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Irreversible intestinal failure in children is pre-
dominantly caused by surgical conditions such as
volvulus, necrotizing enterocolitis, and gastroschisis.
Functional intestinal failure from motility disorders
such as intestinal pseudo-obstruction or enterocyte
dysfunction with microvillus inclusion disease also
may require intestine replacement. Approved indi-
cations for intestinal transplantation include liver
dysfunction, loss of major venous access, frequent
central line-related sepsis, and recurrent episodes
of severe dehydration despite intravenous fluid man-
agement. Surgical options include transplantation
of the isolated intestine, combined liver-intestine
transplantation, or multivisceral transplantation of
the stomach, duodenum, pancreas, and small bowel
(with or without the liver). Immunosuppression for
intestinal transplantation is based on tacrolimus
therapy, often with induction immunosuppression
using antilymphocyte antibodies (eg, antithymocyte
antibody and alemtuzumab). Experience at centers
of excellence demonstrates 1- and S-year patient
survival rates of 95% and 77%, respectively, with
ongoing investigations focusing on lowering long-
term causes of graft loss such as chronic rejection.

Introduction

Intestinal transplantation continues to demonstrate sig-
nificant progress in early to intermediate patient and graft
outcomes. This success has been the result of improved
multidisciplinary patient care of the patient with intes-
tinal failure as well as refined surgical techniques and
post-transplantation care. This article discusses current
data on procedures performed and outcome measures in

pediatric intestinal transplantation, and reviews areas of
recent advancement and ongoing focus.

Indications

Diseases associated with loss of intestinal function can be
divided into surgical and nonsurgical etiologies [1]. Patients
with surgical causes generally suffer from loss of bowel
length after resection or from strictures and fistulas, as with
Crohn’s disease. In nonsurgical causes of intestinal failure,
the anatomic length and gross morphology of the intestine
are usually normal. Nonsurgical causes of intestinal failure
include motility disorders (eg, intestinal pseudo-obstruction
or Hirschsprung’s disease) and absorptive problems (eg,
microvillus inclusion disease). The indications for transplan-
tation in the case experience at the University of Pittsburgh
and Children’s Hospital of Pittsburgh are listed in Table 1.

Parenteral nutrition (PN) is the standard of care for
patients with intestinal failure who are unable to maintain
a normal balance of nutrition, fluid, and electrolytes by use
of the gastrointestinal tract alone. Management of intes-
tinal failure is best accomplished with a multidisciplinary
effort by gastroenterology, pediatric surgery, nutrition,
and allied services to maximize the patient’s opportunities
for bowel rehabilitation [2,3,4,5]. Improved long-term
outcomes for 245 children managed with PN have been
reported recently in single-center experiences [6-8].
Clearly, however, a group of patients persists who develop
irreversible intestinal failure and require indefinite PN,
with its attendant complications. Intestinal transplanta-
tion may be lifesaving in this group [9].

Decisions regarding the best transplantation options
are primarily based on functional assessment of the
status of the remaining intestine and of the liver [10].
In October 2000, the US Centers for Medicare and
Medicaid Services [11] approved intestinal, combined
liver/intestinal, and multivisceral transplantation at cen-
ters of excellence as standard of care for patients with
irreversible intestinal failure who could no longer be
maintained on PN because of 1) impending liver failure,
as manifested by jaundice or elevated liver injury tests,
clinical findings (splenomegaly, varices, coagulopathy),
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Table 1. Disease indications for composite and
isolated intestinal transplantation

Adult patients, %

Porto-mesenteric thrombosis,
35%

Crohn’s disease, 17%

Desmoid tumor/familial
polyposis, 9%

Other, 9%

Pseudo-obstruction, 9%

Pediatric patients, %
Gastroschisis, 25%

Volvulus, 24%

Necrotizing enterocolitis,
12%
Pseudo-obstruction, 10%
Intestinal atresia, 9%
Hirschsprung disease, 7% Trauma, 7%

Microvillus inclusion Volvulus, 6%

disease, 5%
Other, 4%

Trauma, 2%

Intestinal adhesions, 5%
Radiation enteritis, 3%
Intestinal polyposis, 1%

Tufting enteropathy, 1%

history of stomal bleeding, or hepatic cirrhosis on biopsy;
2) loss of major venous access defined as more than two
thromboses in the great vessels (subclavian, jugular, and
femoral veins); 3) frequent central line-related sepsis
consisting of more than two episodes of systemic sepsis
per year, or one episode of line-related fungemia asso-
ciated with septic shock or acute respiratory distress
syndrome; or 4) recurrent episodes of severe dehydration
despite intravenous fluid management.

Replacement of the liver along with the intestine is
based on biochemical dysfunction (hyperbilirubinemia,
transaminase abnormalities, hypoalbuminemia, thrombo-
cytopenia, or coagulopathy), presence of bridging fibrosis
or cirrhosis on liver biopsy, or the presence of portal hyper-
tension. Hypercoagulable patients deficient in protein
S, protein C, and antithrombin III may develop diffuse
thromboses within the splanchnic system and require mul-
tivisceral transplantation.

The Transplantation Operation

Abdominal visceral procurement

Donor selection and the satisfactory procurement of intes-
tine-containing allografts is critical to maximizing graft
function and, in the case of the isolated intestinal trans-
plantation, can be completed without sacrificing other
abdominal viscera [12,13]. Improving donor utilization
is also critical to decreasing wait-list mortality. Tradition-
ally, donors who suffered cardiopulmonary arrest were
considered poor candidates for intestine recovery. Recently,
however, Matsumoto et al. [14¢] reported no significant
difference in survival, rejection, length of stay, or time to
enteral independence in 12 recipients of organs from donors
who received cardiopulmonary resuscitation for a mean
duration of 19.3 = 12.7 minutes (range 1-52) compared
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with 55 recipients of organs from donors who did not.
Patient and graft survival at 1 year was 79% in the former
group compared with 82% in the latter group.

Neonatal and infant donors are a potentially under-
utilized resource. Of note in recent analyses [15¢¢,16], the
death rate in the first year after transplantation for chil-
dren receiving a graft from an infant donor, expressed in
1000 patient years at risk, fell to 248 in 2006 compared
with 379 in 2004 and 364 in 2005, highlighting the need
for aggressive consideration of even the youngest donors.

An important consideration is proper size match-
ing between recipient and donor. Significant reduction of
abdominal capacity because of prior bowel resection is
common in these patients and is of particular importance
in the very young, for whom size-matched donors are infre-
quent. Allograft reduction and efforts to provide increased
abdominal capacity, whether via abdominal wall transplan-
tation or delayed closure measures, have been performed to
expand the donor pool [17]. The lifesaving nature of these
allografts must be balanced with the potential complica-
tions of the reduced allograft, such as less optimal bowel
adaptation, ongoing intravenous fluid dependency, and
need for continued line access. Even with size-reduced
organs, wound closure poses significant clinical problems
and requires thoughtful management [18].

Recipient operations

Obtaining sufficient vascular access, especially when the
liver requires transplantation, is critical to successful
intraoperative and postoperative management and can
be challenging in patients with significant loss of venous
access. The recipient operation consists of removal of the
failed organs after exposure of the vascular anatomy, fol-
lowed by allograft implantation, as described below.

Isolated small bowel

In cases of surgical short gut, the recipient’s diseased small
intestine is removed and the superior mesenteric artery
(SMA) of the donor bowel is sewn to the infrarenal aorta
(or the native SMA), and the donor superior mesenteric
vein is anastomosed to the recipient superior mesenteric
vein or inferior vena cava (Fig. 1A). The anastomoses
may be facilitated by the use of interposition arterial and
venous grafts. Intestinal continuity is completed with
proximal and distal gastrointestinal anastomoses, and
access to the ileum for endoscopic examination is pro-
vided by a temporary chimney ileostomy, except in the
case of a permanent end-ileostomy.

Utility of the colon

Early experience with the use of a donor colon as part
of the allograft transplantation was accompanied by an
increased incidence of infectious complications. More
recently, the colon has been transplanted without an
increase in morbidity and mortality (Fig. 1A) [19]. The
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Figure 1. A, An isolated small bowel with
colon graft; the loop ileal chimney allows
easy access to bowel mucosa. B, Composite
liver and intestinal graft with preservation of
the duodenum in continuity with the graft
jejunum and hepatobiliary system. C and D,
Diagrams of multivisceral donor organs: C,
complete; D, modified multivisceral.

most important indication for colon transplantation is
anticipated need for increased fluid resorption by the
successfully transplanted colon, particularly in patients
with secretory disorders or who otherwise would require
a permanent ileostomy.

Liver and small bowel

The diseased liver is removed with the retrohepatic vena
cava preserved in situ (“piggyback”), and a permanent por-
tal-caval shunt draining the native stomach and pancreas is
performed (Fig. 1B). Before implantation of the allograft,
the double arterial stem of the celiac and superior mesen-
teric arteries (using the Carrel patch technique) is connected
to the infrarenal aorta using a donor aortic conduit homo-
graft. A proximal jejunojejunostomy, ileocolostomy, and
a temporary distal ileostomy complete the operation. The
allograft duodenum remains in continuity with the allograft
biliary system [13].

Multivisceral transplantation

Significant dysmotility in the native stomach, portal venous
thrombosis, or major trauma or dysfunction of the pancreato-
duodenal complex are the main indications for replacement
of the stomach. After removal of the native liver, distal stom-
ach, duodenum, pancreas, and intestine, the retroperitoneal
aorta is exposed and the multivisceral graft connected to its
vascular inflow and outflow. With a full multivisceral trans-
plant (liver included), the suprahepatic venous attachment is
completed initially, followed by the aorto-aortic anastomo-
sis (Fig. 1C). No portal vein anastomosis is required in this
procedure, because the recipient’s portal vein and its inflow
native organs (gastrointestinal tract, pancreas, and liver) are
removed with the enterectomy. Patients with a normal native
liver receive a modified multivisceral procedure in which
allograft portal venous return is directed into the recipient’s
native portal vein, preserving the native liver (Fig. 1D). A
gastrogastric anastomosis, coloenteric anastomosis, and a
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chimney ileostomy are routinely performed. A pyloroplasty
is also necessary, due to vagal denervation, to avoid gastric
outlet obstruction. In all types of intestinal recipients, the
ileostomy is primarily placed to allow for ease of allograft
monitoring via ileoscopy and ileal allograft biopsies. “Take-
down” of the ileostomy can be performed once oral nutrition
is consistently adequate and a stable immunosuppressant
regimen has been achieved, minimizing the need for frequent
endoscopic surveillance.

Post-Transplantation Management
Immunosuppression

The immunosuppression regimens used throughout the
world continue to evolve [20]. Primary induction therapy
with either rabbit antithymocyte globulin (rATG) (Thymo-
globulin, Genzyme Corp., Cambridge, MA) or alemtuzumab
(Campath-1H, Genzyme Corp., Cambridge, MA) is increas-
ingly common [21-24].

Rejection is treated with optimization of tacrolimus
levels, supplemental corticosteroids, and monoclonal or
polyclonal antibody if necessary. Additional or alternative
agents occasionally have been used, including azathio-
prine, rapamycin, and mycophenolate mofetil.

Immunosuppression protocols and tolerance
Considerable progress has been made in using immuno-
suppression strategies to improve early graft outcomes
while minimizing toxicity. Although drug minimiza-
tion (steroid-free, spaced monotherapy) is successfully
achieved in some patients, the goal of complete immuno-
suppression avoidance in the intestinal recipient has not
been achieved. Considerable work is necessary to iden-
tify those in whom immunologic activity may allow for
drug weaning and, conversely, others at risk of rejection
[25,26,27e¢]. Investigations into the importance of pre-
formed antibody and treatment of the sensitized recipient
are ongoing [28-30]. Anti-donor antibody measurement
may assist in determining risk of rejection and may be
useful in the clinical management of the patient follow-
ing intestinal transplantation [26].

Postoperative care

The main focus of post-transplant care is the management
of rejection and infection. For a comprehensive discussion
of postoperative care of the intestinal transplant patient, the
reader is referred to an excellent review of the topic [31].

Gastrointestinal function and assessment

The normal intestine is pink and nonedematous and occa-
sionally demonstrates contractions. Changes in the ileal
stoma postoperatively should be promptly investigated, and
vascular, technical (eg, prolapse), or immunologic causes
ruled out. Dramatic and rapid changes may be seen in
recipients of a positive tissue typing cross match, especially

B cell, which may be associated with an increased risk of a
humoral (antibody-mediated) rejection.

Routine endoscopic surveillance is used to assess graft
integrity and to diagnose intestinal rejection. Normal
stomal output is 40 to 60 mL/kg/d. No reliable serum
tests exist for monitoring the function of intestinal grafts.
Data on prospective markers (eg, citrulline) are inconclu-
sive, as are the data on fecal calprotectin [32-36].

Management of complications

Graft rejection

Clinically, intestinal allograft rejection may be asymptom-
atic or may present with fever, abdominal pain, distention,
nausea, vomiting, and a sudden increase or decrease in sto-
mal output. The stoma may appear normal or may lose its
normal velvety appearance and become friable or ulcerated.
Histologically, rejection is graded by the degree of epithe-
lial damage [37]. In mild rejection, epithelial cell apoptosis
leads to epithelial cell loss within the deep crypts. In moder-
ate rejection, crypt damage is more severe with focal crypt
loss. Severe rejection may lead to denuded mucosa. Regen-
eration occurs by re-epithelialization over the surface of a
lamina propria devoid of crypts. In most cases, mild graft
rejection responds to intravenous methylprednisolone, with
optimization of serum tacrolimus levels to 15 ng/mL. Anti-
body therapy is used when rejection has progressed despite
a steroid pulse, or as the initial therapeutic agent in cases of
severe mucosal injury and crypt damage.

Chronic rejection is observed in 10% to 15% of
patients, and appears more common in recipients of iso-
lated intestinal allografts. The presentation may include
weight loss, chronic diarrhea, intermittent fever, distal ileal
obstruction, or gastrointestinal bleeding. Histologically,
villous blunting, focal ulcerations, epithelial metaplasia,
and scant cellular infiltrates are present on endoscopic
mucosal biopsies. Full-thickness intestinal biopsies show
obliterative thickening of intestinal arterioles.

Outcomes
World experience [20], US data [15°¢,16], and single-
center experiences [22,38] are briefly summarized here.
The International Transplant Registry [20] reports that
about 100 to 120 pediatric intestine-containing trans-
plants currently are performed annually. In an analysis
of recent experience, 503 children received 520 grafts
(192 isolated intestinal grafts, 210 liver and small bowel
grafts, and 118 multivisceral grafts) between 2002 and
2007 [20]. Being at home rather than hospitalized when
called for transplant, use of induction immunosuppres-
sion, and transplantation at a high-volume center (> 10
cases experience) are associated with better short- and
intermediate-term patient and graft survival.

In the United States in 2007, 198 adults and children
received an intestinal transplant, the most ever in 1 year
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Figure 2. Patient and graft survival rates in the United States by intestinal graft type.

[15e¢]. Children ages 1 to 5 composed 28% of the total
group. The majority received liver-intestine allografts,
highlighting the ongoing need for proper timing of referral
to optimize the opportunity for the intestine’s adaptation,
and thus to lower the number of patients who ultimately
develop PN-associated liver disease that requires liver
replacement. Patient and graft survival at 1, 3, 5, and 10
years are shown in Figure 2.

In the experience at the University of Pittsburgh, 457
patients received 507 total intestinal grafts from May
1990 through December 31, 2008. Of those, 199 (44%)
were children with a mean age of 5.1 = 5.3 years (range
0.4-21.3) and a mean weight of 18.7 = 14.8 kg (range
5.1-74), who received 218 total allografts. Organ type
was isolated intestine in 71 (36%), liver-intestine in 98
(49%), full multivisceral in 25 (13%), and modified mul-
tivisceral in five (2%). Current mean follow-up is 55.4
months (median 42.5 months, range 1-225). Immunosup-
pression was based on tacrolimus and steroids from 1990
to 1998 (n = 50), with additive cyclophosphamide from
1995 to 1997 (n = 16) or daclizumab (Zenapax, Roche
Group, Nutley, NJ) from 1998 to 2001 (n = 23). Since
2002, immunosuppression was based on preconditioning
and induction with § mg/kg intravenous rATG (n = 100)
or alemtuzumab (n = 10). Currently, 93% of survivors
are completely free from total PN, and 1-, 3-, and 5-year
patient survival rates are 95%, 84%, and 77%, with cor-
responding graft survival rates of 88%, 74%, and 58%,
respectively, which compare favorably with the multisite
data in Figure 2.

Acute rejection risk has diminished to 30% with alem-
tuzumab induction and 62% with rATG induction, from
a historical rate of 80%. Concurrent with the advent of
improved infectious disease monitoring, the incidence of
cytomegalovirus (CMV) and Epstein-Barr virus disease
or post-transplant lymphoproliferative disorder (PTLD)

similarly decreased from 22% to 14% for CMV and from
38% to 11% for PTLD.

Critical and Controversial Issues in

Intestinal Transplantation

Organ availability and allocation

Analysis of outcomes of patients on the wait list for an
intestinal transplantation in 2006 revealed that 54% had
received a transplant within 1 year, 17% had died within
a year of listing, and 21% remained on the list; of the 8%
removed from the list, 6% were removed for worsening or
other conditions and only 2% were removed for improved
condition [15¢¢16]. Of the 222 candidates on the intes-
tine wait list in 2007, 63% were children under the age of
5. Children younger than 1 year of age and between the
ages of 1 and 5 years waited a median time of 321 and 241
days, respectively, for transplantation. Although overall
time to transplant has improved for intestinal transplanta-
tion candidates, wait-list mortality remains the highest for
intestinal transplantation among all solid organ transplant
candidates. Further, the death rate in pediatric patients
awaiting liver and intestinal transplantation is dispropor-
tionately higher than in those requiring intestinal alone,
especially in the very small patient (< 1 year), for whom
obtaining appropriate size-matched donor organs is dif-
ficult [39,40]. Results of attempts to increase the Model
for End-Stage Liver Disease/Pediatric End-Stage Liver
Disease (MELD/PELD) score so that these patients can be
transplanted earlier are being assessed.

Live donor intestinal and combined

liver/intestinal allografts

Some early attempts at intestinal transplantation involved
living donors, but results were suboptimal with no long-
term survivors and many suffering from chronic rejection.
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Renewed attempts at this procedure have been more
successful, although long-term results are still needed
[41-43]. Whether live donor isolated intestinal transplan-
tation is needed is the subject of ongoing debate, especially
because optimizing use of deceased donor allografts
should alleviate the donor shortage, except perhaps in the
very young. A promising approach to consider is the com-
bined liver/intestinal live donor transplant, particularly
for the small infant, which may overcome a lack in the
appropriate size-matched donor pool [40].

Liver-alone transplantation in patients with

intestinal failure

The very young infant with gut dysfunction is more suscepti-
ble to PN-associated liver failure. These livers may fail before
the patient has had time for intestinal adaptation to be maxi-
mized. It is believed that some patients, if given enough time,
would undergo enough further intestinal adaptation to avoid
the need for intestinal transplantation. Criteria for patient
selection for liver-alone transplantation reported by Botha
et al. [44] included history of at least 50% enteral tolerance,
age less than 2 years, and no underlying intestinal absorptive
disorder. In this series, bowel length ranged from 25 to 100
cm, and 23 children underwent 28 isolated liver transplants.
Patient and graft survival rates were 82% and 75% at 1 year
and 72% and 60% at 5 years. Of the 17 surviving patients,
14 achieved independence from PN.

Chronic rejection and retransplantation

Patient and graft survival rates for intestinal and multivis-
ceral transplantation continue to improve, with results in
some experienced centers nearing that of liver transplan-
tation. However, long-term outcomes, particularly with
transplant of the isolated intestine, are of concern, with
chronic rejection a significant cause of delayed graft loss
[45]. Retransplantation of the intestine was traditionally
associated with poor results [20]. Recent data demonstrate
that more acceptable long-term results can be obtained: in
one report, 14 (8.1%) of 172 children undergoing intestinal
transplantation underwent a repeat intestinal transplanta-
tion [46]. Although perioperative management is complex,
a 71% patient survival rate was reported with a mean fol-
low-up of more than 4 years. Currently, median follow-up
in this cohort is 45 months (range 22-140).

Additional areas of investigation

Other areas of investigation of considerable importance
to the clinician caring for intestinal transplant recipients
include assessment of outcomes (neurodevelopmental,
quality of life, growth, and nutrition) [47-50].

Conclusions
At the end of 2006, more than 500 US recipients enjoyed
a functioning intestinal transplant [15ee]. Of these, 44%
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were transplanted when they were less than 5 years of
age. The increasing number of patients with a successful
intestinal transplant highlights the need for progress in
addressing long-term concerns such as chronic rejection
and late graft loss. Developing more widely shared con-
sensus for proper timing and referral of the patient with
intestinal failure, improving efforts at intestinal reha-
bilitation, and reducing wait-list mortality are critical.
Continued advancement in the field of intestinal and mul-
tivisceral transplantation requires an ongoing, concerted
effort and dedication from a multidisciplinary team of
health care professionals so that this extremely challeng-
ing group of patients can receive optimal care with the
best chance of successful long-term outcome.

Acknowledgments

The authors acknowledge the valuable assistance of Dolly
Martin in data analysis and Chris Macko in preparation
of this manuscript.

Disclosure
No potential conflicts of interest relevant to this article
were reported.

References and Recommended Reading
Papers of particular interest, published recently,
have been highlighted as:

. Of importance

oo Of major importance

1. Goulet O, Ruemmele F: Causes and management of intestinal
failure in children. Gastroenterology 2006, 130(2 Suppl 1):
S16-S28.

2. Nucci A, Burns RC, Armah T, et al.: Interdisciplinary
management of pediatric intestinal failure: a 10-year review
of rehabilitation and transplantation. | Gastrointest Surg
2008, 12:429-435; discussion 435-426.

3. Beath S, Pironi L, Gabe S, et al.: Collaborative strategies
to reduce mortality and morbidity in patients with chronic
intestinal failure including those who are referred for small
bowel transplantation. Transplantation 2008, 85:1378-1384.

The authors summarize a consensus workshop defining critical issues

in patients with chronic intestinal failure. Among the conclusions

was the need to establish a national intestinal failure registry and

the need to optimize timing for referral for rehabilitation and/or

transplantation.

4. Sudan D, DiBaise J, Torres C, et al.: A multidisciplinary
approach to the treatment of intestinal failure. | Gastrointest
Surg 2005, 9:165-176; discussion 176-177.

5. Iyer KR, Horslen S, Torres C, et al.: Functional liver recovery
parallels autologous gut salvage in short bowel syndrome.

J Pediatr Surg 2004, 39:340-344; discussion 340-344.

6. Spencer AU, Neaga A, West B, et al.: Pediatric short bowel
syndrome: redefining predictors of success. Ann Surg 2005,
242:403-409; discussion 409-412.

7. Goulet O, Baglin-Gobet S, Talbotec C, et al.: Outcome and
long-term growth after extensive small bowel resection in
the neonatal period: a survey of 87 children. Eur | Pediatr
Surg 2005, 15:95-101.



232 | Pediatric Gastroenterology

8. Quiros-Tejeira RE, Ament ME, Reyen L, et al.: Long-term
parenteral nutritional support and intestinal adaptation in
children with short bowel syndrome: a 25-year experience.
J Pediatr 2004, 145:157-163.

9. Kocoshis SA, Beath SV, Booth IW, et al.: Intestinal failure
and small bowel transplantation, including clinical nutrition:
Working Group report of the second World Congress of
Pediatric Gastroenterology, Hepatology, and Nutrition.

J Pediatr Gastroenterol Nutr 2004, 39(Suppl 2):5655-S661.

10. Kaufman SS, Atkinson JB, Bianchi A, et al.: Indications for
pediatric intestinal transplantation: a position paper of the
American Society of Transplantation. Pediatr Transplant
2001, 5:80-87.

11. Centers for Medicare and Medicaid Services: Decision
memo for intestinal and multivisceral transplantation
(CAG-00036N), October 4, 2000. Available at http://www.
cms.hhs.gov/mcd/viewdecisionmemo.asp?id=42. Accessed
April 2009.

12.  Abu-Elmagd K, Fung ], Bueno J, et al.: Logistics and tech-
nique for procurement of intestinal, pancreatic, and hepatic
grafts from the same donor. Ann Surg 2000, 232:680-687.

13.  Bueno J, Abu-Elmagd K, Mazariegos G, et al.: Composite

liver-small bowel allografts with preservation of donor

duodenum and hepatic biliary system in children. | Pediatr

Surg 2000, 35:291-295; discussion 295-296.

Matsumoto CS, Kaufman SS, Girlanda R, et al.: Utilization

of donors who have suffered cardiopulmonary arrest and

resuscitation in intestinal transplantation. Transplantation

2008, 86:941-946.

Deceased donors suffering from cardiac arrest were analyzed for

outcomes in intestinal transplant. Mean CPR duration of 19 minutes

was not associated with detriment to survival, length of stay, or
rejection compared with donors not requiring resuscitation.

15.2¢  Berg CL, Steffick DE, Edwards EB, et al.: Liver and intestine
transplantation in the United States 1998-2007. Am |
Transplant 2009, 9(4 Pt 2):907-931.

This article provides an up-to-date analysis of intestinal transplant

candidates and recipients in the United States.

16.  Freeman RB Jr, Steffick DE, Guidinger MK, et al.: Liver and
intestine transplantation in the United States, 1997-2006.
Am | Transplant 2008, 8(4 Pt 2):958-976.

17. Fryer JP, Iyer K: Innovative approaches to improving
organ availability for small bowel transplant candidates.
Gastroenterology 2006, 130(2 Suppl 1):5152-5157.

18. Carlsen BT, Farmer DG, Busuttil RW, et al.: Incidence and
management of abdominal wall defects after intestinal and
multivisceral transplantation. Plast Reconstr Surg 2007,
119:1247-1255; discussion 1256-1248.

19. Kato T, Selvaggi G, Gaynor JJ, et al.: Inclusion of donor
colon and ileocecal valve in intestinal transplantation.
Transplantation 2008, 86:293-297.

20.  Grant D: Intestinal transplant registry. Available at http://
www.intestinaltransplant.org. Accessed January 2009.

21. Abu-Elmagd KM, Costa G, Bond GJ, et al.: Evolution of
the immunosuppressive strategies for the intestinal and
multivisceral recipients with special reference to allograft
immunity and achievement of partial tolerance. Transpl Int
2009, 22:96-109.

22.  Reyes ], Mazariegos GV, Abu-Elmagd K, et al.: Intestinal
transplantation under tacrolimus monotherapy after
perioperative lymphoid depletion with rabbit anti-thy-
mocyte globulin (thymoglobulin). Am | Transplant 2005,
5:1430-1436.

23.  Tzakis AG, Kato T, Nishida S, et al.: Alemtuzumab
(campath-1H) combined with tacrolimus in intestinal
and multivisceral transplantation. Transplantation 2003,
75:1512-1517.

24. Tzakis AG, Kato T, Nishida S, et al.: Preliminary experience
with campath 1H (C1H) in intestinal and liver transplanta-
tion. Transplantation 2003, 75:1227-1231.

25. Ashokkumar C, Talukdar A, Sun Q, et al.: Allospecific
CD154+ T cells associate with rejection risk after pediatric
liver transplantation. Am | Transplant 2009, 9:179-191.

14.0

26. Zeevi A, Britz JA, Bentlejewski CA, et al.: Monitoring
immune function during tacrolimus tapering in small
bowel transplant recipients. Transplant immunology 2005,
15:17-24.

Fishbein T, Novitskiy G, Mishra L, et al.: NOD2-expressing

bone marrow-derived cells appear to regulate epithelial

innate immunity of the transplanted human small intestine.

Gut 2008, 57:323-330.

Predicting immunologic risk in intestinal transplant recipients may

help guide management and improve outcomes. In this report,

mutant NOD2 alleles were associated with an increased chance of
allograft failure in transplant recipients. The authors hypothesize

that NOD2-expressing cells may be involved in epithelial defense

mechanisms.

28. Kato T, Mizutani K, Terasaki P, et al.: Association of emer-
gence of HLA antibody and acute rejection in intestinal
transplant recipients: a possible evidence of acute humoral
sensitization. Transplant Proc 2006, 38:1735-1737.

29. Wu T, Abu-Elmagd K, Bond G, Demetris AJ: A clinico-
pathologic study of isolated intestinal allografts with
preformed IgG lymphocytotoxic antibodies. Hum Pathol
2004, 35:1332-1339.

30. Gondolesi G, Blondeau B, Maurette R, et al.: Pretransplant
immunomodulation of highly sensitized small bowel
transplant candidates with intravenous immune globulin.
Transplantation 2006, 81:1743-1746.

31.  Horslen SP: Optimal management of the post-intestinal
transplant patient. Gastroenterology 2006, 130(2 Suppl 1):
$163-S169.

32.  David Al Selvaggi G, Ruiz P, et al.: Blood citrulline level
is an exclusionary marker for significant acute rejection
after intestinal transplantation. Transplantation 2007,
84:1077-1081.

33. Gondolesi G, Ghirardo S, Raymond K, et al.: The value
of plasma citrulline to predict mucosal injury in intestinal
allografts. Am | Transplant 2006, 6:2786-2790.

34. Yu HC, Tuteja S, Moon JI, et al.: Utilization of dried blood
spot citrulline level as a noninvasive method for monitor-
ing graft function following intestinal transplantation.
Transplantation 2005, 80:1729-1733.

35. Sudan D, Vargas L, Sun Y, et al.: Calprotectin: a novel
noninvasive marker for intestinal allograft monitoring.
Ann Surg 2007, 246:311-315.

36.  Akpinar E, Vargas J, Kato T, et al.: Fecal calprotectin level
measurements in small bowel allograft monitoring: a pilot
study. Transplantation 2008, 85:1281-1286.

37. Wu T, Bond G, Martin D, et al.: Histopathologic character-
istics of human intestine allograft acute rejection in patients
pretreated with thymoglobulin of alemtuzumab. Am |
Gastroenterol 2006, 101:1617-1624.

38.  Bond GJ, Mazariegos GV, Sindhi R, et al.: Evolutionary
experience with immunosuppression in pediatric intestinal
transplantation. | Pediatr Surg 2005, 40:274-279; discussion
279-280.

39. Fryer J, Pellar S, Ormond D, et al.: Mortality in candidates
waiting for combined liver-intestine transplants exceeds
that for other candidates waiting for liver transplants. Liver
Transpl 2003, 9:748-753.

40.  Chungfat N, Dixler I, Cohran V, et al.: Impact of parenteral
nutrition-associated liver disease on intestinal transplant
waitlist dynamics. | Am Coll Surg 2007, 205:755-761.

41. Testa G, Holterman M, Abcarian H, et al.: Simultaneous or
sequential combined living donor-intestine transplantation
in children. Transplantation 2008, 85:713-717.

42. Benedetti E, Holterman M, Asolati M, et al.: Living related
segmental bowel transplantation: from experimental to
standardized procedure. Ann Surg 2006, 244:694-699.

43. Testa G, Holterman M, John E, et al.: Combined living
donor liver/small bowel transplantation. Transplantation
2005, 79:1401-1404.

44. Botha JF, Grant W], Torres C, et al.: Isolated liver trans-
plantation in infants with end-stage liver disease due to
short bowel syndrome. Liver Transpl 2006, 12:1062-1066.

27.00



45.

46.

47.

Current Perspectives on Pediatric Intestinal Transplantation

Noguchi Si S, Reyes J, Mazariegos GV, et al.: Pediatric 48.

intestinal transplantation: the resected allograft. Pediatr
Dev Pathol 2002, 5:3-21.
Mazariegos GV, Soltys K, Bond G, et al.: Pediatric

intestinal retransplantation: techniques, management, and 49.

outcomes. Transplantation 2008, 86:1777-1782.
Thevenin DM, Baker A, Kato T, et al.: Neurodevel-

opmental outcomes of infant multivisceral transplant 50.

recipients: a longitudinal study. Transplant Proc 2006,
38:1694-1695S.

Mazariegos et al. | 233

Sudan D, Horslen S, Botha J, et al.: Quality of life after
pediatric intestinal transplantation: the perception of
pediatric recipients and their parents. Am | Transplant
2004, 4:407-413.

Venick RS, Farmer DG, Saikali D, et al.: Nutritional
outcomes following pediatric intestinal transplantation.
Transplant Proc 2006, 38:1718-1719.

Encinas JL, Luis A, Avila LF, et al.: Nutritional status after
intestinal transplantation in children. Eur | Pediatr Surg
2006, 16:403-406.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


