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D SIGALET. Small bowel transplantation: Current clinical status. Can ]
Gastroenterol 1991;5(4):154-160. With recent refinements in immunosup-
pression techniques, the first successful reports of small bowel transplantation in
humans have now been made, increasing interest in bowel transplantation
among clinicians and patients alike. This article reviews recent developments in
understanding of the functional capabilities and requirements for effective im-
mune suppression in bowel transplantation. Both experimental and clinical
experience with transplantation are discussed, as are the areas which appear to
offer the most promise for future developments. Finally guidelines for considera-
tion of patient selection for this procedure are reviewed.
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Transplantation de V'intestin gréle: Etat clinique présent

RESUME: Grice aux tout derniers progrés des traitements immunaosuppresseurs,
on rapporte les premitres transplantations réussies du gréle chez I'homme, et
P’intérét suscité par cette intervention augmente tant chez les cliniciens que chez
les patients. Le présent article passe en revue I'évolution récente des connaissan-
ces portant sur les capacités fonctionnelles ainsi que les modalités d’une suppres-
sion immunitaire efficace dans la transplantation de I'intestin. L'auteur évoque
Pexpérience clinique et expérimentale a la fois, et présente les domaines qui
sembleraient les plus prometteurs. Finalement, certains critéres de sélection des
receveurs sont examineés.
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THE SHORT BOWEL SYNDROME
that results from massive losses of
small bowel continues to be a difficult
problem despite the common use of
long term total parenteral nutrition
(TPN). TPN is expensive (1), limits
the lifestyle of the patient and the
patient’s family (2), and requires con-
tinued long term venous access. Long
rerm TPN in children is even more
problematic, with increased nutrient
requirements, difficulty with patient
compliance, and the risk of associated
liver damage, especially in the very
voung infant (3). Because of these fac-
tors, the lifelong mortalicy from direct
complications of long term TPN in the
pediatric age group exceeds 15% (4). In
the neonate, massive resection of the
small bowel most commaonly results
from such conditions as necrotizing
enterocolitis, malrotation with vol-
vulus, and strangulated abdominal wall
defects (4). In the adult population,
massive bowel resection most com-
monly results from mesenteric vascular
accidents, inflammatory bowel disease
and trauma (5,6). These conditions
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result in a stable incidence of new
patients who require long term nutri-
tional support.

Small bowel transplantation as a
treatment for short bowel syndrome has
been considered for many years, but
only in the past year have successful
attempts at bowel transplantation been
reported (7,8). Inevitably, such results
provoke inquiry from patients and
families about the applicability of such
new therapies to their own situation.
Since the last major reviews of small
bowel transplantation were published,
much new information has been
presented (9,10). This article will sum-
marize the research which has led to
the success of the cases reported, the
current status of bowel rransplantation
for treatment of short bowel syndrome,
and possible directions that future
developments may take.

EXPERIMENTAL TECHNIQUES
AND MODELS

Transplantation of vascularized or-
gans, including the bowel, was first at-
tempted by the French surgeon Alexis
Carrel (11). The problem of rejection
was soon recognized, and interest lan-
guished until the late 1950s, when
Lillehei's group (12) in Minnesorta in-
vestigated the effects of ischemia on gut
organs. They found that cooling and
perfusion with heparinized saline
would allow reliable preservation of the
small. bowel for 4 h; this preserved
bowel could be re-implanted and would
function indefinitely as an autograft
(12). Their model consisted of a one
stage operation; the superior mes-
enteric vessels were isolated, clamped
and divided, and the bowel was flushed
and then revascularized using the
mesenteric  vessels of a  similarly
prepared  recipient, re-establishing
bowel continuity using end-to-end
anastomosis of the native duodenum
and ileum to the graft. They also used
isolated loops of bowel placed in the
neck, permitting the study of im-
munosuppressive agents and grafr func-
tion in a controlled fashion such that
rejection of the graft would not lead to
the death of the animal (13). They had
no success with allografts, and with
others found minimal survival ad-

Bowel transplantation

Outcome (reference)

Indefinite survival (22)

TABLE 1

Experimental models of intestinal transplantation
Immuno-

Model suppression

Rat:  Syngeneic NIl

Rat:  Fully allogeneic NIl

Rat:  GVHD only possible  Nil
Rat:  Fully allogeneic
Dogs:
Dogs:

Fully allogeneic Nil
Fully allogeneic

Pig: Fully allogeneic

Rejection, death at day 14 (22)
GVHD, death at day 14 (40)

CsA 15 mg/kg/day Indefinite survival (22)

Rejection, death at day 12 (17)

CsA 25 mg/kg/day 91 days average survival (only

three of 11 survived longer than
60 days) (17)

CsA 15 mg/kg/day 121 days average survival

(indefinite survival in seven of 16)
(39)

CsA Cyclosporine; GVHD Graft-versus-host disease

vantage using the immunosuppressants
available at that time — azathioprine
and steroids (14-16).

The dog model was used to evaluate
the rejection process in detail, and after
the introduction of cyclosporine in the
1970s, the orthotopic model of bowel
transplantation in the dog was the first
used to assess the effects of cyclosporine
on small bowel transplantation (17,
18). The significant prolongation of
graft survival demonstrated by Reznick
et al (17,18) from Toronto in a land-
mark study was encouraging, but the
overall success rate was low (further
details are discussed in the section on
immunosuppression).

The description  of heterotopic
bowel transplantation in the rat by
Monchik and Russell in 1971 (19)
greatly facilitated study in this field.
The rat model has since served as the
standard for initial investigations of im-
munosuppression, function and tech-
niques. Technically, the procedure is
similar to that described for larger
animals, the main problem being the
small size of the vessels. The aorta is
used as the conduit for the superior
mesenteric artery, and the graft is revas-
cularized using the recipient’s inferior
vena cava and aorta. The bowel is left
as a Thiry-Villa fistula with proximal
and distal stomas (heterotopic graft).
Initial attempts to re-establish gastro-
intestinal continuity immediately using
the graft were plagued with a high
failure rate (20); however, with ex-
perience this improved (21,22). This
model then became the standard for
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investigation of small bowel transplan-
tation in rats. Within the rat model the
availability of genetically defined
strains of animals has greatly facilitated
investigation of the immunological
consequences of small bowel transplan-
tation (18,23). The current availabiliry
of monoclonal antibodies to various
cell populations in the rat should pro-
vide further valuable information.

The pig is an excellent model of
human bowel physiology, with a more
defined genetic lineage than the dog
(24). Although earlier attempts had
been made (25), Ricour and colleagues
(26) were the first to perform successful
small howel transplantation in the pig
and achieve allograft survival. The
techniques used paralleled those used
in the dog.

In reviewing reports of experimental
maodels of small bowel transplantation,
one must remember that rejection
responses and function vary consider-
ably depending on the model. Inbred
strains of rats have varying rejection
responses, while outhred larger animals
generally undergo a more vigorous
reaction (13,19,25). Similarly, dif-
ferent models within the same species
may exhibit different rejection respon-
ses: grafts drained via the portal circula-
tion of the recipient may have a
survival  advantage, while caval
drainage permits more vigorous rejec-
tion (27,28). This may be due to an
effect of the liver on soluble antigen
processing: liver transplantation has
long been known to permit the survival
of subsequent grafts from the same
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donor, with normal rejection of ‘third
party’ grafts (29,30). Finally, graft sur-
vival in heterotopic models does not
imply that the graft is necessarily
capable of supporting the animal nutri-
tionally.

REJECTION AND GRAFT-
VERSUS-HOST DISEASE

The histology of small bowel allo-
graft rejection has been well described,
and can be divided into three phases
(19,31). In the rat at day 3, there is no
change detectable with routine light
microscopy, but at days 6 and 7, lym-
phocytes and plasma cells begin to in-
filtrate the lamina propria. In phase 11,
over days 8 and 9, the infiltrate inten-
sifies and extends to the muscularis
propria. There is associated shortening
and blunting of the villi and scattered
epithelial sloughing. In phase III,
which occurs after the 10th day, there
is complete mucosal destruction and
transmural infiltration with lympho-
cytes and polymorphonuclear leuko-
cytes. Rejection is similar in dogs and
pigs, but has an accelerated time
course; rejection is complete by days 7
o9 (12-1%26).

The small bowel is unique among
transplanted vascularized organs be-
cause of the large population of im-
munocompetent  cells  which can
become activated following transplan-
tation into a non-major histocom-
patibility complex (MHC) identical
recipient. This leads to a phenomenon
known as ‘graft-versus-host disease’, in-
itially described following bone marrow
transplantation.  This problem was
recognized by the early investigators of
small bowel transplantation (12), and
examined in detail using inbred strains
of rats (19). When both rejection and
graft-versus-host disease are possible,
rejection is the dominant response;
however, when animals are treated
with potent immunosuppressants such
as cyclosporine, graft-versus-host dis-
ease becomes important. This results in
an activation of graft-derived T cells
directed against cell surface antigens of
host epidermal cells (possibly primitive
stem cell markers [32]). The disease
complex seen after small bowel trans-
plantation is a phase of poor appetite,
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red ears and snout, diarrhea, weight loss
and hunched posture, from which most
animals recover spontaneously (33).
There may be differences in the intes-
tinal manifestations of the graft-versus-
host disease seen after small bowel
versus bone marrow transplantation
(34); this possibility requires further in-
vestigation.

REJECTION MONITORING

In the clinical setting it is important
to monitor for rejection. The non-
specific nature of the early stages of
acute rejection noted above were found
to limit the usefulness of suction biopsy
in monitoring for rejection in the one
clinical case that has been well docu-
mented (35,36). This problem, coupled
with the difficulty and possible hazards
of obtaining biopsy material, have
prompted investigators to search for al-
ternate methods of monitoring for
rejection. The functional capacity of
the bowel has been exploited; the best
characterized of these markers is the
maltose absorption test (37). This test
measures the ability of the bowel
mucosa to split maltose into glucose
and then transport it across the
enterocyte into the circulation, where
it is detected by monitoring of serum
glucose levels. The resulting rise is
diminished when rejection is in the in-
itial stages.

A simpler method monitors changes
in the permeability of the bowel wall by
measuring the urinary excretion of
chromium-51 EDTA instilled in the
lumen of the graft. The bowel is nor-
mally impervious to this compound; an
increase in absorption occurs with early
graft rejection (38). This test has been
used clinically and has been found to
correlate well with hiopsy evidence of
rejection (7).

METHODS OF
IMMUNOSUPPRESSION

At present, the factor which limits
the use of small bowel transplantation
clinically is the lack of a reliable
protocol for immunosuppression. After
the description of the surgical techni-
ques required for successtul small bowel
rransplantation in dogs, a number of
different

immunosuppressants — were

used, with limited success. These in-
cluded steroids, azathioprine, antilym:
phocyte globulin and graft irradiation
(14-16,39). It was not until the intro-
duction of cyclosporine in the late
1970s that a significant prolongation of
small bowel allograft survival was
achieved (17). The average survival in
11 dogs treated with cyclosporine (25
mg/kg/day, intramuscular injection for
the first 28 days, then oral administra-
tion) was 91 days, while untreated con-
trols survived an average of 12.5 days.
However, it is important to note that
only three dogs survived more than 60
days, and two of these succumbed o
rejection at 210 days. The importance
of using parenteral cyclosporine was
demonstrated in a follow-up study from
the same group, in which a third set of
animals was given oral cyclosporine:
seven of 10 died of acute rejection an
average of 30 days post transplant (18).

Once it had been shown thar
cyclosporine prolonged the survival of
intestinal allografts in dogs, a series of
studies in the more controlled rat
model appeared. A dosage of cyclo-
sporine of 15 mg/kg/day allowed indefi-
nite survival of grafts in unidirectional
and two-way rejection and graft-versus-
host disease models (22). A similar
dosage of cyclosporine was also shown
to control graft-versus-host  disease
(40).

The model of bowel transplantation
available which most closely resembles
the situation in humans is the pig
Monotherapy with high dosage intra-
venous cyclosporine (15 mg/kg/day) for
10 days post transplant, followed by
continued high dosage oral therapy (30
mg/kg/day), has allowed successful
transplantation in this model (41).
These high dosages seem necessary:
protocols using lower doses have an in-
creased rate of animal death, although
this has not been shown to be due to
rejection (42). In the pig, combined
steroid and cyclosporine use increased
the rate of infectious complications and
did not reduce the rate of rejection
(41), while graft irradiation was not
useful (43). It is interesting to note that
stopping cyclosporine after two to three
months of continuous therapy did not
lead to allograft rejection (41). The
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recipient may develop tolerance to the
bowel allograft in a fashion similar to
that described for liver transplants
(29).

A tremendous effort is underway to
improve methods of immunosuppres-
sion (44). These methods have in large
part focused on pharmacological con-
trol of rejection post transplantation.
The new drugs FK506, rapamycin and
15-deoxyspergualin have already been
shown to allow successtul small howel
transplantation in rat models, and are
currently being reviewed in large
animal and human studies (45-47). Al-
ternative strategies, such as pretreat-
ment of graft  with monoclonal
antibodies (48) or of host with donor-
specific transfusion, are also useful ex-
perimentally (49). The challenge ar
present will be to develop effective
combined strategies which optimize
both pretreatment of donor and
recipient, and post transplantation im-
MUNOSUPPression.

FUNCTION OF

TRANSPLANTED BOWEL

In the first studies of small bowel
trandflantation  Lillehei  and  co-
workers (12) showed that animals
could survive indefinitely following
autotransplantation. No specific study
of nutrient absorption was performed,
but gross malabsorption of fat was evi-
dent for two to three weeks, and then
subsided. They were also able to
demonstrate regeneration of severed
lymphatics after three weeks (50).
More detailed studies demonstrated
that, following transplantation of the
small bowel, dogs had a period of two to
three weeks of diarrhea, weight loss and
abnormal motility with steatorrhea.
These changes reversed over the ensu-
ing months; by six months function had
normalized (51). An identical pattern
of changes could be produced by dener-
vating rthe bowel and dividing the lym-
phatics; it was concluded that the
functional alterations of transplanta-
tion observed were due to denervation
and lymphatic disruption, and were re-
versible.

Several investigators have shown
that the transplanted bowel becomes
electrically autonomous, and that this

may result in a reduction in glucose,
glycine, water and sodium absorption
(52,53). Chloride is most significantly
affected, with a nert secretion in some
instances, possibly due to a loss of the
normal inhibition of c¢rypt chloride
secretion by the autonomic nervous
system following small bowel trans-
plantation. Limited studies of bowel
function at the enterocyte level have
been published: the electrophysio-
logical parameters of the bowel seem
normal at nine days post transplant but
deteriorate rapidly if rejection occurs
(23).

In animals that are nutritionally de-
pendent on a small bowel transplant,
long term reductions in fat, prorein and
carbohydrate absorption have been
demonstrated (54-56). Cyclosporine it-
self may also affect nutrient absorption.
Preliminary evidence suggests that
cyclosporine reduces glucose, alanine
and farty acid uptake in normal rats,
and in autografted bowel in dogs
(56,57). Overall, these findings suggest
that both the transplantation process
itself and rejection (if it occurs) sig-
nificantly affect the motility, neural
and transport functions of small bowel.
When the major portion of the small
bowel is transplanted, recipient growth
is near normal in most models (22,41);
however, the length required to sustain
the recipient post rransplant has not
heen determined. Given the present in-
terest in trials of bowel transplantation
in humans, this area requires further
investigation,

CLINICAL EXPERIENCE
All attempts at small bowel trans-
plantation in humans prior to the in-
troduction  of  cyclosporine
unsuccessful.  The

were
longest  survivor
lived for 76 days; even with a human
lymphocyte antigen (HLA) idenrical
donor and (delayed) treatment with
steroids, azathioprine and antilympho-
cyte globulin, rejection and  over-
whelming sepsis from  enteric flora
proved fatal (58). Other attempts were
equally disappointing (8,59,60). Fol-
lowing the success of small bowel
transplantation using cyclosporine in
dogs and pigs, a number of attempts at

human  transplantation  have  been
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reported (8,35,61-63). The results have
been poor. Typically, rejection is seen
in graft biopsies four 1o 10 days post
transplant. Bowel fluid losses increase
tremendously. Steroids and antilym-
phocyte globulin have diminished rhe
rejection response (35,61), but rejec-
tion has usually progressed, necessitat-
ing graft removal around the 15th day
post transplant. Pretrearment of the
graft with OKT3 anribody has not
reduced the apparent immunogenicity
of the bowel (8,35). Rejection has oc-
curred despite portal drainage of the
graft, but most patients requiring bowel
transplantation have either a throm-
bosed portal vein or multiple previous
operations prohibiting an anastomosis
to the portal circulation (8-10). Cyclo-
sporine regimens reported have in-
cluded intermittent and continuous
infusion (35,61-63) with
cyclosporine that are therapeutic for
kidney and liver transplants (200 to
400 ng/mL in whole blood radioim-
munoassay [64]). Toxicity of immuno-
suppression  has  been a  common
problem; cyclosporine has resulted in
renal toxicity (8,61), while combined
therapy  (steroid,  antilymphocyte
globulin and azathioprine) has resulted
in infectious complications (8,35,62).

levels of

Children receiving bowel as part of a
graft of multiple viscera have devel-
oped lymphoproliferative disorders (65,
66). Clearly, these case reports demon-
strate that, with the current state of
immune therapy, immune suppression
following  isolated  small  bowel
transplantation  remains a  difficult
problem. If a very close HLA match
can be achieved, it may be possible to
control rejection more effectively (58);
however, this has not been demon-
strated in an animal model.

As noted earlier, in consideration of
the possible advantages of portal drain-
age, liver transplantation reduces rejec-
tion of co-transplanted grafts. This may
be by nonself antigen processing by the
liver or release of soluble MHC anti-
gens which then block cytotoxic anti-
bodies (30). In clinical rransplantation,
improved survival of renal grafis fol-
lowing liver transplantation has been
clearly documented, even in the
presence of preformed antibodies to the
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graft (67). In addition to this, anatomi-
cal considerations had defined the con-
cept of a multivisceral transplant or
‘cluster operation’ for combined liver
and pancreaticoduodenal  pathology
(65,60). A complete visceral transplant
— including stomach, liver, pancreas
and various lengths of bowel — can be
performed for extensive celiac patho-
logy. In this situation, standard
immunosuppressive  therapy  with
cyclosporine, prednisone and antilym-
phocyte globulin have allowed pro-
longed survival of the associated bowel
(65,66). It seemed logical to extend
this to include a combined small bowel
and liver graft for short bowel syndrome
with associated primary liver disease, as
reported by Grant (7). Grant described
a typical immunosuppressive protocol
for isolated liver transplantation which
has prevented rejection in the as-
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