss due to rejection (58% and 47% respectively). The risk of graft loss in patients without DSA was 8% and 13% in those clearing DSAs after transplant. Liver containing grafts are immunoprotective, effectively clearing pre​formed antibodies and reducing the risk of de-novo formation, but the recipients with persistent DSA after transplantation correlated with lower graft survival despite the presence of the liver[13]. Additionally, the rates and aggressiveness of rejection are worse in isolated intestine vs transplant containing liver graft[14].

Contrary to these results, Kubal et al[15] recently reported similar 3-year survival rates in small bowel transplantation (67% in positive CM vs 65% in negative CM). The also did not found a significant difference in the incidence of acute rejection between liver sparing and liver containing grafts (30% vs 29%). Additionally, the use of anti-interleukin-2 antibody as part of the induction therapy was noted to significantly reduce the rate of rejection overall.

Protocols to desensitize recipients continue to evolve and emerging therapeutic strategies allow successful positive CM transplantation[16]. The application in small bowel transplantation is not widely reported but the use of Bortezomib during induction in sensitized candidates has been suggested[13]. Performing surveillance DSA to identify patients at risk, especially those without a concomitant liver, and rapidly initiate treatment with a combination of plasmapheresis, IVIG may optimize outcomes[17,18]. The use of Bortezomib to treat resistant rejection was successful in one case report[19]. 

The only Desensitization protocol reported in wait list candidates to intestinal transplantation used escalating doses of IVIG according to the level of response in reducing the PRA level and included plasmapheresis or mycophenolate mofetil as the final step. The rate of rejection was found to be similar to non-sensitized recipients and the waiting time was also reduced on patients responding to the protocol[20]. 

Our center is experienced in living donor small bowel transplantation and the elective nature of the procedure offers several advantages, especially in the sensiti​zed candidates. We can optimize the immunological condition prior to transplantation with current desen​sitization protocols existing in other solid organs, mostly in kidney transplantation. As noted before, the risk antibody mediated rejection is increased in patients with elevated PRA, de-novo DSA formation and those with positive B cell CM. We realize that the CM was weak prior to desensitization, especially in the second case, and resulted in easier conversion to a negative CN. The one-year follow-up on both patients without rejection episodes are encouraging and suggest that pretransplant plasmapheresis may effectively prevent humoral rejection in sensitized intestinal transplant recipients. We acknowledge this is a very short follow and follow up DSA surveillance studies may be necessary to confirm the success of this protocol.

In conclusion, living donation offers the possibility to initiate therapy to optimize the immunological condition at the time of transplant, converting to a negative CM sensitized intestinal transplant recipients to their prospective donors. 

COMMENTS
Case characteristics

Two patients with short bowel syndrome treated with living donor intestine transplantation.

Clinical diagnosis

Both cases present highly sensitized making their chances for a deceased donor transplant unlikely.

Differential diagnosis

Sensitization can be from autoantibodies or atypical antibodies and not identified in by donor specific antibodies (DSA) studies.

Laboratory diagnosis 

Cross-match and DSA studies performed. 

Pathological diagnosis

Biopsies taken from the intestinal mucosa were normal. 

Treatment

They underwent desensitization protocol and elective intestine transplant.

Related reports

Intestinal transplant candidates are frequently sensitized and tend to wait for an organ longer than non-sensitized patients. Living donation is a scheduled procedure allowing for desensitization protocol to be completed prior to transplantation. This is not available when a deceased organ is offered. Desensitization protocols are applied frequently for sensitized patients before receiving a kidney transplant from live donors. The application to prospective recipient of intestine is novel. 

Term explanation

Desensitization protocols can turn positive crossmatch into negative and allow for successful transplantation.

Experiences and lessons

This is a two cases report with limited follow up, but successful so far in both recipients. Post-transplant lymphoprolipherative disorder is a risk in patients receiving high immunosuppression as the desensitization protocol.

Peer-review

This is a manuscript that presents a valuable potential solution to the shortage of small bowel grafts, particularly in the setting of patients who are sensitized. The authors provide an interesting hypothesis for larger studies. 
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Footnotes

Institutional review board statement: The Institutional review board does not require a protocol for reporting cases reports. Retrospective review of data pertaining intestinal transplant recipients is covered under protocol 2008-0070.

Informed consent statement: Recipients and donor consented for the procedures. The institutional review board protocol 2008-0070 refers to retrospective and prospective data collection and consent waived according to the study protocol.
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