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The rat model is ideal for investigating various
reactions to small intestinal transplantation
(SIT). The conventional surgical model (hand-
suture method), however, requires microsurgical
techniques and remains difficult for beginners to
perform at a high success rate. We have em-
ployed the SIT model using the cuff method, by
which the vessels are anastomosed without
sutures. All of the fellows who used the hand-
suture models needed over 8 = 5.8 months until
they achieved a 70% success rate. In contrast,
the fellows employing the cuff method mastered
SIT models after 6 weeks' practice. The cuff
technique is a simplified and quickly mastered
alternative to the hand-suture method that may
be desirable for researchers who wish to apply
the method to SIT experiments and whose pri-
mary purpose is not microsurgery.
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C omplications related to small intestinal transplanta-
tion (SIT) remain difficult to control with conven-
tional immunosuppressive drugs, unlike those occurring
with transplantations of other solid organs (1, 2). Experi-
mental solutions obtained using animal models would
therefore have direct clinical implications. The rat model
offers several practical advantages over large-animal
models with regard to cost, social concerns, and ability to
perform detailed immunologic studies.

Since Monchik and Russel (3) described the first rat
SIT model in 1971, their technical procedure has been
widely used. This method requires microsurgical tech-
niques and remains difficult for beginners to perform at a
high success rate. The microvascular anastomosis

involved in this procedure must be performed quickly and
perfectly in order to avoid prolongation of systemic
clamping and the warm ischemic time. It is therefore
necessary to find some simplified method that can be
easily learned without long-term practice.

The SIT model using the cuff method, by which the
vessels are anastomosed without sutures, was first report-
ed by Wallander et al (4). Recently, Kobayashi and his
colleagues (4-15) have conducted extensive investigations
on rat SIT using the cuff technique. Compared to the
hand-suture method, the cuff method can significantly
decrease  the warm ischemic time and prevent bleeding
from the vascular anastomosis site. Moreover, only a few
weeks’ training is needed for the researcher to learn the
technique and to start running the experiment.

At the Department of Surgery I, Okayama Univer-
sity, we have employed the cuff method for SIT research
since 1996. In this article, we compare rat SIT using the
cuff method with conventional hand-suture, and evaluate
the cuff method and its significance with regard to SIT
studies.

Materials and Methods

Rats. Animals used before 1996 were inbred
LEW (RT1'), WKA (RT1¥), and (LEW X WKA) F1
rats weighing 250 to 350 g. Since the introduction of the
cuff method, we have used ACI (RT1?) and LEW rats
weighing 200 to 250 g. All rats were maintained at the
Animal Center of Okayama University and received
humane care according to the Guidelines for the Humane
Care and Handling of Labaratory Animals of Okayama
University.
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Surgical Procedure

Cuff Method

Donor operation. A transverse skin incision is
made on the abdomen. After tying and cutting both
middle and right colonic vessels, the entire colon is
removed. The portal vein (PV) is dissected by ligation of
the splenic and pyloric veins. The aorta above and below
the origin of the superior mesenteric artery (SMA) is
mobilized by ligating and dividing the renal and lumbar
arteries. After systemic heparinization (100 units) and
ligation of the distal abdominal aorta with 6-0 silk, the
ileum from the middle of the intestine to the ileocaecal
valve (approximately 40 cm) is prepared with a vascular
pedicle consisting of aorta, SMA, and PV. The graft
intestine segment should be less than 40-60 cm (approxi-
mately half of the total length), as a longer graft cannot
handle an adequate blood supply from the renal artery.
The lumen of the bowel is irrigated with 40 ml of cold
normal saline to clear the intraluminal contents. The
following procedures are performed while the intestinal
graft is placed in a cold bath. The cuff is prepared with
polyethylene tubing (SURFLO, 14 or 16 gauge, Terumo
Co. Ltd., Tokyo, Japan). PV of the graft is passed
through the cuff, then turned over the cuff and secured
with 6-0 silk (Fig. 1).

Recipient operation. Under ether anesthesia,
a straight midline abdominal incision is made. After native
intestine is wrapped in a sponge and retracted to the right
side, the left kidney is freed from the retroperitoneum.
After the left ureter is ligated and divided, the left kidney
is removed. The renal vein and artery are released from
surrounding connective tissue and cross-clamped with
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Fig. | Attachment of the cuff. The vessel is pulled up through the
cuff lumen (1). The vessel is everted over the cuff body (2) and fixed
with a 6-0 silk ligation (3).
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microvessel clips. The prepared graft is placed in siiu,
and the cuffed PV is inserted into the renal vein of the
recipient and tied with 6-0 silk. The arterialization is then
carried out by inserting the recipient renal artery, cuffed
with 20 or 22 gauge polyethylene tubing, into the donor
aorta containing the SMA (Fig. 2). Both ends of the
grafted small intestine are exteriorized as stomata, and the
abdominal wall is closed.

Hand-Suture Method

Donor operation.  Donor preparation is carried
out primarily as outlined above. The donor small bowel is
harvested based on a vascular pedicle consisting of the
superior mesenteric artery with a part of aorta as well as
the portal vein transected near its bifurcation. The graft
consists of small bowel and mesentery from the middle of
the intestine to the terminal leum along with the attached
portal vein and superior mesenteric artery.

Recipient operation. A straight median
abdominal skin incision is made. After native intestine is
wrapped in a sponge and retracted to the right side, the
inferior vena cava (IVC) and the aorta are released from
surrounding connective tissue and cross-clamped with
microvessel clips at a level below the left renal vessels.
The graft is covered by a gauze sponge packed with iced
saline and placed on the right side of the rat. The arterial
end-to-side anastomosis is first performed under a surgical
microscope using 9-0 prolene. A stay suture placed at
the midpoint of the arteriostomy provides a better surgical
view. The anterior wall of the anastomosis is sutured
externally, and the graft is rotated to the opposite side for
easy suturing of the back wall (Fig. 3). Next, the back
wall is sutured externally. Next, the donor portal vein is
placed end-to-side into the recipient IVC. Interrupt
sutures are made using 9-0 or 10-0 nylon. The ends of
the small intestine are exteriorized and sutured to the
abdominal wall as ileostomies, and the abdominal wall is
then closed.

Object

At the Department of Surgery I, Okayama Univer-
sity, heterotopic SIT models in rats have been used for
various investigations by research fellows. Between 1989
and 1995, 5 fellows studied immunological issues using
rat SIT models with hand-suturing, and 4 fellows have
applied SIT using the cuff method since 1996. The
clinical experiences of these fellows were not significantly
different between these 2 groups, without having prior
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Graft intestine

Small intestinal transplantation using the cuff technique. The venous anastomosis is first performed between the cuffed donor portal

vein and the recipient renal vein, with tension being maintained by traction. The arterial anastomosis is then carried out by inserting the
recipient renal artery, cuffed with a 22-gauge tube, into the donor aortic cuff containing the superior mesenteric artery. (Kobayashi et al.,
1992, reprinted with permission from Medicina Philosophica, © Copyright Nagai Shoten Co. Ltd., Japan.)

microsurgical experience. During the training period, all
of the fellows were allowed to observe a demonstration of
the operation once or twice by a fellow who had adequate
training. Data regarding surgical information, including
the number of animals needed until the first successful
operation and the period required to achieve a success rate
greater than 70%, were obtained based on personal
interviews.

Results

All of the fellows who used the hand-suture models
needed more than 30 pairs of animals (donor and recipi-
ents) until the first successful operation. Although 3 of
them were not sure of actual numbers because a long time
had passed since they had finished their studies, they
could not perform the first successful surgery within 30
transplants, and it took over 8 = 5.8 months for them to
achieve a 70% successful rate. In contrast, the fellows
who used the cuff method could master SIT models after
6 weeks’ practice, which was much faster than with the
hand-suture method. Moreover, all fellows using the cuff
method could carry out a successful transplantation within
10 days of the start of training (less than 13 transplants),
even with no previous experience with rodent transplanta-

Fig. 3  Conventional small intestinal transplantation (hand-suture
method). The arterial end-to-side anastomosis was performed first
under the surgical microscope using 9-0 prolene. Next, the donor
portal vein was placed end-to-side into the recipient IVC using inter-
rupt sutures with 9-0 or [0-0 nylon.
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tion (Table 1).
Discussion

Kobayashi et al. first utilized the cuff technique in
combination with small intestine/liver transplantation in
rats (5). Thereafter, an extensive series of more than 600
SIT cases using the cuff technique have been reported by
Kobayashi and his colleague (5-16), with a very high
success rate (95% ) being obtained for rat segmental SIT.

A technique for orthotopic liver transplantation (OLT)
in the rat using cuff anastomosis developed by Kamada et
al. (17) has considerably shortened the anhepatic phase in
the recipient, and has resulted in an excellent long-term
survival rate; the technique has thus become the standard
method for rat OLT. It is also noteworthy that a high
success rate can be achieved in combined with OLT that
has not achieved with hand-suturing alone (10). However,
the SIT model using the cuff method is still not as
well-received as OLT. To the best of our knowledge,
this model has been used only by very few researches
until now, and their studies are cited in the reference
section of this article. But the cuff method as well as
hand-suture method can be used to study transplantation
immunology, including both graft-versus-host disease
(GVHD) and host-versus-graft reaction.

We have previously carried out various studies using
the unidirectional GVHD model by the hand-suture
method. Orita et al. (18) have described the beneficial
effects of combination therapy with FK506 and pred-
nisolone on GVHD following SIT based on the use of
this model. Kai et al. (19) and Okitsu et al. (20) have
demonstrated that deoxyspergualin prevents GVHD after
SIT using the same model. Recently, an increasing
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number of studies of GVHD using the cuff method have
been reported. Kobayashi et al. (7) have developed a
combined small bowel/liver transplantation model using
the cuff method and have shown that liver graft prevents
both a rejection of the small bowel allo-graft and GVHD
associated with small bowel grafting. Mitsusada et al.
(12) have shown that FTY720, a new immunosuppres-
sant, prevents graft rejection and GVHD in rat SIT.

In addition to the investigation of GVHD, the SIT
model using the cuff method has been shown to be
appropriate for studies of various immunologic and func-
tional factors following SIT. Saito et al. (14) have
shown the usefulness of endoscopic examination for the
early detection of acute rejection in a rat SI'T model using
the cuff method. Ogino et al. (16) have demonstrated
that cyclosporin A is more actively absorbed from the
ileum than from the jejunum, but that tacrolimus is
absorbed equally from both sites in the orthotopic SIT
model using the cuff technique. Miyauchi et al. (13) have
shown that the combined administration of donor
splenocytes and FK506 reduces allograft rejection and
prolonged survival in rat SIT. Nakao et al. (21, 22) have
described the immunomodulatory effects of donor-specific
bone marrow transplantation via the portal vein in a
high-responder rat SIT.

Our data showed that the cuff method can be mastered
after only a short period of practice and can result in both
cost and time savings in the rat segmental SIT experi-
ments. The cuff technique significantly reduces the train-
ing period in comparison to that required for the hand-
suture technique, which is a skill-demand procedure for
young investigators. Of course, although the cuff tech-
nique provides a simplified procedure for vascular anas-
tomosis, it does require extensive training with regard to

Table | Comparison between direct hand-suturing and the cuff method
Research Procedure Experience as a Experienge with miproscopic Trgnsplan_ts needed Amount of _time required
fellows surgeon (years) surgical techniques until the first success to achieve 70%
| Hand suture 6 No > 30 7 months
2 Hand suture 6 No > 30 6 months
3 Hand suture 4 No > 50 {8 months
4 Hand suture 6 No 30 3 months
5 Hand suture 6 No 45 6 months
6 Cuff method 6 No 8 5 weeks
7 Cuff method 14 No 13 4 weeks
8 Cuff method 5 No 5 6 weeks
9 Cuff method 5 No 3 3 weeks
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cuff preparation. The diameter of the renal artery is
sometimes considered too small for beginners to apply a
polyurethane cuff in preparation for the arterial anas-
tomosis. But, once mastered, the procedure can be per-
formed quickly with a high technical success rate. Only a
few weeks’ training is needed for the researcher to learn
the technique and to start running experiments.

Moreover, the merits of the cuff method include a
significant decrease in the warm ischemic time and a
prevention of bleeding from the anastomosis. This model
has decreased the graft warm ischemic time to 10 = 1.4
min, compared to 25 + 5 min with suture technique (23).

It is also important, however, to understand the
disadvantages of the cuff method. The major drawback of
this method is that it requires a left-side nephrectomy,
although this approach is well accepted even in clinical
transplantation practice (1, 2).

Another disadvantage of this model is that the intes-
tine segment to be transplanted cannot be greater than 40
cm (about half of the total length). Because the blood flow
from the renal artery is limited for a graft supply, an
entire small intestinal transplantation, namely from the
ligament of Trietz to the ileocecal valve, is impossible
using the cuff method (24). Therefore, this method might
only be suitable for segmental SIT. The segmental SIT
model must be studied further, as segmental SIT is an
option for addressing donor shortages. Moreover, seg-
mental SIT with living donors might be another option.

When the entire SIT model is needed, a modified cuff
method that uses the cuff only for venous drainage can be
adopted (25). This technique can be carried out as fol-
lows: end-to-side direct hand anastomosis is performed
between the donor and recipient aortas, and the donor
portal vein with polyethylene cuff is anastomosed with
recipient left renal vein. Venous anastomosis using a cuff
decreases the chance of thrombosis and the ischemic time.
Moreover, a hand-suture on the artery results in sufficient
blood flow. We have actually applied this method to
orthotopic SIT between syngeneic rat combinations and
have found the survival time be over 90 days with weight
gain. This may thus be an appropriate model for begin-
ners studying orthotopic entire SIT.

The formation of fibrous and granulomatous tissue
around the polyethylene cuff is also a potential problem.
Kitakado et al. (26) have claimed that the polyethylene
cuff is unsuitable for long-term use in the rat orthotopic
liver transplant model, because the venous anastomoses
tend to be occluded due to foreign-body reaction. We
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have also demonstrated that the polyethylene cuff em-
ployed in the SIT is associated with occlusion in 40% of
venous anastomoses (27). However, the blood supply to
the graft can be maintained by collateral vessels. To
achieve better results, a cuff made of bio-absorbable
material should be used in long-term studies.

In conclusion, the rat model using the cuff method is
promising for beginning SIT researchers. Both cuff and
hand-suture techniques have their merits and disadvan-
tages, and it is important to select the appropriate tech-
nique to suit the experimental design and purpose. When
surgical practice of microsurgery is not the primary
purpose, however, it is desirable to apply a simplified
method that can be easily mastered by researchers without
long-term practice, with the accompanying loss of time
and money.
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