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Abstract

Introduction We assessed the impact of intestinal trans-
plantation on Japanese pediatric patients with intestinal
failure with data from the Japanese intestinal transplant
registry.

Methods Standardized forms were sent to all known
intestinal transplantation programs, requesting information
on transplants performed between 1996 and June 30, 2012.
Patients younger than 18 years were analyzed. Patient and

T. Ueno ((3)

Department of Pediatric Surgery, Osaka University Graduate
School of Medicine, 2-2 Yamadaoka, Suita, Osaka 565-0871,
Japan

e-mail: ueno @pedsurg.med.osaka-u.ac.jp

M. Wada
Department of Pediatric Surgery, Tohoku University School
of Medicine, Sendai, Japan

K. Hoshino
Department of Surgery, Keio University Graduate School
of Medicine, Tokyo, Japan

S. Uemoto
Deparniment of HBP Surgery and Transplantation,
Kyoto University, Kyoto, Japan

T. Taguchi
Department of Pediatric Surgery, Kyusyu University School
of Medicine, Fukuoka, Japan

H. Furukawa
Department of Gastroenterologic and General Surgery,
Asahikawa Medical University, Asahikawa, Japan

M. Fokuzawa
Osaka Medical Center and Research Institute for Matemnal
and Child Health, Izumi, Japan

graft survival estimates were obtained using the Kaplan—
Meier method.

Results Of the 14 intestinal transplants, 4 were deceased
and 10 were living donor transplants. The primary indi-
cations were: short gut syndrome (n = 7), intestinal
functional disorder (2 =6), and re-transplantation
(n = 1). The overall 1- and 5-year patient survival rates
were 77 and 57 %, respectively. In transplants performed
after 2006 (n = 6), the one-year patient survival rate was
83 %, and the 5-year survival rate was 83 %. Graft one-
and 5-year survival rates were 83 and 83 %, respectively.
The living-related transplant survival rate was 80 % at
1 year and 68 % at 2 years, compared to 67 and 67 % for
cadaveric transplant recipients. There were no statistically
significant differences in patient (p = 0.88) and graft
(p = 0.76) survival rates between living donor and
cadaveric transplant recipients. All current survivors dis-
continued PN.

Conciusion Tniestinal transplantation has become an
effective therapy for patients with intestinal failure who
cannot tolerate PN.

Keywords Intestinal transplant - Pediatric
transplant - Japanese registry

Introduction

Intestinal failure is caused by a critical reduction of
functional gut mass to below the minimal amount neces-
sary for adequate digestion and absorption to satisfy
nutrient and fluid requirements for maintenance in adults
and growth in children [1]. The most common type of
intestinal failure is short bowel syndrome with an esti-
mated incidence of 3-5 cases per 100 00 births per year
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[2]. Advances in neonatal inensive care, anesthesia,
nutritional support, and surgical techniques have improved
the survival of children, so the prevalence of common
causes of short bowel syndrome, including gastroschisis,
necrotizing enterocolitis, and intestinal atresia has likely
increased in recent years [3]. Some survivors, however,
develop irreversible intestinal failure. The prognosis for
intestinal failure related to short gut syndrome and intes-
tinal motility disorders has improved dramatically owing
to the development of parenteral nutrition (PN). Some
children achieve long-term survival with PN at home with
a relatively good quality of life, but others develop serious
side effects that can eventually lead to death. However,
PN-related complications, such as loss of venous access
and intestinal failure-associated liver disease (IFALD), are
still major problems for patients with intestinal failure [4].
Intestinal transplantation can significantly improve their
prognosis and quality of life. Early efforts to transplant the
small bowel have failed due to refractory graft rejection
and sepsis. Qutcomes improved during the early 1990s,
but survival rates were still inferior to those for other
organ transplants. Over the past 5 years, individual centers
have reported improved outcomes with betier long-term
intestinal engraftment.

The first intestinal transplant in Japan was performed in
1996. The total number of intestinal transplants in Japan
has increased to 24 as of June 2011. We assessed the
impact of intestinal transplantation on Japanese pediatric
patients with intestinal failure based on data from the
Japanese intestinal transplant registry.

Methods

Standardized forms were sent to all known intestinal
transplantation  programs, requesting information on
intestinal transplants performed between 1996 and June
30, 2012, The data included age, sex, date of birth, date
of transplant, type of donor (deceased or living), pre-
transplant status (home or hospital), underlying disease,
procedure, ABO blood type, immunosuppression regimen
(induction and maintenance therapy), and post-transplant
status (PN requirement, intravenous (IV) fluid require-
ment, and daily life restrictions). Patients under 18 years
of age were analyzed. The data were entered into a
Microsoft Excel spreadsheet and analyzed with JMP
version 10.0 (SAS Institute Inc, USA). Patient and graft
survival estimates were obtained using the Kaplan-Meier
method. For survival analysis, failure was defined as
occurring on the date of graft removal or death. A
p value <005 was considered statistically significant.
This study was approved by the institutional review
board.

@ Springer

Results

Four programs provided data on 14 grafts in 13 patients
who were received transplants between 1 April 1996, and
30 June 2012 in Japan. The participation rate was 100 %.
All intestinal transplants performed in Japan are captured
in the registry database. All patients were followed, unless
the patient has passed way. Ten grafts were obtained from
living donors, and four cases involved deceased donors.
The annual number of intestinal transplants, according to
organ donation type, is shown in Fig. |. Prior to 2005,
25 % of patients who underwent transplantation were
called in from home, as compared with 66 % in the last
5 years (Fig. 2).

There were nine male and five female recipients. The
age distribution of the recipients is shown in Fig. 3. Two-
thirds of the patients were over 6 years old. The youngest
recipient was 8 months. The causes of intestinal failure
requiring intestinal transplantation are shown in Fig. 4.
Approximately half of the patients had conditions that
result in short gut syndrome.

Most patients (# = 13) received isolated intestinal
transplants. There was only one case of simultancous liver-
intestinal transplantation from two living-related donors.
Twelve patients received grafts from donors with an
identical ABO blood type. Two patients received grafts
from ABO compatible donors. There were no transplanis
involving ABO incompatibility. All patients were on ta-
crolimus maintenance therapy. The types of induction
therapy used are shown in Fig. 5. Antibody-based induc-
tion therapy and tacrolimus-based maintenance immuno-
suppression were used even if the medication was not
commercially available in Japan.

Grafl and patient overall survival as of June 2011 are
shown in Kaplan-Meier plots (Fig. 6a, b, respectively).
The one-year and 5-year patient sarvival rates were 77 and
57 %, respectively, comparable with rates from the inter-
national intestinal transplant registry. Five recipicnts died.

# Cadaveric
e Living

O O > e & LD
g F o F S
& FF S

n=14

Fig. 1 Number of intestinal transplants by year
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“ Home
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Fig. 2 Pre-transplant patient status

Fig. 3 Recipient age at transplant

Re-Tx, 1
MiD, 1

" Intestinal
atresia, 1

n=14

Fig. 4 Cause of intestinal failure NEC necrotizing enterocolitis,
CHPS chronic idiopathic intestinal pseudo-obstruction syndrome,
MID microvillus inclusion disease. Re-Txy Re-transplant

The causes of death included sepsis (1 = 3), post-trans-
plant lymphoma (7 = 1} and intra cranial hemorrhage
(rn = 1)

The I-year overall graft survival rate was 80 % for
cadaveric grafts versus 50 % for living donor grafts
(p = 0.76), as shown in Fig. 7a. The [-year overall patient

None, 1

N=14

Fig. 5 Induction immunosuppression therapy rATG rabbit anti-
thymus globulin, OK7-3 anti-CD3 monoclonal antibody

a 10

0.8 ..

0.6 -

0.4 -

Survival

0.2 -

00 ¥ T 4 i i i M H N T N H N H
0 20 40 60 80 1D0 120 14D
mMonths

Survival

0.2

0.0 (RN ML B R LA L B L S
1] 26 40 60 80 100 120 140 160
Months

Fig. 6 Overall graft (a) and patient (b) survival

survival rate was 80 % for cadaveric grafis versus 67 % for
living donor grafts (p = 0.88), as shown in Fig. 7b.

Graft survival improved over the last 5 years. The one-
and five-year graft survival rates were 83 and 83 % for
2006-2011 versus 63 and 38 % for 1996-2005 (p = 0.14),
as shown in Fig. 8a. The 1- and 5-year patient survival
rates were 83 and 83 % for 2006-2011 versus 71 and 43 %
for 1996-2005 (p = 0.27), as shown in Fig. 8bh.
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Fig. 7 Graft (a) and patient (b) survival according to grafl type Fig. 8 Graft (2) and patient (b) survival by era

Graft function in terms of PN dependence was excellent.
All patients became PN-free after intestinal transplantation,
although two-thirds of patients require continuous or
intermittent intravenous fluid support. Of the eight patients
who were alive at the time of data collection, all patients
were off parenteral nutrition, with three patients requiring
intravenous fluids daily, two patients requiring intravenous
fluids occasionally (Fig. 9). Most recipients stopped par-
enteral supplementation, eal, and have resumed normal
activities. Of the seven surviving patients 1 year after
transplant, six lead a full life.

Discussion

Children with intestinal failure are at risk for numerous
complications, especially PN-related complications. For
example, loss of venous access and TFALD are still major
problems for patients with intestinal failure because they
are potentially life-threatening [4].

Catheter-related bloodstream infections were common
in patients with intestinal failure [5]. Sarvival of children
with chronic intestinal failure has increased as result of
home PN. Adequate central venous accesses crucial for the

@ Springer

n=8

Fig. ¥ Intravenous (V)  fluid intestinal

transplantation

requirement  after

successful management of home PN, but venous access can
be complicated by episodes of catheter-associated infec-
tion, repeated procedures to replace catheters, and catheter-
related thrombosis. Management and prevention of cathe-
ter-related thrombosis are of vital importance. [6].

IFALD can be a progressive and fatal entity in children
with short gut syndrome. Parenteral fish oil-based fat
emulsions are safe and may be effective in the treatment of
PN-associated liver disease [7]. A lipid reduction protocol
may prevent cholestasis [8]. Despite all efforts to prevent
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complications, some children develop end-stage intestinal
failure.

As outcomes of intestinal transplantation have
improved, it has become the definitive weatment for
patients with intestinal failure who cannot tolerate PN.
Qver the past decade, intestinal transplantation has become
accepted as standard therapy for patients with life-threat-
ening complications of PN in many countries [9, [0].

Currently, evaluation for transplant is recommended for
pediatric patients with intestinal failure who are doing
poorly on PN due to loss of more than 50 % of the major
intravenous access sites (two out of four sites include both
internal jugular veins and subclavian veins); recurrent
severe catheter-related sepsis; progressive liver dysfunc-
tion; or impaired renul function due to massive gastroin-
testinal fluid loss.

Timely referral to an intestinal transplant program is
important for children with intestinal failure because
intestinal transplantation is easier and safer with adequate
central venous access and normal liver function [11]. For
patients who undergo intestinal transplantation, patient
survival is similar to remaining on PN. The inclination is
therefore to move towards earlier (transplantation and
avoiding the need for concomitant fiver transplantation [12].

The 2011 report of the intestinal transplant registry
confirmed that intestinal transplantation has become a
definitive therapeutic option for patients with intestinal
failure. By 2011, 2,611 intestinal transplants had been
performed throughout the world with 79 participating
centers worldwide, Three types of intestinal transplantation
are performed: (1) isolated intestinal transplantation (1,184
cases); (2) liver and intestine transplantation (845 cases);
and (3) multivisceral transplantation (619 cases). In pedi-
atric patients, two-thirds acquired short gut syndrome as a
result of congenital disease, including gastroschisis, intes-
tinal atresia, and necrotizing enterocolitis [10].

On the other hand, only I4 intestinal transplants have
been performed in patients under 18 years of age in Japan.
The number is relatively small, although it is estimated that
40 pediatric patients require intestinal transplants nation-
wide [13]. In the Japanese experience, the 1- and 5-year
overall patient survival rates are 77 and 57 %. The one-
year survival rate was 83 % for the last 5 years. These are
considered acceptable results for the treatment of intestinal
failure. Our results in Japan are comparable with results
worldwide, even though there are only one or two cases per
year performed in Japan compared to over 100 intestinal
transplants yearly performed in the world. In our opinion,
children with intestinal failure should be treated with
intestinal transplantation in Japan as well as in other
countries when feasible.

There were two major reasons for the low number of
intestinal transplants in Japan. One reason is the lack of

available organs. For a long time, relatively few donations
from deceased donors were obtainable in Japan. As with
other solid organs, most intestinal transplants in Japan are
performed with living-related donors. Although the situa-
tion has changed due to the new Act on Organ Trans-
plantation, which went into effect in 2010, the number of
deceased donations has not increased dramatically, espe-
cially among pediatric donors.

The financial barrier is the other, more profound reason
preventing the greater use of intestinal transplantation in
Japan. Since the procedure is not covered by health
insurance, either the patient or the transplant center must
pay the considerable costs out of pocket.

Some patients develop liver failure with short gut syn-
drome. These paticnts need simultaneous liver-intestinal
transplants. A combined liver-intestine transplant has less
risk of acute rejection than an isolated intestinal transplant
because the liver may have protective effects on the
intestine [10]. Combined liver and intestine transplants are
the most frequent procedure in infants and children,
accounting for half of the cases. Current organ allocation
guidelines have not allowed for simultancous combined
liver—intestine organ retrieval until the law was revised in
2010; thus, simultaneous liver—intestine transplantation
with a deceased donor graft had been impossible. Isolated
intestinal transplantation, the preferred procedure, was
offered to patients with limited IV access or recurrent line
infections. Combined liver—intestine transplants are per-
formed for treatment of irreversible liver disease caused by
PN. Isolated intestinal transplantation from deceased
donors following living-related liver transplantation,
referred to as sequential combined liver-intestine trans-
plantation, has been attempted.

Previcusly, the law on organ transplantation banned
donors below 15 years of age. This is the main reason why
there were relatively few pediatric transplant recipients.
Intestinal transplant for infants was previously not possible
because of donor-recipient size mismatch. Only a small
number of pediatric transplants have been performed.
Pediatric patients still await the opportunity to benefit from
intestinal transplantation. Moreover, younger patients
sometimes develop liver failure [3]. Multivisceral trans-
plants are recommended for the treatment of severe gas-
trointestinal motility disorders [14]. However organ
allocation guidelines do not allow for multivisceral organ
retrieval. Further reform of allocation guidelines is needed.

This analysis found that improved induction immuno-
suppression is strongly associated with higher survival
rates. The use of antibody induction therapy appears to be
particularly important for the success of intestinal trans-
plantation, possibly due to the large lymphoid mass of this
type of graft [15]. Induction with rabbit anti-thymus glob-
ulin (rATG) minimized the amount of tacrolimus needed for
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maintenance immunosuppression, facilitated the long-term
control of rejection, and decreased the incidence of oppor-
tunistic infections, resulting in a high rate of patient and
graft survival [16]. The combination of rATG and rituximab
was an effective induction therapy according to our pre-
liminary data. The number and severity of rejection epi-
sodes increased when the Hver was not included as part of
the graft. An immunosuppression regimen including rATG,
rituximab, and steroids may have a protective effect against
post-transplant lympho proliferative disease (PTLD) and
chronic rejection [17]. Sirolimus is a safe rescue therapy in
children with intestinal mansplants when tacrolimus is not
well tolerated. Renal function and hematologic disorders
seem {o improve, although other simultaneous strategies
could be involved [ 18]. However, those medications are not
commercially available with insurance coverage in Japan.
Children after intestinal transplant should be managed with
limited immunosuppression.

Preemptive assessments are recommended, even for
patients doing well on PN, and for infants and adults with
an ultra-short gut or for infants with total intestinal agan-
glionosis or microvillus inclusion disease, since patients
with these findings have very poor survival rates on PN
[15]

Early referral and listing are important for successful
outcomes. Presently, because of the risks involved as well
as flinancial reasons, transplants are rarely offered (o
pediatric patients in Japan. However, this treatment will
undoubtedly become more common over time as the results
of intestinal transplantation continue to improve.

Conclusion

Intestinal transplantation has become the definitive treat-
ment for patients with chronic intestinal failure. Since
intestinal transplantation in Japan has yielded satisfactory
results, indications for the procedure should be expanded.
The national health insurance should cover intestinal
transplants to reduce the incidence of PN-related compli-
cations. Systems facilitating combined simultaneous liver—
intestine and multi-organ transplants should be developed.
We continue to work on reforming national health insurance
coverage and realizing multi-organ transplantation in Japan.
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