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Abstract
Background  The inclusion of the colon as part of intestinal and multivisceral allografts has increased in the last decade.
Methods  We describe for the first time in the literature a full colon transplantation as a part of a visceral allograft. The new 
approach involves modifications of the procurement technique with preservation of all three visceral aortic branches and 
incorporation of the descending and sigmoid colon as a part of the allograft.
Result  Seventeen months after transplantation, the patient is off any parenteral nutritional support, on full oral nutrition 
without the need for a single antidiarrheal agent.
Conclusion  The introduction of this novel technique could open new opportunities for hindgut reconstruction for patients 
requiring visceral transplantation, with potential increase in allograft absorptive capacity and improvement in quality of life.

Keywords  Colon transplant · Intestinal transplant · Multivisceral transplantation · Intestinal ischemia · Short gut 
syndrome · Parenteral nutrition · TPN

Abbreviations
ESRD	� End-stage renal disease
GE	� Gastroesophageal
HLA	� Human leukocyte antigen
IMA	� Inferior mesenteric artery
OPTN	� Organ Procurement and Transplantation Network
UNOS	� United Network for Organ Sharing  

Introduction

The inclusion of the colon as part of intestinal and multivis-
ceral allografts was once associated with increased rejection 
rates, bacterial translocation, and graft loss [1, 2]. However, 
recent studies have shown that including the colon as part 
of the intestinal allograft improves/confers renal protection 
and increases ileostomy reversal rates, with no changes in 
acute cellular rejection and/or mortality rates [3–5]. In a 
recent retrospective analysis of data registered in the United 

Network for Organ Sharing (UNOS)/Organ Procurement 
and Transplantation Network (OPTN) database, Matsushima 
et al. reported a steady increase in the inclusion of the colon 
as part of the intestinal allograft in the last decade [3].

The ascending colon with or without the transverse colon 
is most commonly used as part of an allograft. We herein 
describe a new technique for full colon transplantation dur-
ing multivisceral transplantation. The new approach involves 
few modifications of the procurement technique, with pres-
ervation of all three visceral aortic branches and the inclu-
sion of the descending and sigmoid colon as a part of the 
allograft. The inclusion of the full colon as part of a mul-
tivisceral allograft has the potential to improve absorptive 
functions and quality of life, particularly in patients requir-
ing visceral transplantation who have previously undergone 
total or near total colectomy or who present significant 
motility disorders of the colon.

Case report

Case material

On April 8, 2023, a 64-year-old woman with ultrashort 
bowel syndrome underwent multivisceral transplanta-
tion for irreversible intestinal failure. In October 2021, 
she was transferred to our institution from an out-of-state 
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facility for extensive mesenteric ischemia. The patient 
has a history of hyperlipidemia, diabetes, and hyperten-
sion, with significant atherosclerosis involving the aorta 
and its visceral branches. The patient underwent total 
enterectomy, extended right colectomy, primary closure 
of the duodenal stump and gastrocolic anastomosis, and 
required long-term parenteral nutrition support at home 
thereafter. During the pre-transplantation evaluation, the 
left colon was found to be ischemic with a significant 
arteriosclerotic burden on the inferior mesenteric artery 
(IMA), which was the only vessel supplying the remaining 
colon. Liver biopsy revealed chronic steatohepatitis with 
mild periportal fibrosis (SAF score S3A3F2). Notably, the 
patient underwent extended left hepatectomy in 2015 for 
cholangiocarcinoma. After 340 days on the list, appro-
priately sized organs from a 27-year-old deceased donor 
who weighed 50 kg and had the same blood type became 
available. The human leukocyte antigen (HLA) match was 
random, with a negative lymphocytotoxic crossmatch. 
University of Wisconsin solution was used for preserva-
tion. Immunosuppression was tacrolimus-based, and the 
recipient received a total of 7.5 mg/kg of Thymoglobulin 
(Genzyme, Cambridge, MA). Maintenance steroids were 
added to the tacrolimus monotherapy. Postoperative man-
agement, including antimicrobial prophylaxis, nutritional 
care, and endoscopic surveillance with random mucosal 
biopsies of both the colon and small bowel, has been 
described elsewhere [6].

Donor surgery

The organs were harvested by our team by using a pre-
viously described technique. All the blood supply to the 
colon, including the ileocolic, right, middle, and left colic 
arteries as well as the inferior mesenteric artery, were pre-
served (Fig. 1). During procurement, the mesocolon and 
the colonic arterial arcades were meticulously dissected 
and preserved. All the IMA branches were preserved 
except for the superior rectal artery, which was ligated 
(Fig. 1). The gastroesophageal junction and the colon at 
the level of the distal sigmoid were transected with a gas-
trointestinal stapler. The abdominal aorta of the donor was 
isolated from the hiatus all the way down to its bifurcation, 
and all three main visceral branches, including the celiac 
trunk, superior mesenteric artery, and inferior mesenteric 
artery, were preserved. During kidney procurement, the 
continuity of the aorta was preserved, and small patches 
from the aorta were resected and retained as a part of the 
renal artery allografts (Fig. 2a, insert). The multivisceral 
allograft, including the stomach, duodenum, pancreas, 
small bowel, and entire colon, was retrieved en bloc.

Recipient operation and back table preparation

Through an extended midline incision, the abdominal cavity 
was entered, and the cavity was fully explored. As expected, 
the left colon appeared to be ischemic. We then proceeded 
with abdominal evisceration as previously described by our 
group. During evisceration, we completed the colectomy and 
transected the native colon at the level of the distal sigmoid. 
The infrarenal aorta was then isolated, and the right hepatic 
vein was transected with an endovascular stapler. The back 
table was completed with oversewing the proximal suprace-
liac aortic stump, as well as the previous renal artery orifices 
on the donor aorta (Fig. 2a, b). The multivisceral allograft 
was then brought to the field, and reconstitution of the vas-
cular blood supply to the visceral allograft was established 
by an end-to-side anastomosis, as shown in Fig. 2. There 
was a mild ischemia–reperfusion injury with minimal use 
of inotropic support in the early stage after reperfusion. The 
cold ischemia time was 4 h 32 min, and the warm ischemia 
time was 33 min. After allograft revascularization, a gas-
trogastrostomy in two layers was completed, followed by 
pyloroplasty. We then turned our attention to the hindgut 
anastomosis. A hand-sewn two-layer anastomosis between 

Fig. 1   Illustration of vascular and gastrointestinal reconstruction after 
full multivisceral transplantation. Note the aortic conduit with preser-
vation of all three visceral branches. All the inferior mesenteric artery 
branches are preserved except for the superior rectal artery
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the sigmoid allograft and the recipient’s distal sigmoid was 
then created. After ascertaining restoration of good blood 
flow throughout the colon, a diverting loop ileostomy was 
created 25 cm proximal to the ileocecal valve. The appendix 
was removed, and the abdomen was closed.

Clinical course

There were no obvious technical post-transplant complica-
tions. However, her postoperative course was complicated 
by end-stage renal disease (ESRD) requiring renal replace-
ment therapy. The cause of ESRD was multifactorial, includ-
ing sepsis, drug-related nephrotoxicity, and pre-transplant 
borderline renal function due to diabetes and hypertension. 
Three months post-transplant the patient developed lung 
aspergillosis, requiring full treatment with voriconazole 
for 24 weeks, delaying the already planned ostomy closure. 
After resolution of her medical problems, the patient was 
discharged to inpatient rehabilitation with no further medi-
cal or immunologic complications. Seventeen months after 
transplantation, the patient is off any parenteral nutritional 
support, on full oral nutrition without the need for a single 
antidiarrheal agent. The patient is currently on tacrolimus 
monotherapy with a 12-h target trough level of 3–5 ng/

dL. Recent surveillance biopsies of both the small bowel 
and colon continued to show intact architecture with no 
evidence of rejection. Unfortunately, the patient is still on 
renal replacement therapy and has been worked-up for living 
donor kidney transplantation.

Discussion

To our knowledge, this is the first report of full colon 
transplant as part of a visceral allograft. This report dem-
onstrated the adequacy of blood supply to the distal colon, 
including the distal sigmoid, via the donor inferior mesen-
teric artery. Technical innovations have been introduced 
over the last two decades to the originally described mul-
tivisceral transplant, including the inclusion of the kid-
neys, esophagus, and bladder segment [7–10]. However, 
no modifications have been made regarding the colonic 
allograft. Most colon-containing allografts include the 
right and transverse colon with a blood supply from the 
ileocolic, right and sometimes middle colic arteries. Even 
when lower anastomosis to the rectum are required, the 
right or transverse colon allografts are used for anastomo-
sis [4, 5]. In 2010, we introduced an innovative procedure 
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Fig. 2   a Vascular reconstruction with preservation of all three main 
visceral branches, including the celiac trunk (CT), superior mesen-
teric artery (SMA), and inferior mesenteric artery (IMA). The renal 
artery orifices and the proximal aortic stump were oversewn. Vascu-

lar inflow was complete with an end-to-side anastomosis between the 
donor and recipient aortae (Ao-D and Ao-R, respectively). b Three-
dimensional reconstruction from the CT angiogram showing preser-
vation of all three aortic visceral branches
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for hindgut reconstruction during a small bowel trans-
plant. The technique involves a sphincter-preserving pull-
through anastomosis of the colon to the anal verge [11]. 
Even in this case, the proximal descending colon was used 
for the colo-anal anastomosis.

Preoperative imaging studies and colonoscopy sug-
gested some degree of colonic ischemia; therefore, resec-
tion of the descending native colon was anticipated. Two 
options for preserving the IMA as a part of the allograft 
were discussed before procurement. First, both kidneys 
were procured via resection of small aortic patches and 
closure of the aortic renal orifices at the back table (insert 
Fig. 2a). The second option was resection of an aortic ring 
containing both renal arteries (giving the renal transplant 
teams a larger patch) and anastomosis of the aortic conduit 
during benching. Fortunately, we were able to use the first 
technique avoiding additional anastomosis during the back 
table. Direct anastomosis of the distal donor abdominal 
aorta to the recipient infrarenal aorta, without the crea-
tion of Carrel’s patch, was previously described by several 
groups [12]. This approach facilitates allograft implanta-
tion while reducing the surgical time and the complexity 
of vascular reconstruction during back table.

The incorporation of entire colon as part of the allo-
graft can be utilized in both full and modified multivisceral 
transplantation. We believe that the inclusion of the entire 
colon during transplantation can be a valuable option in 
two specific situations. First, patients with familial adeno-
matous polyposis with limited disease in the rectum and 
mutations proximal to the 1250 codon who underwent total 
colectomy with ileorectal anastomosis in the early stages of 
life. Second, patients (usually female) who underwent total 
colectomy and are at high risk for fecal incontinence with a 
transverse colon-to-rectal anastomosis due to loose stools.

In summary, the novel technique described herein 
could open new opportunities for hindgut reconstruction 
for patients requiring visceral transplantation. Ensuring a 
robust blood supply to the donor descending and sigmoid 
colon via an uninterrupted IMA allows a well-vascular-
ized distal colon allograft. Additional studies with a larger 
sample of patients are necessary to evaluate the poten-
tial increase in allograft absorptive capacity, the extent 
of improvement in quality of life, and the likelihood of 
discontinuation of antidiarrheal medications in patients 
who have undergone transplantation of the entire colon.
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