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ABSTRACT
PURPOSE: To demonstrate an experimental model of up to four hours a week of independent study that allows relearning in 
microvascular sutures.
METHODS: Wistar rats between 200 and 500 grams surplus research experiments were used. Femoral vessels are covered on one 
or both sides through a groin incision obliquely along the inguinal ligament. Femoral artery and vein are isolated and measured being 
clamped and cut. The individual performs in microvascular anastomosis complexity arterial and venous terminoterminal sequence. 
terminolateral and venous and arterial grafts in vessels. Permeability is evaluated by testing vascular patency after creation of 
microvascular anastomosis.
RESULTS: In the first specimen, only arterial and venous vascular anastomosis are performed terminoterminal. The average diameter 
of the femoral veins varies from 0.8 to 2 mm between rodents (artery, between 0.6 and 1.4 mm, between 0.8 and 2 mm vein). The 
superficiality of the vessels allows faster dissection, may also be held in other inguinal region.
CONCLUSION: The model of individual retraining allows learning microvascular suture in individuals of permanent staff.
Key words: Animal model. Mycrosurgery. Rats. 
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Introduction

The successful training in Plastic Surgery implies the 
development of microsurgical skills. Trainees in Plastic Surgery 
must nowadays dominate several aspects related to microsurgery, 
including the confection of microvascular anastomosis, so that 
they can carry out many surgical activities developed during the 
current programs of residency and fellowships in Plastic Surgery. 
In several centers, training in Microsurgery is offered as part of the 
residency program in general and plastic surgery1.  

The purpose of this report is to show that a simple, 
cost-effective method, based in a 4-hour weekly program of 
independent study in the microsurgical laboratory, may allow the 
trainee and retraining to perform different types of microvascular 
anastomosis. 

Methods

The protocol utilized in this experiment was previously 
approved by the Animal Care Committee of the Elizabeth 
Mac Master Research Building, University of Toronto, that 
facilitates the training of house staff and students in micro 
vascular anastomosis, and included a training model for micro 
vascular anastomosis end-to-end arterial, end-to-end venous, 
end-to-side arterial/ venous, and vein and arterial grafts. The 
trainee involved in this research was submitted to a class session 
explaining methods of handling rodents while working in the 
Animal laboratory. Rats utilized to this experiment were those 
considered as belonging to an exceeding population not to be 
used in other experiments. 

We decided to divide the protocol in two sections, in 
which the trainee initially would only perform end-to-end arterial 
and, after completing successfully the arterial anastomosis, he 
could proceed with the end-to-end venous anastomosis. The 
second part of the protocol, in which the trainee would be required 
to perform end-to-side arterial and venous, as well as vein and 
arterial grafts, is to be started after the successful completion of 
the first part of the protocol. 

In the period from April 3 2003 to June 16 2003, six Wistar 
rats weighting from 200 to 500 g underwent end-to-end arterial 
and venous anastomosis at the Elisabeth Mac Master Research 
Building.  Specimens selected for the experiment were deprived of 
food and water 8 hours prior to the administration of anesthetics. 
Anesthesia consisted of a solution of Pentobarbital (Somolol®) in 
a dosage of 60mg/kg, given intraperitoneally (Table 1). Sedation 
was obtained after 20 to 40 minutes. The operative site was then 

shaved bilaterally at the inguinal regions, and the rat was brought 
to the operative room. Rats were not entubated for the surgical 
procedure, rather being allowed to ventilate environmental air, but 
with supplemental oxygen at a rate of 1liter/minute (Table 2). 

Anesthetic drugs Rodent 
species

Drug dose 
(mg/kg)

Route ** Duration 
(minutes)

Ketamine/
Xylazine

Acetopromazine

Rat 50/5/1 IM, IP 20-40

Ketamine/
Xylazine

Rat 40-90/ 
5-10

IM, IP 20-30

Pentobarbital
(Somolol ® )

Rat 40-60 IP 20-40

Fentanyl- 
Fluanisone 

(Hypnorm  ® ) 
and Diazepan ®

Rat 0.6 ml/kg 
and 2.5

IP 20-40

*From the Elisabeth McMaster Research Building Animal Care Facilities Protocol 
for anesthesia of adult rodents. 
**IM, intramuscular; IP, intraperironeal.

TABLE 1 - Injectable anesthetic agents and doses for adult 
rodents*.

1. Phases of anesthesia include induction, maintainance and 
recovery

2. Materials required include a plexiglass rodent induction 
chamber (optional) and a rodent non-rebreathing anesthetic 
dircuit equipped with a proper gas scavenging system. 

3. Inhalant anesthetic gases are safe for both ultra short (< 5 
minutes) and prolonged (> 2 hours) procedures.

4. Inhalation anaesthetics provid a quicker induction, more 
stable plane of surgical anesthesia, esier control of anesthetic 
depth and smoother recovery period than injectable anaes-
thetics.

5. Available inhalant gases: isoflurane, halothane.
6. Ensure proper scavenging of waste anesthetic gases, as 

chronic exposure can be detrimental to health. 
7. Isoflurane provides more rapid induction and recovery 

phases, and causes less cardiopulmonary depression than 
halothane.

8. Excretion of inhalants is via lungs.

TABLE 2 - Acceptable protocol for inhalation anesthesia of 
adult rodents*.

*From the Elisabeth McMaster Research Building Animal Care Facilities Protocol 
for anesthesia of adult rodents.

Specimen was positioned supine, with head placed to the 
left of the trainee. The femoral vessels were approached trough 
an inguinal oblique incision over the inguinal ligament, which 
allowed prompt identification of a fine layer of subcutaneous tissue 
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covering the femoral vessels. Under microscope magnification, a 
coetaneous branch from the femoral vessels needs to be ligated 
to isolate the femoral artery and vein. Once isolated the femoral 
vessels, vein and artery were measured prior to confection of the 
anastomosis. Dissection should be carefully taken to the inguinal 
ligament, to achieve proper diameter to the anastomosis with 10-0 
nylon. After artery and vein isolation, the vessels were clamped 
and sectioned. Raphy was undertaken under the microscope, 
usually consisting of 6 to eight stitches. Clamp was then released 
(Figures 1-4). Effectiveness of the anastomosis was evaluated 
by adequate flow throughout the vessel. Adequate flow was 
estimated, arbitrarily, at the following timings:  immediately after 
releasing the clamp – time zero and 5 minutes and 30 minutes 
later. After evaluating adequate flow, the specimen was sacrificed. 
The method of disposal of the species involved in this study was 
anesthesia overdose.

Results

In the first specimen, only arterial and venous vascular 
anastomosis are performed terminoterminal. The average 
diameter of the femoral veins varies from 0.8 to 2 mm between 
rodents (artery, between 0.6 and 1.4 mm, between 0.8 and 2 mm 
vein). The superficiality of the vessels allows faster dissection, 
and that dissection may also be held in the opposite inguinal 
region (Tables 3-5).

FIGURE 1 - Method for holding the rat.

FIGURE 2 - Femoral vessels, artery and vein.

FIGURE 3 - Detail of the femoral artery, between microvascular clamps.

FIGURE 4 - Detail of a femoral vein in a graft between artery extremities 
cut.
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Rat Weight 
(g)

Side 
operated

Flow at 
time zero

Flow after 
5 minutes

Flow after 
30 minutes

1

2

3

4

5

6

270

280

350

240

270

230

R Yes Yes No

R Yes Yes No

R Yes Yes No
L Yes Yes Yes
R Yes No No
L Yes Yes Yes
R No* Yes No 
L Yes Yes Yes 
R Yes Yes No
L Yes Yes Yes

7 400 R Yes Yes Yes
L Yes Yes Yes

8 350 R Yes Yes Yes
L Yes Yes Yes

9 R Yes Yes ?
L Yes Yes Yes

10 R Yes Yes Yes

TABLE 3 - Artery flow obtained instantaneously, 5 and 30 
minutes later after releasing the microvascular clamp.

* measurement before stripping

Rat Weight 
(mg)

Diameter 
of vessels 

(mm)

Side 
operated

Flow 
at time 

zero

Flow 
after 5 

minutes

Flow 
after 30 
minutes

1

2

3

4

5

6

270

280

350

240

270

230

1.5

1.9

2

1

1.8

1

R No No No
L Yes No No
R Yes Yes No 
L Yes Yes No 
R Yes No No
L Yes Yes Yes

7 400 1.2 R No No No
1.8 L Yes Yes Yes

8 350 1.2 R Yes No No
1.0 L Yes Yes Yes

9 .9 R Yes Yes No
.8 L Yes Yes Yes

10 .9 R Yes Yes Yes

TABLE 4 - Venous flow obtained instantaneously, 5 and 30 
minutes later after releasing the microvascular clamp.

* Usual 8 stitches per vein. Expected evolution after successfull vein anastomosis.

Rat Weight 
(mg)

Artery 
diameter 

(mm)

Vein 
graft 

diameter 
(mm)

Flow 
at 

time 
zero

Flow 
after 5 

minutes

Flow 
after 30 
minutes

11 340 .7 1.1 No No No
12 350 .8 .3 x 1.2 ? Low No
13 360 .8 1.4 Yes Yes No
14 350 .7 1.4 Yes No No
15 450 .9 1.4 Yes Yes Yes
16 400 .9 1.0 Yes Yes Yes

TABLE 5 - Artery flow with vein graft obtained instantaneously, 
5 and 30 minutes later after releasing the microvascular clamp.

* Expected evolution after successfull vein anastomosis.

Discussion

In the past, plastic surgeons have seen their field not only 
grow in numbers but also in caseload and clinical possibilities 
of utilization of microsurgery. As a result, trainees and staff in 
plastic surgery are nowadays required to pursue abilities in basic 
microsurgical procedures and clinical indications. However, the 
maintenance of a well trained transitory or permanent staff may 
require, from time to time, initiating courses or periodic retraining 
of microvascular surgery2,3.

The protocol utilized in the present study was previously 
approved by the Elisabeth Mac Master Research Building Animal 
Care Committee on April 17, 2002, and was initially designed as 
a Training Model for Microvascular Anastomosis. Rationale for 
the usage of this protocol was made on the excellent size match 
with respect to human digital vessels for replantation, the excellent 
exposure allowed for training, and the immediate effects of repairs 
for scrutiny, evaluation learning and improvement. As part of the 
routine at the Elisabeth Mac Master Research Building, trainees 
involved in experimental protocols go through a training session that 
lasts approximately 3 hours prior to have access to the experimental 
laboratory. This is especially important so that the trainee can 
handle animal species safely and following the ethics protocols of 
experimental research. In fact, many trainees are already used to 
the handling of small animal specimens due to previous courses or 
academic activities at the time of Medical School.

Many non animal models have been in use for training 
of microsurgical skills, including rubber glove material, placenta, 
colored beads, microsilicone tubing, leaves, etc.  Expenses and 
the increasingly strict regulations towards the utilization of live 
specimens have justified their use. However, the rat femoral vessels 
include not only the adventitial stripping as a standard procedure 
before a microvascular anatomosis, but also instruct the beginner 
on tissue handling. Those steps are hardly reproduced in non-animal 
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models (see Mubin).  The necessity of learning on tissue handling 
becomes more obvious when we perceive how hard the venous 
anastomosis to the beginner is in comparison to the arterial.  

The utilization of the femoral vessels also allows the trainee 
to experience a sensation close to digit replantation, a common 
procedure to many plastic surgeons not necessarily involved in 
microsurgery in their daily hospital activities. The rat femoral vessels 
diameters are from .6 to 1mm to the artery - , and 1 to 2mm to the 
vein. Other advantage of the femoral vessels is the possibility to 
evaluate flow after the confection of the anastomosis. In the present 
study, we took into consideration three different times to evaluate 
flow: immediately after releasing the clamp, five minutes later, and 
after half-an-hour. We evaluated flow at those times to estimate, in the 
case of failure, the probable reason. Common reasons were stitching 
the posterior vessels wall, incorrect adventitia stripping generating the 
common thrombogenic effect, and other technical reasons5-7.

One of the problems with an independent study is the 
necessity of adequately perform all pre-operative steps and 
anaesthesia induction prior to the surgical procedure. Trainees 
must also know basic techniques of handling small rodents. At the 
Elisabeth McMaster Research Building, all trainees are submitted 
to a training session prior to initiate any activities in the laboratory. 
During the first weeks, the trainee will need guidance on a daily 
basis to adjust the routines of the research laboratory. With the 
assigned staff surgeon away it is important that the trainee be 
able to construct a friendly environment in which the laboratory 
technicians feel complimentary to behave in a supportive way8.

Although infrequent it may happen that unsupervised 
trainee becomes unproductive. So it is necessary to assess 
periodically the development of the trainees’ skills in the 
laboratory. This can be done through informal presentations to the 
assigned staff surgeon or program director, or throughout formal 
reports that could be presented during the regular round activities9.

The experience in the research facility is far more 
rewarding than only an opportunity to improve the microsurgical 
skills. Many trainees will have the opportunity to apply their 
knowledge in future projects  in their own countries, and the 
participation in the Research Laboratory Activities will allow the 
trainee to be initiated in the atmosphere of a  research center1,10.

Another common problem with microsurgery training 
facilities is the cost. In order to maintain trained personal and 
perpetuate research funding, the existence of a research laboratory 
with microsurgical facilities is justifiable and should be granted. 
The large financial portfolio necessary to maintain the training and 
research laboratory may be achieved trough grants, clinical studies, 
ongoing training and facility use fees, or departmental or endowment 

funds. In the periods of financial shortage, new financial possibilities 
are to be thought. At present, Sprague-Jawley rats fee for utilization 
is $ 20, each. This amount should be added to the operative time in 
the research operative room, cost of anesthetics and microsurgical 
supplies. The utilization of the exceeding population of rats, common 
at research facilities of great ongoing research from times to times, 
may give the provider some relief to reduce costs substantially1,11,12. 

Conclusion

The training model presented permiteed the possibility of 
individual retraining in microsurgery. The weekly training time is 
short and low cost.
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