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Abstract Background Modified multivisceral transplantation (MMVTx) refers to the use of a
graft that includes all abdominal organs except the liver. The use of this type of
transplant in children and adults expanded over the last years with good results.
However, long-term survival in experimental models has not been reported. Our aim is
to describe in detail some technical modifications of MMVTx to obtain long-term
survival.
Materials and Methods Syngeneic (Lewis–Lewis) heterotopic MMVTx was performed
in 16 male rats (180–250 g). All procedures were performed under isoflurane
anesthesia. The graft consisted of stomach, duodenopancreatic axis, spleen, and small
bowel. The vascular pedicle consisted of a conduit of aorta, including the celiac trunk
and the superior mesenteric artery (SMA), and the portal vein (PV). The engraftment
was performed by end-to-side anastomosis to the infra-renal cava vein and aorta. After
reperfusion, the graft was accommodated in the right side of the abdomen, and a
terminal ileostomy performed. The native spleen was removed.
Results Donor and recipient time was 39 � 4.4 minutes and 69 � 7 minutes,
respectively; venous and arterial anastomosis time was 14 � 1 minutes and
12.3 � 1 minutes, respectively. Total ischemia time was 77.2 � 7.9 minutes. Survival
was 75% (12/16), six were sacrificed after 2 hours, and six were kept alive for long-term
evaluation (more than 1 week).
Conclusion Long-term survival is reported after heterotopic MMVTx in rats. The
heterotopic MMVTx with native spleen removal would potentially improve the existent
models for transplant research. The usefulness of this model warrants further
confirmation in allogeneic experiments.
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Introduction

Modified multivisceral graft refers to a composite graft that
includes stomach, duodenopancreatic axis, and the small
bowel; the colon can be included or not; and by definition,
the liver is not included by contrast with the so-called
multivisceral graft.

The use of modified multivisceral transplantation
(MMVTx) graft expanded in the last years both in adults
and children with good results. Patients with chronic intest-
inal failure with preserved liver function are candidates for
this type of transplant, mostly patients affected with poly-
posis and motility disorders.1,2 The international intestinal
transplant registry identified that the proportion of grafts
without the liver component has significantly increased over
the last years; better care of patients suffering from intestinal
failure and particularly the use of new lipid emulsions are
responsible of this trend.3–5 On the other hand, the inclusion
of the liver in the graft has shown immunological advantages
and improved survival, but given the scarcity of donors, the
use of the liver just for immunological reasons would not be
justified.6

In opposition to the clinical success, MMVTx is a poorly
explored area in experimental models, only one paper from
Galvao et al7 described the technique in rodents without
long-term survival. MMVTx graft offers several advantages,
as all abdominal viscera except the liver are included, with
the corresponding immunologic load. One the other hand,
the potential immunological benefits of the liver could act as
a confounding variable; therefore, the exclusion of the liver
magnifies the interest of MMVTx as an experimental model
in the field of transplantation research.

The spleen plays an important role in the appearance of
immunological complications, such as graft versus host
disease (GVHD). Different modifications in the experimental
model by keeping in place or removing the native and the
graft spleen could be helpful to further elucidate the
mechanism of this effect.

Our aim was to describe in detail some technical mod-
ifications of MMVTx to obtain long-term survival, as a
necessary step to use the model for immunological studies.
Furthermore, we report main complications associated with
the procedure and highlight the value of this experimental
model for the study of different immunological processes
related with MMVTx.

Materials and Methods

Animals’ Use and Care
Adult Lewis rats (180–250 g in weight) with similar body
weight were paired as donor and recipients. Animals were
housed individually in a climate-controlled room (21 � 2°C
and relative humidity of 45 � 15%) on a 12-hour light–dark
cycle at our institution’s animal facilities. Rat chowandwater
ad libitum had been provided for 1 week of adaptation.
Before the experiments, they had been fasted for 24 hours
with 5% glucose—normal saline and water ad libitum. The
local ethics committee approved all experiments. This study

was performed in strict accordance with the recommenda-
tions in the European Union Criteria for Animal Use in
Scientific Experimentation (63/2010 EU) and related Spanish
legislation (RD 53/2013). The protocol was approved by the
Animal Welfare Ethics Committee of La Paz University Hos-
pital (PROEX 014–2017)

Heterotopic syngeneic MMVTxwere performed in 16 pair
of rats following the technique describe below.

Procedures
All procedures were performed under general anesthesia
induced by isoflurane 3 to 5% on standard atomizer.
Animals were weighted, and the abdomen was shaved and
cleaned with povidone–iodine. Tail vein was catheterized
(24G catheter) for intravenous (iv) one-fifth saline infusion
(3–5 cc/h); alternatively, 5 mL of one-fifth saline was admi-
nistered subcutaneously before the abdominal incision. A
single dose of tramadol hydroclorhidrate (30 mg/kg sc) was
administered as analgesic. Isoflurane was reduced to 2 to
2.5% after performing the xipho-pubic laparotomy. Warm
blankets were used for both donor and recipient during the
procedure. Midline incisions were performed, and the
abdominal cavity was exposed by small hook retractors.
The remaining procedures were performed under surgical
microscope vision (�4, �10, or �25 as appropriate). Bipolar
coagulation was used for all vessels except for the aorta,
reducing the operative time that requires the use of ties.

Donor
Physiologic malrotation was corrected, and the small bowel
was exteriorized to the left side of the laparotomy. The
duodenojejunal ligament was divided toward the superior
mesenteric artery (SMA). Then, total colectomy was com-
pleted after coagulation of ileocolonic and colonic vessels,
and the distal small intestine was transected 3 cm proximal
to the ileocecal valve. Then, the gastric vessels were coagu-
lated at the level of the esophagogastric junction, and the
esophagus was transected. The spleen and pancreas were
mobilized to the right to reach the aorta; special care was
required at this part to avoid inadvertent damage of the SMA.
The proximal portions of the superior mesenteric vein and
portal vein (PV) were dissected from the ligament up to the
porta hepatis, and the hepatic artery and bile duct were
coagulated. The small intestine was placed in the left side of
the abdomen, and the SMA and celiac trunk were dissected
up to the abdominal aorta (►Fig. 1). The abdominal aortawas
clamped above the celiac trunk, and the graft was perfused in
situ with heparinized (20 IU/mL) lactate Ringer’s solution at
4°C (injected gently by direct syringe infusion, 5 mL) through
a catheter inserted into the abdominal aorta until the
drainage fluid from the cut end of the PV was clear. The
aorta was transected below the SMA and above the celiac
trunk after the proximal end was tied with Prolene 6/0. The
harvested graft with a vascular pedicle, consisting of an
aortic segment (containing the SMA and celiac trunk) and
the PV, was stored at 4°C in lactate Ringer’s solution. The
aortic clamp was released, and the donor animal was sacri-
ficed by exsanguination.
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Back Table
The viability of the graft is evaluated during this phase
(►Fig. 2A). The presence of reddish areas in the small bowel
reflects insufficient perfusion or suffering of the graft during
the procurement. The graft was discarded if reddish areas
were extended through a significant part of the graft. The
pedicles were identified and checked for open branches or
damages (►Fig. 2B). The PV was referred or not (9/0 mono-
filament suture) according to the surgeon preferences. The
proximal half of the stomach was sectioned after 6/0 mono-
filament tie or suture (►Fig. 2C).

Recipient
The abdominal aorta and infrarenal vena cava were exposed
and dissected to allow safe clamping during the procedure
(►Fig. 3A). After aortic longitudinal arteriotomy, the lumen
was irrigated with heparinized Ringer’s solution. The graft
was placed on the right side of the recipient, surrounded by
gauze soaked in cool Ringer’s solution. The venous anasto-
mosiswas performed between the graft PVand the infrarenal
vena cava of the recipient using running 9–0 monofilament
suture (►Fig. 3B). The PV was clamped and the cava vein
released, if this maneuver is technically difficult, both the
cava vein and aorta can be released at the end of the arterial

anastomosis (►Fig. 3C). The arterial anastomosis between
graft aorta and recipient aorta was performed in the same
fashion (►Fig. 3C and D). After the patency of the anasto-
mosis was confirmed, the blood supply to the graft was
reestablished removing the venous clamp first and then the
arterial clamp (►Fig. 4). The graft was accommodated in the
right side of the abdomen. Native spleen is removed
(►Fig. 5). The distal end of the graft was used for terminal
ileostomy using 7/0 monofilament suture (►Fig. 6). Lapar-
otomy was closed with running monofilament 4/0 suture.
Additional iv or subcutaneous (sc) fluid was administered if
significant bleeding occurred after revascularization. Then
inhalatory anesthesiawas discontinuedwhile oxygen supply
was maintained until the animal awoke. Subcutaneous
analgesics were administered, and the animal was moved
back to the cage.

As we previously reported for isolated intestinal trans-
plantation in rats, intra-surgical complications, such as
severe arterial bleeding, irreversible portal thrombosis or
stenosis, and inadequate graft reperfusion, among others,
were causes of applying the endpoint criteria and interrupt
the surgical procedure.8

Postoperative Care
Ceftriaxone (70 mg/kg/24 h sc) had been used for 5 days and
tramadol hydroclorhidrate (30 mg/kg/24 h sc) for 72 hours.
Animals were checked every 12 hours in search of signs of
pain and/or discomfort. As we previously reported, a stan-
dardized quantitative score for clinical monitoring of reci-
pient was used.9 Briefly, animalweight, ocular secretion, hair
appearance, and posture, among others parameters, were
considered. Each recipient received a general score resulting
from adding each evaluated parameter. Endpoint criteria
were applied in animals with persistent signs of pain and/
or discomfort.

Experimental Design
Immediate and long-term MMVTx survival was assessed.
Also,macroscopic andmicroscopic appearance of the graft to
validate the surgical technique was studied at different post-
reperfusion times.

Transplanted organs (stomach, pancreas, and small
bowel) and native target organs for graft versus host disease
(GVHD) and graft rejection (skin, liver, lung, and small
bowel) were sampled for histopathological analysis. All
samples were fixed in formalin 10% and were stained for
hematoxylin-eosin examination.

Results

Donor and recipient time was 39 � 4.4 minutes and
69 � 7 minutes, respectively; venous anastomosis time was
14 � 1 minutes, and arterial anastomosis time was
12.3 � 1minutes. Total ischemiatimewas77.2 � 7.9minutes.

Inadequate perfusion of the graft (considered as a rem-
nant of blood in the graft after washing) was observed in two
donors who were not included in the study. Recipient
immediate surgical procedure survival was 75% (12/16).

Fig. 1 Donor dissection before graft perfusion. AA, abdominal aorta;
CT, celiac trunk; CV, cava vein; D, duodenum; HA, hepatic artery; PV,
portal vein; RRA, right renal artery; SMA, superior mesenteric artery;
SMV, superior mesenteric vein; SV, splenic vein.
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Causes of death were as follows: arterial bleeding (2), portal
thrombosis (1), and portal stenosis (1). Minor complications
related to the ostomy were observed in three animals:
bleeding (2) and spontaneous closure (1). In recipient
sampled 2 hours after reperfusion (N ¼ 6), a good graft
revascularization was observed at both macroscopic and
microscopic level (►Fig. 4A–E). Of the remaining six survi-
vors, one died after 24 hours (undetermined cause), and five
survived for more than 1 week andwere fully sampled (two-
fifthwere sacrificed at 1 week, two-fifth at 2weeks, and one-
fifth at 3 weeks). Regarding the clinical status, recipients
showed mild piloerection and weight loss during the first
48 hours after transplantation. From the third day after
MMVTx, the animals recovered their original weight and
showed no signs of discomfort or pain.

Histology showedno signs of rejection, GVHD, or ischemic
damage in native or graft intestine. Normal histology was
also observed in native liver, lungs, and skin.

Discussion

Intestinal transplantation in rats is widely acknowledged
as a very challenging procedure. However, the unique

Fig. 2 General and detailed aspects of the graft during the back table procedure. (A) Modified multivisceral graft in cold lactate ringer solution.
(B) Detail of graft pedicles. (C) Upper gastric section and suture. AA: abdominal aorta conduit including superior mesenteric artery (SMA) and CT,
celiac trunk; PV, portal vein.

Fig. 3 Preparation of the recipient’s abdominal vessels for vascular
anastomoses (A). Venous anastomosis completed (B). End-to-side
arterial anastomoses between the cuff of the DAA and the RAA (C and
D). AA, abdominal aorta; DAA, donor aorta; PV, portal vein; RAA,
recipient infrarenal aorta; VC, vena cava.
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immunological properties of the small bowel justify the use
of this model instead of other solid organ transplantation in
transplant immunology research. The high lymphocyte load
contained in the intestinal graft accounts for the appearance of
GVHD and other immunological complications more often

related to bone marrow transplantation; in fact, GVHD is
anecdotic after other solid organ transplants. In the clinic,
GVHDwas found in10%ofcases showing55%mortality.10,11 In
a classic paper, Monchik and Russel described the occurrence
of GVHD-like phenomenon using Lewis to Brown Norway F1
hybrid strain combination. Murase et al12 andGalvao et al13,14

further developed the experimental model of GVHD in the
following years; however, these models were based in the
genetic immunologic of thedifferent strain combinations. This
scene is probably different from what we found in the clinic;
therefore, a new model based in the lymphocyte load rather
than the genetic predisposition to GVHD would be helpful in
the understanding of this severe complication. The MMVTx
proposed in this paper aims to become this new model,
offering the larger immunological load,without the protective
effects of the inclusion of the liver.

Galvao et al previously published the feasibility ofMMVTx in
rats. However, no long-term survival was reported being the
current paper the first describing this outcome. Apart from
survival, there are major technical differences between both
procedures as the group of Galvao described what could be
called orthotopic MMVTx, meaning that the graft occupies the
place of the native organs, and we described an heterotopic

Fig. 4 Macroscopic appearance of MMVTx graft during immediate reperfusion showing adequate revascularization. To observe gastric mucosa
reperfusion the stomach was not sutured in this case (A). Normal microscopic appearance of transplanted stomach (B), pancreas (C), small bowel
(D), and spleen (E) are also shown.

Fig. 5 After graft reperfusion, native spleen is removed.

Fig. 6 Macroscopic aspect of terminal ileostomy after modified
multivisceral transplantation in rat.
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model, as the native organs (except for the spleen) were kept in
place.7 The use of orthotopic or heterotopic model in the
experimental setting is a recurrentcontroversy.Ourgroupopted
generally for the orthotopic model in our previous intestinal
transplant research, as it reproduces the clinical situation and
the physiology of the intestine.15–17 On the other hand, the
advantages of theheterotopicmodel should not be denied;first,
survival is higher as the intestinal continuity is not restored, and
the changes of infection are lower; second, native small bowel
enterectomy is avoided, which also favors long-term survival.
The discussion would not be closed, but we could summarize
that the orthotopic model should be used to study the real
physiology of intestinal transplantation, and the heterotopic
modelwould be recommendedwhen infection need to be ruled
out, and only immunological phenomenon are to be considered.

Besides the heterotopic position of the graft, others
surgical aspect had to be considered during the development
of this novel experimental transplant. Due to the limited
evidence in experimentalmodels ofMMVTx in rats,7wehave
used our previous experience in rodents experimental sur-
gery and the extensive literature published in isolated small
bowel and multivisceral transplantation to transfer to our
heterotopic MMVTx model as well as pre- and post-surgical
animal handling, anesthetics, analgesics, and antibiotics,
with a very good effectiveness.8,9,15–20 Focusing on vascular
anastomosis, we performed an end-to-side arterial anasto-
mosis between the donor and recipient aorta following the
technique reported by Galvao et al. In contrast, due to the
heterotopic graft position, we performed a hand-to-sewn
venous anastomosis between donor PV and recipient cava
vein instead of the described cuff technique.7

In agreement with themulticenter work published by our
surgeons group in isolated intestinal transplantation in rats,8

main complications observed during recipient MMVTx sur-
gery were related to the arterial and venous anastomosis
confection. These results allow to conclude that a correct
microsurgical technique to perform vascular anastomosis
represents a key point to success.

After reperfusion, the entire graft is positioned in the right
abdomen. This location was adopted from our previous
experience and from other researchers in heterotopic intest-
inal transplantation. As shown in►Fig. 4, this position allows
a good graft reperfusion, and, on the other hand, it is not
necessary to manipulate native organs, such as stomach,
pancreas, and duodenum. In the same way, terminal ileost-
omy was performed following reported techniques.9,18,19

Other important contribution in the MMVTx model is
the inclusion of the spleen in the graft and the native spleen
removal. In the clinic, the spleen is no longer included in
the graft because the risk of GVHD is increased. Regarding
the native spleen, preservation is paramount to avoid the
complications of the asplenic state and to reduce the risk of
GVHD. The technical modification to preserve native spleen
together with duodenum and pancreas was described first
in MMVTx21 and some years later, without the duodeno-
pancreatic axis and with some additional maneuvers in
MVTx.22 Based on the clinical experience, in our experi-
mental model, we decided to include the spleen in the graft

and to remove the native spleen as means to increase the
rate of GVHD.

To summarize, a long-termsurvival is reportedafterMMVTx
in rats. Besides, the heterotopic MMVTx with native spleen
removal would potentially improve the existent models to
reproduceGVHDandother immunologiccomplications related
to solid organ transplantation. The usefulness of this model
warrants further confirmation in allogeneic experiments
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