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ABSTRACT

PURPOSE: To evaluate the current model of small bowel resection and intestinal transplantation in pigs.

METHODS: Forty two Large White pigs were distributed in five groups: G1(n=6), G2(n=6) and G3(n=6) were submitted to 80%,100%
and 100% plus right colon resection respectively and G4(n=7) and G5(n=5) to 100% SBR plus IT without and with immunosuppression
based on Tacrolimus and Mycophenolic acid. Evaluation included weight control, clinical status, biochemical analysis and endoscopies
for graft biopsies. Follow-up in G1 and 2 was 84 days, while in G3, four and five was + three weeks.

RESULTS: GI increased weight suggesting adaptation while G2 and 3 loused weight and inadequate adaptation. G4 and 5 died of acute
cellular rejection (ACR) and sepses respectively. Overall survival in G1, 2, 3, 4 and 5 at 30 days was 100, 100, 0 and 20 %, respectively.
Medium survival in G4 and 5 was 14 and 16 days.

CONCLUSIONS: The resection of 80% of small intestine in pigs is not suitable for short bowel syndrome induction. Intestinal
transplantation with the proposed immunosuppression protocol was effective in prevent the occurrence of severe acute rejection, but
inappropriate to increase recipients survival.
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Introduction

Short bowel syndrome (SBS) is characterized by
intestinal failure related to extensive small intestinal resections,
with an estimated incidence of irreversible intestinal failure of two
to five patients per million/habitants'.

SBS isnotonly influenced by the extension or anatomical
location of the removed intestine but also by the features of
remaining intestine, patient age, presence of ileocecal valve and
or colon. The remaining intestine should not only be classified
as short by the extension, but also by the absence of adaptation
after resection’.

SBS

to  gastrosquise,

is multifactorial and include resections due
necrotizing enterocolitis, intestinal atresia,
abdominal trauma, volvos, abdominal tumors, Crohn’s disease,
vascular thrombosis and less often by desmoids tumors and
megacolon. Intestinal adaptation may occur after resection, with
the goal of achieving autonomy. Several studies reported the main
changes after intestinal adaptation’*.

Anatomically, SBS is defined in presence of less than
30% of intestine, being less than 75 c¢cm in children or 200 ¢cm in
adults®.

The

intestinal failure, including multidisciplinary team for venous

treatment is mandatory for all patients with

access evaluation, assessment for enteral or parenteral nutrition,
assessment of liver function and early closure of enterostomies
whenever possible.

Frequent complications include hidroelectrolite and
metabolic disorders, infectious related to central catheters, chronic
diarrhea, cholestasis, biliary stones and skin lesions. Messing et
al.® reported 30% of deaths related to infections among patients
receiving home parenteral nutrition, with half of them related to
central venous access. It is estimated that 15% of patients on TPN
develop terminal liver disease’, related to the procedure?®.

Several surgical techniques have been described for

autologous intestinal reconstruction’'?

, and more recently, the
STEP procedure (Serial Transverse Enteroplasty)'*-16.

However, Intestinal transplantation emerged as an
therapeutic approach in life-threatening complications of'’, with
the type of graft been individualized for each patient (isolated
intestine, associated with liver or multivisceral)'®!,

The patients and grafts survival in the first year after
transplant is similar to as achieved in other organs with the current
immunosuppression protocols, including tacrolimus, associated
to induction therapy with interleukin-2 blockers, anti-lymphocyte

globulin or alemtuzumab?*?'.
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The treatment of rejection is still dependent on the use of
no specific immunosuppressive drugs, which can trigger infection
complications and lymphoproliferative disorders??. Long-term
survival have been limited by graft immunogenicity, with
rejection and infection as the most common causes of morbidity
and mortality®.

Thus, experimental research is mandatory for clinical
purposes in order to improve the results after transplant. Several
experimental models in small animals (rodents) have been
described for nutritional, immunological and technical studies in
SBS and intestinal transplantation, with limitations in reproduce
the conditions observed in humans®*. The porcine model emerged
as the model of choice in several studies, by the physiological and
anatomical features similar to humans®.

In order to allow a better knowledge of this model, we
proposed to evaluate the current model of SBS and intestinal

transplantation in pigs.

Methods

Research was approved by the Animal Ethical Committee
of Botucatu Faculty of Medicine, UNESP.

Forty two Large-White / Landrace pigs, weighing 15 to
35 Kg were used, and housed at the Experimental Laboratory for
15 days before the procedures. All animals were fed with a regular
laboratory diet for pigs and water and fasted for water and food 2
and 24 hours before the surgery respectively.

Experimental design

The animals were distributed in five groups according
to the procedure: G1(n=6), 80% small bowel (SB) resection;
G2(n=0), total SB resection; G3(n=6), total SB including right
colon resection; G4(n=7) and G5(n= 5) to a total SB resection plus
orthotopic SB transplantation without and with imunossupresion
respectively. In G4 and G5 were used male pigs weighing 15 + 7
kg as donors and female pigs weighing 25 + 10 kg as recipients.
The imunossupression protocol in G5 included 0.2 mg/Kg/ day of
tacrolimus and mycophenolate sodium at a dose of 15 mg/kg/day
administered by G-tube four hours before and after the transplant.
The doses of tacrolimus were adjusted to maintain the serum
levels between 15 to 20 ng/ml, assessed by imunoenzimatic assay.

The pre-anesthesia drugs included acepromazina (0.1
mg/kg), morphin (0.4mg/kg), Ketamin (10 mg/kg) and atropin
(0.044 mg/kg IM), followed by anesthesia induction with E.V.
diazepan and ketamin at the same proportion (1:1) and doses of
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0.1 to 0.15 ml/kg. A Maggil catheter was inserted in the trachea,
connected to a mechanical ventilator with 1 liter/min of 100%
oxigen flow . The anesthesia was maintained in the G1, G2, G3 and
donor animals by e.v. xilazin (Img/ml), Ketamin (2 mg/ml) and
éther gliceril guaiacol 5% (50 mg/ml), diluted in 250ml of glucose
solution at a rate of 2.0 ml/kg/hour. In the recipient animals of G4
and G5, the anesthesia maintenance was carried out by isofluorane
at a median 2.5% (1.7 CAM) concentration. All animals received
a warm Ringer Lactate solution during the procedures, at a rate of
10 ml/kg/hour for median arterial pressure support over 60 mmHg.

Body temperature was measured by an esophagic sensor.

Surgical technique

Afterresectionin G1, G2 and G3, intestinal reconstruction
was carried out by end-to-end two layers anastomosis. In Gl1,
the resection was realized after entire small bowel measure at
antimesenteric border (corresponding to + 17 mts), leaving a
remnant of + 1.5 mts of jejunum and + 1.5 mts of ileum.

The operative technique for the donors and recipients
in G4 and G5 has been described previously. Briefly, the entire
small bowel was perfused through the abdominal aorta with
approximately 500 ml. of cold Ringer Lactate solution at 4°C
with 2500 UI of heparin and harvested from the donors with the
superior mesenteric / portal vein and superior mesenteric artery
with an aortic conduit. In the recipient, after entire small bowel
resection, the graft aortic conduit and vein were anastomosed to
recipient infrarenal aorta and superior mesenteric vein respectively.
Proximal intestinal continuity of the graft and recipient was
restored by side-to-side anastomosis between recipient duodenum
and jejunal graft, leaving a terminal jejunostomy at 30 cm of the
anastomosis and distally by an end-to-end anastomosis between
the graft and recipient ileum. A gastrostomy was placed for gastric
decompression.

After surgery, the animals were transferred to a warm
environment and followed for anesthetic recuperation and

removal of the tracheal tube.

Postoperative follow-up

Prophylactic antibiotics (60 mg/Kg/ of Cefuroxima
C) were administered for two days and analgesic with oral
vedaprofeno H ( Iml/ 10 kg of body weight ) for 2 days or when
necessary ( pain or fever ). All animals were fed with water and
regular laboratory diet for pigs at postoperative days 1 and 2

respectively. Intravenous saline solution was administered when

food or water intake were considered unsatisfactory.

Animal Death before day 3 was considered as technical
failures and were not included in this study. The animals were
sacrificed when more than 40% of weight loss was observed
in relation to the preoperative body weight or when become

lethargic, without activity.

Postoperative clinical assessment

All animals were daily observed for food intake, nauseas
or vomiting, activity, ear and nose colors, diarrhea, skin incision,
jejunostomy features and weekly for body weight measurements.
Date was collected each week and registered as T1 (1 week after

surgery) to T12 (twelve weeks after surgery).

Postoperative endoscopic graft assessment

For diagnosis of rejection, G4 and G5 animals were
submitted to a weekly conventional endoscopy, through the
jejunostomy, realized by handling the animals, without anesthesia.
Graft biopsies were obtained and processed by a conventional
technique and rejection graduated according to the criterions
established on Pathology Workshop at the VIII International
Small Bowel Transplant Symposium held in Miami®*: Grade
0 (without acute cellular rejection), Indeterminate, Grade 1
(mild acute cellular rejection), Grade 2 (moderate acute cellular
rejection) and Grade 3 (severe acute cellular rejection).

After animal death, a necropsy was realized and graft

samples obtained for histological studies.

Postoperative biochemical assessment

Laboratory data was collected each week and registered
as T1 (1 week after surgery) to T12 (twelve weeks after surgery)
and included: total proteins, albumin, cholesterol, triglycerides,
urea, creatinin, glycemia, bilirrubins, sodium, potassium, calcium

and serum tacrolimus levels.

Statistical analysis

The significance of differences between means was
determined by using the Anova test and the Tukey test when
appropriate. The significance of differences in cumulative survival
was determined by Kaplan-Meier and log-rank test. Values were
considered statistically significant for p<0.05. The analysis was

performed with Statistical 5.0 software.
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Results

The cold and warm ischemia time was 118.5 = 13.7 and
163.8 £ 35.6 minutes, 51.3 + 6.0 and 46.8 + 5.3 minutes in G4 and
G5 respectively. The time consuming for the entire procedure in
the recipients were 177.3 +33.4 and 236.5 + 29.9 minutes for G4
and G5 respectively. For G1, G2 and G3 the time consuming in the
procedure was + 120 minutes. The variations in body temperature
was significant after graft reperfusion in G4 and G5 (p<0.05 ).
The anesthesia in all groups was considered satisfactory, without
deaths attributed to the procedure.

Clinical evaluation

The food intake was considered unsatisfactory in G3,
G4 and G5, associated to physical inactivity of the animals. With
exception of G1, all animals of the remaining groups presented
diarrhea during the follow-up. No gastrointestinal disorders,
infections or jejunostomy alterations (in G4 and G5) were observed
among the groups.

The weight loss in G2 was slow and progressive,
and statistically significant (p<0.05 ) after 10 weeks (T10)
when compared to animals in G1, where a weight improve was
observed. In G3, G4 and G5, the weight loss at T3 was statistically
significant (p<0.05) when compared to T1. Animals in G3 reached
the sacrifice criteria’s (more of 40% of weight loss in relation
to preoperative body weight ) between third and four weeks after

surgery (Table 1).

TABLE 1 - Weight control between groups (Kg).
Weight T1 T2 T3 T5

T12

G1 25.846.9 27.3+8.6 28.5+9.5 31.944.2 44.0+£5.1
G2 33.3+12.1 31.1£11.4 29.4+10.5 26.844.2 23.9+3.1
G3 22.243.0 17.4£2.4 14.5£1.8

G4 36.0£9.3 31.848.5 22.4+3.8

G5 28.3+£5.8 24.9+42 22.7+£5.0 12.5£2.0

T: week; G: group. Weight at G2<G1 after T10 (p<0.05); Weight at T3 in G3, G4
and G5<T1 (p<0.05)

Endoscopic and histopathological studies

Endoscopic evaluation of the grafts showed the presence
of ulcerations, flat mucosa and changes of color in G4 animals
in 57%, 71% and 43% respectively, starting two weeks after
transplant and a normal endoscopic appearance in G5 animals.
Histological evaluation of the biopsies in G4 animals demonstrated
moderate acute rejection after the first week of the transplant. The
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occurrence of severe acute rejection was observed in 1 animal
in G5 at day 14 after transplant, with histologically recovery of
the mucosa in biopsy obtained one week later. The remaining
animals in G5 (80%) showed a histological pattern classified as
indeterminate rejection. After necropsy, histological evaluation
of the grafts showed severe acute rejection in G4 animals and
unspecific alterations classified as indeterminate and mild acute

rejection in 40% and 60% in G5 respectively.

Biochemical evaluation

With exception of G1 and G2 animals, where a slow
decrease in the mean total proteins was observed during the 12
weeks follow-up (Table 2), all animals from the remaining groups
showed an increase between T1 and T3, statistically significant in
G2,G3 and G4 (p<0.05). A tendency of decrease in albumin mean
levels (Table 3) was observed in G1 between T1 and T12, that was
significant (p<0.05 ) in G2 animals, probably related to a chronic
malnutrition of the animals. A significant decrease (p<0.05 ) was

observed at T3 in G4 and G5 animals when compared to G1 and G2.

TABLE 2 - Total proteins between groups (g/dl).

Total Protein T1 T2 T3 TS5 T12
G1 6.8£0.4 6.6+£0.5 6.5+04 6.3x0.6 6.0+0.3
G2 6.4+0.5 7.9+0.6 7.4+0.8 6.4+04 5.6+0.7
G3 5.5£0.5 6.5£0.6 6.6+0.8

G4 6.3£0.6 7.2+0.7 7.3%£0.5

G5 6.9£0.3 7.6£0.3 7.7+0.1 6.8+0.1

T: week; G: group. Increase in total protein levels between T1 and T3 in G2, G3
and G4 (p<0.05). Slow decrease in G1 and G2 during 12 weeks.

TABLE 3 - Albumin between groups (g/dl).

Albumin T1 T2 T3 T5 T12
G1 3.0£0.5 3.0£04 29+04 2.7+0.3 2.6+0.3
G2 2.9+04 3.6+0.2 3.2+0.5 2.5+0.3 1.9+0.3
G3 2.5+0.2 2.8+0.5 2.7+0.5

G4 2.8+0.3 2.6+04 2.3+0.4

G5 2.7£04 2.6£0.2 2.4+0.2 2.240.1

T: week; G: group. Decrease in albumin in G2 during 12 weeks (p<0.05) and at T3
in G4 and G5 when compared to G1 and G2 (p<0.05).

Total cholesterolandtriglycerides decreased progressively
during the entire follow-up in G1 and G2, statistically significant
(p<0.05 ) in G2 when compared to G1. The mean levels of urea
increased in G2 and G3 at T2 and T3 when compared to T1, and
progressively in G2 to the end of the study (Tables 4 and 5).
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TABLE 4 - Total cholesterol between groups (mg/dl).

Total Cholesterol T1 T2 T3 TS T12
G1 91.3+6.4 106.5+£25.6 96.0+£23.5 104.8+22.8 82.2+13.8
G2 81.3t11.4 85.5+21.7 92.5+15.6 75.7+£17.3 63.7+£25.1
G3 79.7+£15.4 86.0£15.4 79.2+20.7
G4 100.3+13 92.5+12.2 78.8+£10.4
GS 102.8+18.9 91.2+9.0 83.319.3 70.0+8.2
T: week; G: group. Total cholesterol decreased progressively in G1 and G2, with G2<G1 (p<0.05).
TABLE 5 - Triglycerides between groups (mg/dl).
Triglycerides T1 T2 T3 TS5 T12
Gl 72.8+18.9 94.3+46.4 82.7434.3 72.8423.3 84.8+29.3
G2 50.8+24.8 28.849.1 41.8+8.4 43.04+24.9 25.0£17.5
G3 40.849.2 48.3+11.8 47.7£18.0
G4 55.9+19.7 62.3+16.2 60.0+14.1
GS 63.0+18.3 64.4+£21.3 72.0£20.8 43.0+18.1

T: week; G: group. Triglycerides levels decreased progressively in G2, with G2<G1 (p<0.05) during 12 weeks.

The other biochemical variables did not showed any
statistically significant variations between groups (bilirubin,

creatinine, sodium, potassium and calcium).

Animal survival

Animals in G1 and G2 were sacrificed after 12 weeks
(end of the study), as well as G3 animals, that reached the
sacrifice criteria’s between the third and fourth weeks after
surgery. The cumulative survival in G1 and G2 (80 + 10 days) was
statistically significant (p<0.05) when compared to G3,G4 and
GS5. Cumulative survival between G4 and G5 was not statistically
significant, with death of the animals related to acute rejection and
systemic complications related to imunossupression respectively.
Post-mortem examination revealed features in lungs related to

pneumonia in G5 animals.

Discussion

Short bowel syndrome (SBS) has been extensively
studied at experimental level due to the high mortality in patients
undergoing large resections. The data obtained from experimental
models of intestinal resection and transplantation in small animal

not allow us to establish a correlations which occurs in humans.

The porcine model seems to be of choice for pre-
clinical studies, related to the medium size, immunological
and physiological characteristics similar to humans®’ and easy
acquisition.

Anesthesia in pigs requires a special care, especially
in time-consuming or invasive surgeries, with the focus on the
maintenance of hemodynamic and metabolic stability.

Hypotension and metabolic acidosis post-reperfusion
were the main disorders in our study?, also observed by Siniscalchi
et al®, probably related to cardiovascular events after graft
reperfusion.

Resections of 80% of small intestine was established
in this study as the limit that should reproduce the SBS . In
contrast to observed by Weale et al.3, the classic symptoms of SBS
was observed in Group 2 and not in Group 1, where nutritional
autonomy developed after four weeks, denoting the high capacity
of intestinal adjustment.

Thus, resections up to 80% in pigs were not able to induce
SBS, once the animals clinical follow-up showed a normal weight
gain as observed in not operated pigs (weight control group).

However, weight loss was statistically significant in
groups 3, 4 and 5 between the Ist and 3rd week, leading to the
sacrifice of the animals in groups 2 and 3 in the 12th and 3th week

after surgery respectively.

Acta Cirvrgica Brasileira - Vol. 30 (2) 2015 - 147



Llanos JC et al.

Similar results was observed by Kimura ez al.*. Intestinal
resections including the ileum-cecal valve and right colon (G3)
resulted in the worst form of SBS. The clinical signs and symptoms
are similar to those observed in patients undergoing extensive
resections with loss of ileum-cecal valve, called as “acute” SBS
or ultra-short gut. The high mortality in this group after three weeks
not allowed us to a better understanding of clinical implications of
such resection, as was not our aim to use parenteral nutritional for
nutritional disturbances correction. Ileum-cecal valve preservation
in large intestinal resections slower the intestinal transit time;
however, the exact understanding of their role and mechanisms
on intestinal adaptation is still*".

Thus, Group 2 presented itself as the ideal model of
“chronic” SBS, leading to a gradual weight loss and reaching the
sacrifice criteria after three months.

Various surgical techniques for intestinal transplantation
are described in animal models®.

The orthotopic model used in this study is similar to that
used in humans. Despite feasibility , this model confers greater
risks for early postoperative mechanical complications®>.

The jejunostomy, as proposed by Chan et al.**, instead
of ileostomy, decreased postoperative mortality resulting
from excessive fluids loss, and allowed access to endoscopic
examinations and biopsies.

The option for portal venous drainage of the graft was for
physiological reasons and technical facility, as there is no necessary
to a large extension of venous pedicle for anastomosis®.

Post-operative follow-up required a intensive clinical
monitoring in Group 3, witch presented profuse diarrhea, while group
1 and 2 did not presented significant symptoms related to resection.

Animals in groups 4 and 5 presented complications
related to acute cellular rejection and arising from the use of
immunosuppressive drugs respectively.

lintravenous fluids replacement and antibiotics were
insufficient for correction of electrolyte and metabolic disorders
as well as infectious complications after transplant.

Prophylactic antibiotic therapy was used in all animals and
reintroduced in  animals subjected to immunosuppression in view
of the suggestive signs of infection as skin hyperemia, reduction on
physical activity, food intake, and hematologic changes.

The use of analgesics was similar between groups.
However, as the use of pain scores in experimental research is
difficult for obvious reasons, daily assessment of likely sources
of pain as surgical incision and local infections are mandatory®.

Among the proposed clinical evaluation, food acceptance

was inadequate in groups 3, 4 and 5. With exception of Group 1,
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all animals have diarrhea until to the end of the study.

The presence of nonspecific signs and symptoms as
skin hyperemia, decreased physical activity, low acceptance of
food and diarrhea after intestinal transplantation may suggest the
presence of rejection or infection, making necessary measures for
early diagnosis and treatment .

A progressive decrease in total protein levels, albumin,
total cholesterol, triglycerides, glucose and potassium between the
st and 12th week were the main biochemical changes in Group 2,
featuring a chronic malnutrition in this group.

Serum albumin levels did not changed in the remaining
groups during the first three weeks and seems not being a sensitive
monitor in the early stages of malnutrition. Serum urea levels
increased in G2, G3, G4 and G5, being a sensitive monitor for all
phases of assessment related to protein catabolism.

Despite the progress in surgical techniques and
immunosuppression, clinical protocols for graft rejection
monitoring for preventing the progression to more severe forms of
rejection is still in the early stages of evolution®*

More recently, the quantification of serum citrulline was
proposed as rejection monitor in intestinal transplants®, with
significant correlation between citruline levels and graft rejection.

Conventional endoscopic procedures still depend of
biopsies, as did not allow a more accurate assessment of changes
in the early stages of rejection®”%,

However, severe acute rejection is easily identified by
conventional endoscopy, but rarely reversible at this stage despite
treatment™.

In this study, a positive predictive value of conventional
endoscopy for severe acute rejection (presence of ulcerations)
was 57% in Group 4, confirmed by histopathological evaluation,
and normal endoscopic appearance in 43%, not confirmed by
histophatological analysis of biopsies or at necropsy.

Nonspecific changes suggestive of rejection classified as
indeterminate were not identified at endoscopy in Group 5 for
obvious reasons.

High resolution endoscopy with magnification of images
enabled the view of “almost microscopic” details, becoming the
method of election™®.

Control of rejection is still a challenge in intestinal
transplants, due to high graft immunogenicity.

FK 506 has been used as immunosuppressive drug®
integrating all protocols of immunosuppression in associations
with other drugs to enhance their effects and to achieve the best
therapeutic level with less toxicity and side effects.

Theuse of immunosuppression drugs in pigs demonstrated
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the difficulty in maintain the transplanted grafts due to accelerated
drug metabolism, decreased systemic bioavailability and steroid
resistance*!, making greater doses necessary than those used in
humans.

Frey et al** reported the need to double the dose of
methylprednisolone and 10 times the dose of Cyclosporine for
obtaining the same serum concentration of drug that is used in
clinical transplants.

Micofenolate mofetil (MMF) has been proposed in
various experimental and clinical protocols in association with
tacrolimus®*.

We used micofenolato sodium, which differs from MMF
by the presence of a capsule coating, which confer benefits to
gastrointestinal tolerability.

The dosage was greater than that used in other studies**
and well tolerated without adverse effects.

The association with Tacrolimus was effective for
prophylaxis of severe acute rejection, which was observed at 14
post-operative day in one animal and handled by adjusting the
Tacrolimus dosage ( serum level= 7.1ng/ml ).

Non-immunosuppressed animals died as a result of
severe acute rejection, confirmed by histophatological evaluation
and at necropsy.

Increased survival was observed by others®-°, with the use
of lower doses of Tacrolimus (serum levels between 5-15 ng/ml).

Infectious complications were the cause of deaths in this
study, possibly triggered by high levels of immunosuppression.
However, the proposed immunosuppression protocol — was
effective in preventing severe acute rejection, without a positive
impact on animal survival.

Despite the results, this experimental model of SBS and
intestinal transplantation in pigs allowed the basic knowledge about

handling the animals and the immunosuppression after surgery.

Conclusion

The resection of 80% of small intestine in pigs is
not suitable for short bowel syndrome induction. Intestinal
transplantation with the proposed immunosuppression protocol
was effective in prevent the occurrence of severe acute rejection,

but inappropriate to increase recipients survival.
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