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ORIGINAL ARTICLE

Value of mucosal biopsies
in the monitoring of acute

small bowel rejection

Abstract The value of mucosal bi-
opsies in evaluating small bowel re-
jection is controversial. In this study,
the value of mucosal biopsies was
estimated in unmodified porcine
small bowel rejection. Ten animals
received the distal half of the small
bowel as a heterotopic loop (Thiry-
Vella loop). The allografts were fol-
lowed by proximally and distally
harvested full-thickness and mu-
cosal biopsies every other day, start-
ing from the 3rd day and continuing
until the grafts became necrotic. The
histological parameters in both
types of biopsies were semiquanti-
tatively scored from 0 to 3 and com-
pared with each other. The differ-
ence in mean values on subsequent
days was not remarkable, the results
favoring slightly higher values in
full-thickness than in mucosal biop-

sies. Our results suggest that multi-
ple mucosal biopsies are adequate in
monitoring morphological changes
of small bowel grafts during rejec-
tion and that the proximal and distal
ileum are similarly affected by acute
rejection.
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Introduction

Materials and methods

Animals

The aim of this study was to evaluate whether the histo-
logical changes in superficial layers of the bowel wall
during acute small bowel rejection can reliably be evalu-
ated when mucosal biopsies are used. For this purpose
we biopsied heterotopic porcine small bowel allografts
by full-thickness and mucosal methods and compared
the results with each other. Biopsies obtained from the
proximal and distal ends of the grafts were compared
separately.

Outbred female piglets weighing 16-22 kg were used for the exper-
iment. The animals were not fed for 12-18 h before the operation.
Twelve animals were operated as non-littermate pairs, each animal
serving as a donor and a recipient. Two animals were lost because
of technical reasons on the 3rd day (one due to arterial thrombosis
and one due to paraplegia) and were excluded from the study. The
control group consisted of six animals that received an autotrans-
plant using a surgical technique similar to that in the allotransplant
group.

All animals received humane care in compliance with the
“Principles of Laboratory Animal Care* and the “Guide for the
Care and Use of Laboratory Animals* formulated and prepared
by the Institute of Laboratory Animal Resources and published



by the National Institutes of Health (NIH publication no. 86-23,
revised 1985). The study was authorized and conducted in accor-
dance with Finnish legislation.

Ancsthesia

The piglets were operated on under general anesthesia with endo-
tracheal intubation using ketamine 20-30 mg/kg (Ketalar; Parke-
Davis, Barcelona, Spain), azaperon 6 mg/kg (Stresnil; Orion, Es-
poo, Finland), diazepam 2.5 mg (Stesolid Novum; Kabi Pharmacia,
Stockholm, Sweden), and atropine 0.01 mg/kg (Atropin; Orion) in
induction. The anesthesia was maintained with enfluran (Ephrane;
Abbott, Campoverde, Italy), nitrous oxide, and pancurone 0.1-
0.15mg/kg (Pavulon; Organon, Oss, Holland). Ceftriaxone
500 mg (Rocephalin; F. Hoffmann-La Roche AG, Basel, Switzer-
land) was given i.m. as antibiotic prophylaxis and was continued
at the same daily dosage for 2 days postoperatively.

Surgical technique

Following a midline incision, the distal half (ileum) of the small in-
testine was harvested and perfused via the artery with approxi-
mately 200 ml cold ( +4°C) Ringer’s solution containing heparin
5000 IU/1000 m] (Heparin; Leiras, Turku, Finland) until the ve-
nous effluent was clear and the transplant macroscopically blood-
less. Thereafter, the harvested bowel (average length 6.7 m) was
kept in cold isotonic saline solution. The continuity of the remain-
ing small bowel was restored by end-to-end anastomosis in one lay-
er with 5-0 polyglyconate monofilament (Maxon; Davis + Geck,
Gosport, UK). After systemic heparinization of the recipient
(Heparin, 3500 IU; Leiras), the graft vessels were anastomosed
end-to-side to the recipient’s aorta and vena cava below the renal
artery with a running stitch of 6-0 polypropylene (Prolene; Eth-
icon, Norderstedt, Germany). The graft was placed heterotopically
with both ends as enterostomies (Thiry-Vella loop). The piglets re-
ceived liquids starting on the 1st day after the operation and a nor-
mal diet from the 3rd day onwards. In the control group, the distal
half of the small bowel was harvested, perfused, anastomosed,
and placed heterotopically in the same way. The total ischemic
time ranged from 80 to 145 (124 £ 20) min in the allograft group
and from 60 to 98 (81 £ 14) min in the control group.

Postoperative monitoring

Full-thickness and mucosal biopsies of the graft were taken imme-
diately after harvesting; thereafter, the graft was followed by biop-
sies every other day starting on the 3rd day after transplantation
until the graft was macroscopically necrotic. For biopsy specimens,
both ends of the bowel loop were loosened, about 10 cm of the gut
resected, the antistomal part of which was used for biopsy speci-
mens, and new stomas were created. A segment was cut off as a
full-thickness biopsy and four mucosal biopsies were taken with a
forceps from the adjacent segment. The specimens were fixed in
buffered formalin, processed routinely, and embedded in paraffin.
The sections were stained with hematoxylin-eosin, Masson’s tri-
chrome, periodic acid-Schiff, and methyl green-pyronin. Ten ani-
mals were followed for 7 days, seven animals for 9 days and three
animals for 11 days. All six animals in the control group were fol-
lowed for 11 days.

Some of the biopsies in the acute rejection group were totally
necrotic and therefore not readable. They were mostly biopsies
from the 9th and 11th days. Of the four mucosal biopsies harvested

in each session, an average of 3.3 were adequate for evaluation af-
ter processing. If none of the four mucosal biopsies in one sample
was readable, it and its corresponding full-thickness pair were ex-
cluded from the analysis. Because only three animals could be fol-
lowed until the 11th day and as these biopsies were mostly ne-
crotic, the 11th day results were not included in the analysis. After
this exclusion, there were ten proximal and ten distal biopsy pairs
obtained on the 3rd and Sth days, nine on the 7th day, and seven
on the 9th day. In the control group, the number of biopsy pairs
was six on each day.

Histological scoring

Five variables for the lamina propria, epithelium, and mucosa (in-
filtration of inflammatory cells in lamina propria, epithelial swell-
ing, crypt abscesses, blunting of villi, and sloughing of epithelium)
were scored blindly. Every parameter was scored separately. The
scale used was from 0 to 3, with 0 indicating no pathological altera-
tions and 3 indicating extreme changes. The quantitative criteria
for scoring the key histological parameters have been described
elsewhere [10]. For every specimen, the average of the five param-
eters, called the “acute rejection index“, was calculated.

Statistics

The values are presented as mean * one standard deviation. The
comparison of full-thickness with mucosal biopsies, and of proxi-
mal with distal biopsies, was made statistically using the Wilcoxon
signed rank test. The acute rejection group was compared with
the control group using the Mann-Whitney U-test. A probability
of below 0.05 was accepted as statistically significant. The individ-
ual values of full-thickness and mucosal biopsies are shown as scat-
tergrams and the correlation coefficients counted.

Results

In the acute rejection group, the mean acute rejection
index of the full-thickness biopsies was higher than that
of the mucosal biopsies from the 3rd to the 7th day in
the proximal segments. This difference, although not
great, was statistically significant (P <0.05; Fig.1). In
distal segments, both types of biopsies received, on the
average, equal values until the 9th day, the difference
was not statistically significant. When the proximal bi-
opsies were compared with the distal ones, full-thick-
ness and mucosal biopsies separately, the difference
was not statistically significant either.

The difference between the acute rejection and the
control group was significant on the 7th and 9th days in
proximal biopsies, and on the 5th, 7th, and 9th days in
distal biopsies, regardless of the type of biopsy (Fig.1).

Because the mean values of the proximal and distal
biopsies did not show much difference, the value of
each biopsy pair in the acute rejection group, both prox-
imal and distal, is presented in a combined scattergram.
The values on the operation day 0, mostly values near
zero, were excluded from the scattergram. In Fig.2, the
x axis represents the full-thickness biopsy and the y
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Fig.1 Acute rejection index 307
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Fig.2 Each point shows the acute rejection index evaluated in the
full-thickness biopsy (x axis) and in the mucosal biopsy (y axis).

The biopsies on subsequent days marked with different symbols
(r=0.89,y = -0.03 + 0.90*x)

axis the corresponding mucosal biopsy. The biopsies ta-
ken on subsequent days are marked with different sym-
bols. The scattering is rather wide; the change is, in
many cases, higher in the full-thickness than in the mu-
cosal biopsy; in other cases, the opposite is true. A slight
tendency towards higher values in full-thickness biop-
sies is seen; the correlation coefficent (#) is 0.89.

Discussion

The diagnosis of small bowel rejection is based on mu-
cosal biopsies, clinical symptoms, and endoscopic find-
ings [1]. Histopathological analysis is the gold standard
for diagnosing small bowel rejection. Yet, none of the
many functional tests and serum parameters investi-
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gated has been proven sensitive enough to detect early
rejection.

The usefulness of mucosal biopsies in the monitoring
of intestinal grafts is controversial. Mucosal biopsies are
said not to give enough or relevant information because
of the patchy nature of rejection or because the early
morphological changes may not be evident in superficial
layers {3-5, 8,13, 14, 16, 17]. Yet, mucosal biopsies have
been successfully used [2, 11] and, in clinical settings,
morphological estimation is dependent on mucosal bi-
opsies [9].

The morphological changes in the small bowel during
acute rejection have been amply reported [8, 12, 13, 16,
17). Many of the early changes are seen in superficial
layers, i.e., in the mucosa and lamina propria.

Holmes et al. [8] studied canine jejunal allografts and
used suction biopsy in the monitoring of the grafts. They
saw great histological variability in different areas of the
same section, as well as in sequential biopsy specimens
from the same animal, and concluded that single slides
are insufficient and unreliable for evaluating the degree
of rejection. In a study with accessory small bowel trans-
plants in rats, Rosemurgy and Schraut [16] found it very
difficult at times to ascertain the actual phase of rejec-
tion when microscopic examinations were limited to an
area of the mucosa approximating a mucosal suction bi-
opsy in size, especially when the grafts were in the inter-
mediate stage of rejection. Dennison et al. [3] studied
allografts of terminal ileum as Thiry-Vella segment in
dogs and concluded that the variability in histological
appearance of mucosal biopsies does not allow mucosal
morphology to be used as the sole index of graft rejec-
tion.

The number of biopsies required in the monitoring of
heart and lung transplants has been established [7, 19-
21]. Several biopsies might very well lead to better re-
sults in the monitoring of small bowel grafts as well [8,
9, 15, 16]. Based on the findings from these studies, we
decided to do this comparison using four mucosal biop-
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sies. It has recently been reported that endoscopically
directed biopsies from macroscopically suspicious areas
might lead to earlier recognition of rejection [6]. In this
study, we did not want to take a stand on this question
but rather to establish the value of mucosal random bi-
opsies. All adequate specimens of the four mucosal bi-
opsies were used in evaluating histological changes in
one sample, and every parameter was assigned a value
presenting the average view of these biopsies. The other
possibility would have been to use the value of the bi-
opsy in which the change was the strongest. This would
have biased the results of the mucosal biopsies in the di-
rection of higher values.

There are no generally accepted histological criteria
for grading rejection in small bowel transplantation as
there are for kidney, heart, and lung transplantation
[18, 20, 21]. Due to the lack of a grading system, we
chose five parameters that have been found to progress
during rejection [2, 3, 6, 8, 10, 12, 16]. All parameters
were scored separately and their mean value (acute re-
jection index) was used for analysis. Every parameter
had an equal impact in the calculations.

When the proximal and distal biopsies were com-
pared with each other, full-thickness and mucosal biop-
sies separately, the mean values were equal, and the
small difference observed was not statistically signifi-
cant. This suggests that the rejection process proceeds
simultaneously along the longitudinal axis of the graft.
This is in agreement with previous observations. In the
study by Cohen et al. [2], where isolated proximal and
distal pouches were used to monitor canine intestinal
grafts, morphological changes seen in proximal biopsies
closely followed those seen in distal biopsies or ap-
peared 1 day later in the proximal pouch. Rosemurgy
and Schraut [16] did not find any differences between
jejunum and ileum during acute rejection in their study
with rats.

In the evaluation of the correlation between full-
thickness and mucosal biopsies, the proximal and distal
pairs were analyzed as one group. Looking at individual
pairs, the scored values were often different. In many
cases, the change in the full-thickness biopsy was esti-
mated as being greater than in the mucosal biopsy; in
other cases, the opposite was true. The scattering can
be partly explained by the subjective evaluation of pa-

rameters on the semiquantitative scale. The main reason
seems to be the uneven distribution of morphological
changes during rejection, especially when the changes
are not yet strong. Full-thickness and mucosal biopsies
were taken from adjacent segments, which might cause
differences in individual cases. This interpretation is
supported by the observation that a similar scattering
of values was also noticed when proximal full-thickness
biopsies were compared with corresponding distal full-
thickness biopsies, or proximal mucosal with distal mu-
cosal biopsies.

Although there was variation within pairs, the overall
correlation was good. The values were not constantly
higher in either type of biopsy. Only a slight tendency
towards lower values in mucosal biopsies was seen prox-
imally.

To conclude, our results confirm the observations
that multiple mucosal biopsies can be satisfactorily
used when monitoring morphological changes during
bowel rejection. The proximal and distal parts of ileal al-
lografts are similarly affected.

It is well recognized that the heterotopic position of
the graft poses limitations to the interpretation of the
results. However, it is expected that exclusion of the
chyme affects the control group similarly, and so the va-
lidity of this study is maintained. Direct extrapolation to
clinics must be done with caution when dealing with im-
munosuppressed patients and chronic rejection.

The precise value of mucosal biopsies can be evalu-
ated only after uniform criteria have been established
for the classification of acute and chronic rejection and
an analysis has been done on how many mucosal biop-
sies are required to verify a certain grade of rejection
with accepted probability. The situation differs from en-
docardial biopsies, as intestinal mucosal biopsies can be
taken under visual control via an endoscope and di-
rected to a suspected area. This raises an additional
question when interpreting the results: what is the im-

" portance of a local change if the rest of the bowel is nor-

mal?

Acknowledgements This work was supported by the Clinical Re-
search Institute, Helsinki University Central Hospital, Helsinki,
Finland. We thank Ms. Eriika Wasenius for her expert technical
help and Ms. Leena Saraste for her secretarial assistance.

References

1. Abu-Elmagd, Todo S, Tzakis A, Reyes
J, Nour B, Furukawa H, Fung JJ,
Demetris A, Starzl TE (1994) Three
years clinical experince with intestinal
transpantation. J Am Coll Surg 179:

385-400 27:228-234

2. Cohen Z, Nordgren S, Lossing A, Cul-
len J, Craddock G, Langer B (1984)
Morphological studies of intestinal al-
lograft rejection. Immunosuppression
with cyclosporine. Dis Colon Rectum

3. Dennison AR, Collin J, Watkins RM,
Millard PR, Morris PJ (1987) Segmen-
tal small intestinal allografts in the dog:
morphological and functional indices of
rejection. Transplantation 44: 474478



196

W

10.

Grant D, Sommerauer J, Mimeault R,
Garcia B, Ghent C, Zhong R, Stiller C,
Duff J (1989) Treatment with continu-
ous high-dose intravenous cyclosporine
following clinical intestinal transplanta-
tion. Transplantation 48: 151-152

. Grant D, Zhong R, Hurlbut D, Garcia

B, Chen H, Lamont D, Wang P, Stiller
C. Duff J (1991) A comparison of het-
erotopic and ortotopic intestinal trans-
plantation in rats. Transplantation 51:
948-954

. Gurakar A, Fagiuoli S, Hassanein T,

Wright HI, Balkan M, Frezza E, Todo S,
Starzl TE, Van Thiel DH (1994) Is re-
jection a diffuse or localized process in
small-bowel transplantation? Surg
Endosc 8: 762-764

. Higenbottam T, Stewart S, Penketh A,

Wallwotk J (1988) Transbronchial lung
biopsy for the diagnosis of rejection in
heart-lung transplant patients. Trans-
plantation 46: 532-539

. Holmes JT, Klein MS, Winawer SJ.

Fortner JG (1971) Morphological stud-
ies of rejection in canine jejunal allo-
graphs. Gastroenterology 61: 693-706

. Hurlbut D, Garcia B, Ohene FD, Duff J,

Grant D (19992) Immunohistochemical
assessment of muscosal biopsies follow-
ing human intestinal transplantation.
Transplant Proc 24: 1195-1196
Kuusanmiki P, Halttunen J, Paavonen
T, Pakarinen M, Luukonen P, Hayry P
(1994) Acute rejection of porcine small
bowel allograft. An extended histologic
scoring system. Transplantation 58:
757-763

11.

12.

13.

14.

15.

17.

Lossing A, Nordgren S, Cohen Z, Cul-
len J, Craddock G, Langer B (1982)
Histologic monitoring of rejection in
small intestinal transplantation. Trans-
plant Proc 24: 1195-1196

Madara JL, Krkman RL (1995) Struc-
tural and functional evolution of jejunal
allograft rejection in rats and the ame-
liorating effects of cyclosporine therapy.
J Clin Invest 75: 502-512

Meijssen MA, Heineman E, Bruin RW
de, Kate FJ ten, Marquet RL, Molenaar
JC (1991) Detection of canine intestinal
allograft rejection by in vivo electro-
physiologic monitoring. Transplanta-
tion 512: 955-959

Millard PR, Dennison A, Hughes DA,
Collin J, Morris PJ (1989) Morphology
of intestinal allograft rejection and the
inadequacy of mucosal biopsy in its rec-
ognition. Br J Exp Pathol 67: 687-698
Nakamura K, Nalesnik M, Jaffe R,
Todo S, Tzakis A, Abu-Elmagd K,
Reyes G, Wright H, Murase N, Van
Thiel DH, Fung JJ, Starzl TE, Demetris
AJ (1993) Morphological monitoring in
human small bowel allografts. Trans-
plant Proc 25: 1212

. Rosemurgy AS, Schraut WH (1986)

Small bowel allografts: sequence of his-
tologic changes in acute and chronic re-
jection. Am J Surg 151: 470-477
Schmid T, Oberhiiber G, Korozsi G,
Klima G, Margreiter R (1989) Histo-
logical pattern of small bowel allograft
rejection in the rat. Mucosal biopsies do
not provide sufficient information.
Gastroenterology 96: 1529-1532

18.

19.

20.

21.

Solez K, Axelsen RA, Benediktsson H,
Burdick JF, Cohen AH, Colvin RB,
Croker BP, Droz D, Dunnill MS, Hallo-
ran PF, Hiyry P, Jennette JC, Keown
PA, Marcussen N, Mihatsch MJ, Moro-
zumi K, Myers BD, Nast CC, Olsen S,
Racusen LC, Ramos EL, Rosen S,
Sachs DH, Salomon DR, Sanfilippo F,
Verani R, Willebrand E von, Yamagu-
chi Y (1993) International standardiza-
tion of criteria for the histologic diag-
nosis of renal allograft rejection: the
Banff working classification of kidney
transplant pathology. Kidney Int 44:
411-422

Spiegelhalter DJ, Stovin PGI (1983) An
analysis of repeated biopsies following
cardiac transplantation. Stat Med 2:
33-40

The International Society for Heart
Transplantation: Billingham ME, Cary
NRB, Hammond ME, Kemnitz J, Mar-
boe C, McCallister HA, Snovar DC,
Winters GL, Zerbe A (1990) A working
formulation for the standardization of
nomenclature in the diagnosis of heart
and lung rejection: heart rejection study
group. J Heart Transplant 9: 587-593
The International Society for Heart
Transplantation: Yousem SA, Berry GJ,
Brunt EM, Chamberlain D, Hruban
RH, Sibley RK, Stewart S, Tazelaar HD
(1990) A working formulation for the
standardization of nomenclature in the
diagnosis of heart and lung rejection:
lung rejection study group. J Heart
Transplant 9: 593-601



