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ABSTRACT

PURPOSE: Clinical microsurgery has been introduced in many fields, while experimental microsurgery has the cross-disciplinary
features of the sciences and techniques for growth of medicine, pharmacology, veterinary, engineering etc. Training protocol, proposing
a new name as Translational Microsurgery, was introduced.

METHODS: Reconstructive skills of hepatic artery in pediatric living donor liver transplantation were summarized. Ex vivo training
protocol using artificial blood vessel for surgeons was proposed.

RESULTS: Clinical microsurgery requires anastomosis with delicate arteries and limited field of view. Our training protocol revealed
that the relation between the score and speed was seen, while not all the surgeons with enough experience got high score. This training
led to muster clinical skills and to apply excellent experimental works.

CONCLUSIONS: Our microsurgical training protocol has been planned from the points of clinical setting. Training for vascular
anastomosis led to rodent transplantation models. These models were used for immunology and immunosuppressant research.
Microsurgical techniques led to master catheter technique and to inject various drugs or gene vectors.

Key words: Liver Transplantation. Microsurgery. Rats.

212 - Acta Cirurgica Brasileira - Vol. 31 (3) 2016



Translational microsurgery. A new platform for transplantation research

Introduction

Clinical microsurgery is a technique for working
on microscopic areas under a stereomicroscope or loupe.
Microsurgery is used widely in many surgical fields such as brain
surgery, vascular surgery, plastic surgery, and reconstructive
surgery!. To overcome the limited field of view and to master
delicate or difficult procedures, non-living materials and animal
models are useful. It is worth while saying that microsurgical
techniques necessary to perform procedures in humans are same
as that in mice or rats.

Many rat organ transplantation models had been
developed, and the International Society for Experimental
Microsurgery (ISEM) was established in 1991 by Sun Lee, who
had disseminated experimental microsurgical technique®®. The
goal of this society is to disseminate research on experimental
microsurgery around the world, and the society is characterized by
its extremely varied cross-section across fields such as medicine,
pharmacology, and veterinary medicine.

Translational research which promotes the research from
experimental results to clinical application has been introduced a
new area’®. I propose a new concept of Translational Microsurgery
for research in microsurgical techniques. In this review, I reconsider
the cross-disciplinary features of the sciences and skills, describe
the usefulness of experimental microsurgery in various fields, and
finally expand on my personal view to further growth of Surgical
Research.

Translational technique training from the view point

of clinical transplantation

Experimental producers were conducted according to the
guidelines of the Animal Care Committee of Keio University.

Translational research has a key concept of two ways;
from bench to bedside and feedback of clinical results to basic
research®. Microsurgery has also two-way of both experimental
and clinic. There are many training protocols from the different
clinical backgrounds”. The author (E. K.) has been teaching
the microsurgical technique for hepatic artery reconstruction in
pediatric living donor liver transplantations performed at the Jichi
Medical University Hospital®. In microsurgery in living donor
liver transplantations, anastomosis is performed in a severely
limited field of view and has difficulty as in brain surgery.
In addition, since the anastomosed arcas move as the patient
breathes, it is sometimes necessary to have the anesthesiologist

control the breathing in unaccustomed intervals. The anastomosis

method used by the author is shown in Figure 1. In general, if
using an assistant when suturing, first suture the top and bottom of
both ends with a knotted suture, then have the assistant hold both
ends and twist 90 degrees, and stitch each side, one side at a time
(Figure 1A). On the other hand, the donor and recipient arteries
rest naturally, and stitch together sequentially starting from the
back side (back-wall technique), is a technique that requires skill;
however, it does not require an assistant, and it is very useful when

the blood vessel cannot be twisted (Figure 1B).

FIGURE 1 - Two methods of hepatic reconstruction in pediatric living
donor liver transplantation. A: Twist type anastomosis. B: Non-twist type
anastomosis.

Two types of training should be done for obtaining this
type of anastomosis technique before animal training. First, non-
living material such as rubber globe should be used'’. It has been
more important to reduce the number of experimental animals
from the 3 Rs point of animal welfare!!. Recently, we focused on
a simple training protocol through the usage of artificial blood
vessels is introduced as follows. Briefly, cut off artificial blood
vessel (Sunarrow Limited, Niigata, Japan), suture it with 8-0 or
9-0 suture and make knot under bench microscope, then press it
by acrylic sheet to check the suture of the extravascular (Figure
2A) and intravascular side (Figure 2B). Technique is scored by the
number of suture aiming 8 times in 20 minutes and the quality of
suture such as the length of remnant suture and knot, equal length
of each suture and interval between sutures. A result of this Hands-
on training for young surgeons was summarized in Table 1. Faster
the surgeons suture, high score they get. No relation was seen
between the years of experience and the score. This training led
to acquire the excellent technique and contribute to train surgeons
with high level of technique. Ex vivo training using cryo-preserved
animal artery is also useful as described previously'*!3. Porcine
materials have been used, while the cadaveric tissue has been

considered to be useful'®, but difficult to use for training in Japan'®.
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FIGURE 2 - Anastomosis training by using artificial blood vessels.
Extravascular side. B: Intravascular side.

TABLE 1 - Results of training course. Values at the
bottom of the table are expressed as means + standard deviation.

No Experience ;l;o()t:el E\;l(:za- O [
Opera- Num-  Extra- Intra-
tor Years ber of vascu- vascu-
suture lar side lar side
1 O 4 2 2 0 0
2 5 8 6 1 1
3 5 11 7 2 2
4 6 5 5 0 0
5 6 13 8 3 2
6 7 2 2 0 0
7 7 8 5 2 1
8 8 9 5 2 2
9 o 9 4 4 0 0
10 10 3 3 0 0
11 10 8 6 1 1
12 10 9 6 2 1
13 o 10 13 8 2 3
14 11 6 4 1 1
15 o 12 13 8 2 3
O 8.0£2.5 7.6£3.9 53+£2.0 1.2+1.0 1.1£1.1

Efficient experimental animal models are indispensable
for the development of innovative medical technique and
training’'®. The rat is a perfect animal for microsurgical training,
because its physiology is well understood, and is large enough
for reasonably easy surgical manipulation'”'®. The rat abdominal
aorta transection and re-anastomosis model is an extremely useful
experimental microsurgical training technique'’. Briefly, carry out
laparotomy on anesthetized rats weighing about 250 g, expose
the artery on the leg-side of the left renal artery, and clamp above
and below, leaving an interval of about 1 cm (Figure 3A). First,

transection the artery at a right angle (Figure 3B), then suture
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the anterior wall with knotted sutures, twist 90 degrees, and do
knotted sutures on the opposite side. After stitching the anterior
surface with knotted sutures and pulling up the support thread for
each side (Figure 3C), flip over and suture (Figure 3D).

FIGURE 3 - A rat model of artery reconstruction. A: Clamping of
abdominal aorta. B: Transectomy of the aorta. C: Twist type anastomosis.
D: Final view (Just before declamping).

It is possible to see the technical level by sacrificing the
rat about 7 days after this surgical procedure and observing the
anastomosis area (Figure 4A). The experienced surgeons suture
rapidly with equal length between the each interposed suture
(Figure 4B). This training leads to development of both clinical

and experimental skill.

05 1.0 15
Length between the sutures (3D}

FIGURE 4 - Competency of the techniques after anastomosis in a
rat model. A: Macroscopically finding of the site of anastomosis. B:
Competency of the time required for complete anastomosis and standard
deviation of the length between the each interposed suture. The solid
and clear circles represent the experienced surgeon and beginners,
respectively.
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Before performing this type of basic operation in the rat,
practice until sufficiently skilled at suturing non-living materials
and the like; only then should training with living animals be
performed. Problems may occur with anastomosis, bleeding or
stenosis ensues by using living animals. Therefore, the important
point with this training is to carry it out being aware of clinical
matters and adequate competency!'*2°.
for and intermediate

Technologies beginners

researchers

Developments in organ transplantation over recent
years would not have been possible without exploratory research
of organ preservation solution and immunosuppressant. In
exploratory research, since efficacy at the test tube level must be
established in living animals, many standard rat models have been
developed?!. The author has made this excellent technique more
convenient, and has improved the rat organ transplantation model,
so that many beginners and intermediate researchers can routinely
use it.

Grafts have specific immunological characteristics, so it
is necessary to actually transplant the organ using microsurgical
technique. I briefly introduce some of the immunosuppressant for
which exploratory research was performed using these animal
models as the follows. The rat ectopic heart transplantation model
is the most convenient and sensitive immunosuppressant screening
system??. Although hand suturing is often used for ectopic heart
transplantation in the abdomen, there is also a convenient method
of vascular anastomosis that uses a cuff for connecting blood

vessels to polyethylene tubes and the like (Figure 5).

FIGURE 5 - Cuff technique for vascular anastomosis.

The ectopic heart transplantation model was used in
order to clarify the chronopharmacology of deoxyspergualin®
and research of the new S1P agonist KRP203 was developed®.
Since long ago, the rat orthotropic liver transplantation model has
been used in research into specific immunological characteristics

of the liver®. It has been widely used as the standard model since

the 1980°s. The success rate was improved even among beginners
using this model®. The key point when using a normal rat as the
recipient is that, since intestinal tract stasis becomes stronger due
to the portal vein clamp, it is necessary to speed up the anastomosis
time; therefore, if a portal vein-superior vena cava shunt is put in
place beforehand, it is possible to perform surgery stably?’?. By
using this protocol, development and study of steroids used in liver
transplantations was performed in the pharmaceutical sciences as
well®. In the rat small intestine transplantation model, in addition
to the strong antigenicity of the small intestines rivaling that of the
dermis, the graft versus host disease is also seen that is induced
because of the lymphocytes contained in the small intestine. The
world’s first S1P agonist FTY720 which was developed in Japan
was researched by using the rat small intestine transplantation
model*’. In this model also, vascular anastomosis was performed
using the cuffs mentioned above. It was also possible to use the
cuffs in the rat kidney transplantation model*'*2. The cuff method
can be applied for many different organ transplantations, but
essentially it is a foreign body, and it is not suitable for long-term
studies extending over several months. In long-term studies of
immunosuppressant, study with anastomosis by manual stitching
has come to be recommended*.

If appropriate experimental microsurgical training is
accumulated, not only can beginners master it in several weeks,
but, when one becomes accustomed to it, vascular anastomosis

can be completed within a few minutes.

Application for catheter-based technique in rats for
gene therapy

The methods covered by the experimental microsurgical
techniques are not limited to the field of vascular anastomosis
for organ transplantations. A microscope can be used to enable
passing a catheter through a blood vessel, allowing various drugs
or gene vectors injection.

It is possible to broadly differentiate gene transfer into
transfer using virus vector method and non-virus vector method.
If the basic methods of experimental microsurgery are studied,
it becomes possible to introduce thin catheters into the rat and
mouse arteries. The author succeeded in using this technique
from hepatic vein (Figure 6A) and with adeno-associated virus
vectors to elicit kidney-specific gene expressionand. This type of
technique also allows one to easily make an incision in the rat or
mouse duodenum and insert the catheter in a retrograde fashion
from the papilla, making it possible to efficiently introduce genes
into the pancreatic exocrine tissues by using adeno-associated
virus vectors (Figure 6B).
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FIGURE 6 - Catheter technique. A: Catheter technique from hepatic
vein. B: Injection through the papilla of the rat.

The hydrodynamic method, a non-virus vector method in
which DNA34 or RNA% is dissolved in a relatively large volume
of solution and the genes are introduced to the organ or tissue
through the vascular can also be performed using this catheter
technique. Catheter technique can be used not only in medicine

and pharmacology but also broadly in biological research.

Conclusions

Microsurgery is a key for clinical and experimental
transplantation. [ reviewed our training protocol to master
microsurgical techniques and introduced several rat models.
Mastering these techniques led us to easy perform various surgical
techniques such as anastomsis, usage of cuff and catheter insertion.
Microsurgery has the cross-disciplinary features of the sciences
and skills for growth of Surgical Research.
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