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Background We established the Microvascular Research Center Training Program (MRCP)
to help trainee surgeons acquire and develop microsurgical skills. Medical students were
recruited to undergo the MRCP to assess the effectiveness of the MRCP for trainee surgeons.
Methods Twenty-two medical students with no prior microsurgical experience, who com-
pleted the course from 2005 to 2012, were included. The MRCP comprises 5 stages of training,
each with specific passing requirements. Stages 1 and 2 involve anastomosing silicone tubes
and blood vessels of chicken carcasses, respectively, within 20 minutes. Stage 3 involves anas-
tomosing the femoral artery and vein of live rats with a 1-day patency rate of >800%. Stage
4 requires replantation of free superficial inferior epigastric artery flaps in rats with a 7-day
success rate of >800%. Stage 5 involves successful completion of one case of rat replantation/
transplantation. We calculated the passing rate for each stage and recorded the number of
anastomoses required to pass stages 3 and 4.

Results The passing rates were 100% (22/22) for stages 1 and 2, 86.4% (19/22) for stage
3, 59.1% (13/22) for stage 4, and 55.0% (11/20) for stage 5. The number of anastomoses
performed was 17.2+12.2 in stage 3 and 11.3+8.1 in stage 4.

Conclusions Majority of the medical students who undertook the MRCP acquired basic micro-
surgical skills. Thus, we conclude that the MRCP is an effective microsurgery training program
for trainee surgeons.
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comprehensive standardized microsurgery training program.

Furthermore, criteria for assessing a trainee surgeon’s micro-

Trainee surgeons rarely receive sufficient opportunities to ac-
quire and develop their microsurgical skills. Although many
trainee surgeons are considerably enthusiastic about learning

microsurgery, they are unable to do so because of the lack of a

surgical skills are inadequate. The Objective Structured Assess-
ment of Technical Skills (OSATS) is a popular tool to evaluate
surgical ability [1,2]. However, there is no standardized method
to assess microsurgical skills [3-7]. Without appropriate assess-
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Fig. 1. The Microvascular Research Center Training Program (MRCP)

The MRCP comprises 5 stages. Acceptance criteria are set for each stage. Participating trainee surgeons are not permitted to anastomose human
blood vessels until they pass stage 4. SIEA, superficial inferior epigastric artery.

Stage 1 2

8 Suturea (2008-present)

Material
Silicone tube Chicken blood vessel Rat femoral atrery and vein | Rat free SIEA flap Rat tissuetransplantation
Leg (2005-2007) and replantation
Drumstick (2008-present)
Acceptance | Time<20 min Time <20 min 1 day patency rate >80% 7 day success rate > One case of success
oiterid | & Syturea (2005-2008) | 8 Suturea 60% (2005-2008)

80% (2008-present)

ment of trainees’ microsurgical skills by experienced surgeons,
novice surgeons may not be provided the opportunity to per-
form vascular anastomoses. Thus, establishment of a standard-
ized microsurgery training program to assess trainee surgeons’
skill is required.

To address this need, we established the Microvascular Re-
search Center Training Program (MRCP) in 2005, comprising
progressive skill level requirements (Fig. 1) to help trainee sur-
geons acquire microsurgical skills. Because there is no diploma
in microsurgery currently available in Japan, our department
established its own Diploma in Microsurgery and established
the passing criteria for each stage. Trainee surgeons are not al-
lowed to perform anastomoses of human blood vessels until
they successfully complete the MRCP. The program is reviewed
annually and often updated to maximize its effectiveness. We
assessed the effectiveness of the MRCP by evaluating the results

of medical students with no prior surgical experience.

METHODS

All rats used in the program were housed in a climate-controlled
facility and were anesthetized with an intraperitoneal injection
of 50 mg/kg pentobarbital sodium. Water and pellet food pro-
duced specifically for experimental animals were provided ad
libitum. All animal experiments were performed at the Depart-

ment of Animal Resources, Advanced Science Research Center,
with the approval of our university’s Animal Research Commit-
tee and were conducted in strict accordance with the National
Institutes of Health guidelines.

As part of our university’s Medical Research Internship, third
year medical students were assigned to various departments to
engage in research for 3 months. In the Department of Plastic
and Reconstructive Surgery, they completed the MRCP for
a 3-month period and participated in tissue transplantation
experiments. From 20085 to 2012, 22 medical students were
enrolled in this program. Although these students had knowl-
edge of human anatomy, they had no prior surgical experience.
Guidance was provided by board-certified plastic surgeons who
completed the MRCP.

Outline of the MRCP

In stage 1, trainees acquire basic microsurgical skills and anas-
tomose silicone tubes measuring 1 mm in diameter using 10-0
nylon sutures. Silicone tubes are stiffer than blood vessels, thus
making it easier to confirm lumen patency in silicone tubes.

In stage 2, trainees cut and anastomose the blood vessels of
chicken carcasses using 10-0 nylon sutures. These vessels are
more similar to human vessels than the silicone tubes used in
stage 1. Thus, stage 2 provides more practical training,

In stage 3, trainees attempt to anastomose the femoral vessels
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Fig. 2. Case 1: face allotransplantation
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(A, B) The harvested hemiface flap from the dorsal and ventral surface. Anastomoses of the external carotid arteries and external jugular veins
were performed. (C) Lateral views of the recipient on postoperative day 7.

(approximately 1 mm in diameter) of live rats. This phase pro-
vides an opportunity to practice dissection and hemostasis and
to perfect anastomotic techniques using live specimens.

In stage 4, trainees attempt to replant free flaps in rats using
superficial inferior epigastric artery (SIEA) flaps [8]. Anasto-
moses of the femoral arteries and veins are required, thus allow-
ing confirmation of long-term patency of these blood vessels.
Trainee surgeons who participate in this course are not permit-
ted to anastomose human blood vessels until they pass stage 4.

In stage 5, trainees attempt rat tissue replantation/transplanta-
tion. In consultation with trainers, trainees select the procedures
needed for the presenting case.

Trainers evaluate the trainees at each stage. Acceptable MRCP
passing criteria are as follows: in stage 1 (Fig. 1), trainees are re-
quired to anastomose a silicone tube using eight sutures within
20 minutes. In stage 2, trainees are required to anastomose a
blood vessel from the second leg segment of a chicken carcass us-
ing eight sutures within 20 minutes. In stage 3, the 1-day patency
rate of anastomosed femoral arteries and veins of a rat should be

>80%. In stage 4, the 7-day success rate of a free SIEA flap re-

plantation in a rat, for which the last five cases are assessed, must
be >80%. In stage S, trainees must successfully complete one
advanced rat tissue replantation/transplantation operation.

We calculated the passing rate for each stage and recorded the
number of anastomoses required to pass stages 3 and 4. Anasto-

mosis of an artery and vein was counted as one.

MRCP revisions

Stage S of the MRCP was established in 2006 because we believed
an advanced course was necessary to produce more competent
surgeons. This revision was also intended to secure feedback

from medical students for our animal experiments. In stage S, rat
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tissue replantation and transplantation are attempted, requiring
the use of microsurgical skills acquired in stage 4. The trainees
select the advanced procedures in stage 5 in consultation with
the trainers.

In 2008, three criteria were also revised as follows: 1) In stage
1, the number of required sutures was changed from six to eight
because mastery of eight sutures was necessary for stage 2.2) In
stage 2, the area of the chicken leg used for vessel anastomoses
was changed to more appropriately match the diameter of the
blood vessel used in stage 3. 3) In stage 4, because the reported
success rate for free flaps was >90%, the required success rate
for flap replantation was increased from 60% to 80% to bridge
the gap between the acceptance criterion and the actual success

rate.

Examples of procedures performed:

Case 1: Face allotransplantation

This procedure was performed according to a paper by Demir et
al. [9]. In allotransplantation, one Lewis rat served as the donor
and one Lewis-Brown Norway rat served as the recipient (Fig.
2). Anastomoses of the external carotid arteries and external
jugular veins were performed. Cyclosporine A was administered

as an immunosuppressant.

Case 2: Penis isotransplantation

This procedure was performed according to a paper by Sonmez
et al. [10]. Lewis rats served as both donor and recipient. The
penis was transplanted to the recipient’s right thigh to avoid
anastomosis with the urethra. The donor’s dorsal penile vein
was anastomosed to the recipient’s right femoral vein, and the
donor’s corpus spongiosum was anastomosed to the recipient’s

femoral artery (Fig. 3). Inmunosuppressants were not adminis-
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Fig. 3. Case 2: penis isotransplantation

(A, B) The harvested penile graft was trans-
planted to the recipient's right thigh. The
donor's dorsal penile vein was anastomosed
to the recipient's right femoral vein, and the
donor's corpus spongiosum was anastomo-
sed to the recipient's femoral artery.

Fig. 4. Student passing rate per stage

The passing rate was 100% (22/22) for stage 1, 100% (22/22) for stage
2, 86.4% (19/22) for stage 3, 59.1% (13/22) for stage 4, and 55.0%
(11/20) for stage 5.
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tered in this case.

RESULTS

The passing rate was 100% (22/22) for stage 1, 100% (22/22)
for stage 2, 86.4% (19/22) for stage 3, 59.1% (13/22) for stage
4, and 55.0% (11/20) for stage S (Fig. 4). The number of anas-
tomoses performed was 17.2+12.2 in stage 3 and 11.3+8.1 in
stage 4. The following procedures were performed by medical
students in stage S (Table 1): lymphatic vessel anastomosis
(2/2), free SIEA flap replantation with anastomoses of the
superficial epigastric artery and vein, (1/1), face allotransplanta-
tion (1/1), penis isotransplantation (1/1), testis isotransplanta-
tion (1/1), thymus isotransplantation (1/1), forelimb replanta-
tion (1/1), toe replantation (1/1), ear replantation (1/1), free
latissimus dorsi flap replantation (0/1), vascularized lymphatic
vessel graft (1/1), and vascularized nerve graft (0/1).

The majority of medical students who participated in the
MRCP passed stage 3 and acquired basic microsurgical skills
despite having no prior microsurgical experience.
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Table 1. Results of medical students who underwent the
MRCP

Stage 3 Stage 4 Stage 5
No. Year No. of anasto-
moses needed Procedures Results
to pass

1 2005 43 - - -

2 2005 38 - - -

3 2006 22 5 Thymus isotransplantation Success

4 2006 18 5 Vascularized lymphatic vessel ~ Success

graft

5 2006 44 20 Free latissimus dorsi flap Failure

6 2007 13 5 Toe replantation Success

7 2007 15 5 Free SIEA flap replantation (SIEA Success

and SIEV were anastomosed)

8 2007 10 - - -

9 2008 8 7 Vascularized nerve graft Failure
10 2008 19 - - -
11 2009 13 5 Ear replantation Success
12 2009 - - - -
13 2009 - - -
14 2010 8 8 Testis isotransplantation Success
15 2010 7 - -
16 2010 - - - -
17 2011 6 23 Face allotransplantation Success
18 2011 10 5 Forelimb replantation Success
19 2011 19 16 Penis isotransplantation Success
20 2012 10 28 Lymphatic vessel anastomosis ~ Success
21 2012 7 15 Lymphatic vessel anastomosis ~ Success
22 2012 - - - -
MRCP, Microvascular Research Center Training Program; SIEA, superficial inferior
epigastric artery; SIEV, superficial inferior epigastric vein.

DISCUSSION

On the basis of the results presented, we consider the MRCP to
be an effective microsurgery training program for trainee sur-
geons. The passing rate in stage 4 was 59.1%, and the principal
cause of failure was delayed venous thrombosis. We attributed
the lower passing percentage to specific surgical problems such
as the use of bipolar coagulators near blood vessels, unneces-
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sary contact with the intima of blood vessels, and inappropriate
suture spacing. Incidence of venous thrombi could be reduced
by addressing these problems. Of the 13 medical students who
passed stage 4, 11 (84.6%) also passed stage S. The biggest ob-
stacle was between stages 3 and 4. Once the medical students
acquired the necessary skills to pass stage 4, it was not as difficult
to perform tissue transplantation and replantation; therefore,
we can conclude that passing stage 4 is a reasonable acceptance
criterion for trainee surgeons.

Feedback from the medical students was useful while review-
ing the MRCP. As described previously, many improvements
were made on the basis of their opinions. In 2007, responding to
a perceived need, we distributed an instructional video on flap
elevation and blood vessel anastomosis. In 2010, we uploaded
this video on YouTube to provide free access to our trainees and
other aspiring medical professionals worldwide [11]. Although
the criteria were made more stringent in 2008, the passing rate
continues to improve; this may be attributed to the increased
effectiveness of the MRCP due to ongoing revisions. In 2011,
we established a training manual and distributed an atlas of rat
anatomy to trainees at their request.

We plan to make further improvements to the program. Ob-
jective scoring of microsurgical skills is necessary. The surgeons
assessing the trainees’ skills may be somewhat subjective; there-
fore, we wish to establish clearer criteria. The OSATS is a popu-
lar, objective, and validated tool, but it is not possible to assess
detailed microsurgical skills using this instrument [1,2]. Several
objective and validated methods for assessing microsurgical
skills have recently been reviewed [3-7]. These methods should
be incorporated into the MRCP to record objective scores. The
use of animals for experiments should also be reduced. Many al-
ternatives for learning microsurgery have been reported [12-21],
but it is impossible to assess blood vessel leakage and thrombosis
in inanimate models [22-24]. Although we use silicone tubes
and blood vessels from chicken carcasses in the initial stages, it is
very difficult to eliminate the use of live animals completely.

In this study, we described the results of medical students
who underwent the MRCP; however, the MRCP is intended
for trainee surgeons. In our hospital, trainee surgeons who have
completed the MRCP perform microsurgeries such as free flaps,
finger replantations, and lymphatic venous anastomoses with a
success rate of >90%. Furthermore, the MRCP improves their
skills and increases their motivation.

We believe that increasing the number of trainee surgeons
skilled in microsurgery will raise the overall quality of plastic
surgery. To bring this plan to fruition, the MRCP is offered to
physicians worldwide. We have enrolled eight young plastic sur-
geons in their 20’ and 30s from other hospitals in Japan and two
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from overseas. Since 2011, we have been accepting applications
from plastic surgeons in Myanmar as part of our Myanmar—Ja-
pan Plastic and Reconstructive Surgery Educational Project. We
believe that the MRCP could contribute toward the global de-
velopment of plastic surgery. Thus we have continued to revise
our MRCP in the hope that it will become the global standard

for microsurgery training.
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