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Abstract

Free tissue transfer has been increasingly used in clinical practice since the 1970s, allowing reconstruction of complex and otherwise untreatable
defects resulting from tumor extirpation, trauma, infections, malformations or burns. Free flaps are particularly useful for reconstructing highly
complex anatomical regions, like those of the head and neck, the hand, the foot and the perineum. Moreover, basic and translational research in
the area of free tissue transfer is of great clinical potential. Notwithstanding, surgical trainees and researchers are frequently deterred from using
microsurgical models of tissue transfer, due to lack of information regarding the technical aspects involved in the operative procedures. The aim
of this paper is to present the steps required to transfer a fasciocutaneous epigastric free flap to the neck in the rat.

This flap is based on the superficial epigastric artery and vein, which originates from and drain into the femoral artery and vein, respectively.
On average the caliber of the superficial epigastric vein is 0.6 to 0.8 mm, contrasting with the 0.3 to 0.5 mm of the superficial epigastric artery.
Histologically, the flap is a composite block of tissues, containing skin (epidermis and dermis), a layer of fat tissue (panniculus adiposus), a layer
of striated muscle (panniculus carnosus), and a layer of loose areolar tissue.

Succinctly, the epigastric flap is raised on its pedicle vessels that are then anastomosed to the external jugular vein and to the carotid artery on
the ventral surface of the rat's neck. According to our experience, this model guarantees the complete survival of approximately 70 to 80% of
epigastric flaps transferred to the neck region. The flap can be evaluated whenever needed by visual inspection. Hence, the authors believe this
is a good experimental model for microsurgical research and training.

Video Link

The video component of this article can be found at https://www.jove.com/video/55281/

Introduction

Free tissue transfer has been increasingly used in clinical practice for reconstructing missing tissues since the 1970s1-5. This has allowed
reconstruction of complex and otherwise untreatable defects resulting from tumor extirpation, trauma, infections, malformations or burns1-7. Free
flaps of this kind are particularly useful for reconstructing highly complex anatomical regions, like those of the head and neck, the hand, the foot,
and the perineum1,4.

However, even today surgical trainees are frequently daunted by the complexity of several steps involved in raising, transferring and insetting a
free flap with the use of microsurgical techniques and instruments8,9. In addition, it is widely accepted that to become a proficient microsurgeon,
extensive experimental practice in an animal model is mandatory4,8-13.

Moreover, basic and translational research in the area of free tissue transfer is of great clinical potential8,14-16. Notwithstanding, researchers are
frequently deterred from using microsurgical models of tissue transfer due to lack of information regarding the technical aspects involved in the
operative procedures4,8-14. The rat is a good animal model for microsurgical research and training, as it is relatively inexpensive, easy to keep,
and amenable to frequent manipulation8,11,13,14,17,18.

Although several free bone, muscle and skin flaps have been described in the rat18-24, the free epigastric fasciocutaneous flap is the most widely
used for teaching purposes9,12,13,18,25. This free flap was first described in 1967 by Strauch and Murray and has gained increasing popularity ever
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since, due to several factors, namely constant vascular anatomy, relative ease of dissection, sizeable nutrient vessels, and redundancy of skin in
the donor zone, which allows primary closure of the defect resulting from flap's elevation4,9-11,13,17,18,25-28.

Flap Anatomy and Histology
 

The epigastric flap is supplied by the superficial epigastric artery and vein (Figure 1). These vessels originate from and drain into the femoral
artery and vein, respectively. On average the caliber of the superficial epigastric vein is 0.6 to 0.8 mm, contrasting with the 0.3 to 0.5 mm of the
superficial epigastric artery (Figure 2)17,18. The superficial epigastric artery gives off two main branches: a lateral and a medial branch that in turn
divide multiple times, originating capillary networks that supply most of the integument of the epigastric region. These capillaries drain into the
tributaries of the superficial epigastric veins that have a parallel course to the arterial tree (Figure 2)13,17,18. The diagram in Figure 3 represents
the region of the ventrolateral abdominal wall supplied by the superficial epigastric vessels that can be mobilized in the epigastric flap. This flap
can be up to 5 cm in length and 3 cm in width13,17,18.

Histologically, the flap is composed of the integument that covers the ventrolateral abdominal wall muscles (Figure 4)13,17,18. It contains a
superficial layer of skin, formed by the dermis and epidermis. Beneath the skin there is a layer of fat tissue named panniculus adiposus. Below
this layer there is another layer of striated muscle known as panniculus carnosus18,28,29. Below the panniculus carnosus there is loose areolar
tissue which is superficial to the deep fascia that covers the larger abdominal muscles. Hence, the flap is a composite block of tissues, containing
all these layers, except for the deep muscle fascia (Figure 5)13,17,18,27-31.

Protocol

All procedures involving animal subjects were approved by the Institutional Animal Care and Use Committee and Ethical Committee at Nova
University Medical School, Lisbon, Portugal (08/2012/CEFCM).

1. Surgical Procedure Set-up Notes

1. Use adult Wistar rats weighing 250 to 350 g.
2. Keep the rats with food and water ad libitum with 12 hr light-dark cycles 7 days prior to surgery.
3. Weigh the rat in order to determine the amount of anesthetic required.
4. Autoclave all surgical instruments before surgery.
5. Layout all the surgical supplies and instruments needed for the procedure (see the Table of Materials).
6. Perform the surgery under an operating microscope using conventional and microsurgical instruments.
7. Position the homeothermic blanket, rectal probe, and heat lamp.
8. Place one 20 ml sterilized vial containing 0.9% saline in a water bath warmed to 37 ºC.
9. Wear sterilized gloves to disinfect all surfaces of the operating setting with an alcoholic solution. Remove the gloves.
10. Place a scrub cap and mask.
11. Disinfect hands with water and soap and wear another pair of sterilized gloves.
12. Wear a sterile surgical gown.

2. Anesthesia and Skin Preparation

NOTE: Have an assistant help with the following four steps, as a sterile gown and gloves are worn.

1. Anesthetize the rat with a mixture of Ketamine and Diazepam given intraperitoneally. The dose is 5 mg/kg ketamine and 0.25 mg/kg
diazepam. Judge the depth of anesthesia by toe pinch and by observance of respiration rate throughout the entire procedure8,14,15,32.

2. Apply an ophthalmic gel over the anterior surface of the eyes to avoid corneal abrasion.
3. Remove the hair over the ventral surface of the abdomen with a depilatory cream. After hair removal, remove the depilatory cream with warm

saline.
4. Spray a substantial amount of alcoholic solution over the operative site. Leave the product on the operative site and do not wipe it off. Wait at

least 15 sec. Repeat the application 3 times. Leave a contact time of at least 2 min before proceeding with the surgery. Other research units
use other protocols to prevent surgical site infection.

5. Wearing sterilized gloves, place 2 surgical drapes on both sides of the rat.

3. Donor Site Surgical Procedure

1. Set the boundaries of an epigastric flap ranging approximately 5 cm in length and 3 cm width.
1. Using a surgical skin marker, draw a line from the xiphoid process of the sternum to the pubic symphysis, in order to mark the midline

over the ventral surface of the rat's abdomen.
2. On the left side of the rat, using a surgical skin marker, draw two perpendicular lines to the first line: one crossing immediately caudal to

the thoracic cage, and another one, parallel to the latter and just cranial to the groin fold (Figures 3 and 6).
3. Mark the lateral incision with a surgical skin marker with a line parallel to the midline and around 3 cm apart from it.

2. Flap harvesting
1. Incise the skin with a number 15 scalpel blade until reaching the panniculus carnosus layer.
2. Deeper to the panniculus carnosus plane, make the incision with an electric cautery until reaching the muscle fascia.
3. Raise the flap from medial to lateral and from cranial to caudal, exposing the flap's pedicle.
4. Carefully ligate and divide the perforating vessels coming up from the deep muscle layer and going into the flap's deep surface.
5. Place a retractor in the caudal aspect of the flap and dissect the flap's pedicle cautiously by gently teasing away the loose surrounding

tissues (Figure 7).
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6. Ligate and divide the lateral femoral circumflex artery and vein using 9/0 Nylon for the ligatures.
7. Isolate the femoral artery and vein. When present, ligate (using 9/0 Nylon) and divide branches of these vessels to adjacent muscles.
8. Firstly, use a double vascular clamp to clamp the proximal aspect of the femoral vein. Subsequently clamp its distal aspect. Then,

clamp the distal aspect of the femoral artery and finally its proximal aspect.
9. Clamp the distal aspect of the femoral artery and finally its proximal aspect.
10. Place a single vascular clamp in the superficial epigastric vein and another one in the superficial epigastric artery. Use a pair of straight

microsurgery scissors to cut the superficial epigastric artery and vein at their origin and termination, respectively.
11. Copiously irrigate the lumen of these vessels with heparinized normal saline 10 IU/ml, until no blood or debris are seen inside the

vessels' lumen33.
12. Pull and trim a cuff of adventitia close to the vascular section sites.
13. Transfer the epigastric flap to the neck using Addison's forceps (Figure 8).
14. Close the donor site with subcuticular interrupted 5/0 absorbable stitches.
15. Close the skin with interrupted 5/0 Nylon stitches.

4. Recipient Site Surgical Procedure

1. Exposure of Recipient Site Vessels
1. Using a surgical skin marker, draw a line over the medial border of the left sternocleidomastoid (SCM) muscle.
2. Using a surgical skin marker, draw another line immediately cranial and parallel to the left clavicle. These two lines must converge at

the left sternoclavicular joint.
3. Incise the skin using a number 15 scalpel blade.
4. Use an electric cautery to cut through the subcutaneous tissue.
5. Use a pair of dissecting scissors to skeletonize the external jugular vein lateral to the SCM muscle.
6. Isolate and ligate the tributaries of the external jugular in this (Figure 9).
7. Ligate the external jugular vein just below the mandible with a 9/0 Nylon suture.
8. Place a single venous clamp beneath the latter ligation and cut the external jugular vein using a pair of straight microsurgery scissors.
9. Wash the lumen of the vein with heparinized normal saline in a concentration of 10 IU/ml.
10. Isolate the medial margin of the SCM muscle and retract this muscle laterally, thus exposing the carotid artery and the vagus nerve

(Figure 10).
11. Make a transverse incision in the middle third of the SCM muscle using the electric cautery.
12. Place a retractor between the deep surface of the SCM muscle and the strap muscles.
13. Tease away the vagus nerve from the carotid artery, taking care not to damage these structures.

2. Vascular anastomoses
1. Position a double arterial clamp in the carotid artery.
2. Place a 9/0 Nylon stitch in the lateral aspect of the carotid artery, and use this stitch to pull this part of the vessel wall.
3. Use a pair of straight microsurgery scissors to produce an opening in this region of vessel wall.
4. Using interrupted 10/0 Nylon sutures perform a termino-lateral anastomosis between the superficial epigastric artery of the flap and the

carotid artery at the level of the recently created carotid opening.
5. Approach the proximal stump of the external jugular vein and the superficial epigastric vein and inspect the caliber of these two veins.

1. If the discrepancy in size is slight to moderate, dilate the lumen of the cut end of the superficial epigastric vein using dilation
forceps.

2. If the caliber difference is very pronounced, in addition to forceps dilation, bevel the end of the superficial epigastric vein in a 30
to 45° angle.

3. Perform the venous anastomosis, using interrupted 11/0 Nylon sutures.

6. Remove the single clamps placed onto the flap's vessels.
7. Remove the double clamp positioned in the femoral vein.
8. Remove the double clamp placed in the femoral artery.

3. Assess patency and competency of anastomoses
1. Verify if the flap's artery and vein are fully dilated and no significant bleeding is observed after 3 min of removing the vascular clamps

(Figure 11).
1. If there is bleeding during this period place a moist saline gauze over the anastomosis and apply gentle pressure.
2. If bleeding from anastomoses does not stop after 3 min, add additional 11/0 Nylon interrupted sutures, after vascular clamp

placement, as needed.

2. Wait 10 min with the flap connected to the neck vessels and wrapped by a gauze moistened in warm saline.
3. Assess flap's perfusion and neck wound hemostasis. Inspect the anastomoses for signs of hemorrhage, thrombosis or excessive

traction.
4. Secure the flap in the recipient site starting with 5/0 subcuticular interrupted sutures.
5. Close the skin with 5/0 Nylon interrupted sutures (Figure 12).

5. Post-operative Care

1. Leave the rat to recover inside its individual cage in the right lateral decubitus position. Keep the cage warm by placing an electric heat pad
set on low beneath. Place a light cloth between the cage and the electric heat pad to avoid hyperthermia.
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2. Watch the animal continuously turning it to the opposite lateral decubitus every 5 min, until it resumes sternal recumbency and it is able to
ambulate.

3. House the rats individually until removing the surgical stitches two weeks after the surgical procedure.
4. Give an anti-inflammatory drug 1 mg/kg subcutaneously once a day for the 3 days following surgery, for postoperative analgesia.

6. Flap Assessment

1. Present a food treat over the head of the rat and assess flap's viability by visual inspection.
2. If exposure is insufficient using the previous step, have an assistant applying gentle touch over the interscapular region of the rat, while

examining the flap.
3. Use digital photography and ImageJ software to quantitatively evaluate the areas of wound dehiscence, flap epidermolysis, hyperemia,

congestion and/or necrosis, as explained in detail by Trujillo et al.15.

Representative Results

According to the authors' experience of more than ten years using the epigastric free flap as a model of free tissue transfer both in the context
of microsurgery courses and for research purposes, the rate of flap survival depends somewhat on the dexterity and experience of the surgeon.
Generally speaking, if the technical aspects described above are taken into consideration, a nearly complete survival rate (<10% of flap necrosis)
of around 70% of flaps is to be expected. Around 10% of flaps present partial necrosis (10 to 50%). About 20% of flaps suffer complete necrosis.
An 80% nearly complete survival rate was obtained in the last 20 procedures performed by the first author (D.C.) (Figure 13).

During the first two days postoperatively, the free epigastric flap is often edematous and presents some degree of venous congestion. These
usually both subside gradually between 3 and 5 days after surgery. Typically, during the first week, the rat removes most external stitches and
part of the subcuticular sutures, often resulting in scattered areas of slight wound dehiscence (Figure 14). After day 10, the hair slowly starts
to grow on the flap's surface. At the end of the first month after surgery, the flap is usually covered with slightly shorter hair than the adjacent
skin. Two months postoperatively, the presence of the flap is heralded by a slight lump, and by a relatively inconspicuous scar around the flap's
margins (Figure 14). Auto cannibalism of the flap is an infrequent finding that, in the authors' experience, occurs almost exclusively in cases of
total flap necrosis.

 

Figure 1: Vascular anatomy of the epigastric free flap.
 

This photograph shows the left epigastric region of a rat previously injected with a red latex solution in the arterial system and with a blue latex
solution in the venous system. It is possible to observe that the epigastric region receives an axial blood supply from the superficial epigastric
artery and vein. These vessels originate from and drain into the femoral artery and vein, respectively. Please click here to view a larger version of
this figure.
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Figure 2: Scanning electron microscopy image of a corrosion cast of the superficial epigastric vessels showing the microscopic
vascular blood supply to the epigastric free flap.
 

This scanning electron microscopy image of a corrosion cast of the superficial epigastric vessels of the rat shows that the vein has a larger
caliber that the artery. On average the caliber of the superficial epigastric vein is 0.6 to 0.8 mm, compared with the 0.3 to 0.5 mm of the
superficial epigastric artery. This image also shows that the superficial epigastric artery originates two main branches: a lateral and a medial
branch that in turn divide multiple times, originating capillary networks that supply most of the epigastric region. These capillaries drain into the
tributaries of the superficial epigastric vein that have a parallel course to the arterial tree. Please click here to view a larger version of this figure.

 

Figure 3: Potential area of a left epigastric free flap in the rat.
 

This diagram represents the region of the abdominal wall supplied by the superficial epigastric vessels and that can be mobilized in the epigastric
flap. This flap can be up to 5 cm in length and 3 cm in width. Please click here to view a larger version of this figure.
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Figure 4: Photograph of a hematoxilin-eosin stained section of the epigastric flap.
 

This hematoxilin-eosin stained section of the epigastric region shows that the epigastric flap is composed of the integument of this region that
covers the abdominal wall muscles. Please click here to view a larger version of this figure.

 

Figure 5: Histological composition of the epigastric flap.
 

The photograph on the left side represents a hematoxilin-eosin stained section of an epigastric flap, whereas the photograph on the right side
was obtained from a Masson's trichrome section of this flap. These two pictures illustrate that the epigastric flap of the rat is a composite block
of tissues. It contains a superficial layer of skin, formed by the dermis and epidermis. Beneath the skin there is a layer of fat tissue named
panniculus adiposus. Below this layer there is layer of striated muscle known as panniculus carnosus. Below the panniculus carnosus there is a
deep fascia that covers the larger and deeper abdominal muscles. Please click here to view a larger version of this figure.
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Figure 6. Pre-operative skin markings on the ventral surface of the rat prior to surgery.
 

This photograph illustrates the skin markings for the incisions used to raise the left epigastric flap and subsequently to inset this flap in the ventral
aspect of the left cervical region.

 

Figure 7. Surgical anatomy of the epigastric flap's nutrient vessels under the operating microscope (10X magnification).
 

This photograph shows the superficial epigastric artery and vein originating from and draining into the femoral artery and vein, respectively. The
lateral femoral circumflex artery usually arises from the caudal aspect of the superficial epigastric artery. The lateral femoral circumflex vein has a
similar path and usually terminates into the superficial epigastric vein. Please click here to view a larger version of this figure.
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Figure 8. The epigastric flap ex vivo pedicled on its nutrient vessels (the superficial epigastric artery and vein - A, V, respectively).
Please click here to view a larger version of this figure.

 

Figure 9. Operating view of the dissection of the recipient vein, i.e., the external jugular vein, on the left side of the neck (6x
magnification).
 

It is possible to observe the subcutaneous course of the external jugular vein lateral to the sternocleidomastoid muscle. Please click here to view
a larger version of this figure.
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Figure 10. Operating view of the dissection of the donor artery, i.e., the common carotid, on the left side of the neck (10x
magnification).
 

The artery and accompanying vagus nerve are exposed after retracting the sternocleidomastoid and the infrahyoid muscles, as shown. Please
click here to view a larger version of this figure.

 

Figure 11. Photograph of the vascular anastomoses between the flap's vessels and the recipient vessels in the neck, as seen under the
operating microscope (10x magnification).
 

This photograph shows the termino-lateral anastomosis between the common carotid and the superficial epigastric arteries. It is also possible
to observe the termino-terminal anastomosis between the superficial epigastric and the external jugular veins. Please click here to view a larger
version of this figure.
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Figure 12. Photograph of ventral aspect of the rat immediately after the surgery.
 

Notice that the donor zone is easily closed primarily. Please click here to view a larger version of this figure.

 

Figure 13. Epigastric free flap survival in 20 consecutive rats operated on by the first author (D.C.).
 

Five rats (20%) presented complete flap necrosis (cases 1, 4, 8, 13 and 15, represented by the red dots). Areas of flap necrosis were determined
using the free software ImageJ, as explained in detail by Trujillo et al.15. Please click here to view a larger version of this figure.
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Figure 14. Photographs of the epigastric flap placed on the ventral aspect of the neck 4, 14 and 60 days postoperatively.
 

Four days after surgery, there is typically some wound dehiscence, as the rat removes the stitches. However, the flap usually remains in place. It
is possible to examine the flap daily by simple visual inspection. Please click here to view a larger version of this figure.

Discussion

The most important aspect to obtain consistent flap survival is paying attention to detail in various steps of the microsurgical technique. For
example, to obtain good visualization of the vessels, of the surgical instruments and of the fine suture lines, it is very helpful to place underneath
the vessels, a sterilized colored plastic background. As many researchers, we prefer to use sterilized fragments of yellow or green balloons
(Figures 7 and 11). This background provides the additional advantage of minimizing adherence of suture lines to the adjacent structures, which
sometimes leads to the need of pulling the suture line with too much tension, which may in turn lead to vascular tearing. Finally, the use of a
background has the additional advantage of decreasing the probability of inadvertently dragging potential thrombogenic tissue debris to the
anastomosis site.

Considering that the flap's vessels are very fine and fragile, it is important not to pinch the entire width of the vessels, in order to avoid intimal
lesion that, in turn, will lead to intravascular thrombosis and flap failure. To prevent inadvertent injury to both the flap's vessels and to the
recipient site's vessels, it is safer to liberally ligate and divide neighboring tributaries, which will allow an easier manipulation of these vessels.

Before starting the anastomoses, it is vital to place the vessels in their definitive position, striving to prevent vascular kinking or torsion of the
flap's pedicle. Given the small caliber and delicate consistency of the vessels, these are often difficult to exclude unequivocally. One helpful
trick is to secure the flap in its final position with 3 stitches placed away from the site of the anastomoses. Next, if in doubt, temporarily open
the vascular clamps placed at the flap's pedicle, and fill the vessels' lumen with heparinized normal saline in a concentration of 10 IU/mL until
they become engorged. This leads vessels to assume the configuration they will present after being perfused by blood, as when the clamps are
removed after anastomoses completion.

Moreover, it is of paramount importance to detect any air bubbles, even if small, inside the vessels during the entire procedure and particularly
before tying the final stitches. If these bubbles are distant from the vascular section, the vessels can be milked gently with microsurgical forceps.
If they are located close to the anastomotic sites, simple irrigation leads the less dense bubbles to be easily expelled from the vascular lumen.
Failure to acknowledge the presence of air bubbles can cause irreversible flap ischemia and necrosis, no doubt due to the fine caliber of the flap
vessels.

Additionally, it cannot be overemphasized the need for meticulous care while passing and tying the stitches, in order to: include the three layers
of the vessels (intima, media and adventitia); obtain good vessel eversion to ensure adequate intimal contact, which is vital to anastomosis
sealing and endothelial regrowth; avoid loose vascular contact, which will result in anastomotic incompetence, i.e., bleeding; and avoid grabbing
too much vascular tissue, which will lead to anastomosis stenosis and proclivity to thrombosis, which in turn will result in venous congestion or
poor flap perfusion, if the vein or artery are involved, respectively.

Finally, it is essential to ensure perfect hemostasis, during the entire procedure, especially when raising the flap in its deep surface. Otherwise
hematoma formation and rat death are likely to ensue.

Modifications and troubleshooting of the technique

The authors observed that making a transverse incision in the middle portion of the SCM using an electric cautery, not only allows a better
exposure of the carotid artery, but also minimizes the risk of undue tension over the future arterial anastomosis.

Another important technical tip is to start the anastomosis from the vessels' back wall, in order to minimize the risk of unwillingly catching this
wall when placing the stitches in the more easily exposed front wall. If the back wall is sutured to the anterior aspect of the anastomosis, lack of
vascular patency will almost invariably result either immediately due to mechanical reasons or after only a few hours as a result of thrombosis8.

If the anastomoses of the epigastric vessels of the rat are considered too technically challenging due to the small caliber of these vessels, the
femoral vessels can be ligated distal to the origin of the epigastric vessels and used as the vascular pedicle of the epigastric flap. In this way,
larger vessels will be used (the femoral artery has a caliber of 1.0 to 1.2 mm; and the femoral vein has a caliber of 1.2 to 1.5 mm). Moreover, by
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dissecting and ligating the other tributaries of the femoral vessels, a vascular pedicle length of over 2 cm can be obtained, which will facilitate flap
insetting18,34,35.

Reproducibility

Our experience of more than ten years of using this flap for teaching and research purposes strongly suggests that the rat epigastric flap is a
reproducible model of free tissue transfer11,13,17,18,26. It can be easily incorporated in microsurgical courses, as it is a good teaching and training
model for microsurgery trainees11,13,17,18,26. In our experience, although technically challenging in the beginning for the novice in microsurgery,
after some training, the free epigastric flap can be successfully transferred to the neck of the rat with minimal to no subsequent necrosis in 70 to
80% of cases. These results concur with those generally reported in the literature13,18,36.

Significance with respect to existing methods

Numerous free flaps have been described in the rat10,16,18,37-39. The most commonly used for teaching and research purposes have been the
transverse rectus abdominis myocutaneous flap, the latissimus dorsi and serratus anterior muscle flaps, the hind limb replantation model, and
the epigastric (groin) flap18,35. These flaps have been favored, due to their consistent anatomy and sizeable vascular pedicle. The epigastric flap
is arguably the one associated with lesser donor site morbidity, as it dissected above the muscle fascia18. Moreover, the epigastric flap, described
in 1967, was the first flap to be described in rats34,35. This occurred only 4 years after the first description of an experimental flap in an animal by
Goldwyn. Interestingly, this flap was a groin flap in the dog34.

Limitations of the technique

The two main limitations of this model are the need for microsurgical skills in order to carry out the surgery, and the presence of significant
necrosis in 20 to 25% of cases, according to different authors13,18,36. Another potential limitation of the model herein presented is the auto
cannibalism of the flap. However, as the authors above, this is an infrequent finding that almost only occurs in cases of total flap necrosis.

Future applications of the technique

The rat epigastric free flap can be used in experimental studies of tissue perfusion, tissue repair and surgical wound infection40,41. Its nutrient
vessels are particularly suitable for intravascular injection of solutions containing substances of interest, namely drugs, viral vectors or liposomes,
that will mostly produce a local or regional effect30,31. In addition, beneath the flap, pathogens, foreign bodies, radioactive seeds or chemicals can
also be placed, mimicking several disease processes and potential treatments30,31.
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