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ARTICLE INFO ABSTRACT
Article history: Introduction: The training to learn how to perform perforator flaps requires practice on a living model to
Accepted 8 February 2020 optimize dissection and to evaluate outcome. The purpose of this study was to describe a training model

that optimizes the use of animals in order to perform the maximum number of exercises per animal.

Keywords: Material and methods: The sequence has been planned and practiced by the first and last author, recorded
Perforator flaps perfected and implemented in a two-day surgical course. The sequence was then evaluated by the train-

Animal quel ers and the trainees by means of a questionnaire.
Flap teaching

Microsurgery Results: All students were able to complete the sequence of exercises before the end of the second day
except two (8/10) who could not complete one exercise each. The students considered the Deep Superior
Epigastric Artery Perforator flap the most difficult to perform, being the most technically demanding.
The sequence of exercises was judged either easily reproducible or reproducible by all the students. Two
students suggested to postpone the DSEAP flap to the second day, after some training, to optimize the
experience with the most challenging and rewarding flap.

Conclusions: The training sequence proposed offers a wide range of exercises and allows four trainees,
divided in two teams, to work and learn on the same animal. They can perform a wide range of flaps
and also harvest the internal mammary vessels. The living model allows for evaluation of the quality of
the surgical performance, judged by the difficulties and complications encountered during dissection, and
finally through the feedback of flap perfusion.
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Introduction

The use of living animal models for training is well established
in several subspecialties of surgery. Small animal models (rat, rab-
bit) are commonly used in microsurgery: from vessel preparation,
to microsurgical anastomosis, to complete flap or organ transfer
[1-5]. Although necessary to acquire the basic microsurgical tech-
niques, these models do not allow to reproduce anatomical and
surgical conditions similar to the ones found in humans, espe-
cially regarding perforator flap surgery. Cadaver courses are used
for this purpose, but they are not ideal, because non-living tissues
do not bleed nor respond to surgical manipulation. Furthermore,
the pliability and quality of dead tissues rarely resembles a normal
surgical setting. Finally, flap viability cannot be verified, and thus
there is no feedback on the quality of dissection obtained [6]. The
porcine model seems to compensate for the described drawbacks
of other surgical models [7,8].

Some groups of surgeons around the world have acquired this
kind of experience, but only a few papers in the literature describe
surgical exercises performed in pigs [7-11]. Starting in 2012, a
group of plastic surgeons from Timisoara in Romania were among
the first to organize and promote a perforator flap course on pigs
for international students (Pius Brazneu Center. Victor Babes Uni-
versity, Timisoara. Romania). Inspired by their experience, the Ital-
ian Microsurgical Society (SIM) has organized in-house training
courses for perforator flaps in living tissues.

The purpose of this article is to describe a sequence of perfo-
rator flaps and dissection exercises that can be performed in pigs.
This sequence includes existent techniques and new ones that re-
produce clinical situations in humans. The purpose of the sequence
is to optimize the use of the animal during a short course in or-
der to minimize the number of animals used, whilst maximizing
their exploitation (respecting the 3R principle: reduction, refine-
ment, and replacement); to describe the anatomy of flaps that have
not yet been described in the literature; and to verify the feasibil-
ity and efficacy of this sequence by students inexperienced in per-
forator flap surgery.

Materials and methods
Animals

The surgical exercises were performed on female swine (Sus
scrofa domesticus, ssp. large white; 40 kg). The animals were in-
cluded in an experimental protocol (protocol no 38.2010.01.001),
which received complete approval from both the local Ethical Com-
mittees on Animal Experimentation.

In accordance with the Italian law (DL n 26 del 4th of march
2014) the “3R rules” were respected: REPLACEMENT: as said, is
not possible to perform this kind of experiment on a dead body
primarily because bleeding is needed to recognize a properly per-
formed surgery and adequate tissues manipulation. For this pur-
pose the animal model closer to the human model was cho-
sen and, within this category, the animal with the lowest grade
of evolution. REDUCTION: the lowest possible number of sub-
jects was used. . REFINEMENT: all the procedures were performed
under the veterinarian’s (expert in animal laboratory) supervi-
sion, to minimize the animal discomfort and pain. All the pigs
were located in specific boxes with free access to food and wa-
ter. The general anesthesia in accord with the Italian law fol-
lowed the following protocol: premedication with intramuscular
injection of Zoletil 50/50 (0,5 ml/kg), induction with Propofol EV
(6 mg/kg) + Ketamine intravenously (10 mg/kg), maintenance with
sevorane 2% by air + Rocuronio EV (0,2 mg/kg)+ Propofol infusion
if needed. Analgesia was obtained with Butorfanolo intravenously
(0,1-0,4 mg/kg). Orothracheal intubation, ventilation with an anes-

thetic machine and multiparametric monitoring were used. In ac-
cordance with the law at the end of the surgery all animals were
euthanized with an intravenous injection of a lethal dose of Tanax
(1 ml/3 kg)

Equipment

Surgical procedures were performed under 3.5x or 4.5x ex-
panded field binocular loupe magnification (Designs for Vision,
Ronkonkoma, NY, USA). The procedures were recorded with a Go-
Pro camera (GoPro Inc. USA) and simultaneously with a head
mounted, 4x magnification, Loupecam system (LoupeCam® by

F==7 ro-a

LT
VizVOCUS Inc. SEP, SEPScottsdale, AZ, USA). Photos were taken us-

ing two SLR cameras (Canon Inc. Japan) during surgery at relevant
time points.

Procedures

Dissections were performed by two senior plastic surgeons
(first and last authors) specialized in microsurgery and perforator
flap surgery. One further assistant helped on the surgical field, two
others acquired the images and video material. The sequence of
exercises was then repeated by 10 students Table 1.

Once taken into account the anatomical differences between
the human and the porcine model with some variations in the
flap planning and marking, the dissection of tissues resembles very
much the human situation. The surgical experience that can be ob-
tained in a perforator flap course in the porcine model can there-
fore be of great help for the surgeon to transfer his/her knowledge
to the human setting

To obtain the best experience in the unit of time during a train-
ing course for the highest number of trainees, two students op-
erated at the same time on two different flaps in two different
anatomical areas on the same side of the animal. Table 2 At the
end of the course, the questionnaire in Table 3 was administered
to all the students .

Flaps performed

We report below details on the flaps performed, underlining the
anatomical differences between pigs and humans.

Deep Superior Epigastric Artery Perforator (DSEAP) flap

The DSEAP flap allows to closely reproduce all the steps of
DIEAP flap harvesting. While the main vessel that nourishes the
human DIEAP flap originates caudally (deep inferior epigastric
artery), in pigs the main vessel originates cranially, (deep supe-
rior epigastric artery) and the swine flap is therefore called DSEAP
[7,9].

As previously described, in pigs a superficial muscular layer
substitutes the subcutaneous tissue of humans, the muscular fascia
is thinner, as is the rectus abdominis muscle. The vascular (perfora-
tors lined in two rows) and nervous (rectus motor branches) local
anatomy, essential for the surgical training, is very similar in pigs
and humans [10] The intramuscular dissection of other minor per-
forators of the two rows can be carried out to increase the surgical
practice.

During the surgical phases of the dissection, it is also possible
to prepare a superficial vein, like it should be done in humans, for
additional venous drainage in case of congestion.

Lateral Intercostal Artery Perforator (LICAP) flap and Internal
Mammary Artery Perforator (IMAP) flap

The dissection of the LICAP flap (Fig. 1) and IMAP flap (Fig. 2) is
particularly useful for the training of freestyle pedicled perforator
flaps. The approximate position of the perforator, known on the
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Table 1
Course organization.

SIM courses for perforator flaps in living tissues

o 5 pigs each day
e 2 surgical teams (1student, 1 assistant each), 1 tutor per animal
. The surgical teams alternate in the sequence and work simultaneously in different anatomical areas to optimize time.

Table 2

Flap sequence. See text for abbreviations. A total of 9 different exercises are performed. Exercises 1 and 2 have a + sign meaning that the
exercise named “IMAP & IMvs” includes

a. the dissection of the IMAP flap,

b. the preparation of the IM vessels with the traditional transchondral technique,

c. the preparation of the IM vessels with the safer trans-intercostal muscle technique.

Supine position Team 1 Team 2
1+ DSEAP IMAP & IMvs
2+ IMAP & IMvs DSEAP
3 LICAP TMG

4 T™MG LICAP
Left Lateral decubitus

5 TDAP SGAP
6a DCAP

Right Lateral decubitus

6b DCAP
7 SGAP TDAP

LEGEND to Table 2.

Supine pig.

Exercise 1: student 1 performs right DSEAP, student 2 dissects IMAP and then prepares left IMvs with two techniques.

Then they swap.

Exercise 2: student 1 dissects IMAP and then prepares left IMvs with two techniques, student 2 performs left DSEAP.

Exercise 3: student 1 performs right LICAP, student 2 prepares left TMG.

Then they swap.

Exercise 4: student 1 performs right TMG, student 2 prepares left LICAP.

Left decubitus.

Exercise 5: student 1 performs right TDAP student 2 prepares right SGAP.

Exercise 6/a: student 1 or 2 (the first finishing the previous exercise) performs right DCAP.

Right decubitus.

Exercise 6/b: student 1 or 2 (the remaining one) performs left DCAP.

Exercise 7: student 1 performs left SGAP, student 2 prepares left TDAP.

The raising of TDAP and SGAP flaps is optimally performed with the pig in lateral decubitus. However it is possible to perform the exercises
on the animal in prone position. In this case time will be saved both avoiding the turning of the pig and allowing constant contemporary
dissections. The sequence, in this case of prone position, will be the following.

Exercise 5: student 1 performs right TDAP (Toracodorsal Artery Perforator), student 2 prepares left SGAP (Superior Gluteal Artery Perforator).
Exercise 6: student 1 performs right DCAP (dorsocervicalis artery perforator) . student 2 prepares left TDAP (Toracodorsal Artery Perforator),.
Exercise 7: student 1 performs right SGAP, student 2 prepares left DCAP (dorsocervicalis artery perforator).

Table 3
Students’ questionnaire.

1

v W N

[=2]

Where you able to complete the sequence of exercises before the end of the second day? Sei riuscito a completare la sequenza
di esercizi entro la fine del secondo giorno?

How many exercises did you complete? Quanti esercizi sei riuscito a completare?

How many exercises you were't able to complete? Quanti non sei riuscito a completarne?

Which exercise did you find the most difficult? Why? Quale hai trovato pii difficile? E perche?

How many flaps, at the end of the dissection, had an arterial ischemia (pale flap)? Quanti lembi alla fine della dissezione
avevano un problema di ischemia arteriosa (lembo pallido)?

How many flaps, at the end of the dissection, had a venous stasis (congested flap)? Quanti lembi alla fine della dissezione
avevano un problema di stasi venosa (lembo viola)?

How would you judge the sequence of exercises (not the difficulty of the dissection, but the order and sequenceof the
exercises to be done)

Easily riproducible

Riproducible

Hard to complete

Impossible to realize

Come giudicheresti la sequenza degli esercizi (non la difficolta delle dissezioni ma l'ordine e la successione degli esercizi da
realizzare)?

Facilmente riproducibile

Riproducibile

Difficilmente completabile

Impossibile da realizzare

Suggestions and other comments Suggerimenti e altri commenti

3
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Fig. 1. LICAP flap.
A. The preoperative markings draw around the hand-held doppler signal

B. One margin of the flap is incised and dissection proceeds preserving all perforators of adequate caliber.

C. The best perforator is selected and followed splitting the muscle fibers
D. Until a vessel of adequate size or a long-enough pedicle is obtained.

basis of anatomy, is verified and more precisely defined through
surgical exploration. The student can practice in a situation simi-
lar to the one that it will be found in the clinical setting and also
learn, or improve, to change plan, lap position or shape according
to the real position of the perforator.

Internal Mammary Vessels (IMVs)

In autologous breast reconstruction, where perforator flaps are
frequently used, the recipient vessels may be the IMVs or the tho-
racodorsals.

The IMVs are considered the first choice by most of the plastic
surgeons.

The internal mammary artery and vein (or veins) may be
reached either removing one costal cartilage (trans-chondral tech-
nique) or removing the muscles in one intercostal space (rib-
sparing or intercostal technique). The former, traditionally used
since its first description [12,13] has been described also in the
swine model [11]

Although the trans-chondral approach has been described in
pigs, we decided to develop a new model for the training of
the trans-muscular dissection technique (Fig. 3), the one regularly
used in humans, during microsurgical breast reconstruction that is
considered to be safer [14]. This approach closely resembles the
human situation and is therefore particularly useful to train the
young surgeons to avoid or manage bleeding and pleural perfora-
tion. Anatomical differences in pigs are a more prominent ante-
rior thoracic wall, a wider space between the thoracic wall and the
vessels, where adipose tissue is less represented, larger veins with
more resistant walls to surgical trauma.

Transverse Miocutaneous Gracilis flap (TMG)

The TMG flap has gained popularity in clinical practice as a vi-
able option for autologous breast reconstruction [15]. Although not
definable as a perforator flap, the transverse miocutaneous gracilis
(TMG), also called transverse upper gracilis (TUG), is included in
this sequence of flaps because of its usefulness in the flap dissec-
tion learning and because of its popularity as an alternative option
to the perforator flaps DIEP and SGAP for breast reconstruction in
humans. It is probably the flap most frequently described in the
porcine model in the literature [7].

Thoracodorsal Artery Perforator (TDAP) flap

As a modern and elegant evolution of the workhorse Latissimus
Dorsi flap, the TDAP flap has relevant clinical applications both as
a free and as a pedicled flap. Offering this new training model is
therefore useful. (Fig. 4), The anatomy is very similar to the human
one and the technique used for dissection is essentially “free style”.
The exploratory incision is obviously based on the anatomical land-
marks of the posterior axillary pillar and the expected position of
the thoracodorsal vessels, but the real position of the most ade-
quate perforator (for size and position) needs to be discovered in
each case. Another useful phase of the dissection of this flap is the
separation of the TD artery and vein from the TD nerve.

Superior Gluteal Artery Perforator (SGAP) flap

The surgical training for the SGAP flap in humans can be effec-
tively obtained in pigs (Fig. 5). The porcine SGAP flap model, de-
spite a few anatomical differences in muscle orientation, has, com-
pared to humans, similar size of the vessels and a similarly chal-
lenging dissection under the muscle where several side branches

Please cite this article as: M. Pignatti, P. Tos and C. Garusi et al., A sequence of flaps and dissection exercises in the living model to
improve the learning curve for perforator flap surgery, Injury, https://doi.org/10.1016/j.injury.2020.02.006
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Fig. 2. IMAP flap.

A. The preoperative markings draw over the parasternal spaces and in lateral direction. Incision of the lateral margins
B. Dissection performed from lateral to medial preserving all perforators of adequate caliber.

C. The best perforator is selected and followed splitting the muscle fibers
D. The flap at the end of dissection, showing a well perfused color.

need to be clipped to elongate the flap pedicle. A detailed descrip-
tion of the surgical technique has been reported [7,16,17,18].

Dorsal Cervical Artery Perforator (DCAP) flap

The DCAP is a very useful flap for the training of septal perfo-
rators dissection (Fig. 6). The flap is located in the anatomical area
that in humans allows the elevation of free-style pedicled flaps
over the trapezius muscle or based on the paravertebral perfora-
tors. The dissection technique is, on the other hand, septal and not
intramuscular. This is easy to perform and, due to the virtual space
of loose areolar tissue in between septa, it is a clean and reward-
ing dissection for the trainee. The vessel can be followed for a few
centimeters under the surrounding skeletal muscles.

Results

The identification and dissection of perforating vessels appeared
to be very similar to that in humans in all of the flap models. This
was true both for the intramuscular perforators and for the septal
perforators. In the sequence-development phase, performed by ex-
perienced microsurgeons, all seven flap models showed adequate
perforating vessels, the one largest or better positioned (especially
for the pedicled free-style flaps) was eventually chosen and dis-
sected down to the main vessel. All flaps were perfused at the end
of the dissection and the intramuscular vessels were safely isolated

with the two different techniques available. We performed a total
of nine surgical exercises, five of which, to our knowledge, not yet
described in the literature (TDAP, IMVs transmuscular, IMAP, LICAP,
DCAP).

When reproduced by each student during the training course,
the sequence proposed was correctly followed and judged feasible,
although some dissections were not successful (either due to arte-
rial ischemia or to venous stasis of the flap, or because the trainee
was not able to complete the task despite the supervision of the
tutors). At the end of the dissection a total of four flaps suffered
from arterial ischemia (1 DSEAP, 2 TDAP, 1 SGAP) and a total of
five flaps developed venous congestion (2 DSEAP, 1 TDAP, 1 SGAP,
1 LICAP)

All students were able to complete the sequence of exercises
before the end of the second day except two (8/10) who could
not complete one exercise (for rupture and bleeding of main
vessel in one case and for inadequate perforators in the other)
The students considered DSEAP the flap most difficult to per-
form because it was the most technically demanding. The se-
quence of exercises was judged either easily reproducible or re-
producible by all the students. Two students suggested to post-
pone the DSEAP flap to the second day, after some training, to
optimize the experience with the most challenging and rewarding
flap.
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Fig. 3. IM vessels preparation.

A. Incision of skin and muscle parallel to the intercostal space, lateral to the sternal margin. This incision is part of one margin of the IMAP flap (in our sequence of surgical
exercises). Keeping the incision divaricated with a autostatic retractor (Weitlaner), the costal plane is exposed together with the intercostal muscles.

B. C. D: rib-sparing or intercostal technique

B. The intercostal muscle is dissected out of the space starting a few centimeters lateral to the sternal margin and proceeding medially

C. Under the muscle, a bluish color is seen due to the cavity and the presence of the Internal Mammary vessels

D. The vessels (one artery and one vein in this case) have been isolated from the surrounding tissues and from eachother. The collateral branches have been closed and
divided

E. The vessels are visible, a background is positioned and the clips and ligatures of the collateral branches can be noted.

F. The intercostal space is, in this different dissection, quite small and would add difficulties to the microvascular anastomosis that will be here performed with any flap
(DIEP/DSEAP in most of the cases). To widen the space to be able to perform the anastomosis in a safer way, the cranial half of the cartilage of the rib caudal to the space
(or the entire rib cartilage) can be removed

G. Removal of the costal cartilage with a Luer to improve vision and control of the IM vessels.

= Y

Fig. 4. TDAP flap.

A. The preoperative markings draw over Latissimus Dorsi muscle. The planned skin island in blue, the usual location of the muscle fibers in red

B. Incision of the anterior tip of the skin island with cranial a caudal margins for a few centimeters to allow dissection and proper visualization of perforators.
C. A perforator of adequate caliber is found and the slitting of muscle fibers around it is performed.

D. The perforator is followed through the latissimus dorsi muscle and under it

E. Further dissectio and clipping of the side branches. A background has been positioned to show the vessels better

F. The flap was well perfused and it has been detached to be then reanastomosed elsewhere.

Please cite this article as: M. Pignatti, P. Tos and C. Garusi et al., A sequence of flaps and dissection exercises in the living model to
improve the learning curve for perforator flap surgery, Injury, https://doi.org/10.1016/j.injury.2020.02.006
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Fig. 5. SGAP flap.
A. The preoperative markings draw over the gluteal area according to the literature (ref [7]). The great throcanter and the Anterior Superior Iliac Spine guide the planning

B. After the usual sequeance of incision of one margin, selection of the best perforator and splitting of the muscle (not shown), the perforator is followed through the gluteus
muscle and under it

C. Further dissection is necessary to elongate the pedicle (like in humans)

D. Main vessels are reached under the muscle and patient clipping of the side branches allows to increase size and lenght of the pedicle.
E. A background has been positioned to show the vessels better

F. The flap is well perfused based on the single perforator, clearly visible here.

5

..

———

Fig. 6. DCAP flap.

A. The preoperative markings draw over the cervical area. An ellipse with one margin on the midline and the other margin on the left of the dorsum in this case is visible.
Another anatomical landmark is the tip of the scapula

B. The lateral margin has been incised (skin and panniculus carnosum), and a loose areolar plane is encountered where vessels entering the skin island, coming from deep
are seen.

C. One septal perforator is chosen and followed in the septum, without muscle splitting, going lateral and deep under the muscle.

D. Further dissection is necessary to elongate the pedicle

E. A background has been positioned to show the vessels better

F. The flap is detached.

Please cite this article as: M. Pignatti, P. Tos and C. Garusi et al., A sequence of flaps and dissection exercises in the living model to
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Fig. 7. Propeller movement

These flaps can be used free or for local soft tissues reconstructions, as propeller flaps. A LICAP flap has been dissected on a single perforator, followed and freed for several
centimeters. The sequence shows the clockwise propeller movement of 180°, without compromizing the flap perfusion.

Discussion

The purpose of our study was to teach a group of students how
to perform in a pig model a sequence of perforator flaps and dis-
section exercises. The exercises spanned from muscle perforators
and septal perforator flaps to musculocutaneous flaps, including
the isolation of IMVs.

This series of new and known flaps and dissection exercises
allows to optimize the resources. The animal is operated in al-
most all anatomical areas. To optimize the training experience,
different kinds of perforator flaps are included, therefore requir-
ing dissection of intramuscular perforators and septal perforators,
but also allowing the students to practice the mental training and
surgical technique to plan and perform free-style perforator flaps.
These flaps can be used free or for local soft tissues reconstruc-
tions. In the latter case, they can reach the defect with different
kind of movements, including 90-180° rotation as propeller flaps
[19] (Fig. 7)

This sequence included previously described techniques (DSEAP
flap, transchondral IM vessels preparation, TMG, SGAP flap) and
new ones (TDAP, IMVs transmuscular, IMAP, LICAP, DCAP) that re-
produce clinical situations in humans. We showed that it is possi-
ble to perform all these nine exercises on one side of one animal,
therefore minimizing the use of animals. Having two teams work-
ing simultaneously also allowed time optimization. Although other
models used for training can be used, they should be considered
as complementary or preparatory to the living tissue models.

In particular, studying the surgical anatomy in cadavers while
elevating perforator flaps is essential to feel at ease with the nor-
mal structures and to learn distances, size and orientation of tis-
sues. Practicing surgery and microsurgery on the small animal
model refines the surgical movements, improves precision and em-
phasizes the respect for delicate tissues. Practicing sophisticated
surgery, like elevation of perforator flaps, on living tissues of larger
animals is the third step of a complete surgical training for mod-
ern microsurgeons. In fact, despite the small anatomical differences

(mainly in skeletal muscle orientation and panniculus carnosus in-
stead of subcutaneous fat), most of the difficulties and dangers en-
countered in perforator flap surgery in humans, related to active
blood stream in living tissues, are found in pigs.

Conclusions

This series of exercises on new and known flaps and vessels dis-
section in the pig, in conditions similar to humans, allows training
on intramuscular perforators, on septal perforators, on free-style
flaps both for local (also as propeller perforator flaps) and micro-
surgical reconstructions, and on recipient vessels preparation. The
sequence increases the number of flaps performed and optimizes
the resources by using the animal extensively.
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