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Abstract.

Background: The acquisition of specific technical skills in
the field of microsurgery like the use of operating microscope
and microsurgical instruments, arterial and venous anastomosis,
vascular grafts, nerve sutures and tenorrhaphies, is very
important during the training in Orthopedics and in Hand
Surgery in order to deal with management of complex and
amputative traumas of the upper limb. The learning curve in
microsurgical techniques is significantly shortened for surgeons
who benefit from pre-clinical courses on an animal model. The
aim of this study was to standardize a long-term microsurgical
activity during the training in Orthopedics and Hand Surgery
and to document the benefits that the residents of the School of
Specialization got by chance of practicing weekly this discipline
on in-vivo model.

Methods: In 2016, a protocol for teaching in vivo microsurgery
on Wistar rats for orthopedics and hand surgery residents was
approved. In the first 3 years of graduation course, the students
performed the training aimed at acquiring manual dexterity
and confidence with the microsurgical instrumentations on
nonliving models. Subsequent exercises were performed ex
vivo on chicken leg models under the microscope or loupes.
Finally, the in-vivo rat exercises were intended for residents
in the last 2 years who required access to the supplementary
diploma in hand surgery.

Outcome evaluations consisted of the Global Rating Scale score
and time to completion. Two-tailed Student t test was performed to
compare initial and final outcome evaluations (p < 0.05).

Results: Only 8 residents completed the microvascular training
of almost thirty microsurgical teaching sessions administered
on a weekly basis. The total mean GRS score (and standard
deviation) improved from 15 + 2 points for the initial score to 21
+ 6 points for the final score (p < 0.005). Time to completion of
the anastomosis also significantly improved (p < 0.005), from a
mean score of 31:18 + 9:21 minutes for the initial time to 21:15
+ 6:10 minutes for the final time.

Conclusions: A microvascular training curriculum utilizing a
live rat model, preceded by a training on non-living models,
provides a superior surgical simulation experience and is
effective at improving resident microvascular surgical skills.

Key words. Microsurgery, training, resident, rats,
microvascular sutures, hand surgery.

Introduction.

Microsurgery is a specialized surgical skill utilized by a
limited number of orthopedic surgeons who perform free
tissue transfers, nerve grafting and repair, and replantation
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of amputated digits or extremities but commonly orthopedic
residency training programs do not offer consistent or structured
exposure to this skill [1,2]. The acquisition of specific technical
skills in the field of microsurgery like as the use of operating
microscope and microsurgical instruments, arterial and venous
anastomosis, vascular grafts, nerve sutures and tenorrhaphies,
is very important during the training in Orthopedics and in
Hand Surgery in order to deal with management of complex
and amputative traumas of the upper limb [3]. Microsurgery is
a time-consuming surgical technique and these interventions,
despite their complexity, need to be completed in the shortest
possible time, given the complications due to prolonged
ischemia time. In order to acquire the technical skills necessary
for a good execution of microsurgical procedures in good
time, microsurgical practice during the training period is the
most important exercise [4]. As shown by numerous studies
in the literature the learning curve in microsurgical techniques
is significantly shortened for surgeons who benefit from pre-
clinical courses on an animal model [5]. All courses at the
international level recognize the adult rat as the best model to
perform the exercises, being able to perform numerous different
types of exercises, taking into account that the diameter and
structure of the femoral arteries and veins of the animal (the
most frequently used in exercises) are in all similar to the human
metacarpal and digital arteries. The animal model also offers the
possibility of performing tissue dissection firsthand to reach the
vasculo-nervous bundle and allows to evaluate the tightness of
the anastomosis and the patency of the vessel. The School of
Specialization in Orthopedics and Traumatology of the Catholic
University of the Sacred Heart is one of the few in Italy to have
inside a department of Hand Surgery, where residents can try
their hand at microsurgical techniques daily.

The aim of this study was to standardize a long-term
microsurgical activity during the training in Orthopedics and
Hand Surgery and to document the benefits that the residents of
the School of Specialization got by chance of practicing weekly
this discipline on in-vivo model.

Materials and Methods.

In 2016, a protocol for teaching in vivo microsurgery on
Wistar rats for orthopedics and hand surgery residents was
approved by the local ethics committee (Protocol number:
1F295.21-05/07/2016) and from the Italian Ministry of Health
(Protocol number: 1036/2016-PR). Surgical training was
performed according to the guiding principles for research
involving animals and the European legislation. The graduation
course in orthopedics lasted 5 years and had a supplementary
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diploma in hand surgery in the last 2 years. In the first 3 years
of graduation course, the students performed the training
following the Recommendations of the European Society for
Surgical Research (ESSR) and the International Society for
Experimental Microsurgery (ISEM) [6]. The first exercises
were aimed at acquiring manual dexterity and confidence
with the microsurgical instrumentations and were performed
without optical magnification on gauze, then on a piece of
latex glove and then on silicone tubules for a minimum of 10
hours in total. Subsequent exercises were performed ex vivo
on chicken leg models under the microscope or loupes possibly
with the assessment of an experienced microsurgeon tutor.
To minimize the use of live animals in keeping with the 3Rs
principle, according to international microsurgery simulation
society (IMSS) were performed 55 anastomoses on non-living
(ex-vivo) models [7]. The in-vivo rat exercises were intended
for residents in the last 2 years who required access to the
supplementary diploma.

The teaching protocol was set from 2016 to 2021, but because
of Covid Pandemic, data collection stopped in March 2020.

Thirteen residents were enrolled in the protocol.

The number of animals authorized was 600 in five years.

The exercises authorized were:

Thigh
* Termino-terminal anastomosis of the femoral vein and artery
* Termino-terminal anastomosis of the femoral artery with
epigastric vein graft or femoral vein graft
* Inguinal flap transferred to the opposite groin

Neck

* Termino-terminal anastomosis of the carotid artery and
external jugular vein

Abdomen

* Termino-terminal suture of the subrenal aorta

* Sciatic and its branches, sutures, and grafts with sural

In order to minimize the number of animals used for this
training course, surgical interventions were performed on
the same animal under general anesthesia on all accessible
anatomical districts, following the exercises proposed below,
already examined by the Italian Society of Microsurgery.

In order to minimize the suffering imposed on the animal, the
protocol provided acute general anesthesia for interventions.

To document the benefits that the residents of the School of
Specialization got by chance of practicing in this discipline on
in-vivo model was considered a microsurgical activity consisted
of almost thirty, one-on-one teaching sessions administered on a
weekly basis for each resident.

In order that the experiment is easily reproducible the
evaluation was performed only on a live rat femoral artery
model because it is the most simple and largest used model and
offers the closest approximation to the size and feel of a human
digital artery.

Each participant attempted an end-to-end arterial anastomosis
on the femoral artery of a live anesthetized rat with use of 10-0
nylon suture under the microscope.

At the completion of each session, the rat was killed in
accordance with Institutional Animal Care and Use Committee
requirements.
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Outcome evaluations were performed during the first
anastomosis and during the thirty-anastomosis using the Global
Rating Scale (GRS) score and evaluating time to complete the
anastomosis.

Timing of the anastomosis was considered as time between the
beginning of the first stitch and the completion of the last stitch
in absence of bleeding.

The GRS is a score for evaluation of respect for the
surrounding tissue, time and motion, efficiency with and use of
microsurgical instruments, performance of the anastomosis, and
vessel patency optimized in poor, moderate, or excellent results
Table 1 [8].

Statistical analysis.

To compare initial and final outcome evaluations, Statistical
Analysis Two-tailed Student t were performed with the level of
significance set at p < 0.05.

Results.

All the thirteen enrolled residents completed the ex-vivo
training, but because of the Covid Pandemic, that drastically
conditioned the laboratories usability from March 2020, only
eight residents completed the microvascular training of almost
thirty microsurgical teaching sessions administered on a weekly
basis.

The total mean GRS score (and standard deviation) improved
from 15 + 2 points for the initial score to 21 + 6 points for the
final score (p < 0.005) as reported in Figure 1.

The total GRS score also indicated that all eight residents
performed the anastomosis with moderate quality at the initial
attempt and all eight residents performed the anastomosis with
excellent quality at the final attempt.

The improvements for each of the five components evaluated
by the GRS are reported in Figure 2. Significant improvements
ranging from 37% to 61% were made in each of the five GRS
components (p < 0.02).

The outcome evaluations also demonstrated that the time to
perform an end-to-end arterial anastomosis improved by an
average of 15:11 minutes, from a mean score of 31:18 £ 9:21
minutes for the initial time to 21:15 = 6:10 minutes for the final
time, following completion of the microvascular training (p <
0.005).

Discussion.

Microsurgical techniques are commonly used in different
surgical specialties. Training in microsurgical skills is generally
limited by the high cost of microsurgery training microscopes
and equipment and by limited access to in-vivo models. The
high costs are the limits also in teaching such techniques during
graduate school. Microvascular training during graduate school
improves microvascular surgical skills of residents after an
8-week course and may also improve macrosurgical techniques
[1,5]. Numerous microsurgical training courses are available
worldwide, but there is no general agreement concerning the
standardization of microsurgical training. The European Society
for Surgical Research (ESSR) and the International Society for
Experimental Microsurgery (ISEM) recommended, for learning
the basics of microsurgery, that 1- or 2-day courses cannot
be effective because these short courses are too long for an
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Table 1. Global Rating Scale for Microvascular Anastomosis.

1 2 3

45

Frequently used unnecessary
force on tissue, caused damage,
inappropriate use of instruments

Respect for tissue
damage

Careful handling of tissue, but
occasionally caused inadvertent

Consistently handled tissue appropriately
with minimal damage

Time and motion Many unnecessary moves

Efficient time/motion, but some

Economy of movement and maximum

unnecessary moves efficiency
Handling of Repeatedly makes tentative or Competent use of instruments although | Fluid moves with instruments with no
instruments awkward moves with instruments.|  occasionally appeared stiff or awkward | awkwardness.
Performance of  Poorly placed sutures and poor Fair placement of suture and use of Well-placed sutures and appropriate use of
anastomosis use of irrigation and vasodilator irrigation and vasodilator irrigation and vasodilator
Patency Poor, thrombosed Moderate, reduced flow Excellent, unimpeded flow

Atkins JL, Kalu PU, Lannon DA, Green CJ, Butler PE. Training in microsurgical skills: does course-based learning deliver? Microsurgery.

2005;25:481-485.

m Poor(GRS < 15)
m Moderate(15<GRS<20)

M Exellent (GRS=>20)

After

Figure 1. Mean Global Rating Scale (GRS) scores before and after the protocol.
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Figure 2. Comparison of the specific Global Rating Scale (GRS) scores before and after completion of the protocol.

introduction but not satisfactory for an effective skill acquisition
whilst courses offering 40 h or more might be suitable for basic
training [6]. Modalities account for the best microsurgical
training are debated and many studies are investigating the
role of living and nonliving models. The combination of living
and nonliving training microsurgical models leads to superior
results; however, the gold standard remains the living model.
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During graduate school, in-vivo practice on rats is rarely
performed whilst ex-vivo practice on chicken leg model with
microscope or loupe is the most common exercise performed. In
an orthopedic residency program, commonly, was promoted a
self-directed, microsurgical training curriculum using nonliving
models. Ko JW et al. demonstrated that the learning curve in
microsurgical techniques is significantly shortened for surgeons
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who benefit from pre-clinical courses on an animal model [5].
In this study all residents that ended the program improved in
all categories of the GRS scores and their time to completion of
a microvascular anastomosis decreased. Given the limitations
of this study including the relatively small sample size, the fact
that this study was performed at a single institution and that the
GRS is a subjective and qualitative score our results demonstrate
that a long-term weekly based microvascular training among
the residents could improve an orthopedic residency training
program.

Conclusions.

A microvascular training curriculum utilizing a live rat
model provides a superior surgical simulation experience but
a larger multicentric study may be performed to confirm these
findings. This training on a live rat model has to be preceded by
a training on non-living models according to recommendations
of European Society for Surgical Research (ESSR) and the
International Society for Experimental Microsurgery (ISEM)
and International microsurgery simulation society (IMSS).
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