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INTRODUCTION

The concept of a flap utilizing medial calf tissue and based on 
the medial sural vessels was first introduced by Taylor and Dan-
iel in 1975 [1]. Several decades would pass, however, before 
Montegut and Allen [2], Cavadas et al. [3], and others applied 
such flaps clinically, eventually refining them to perforator-based 
flaps that spared the underlying gastrocnemius muscle. Many 
authors would now consider the medial sural artery perforator 
(MSAP) flap an excellent option for numerous reconstructive 
challenges [4]. The MSAP flap is a relatively thin and pliable 
fasciocutaneous flap with a long vascular pedicle and vessels of 

adequate caliber for microsurgical anastomosis. Its dissection as 
a perforator flap preserves the structure and function of the un-
derlying gastrocnemius muscle. It can also be harvested as a chi-
meric flap to include muscle, tendon and/or nerve if desired. It 
has been successfully used for numerous applications, including 
reconstruction of the head and neck [5], hand and upper ex-
tremity [6], and lower extremity [7]. Indeed, it may be used in 
place of more conventional options such as the anterolateral 
thigh (ALT) flap and the radial forearm free flap (RFFF) de-
pending on the reconstructive goals, defect and donor site char-
acteristics, and patient desires. Disadvantages of the MSAP flap 
include its relatively small size, variable location and dimensions 
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of perforating vessels, and an unacceptable donor site appear-
ance for some patients [8].

In the current report, we highlight a novel application of an 
MSAP flap that has not been previously described. A patient 
who suffered extensive traumatic injuries to the groin, penis, 
and scrotum underwent reconstruction of the involved tissues 
with an extended MSAP free flap. A single large flap was used 
for resurfacing of the groin and penis as well as in the creation of 
a neoscrotum. A recently published systematic review of 35 
studies involving the use of the MSAP flap reported average flap 
dimensions of 6.0 ± 2.3 cm × 9.8 ± 3.6 cm [4]. The case report-
ed herein utilized an MSAP flap that was 25 cm × 10 cm, which 
is the largest documented MSAP flap to date. In this paper, we 
share our experience with the use of an extended MSAP for 
groin and scrotal reconstruction and also review the indications, 
applications, and surgical anatomy of the MSAP flap. The pa-
tient provided written consent for use of information regarding 
his diagnosis/treatment and photographs. 

CASE

A 31-year-old male patient suffered extensive traumatic injuries 
to the pelvis with significant loss of scrotal and penile tissue sec-
ondary to a work-related grinder accident (Fig. 1). He also suf-
fered a concomitant injury to the left upper extremity requiring 
transhumeral amputation. Acute management at an outside 
hospital included resection of the scrotum and left testicle due 

to injury, burial of the remaining testicle into the right thigh, and 
debridement of nonviable groin and penile soft tissue. He sub-
sequently underwent split thickness skin grafting to the open 
wounds on his penis, thighs, and pelvis. One year later, he was 
referred to our institution for further management. Upon pre-
sentation, he reported significant pain and discomfort to the af-
fected areas, an inability to achieve erection, and documented 
azoospermia. Examination demonstrated scarring and contrac-
ture of the penis and groin. Erection was mechanically hindered 
from significant tethering on the ventral penile surface. Azo-
ospermia was thought to be due to burial of the testicle within 
the thigh, exposing it to supraphysiologic temperatures as Dop-
pler ultrasound of the testicle demonstrated adequate perfusion. 

Goals of reconstruction included removal and replacement of 
scarred and contracted tissue with healthy, vascularized tissue; 
creation of a sensate neoscrotum; and the ability to achieve erec-
tion. The patient was not an appropriate candidate for thigh-
based reconstruction due to excess adipose tissue and signifi-
cant scarring of the thighs, nor forearm-based reconstruction 
due to patient refusal of using a forearm donor site given the loss 
of the contralateral arm. The decision was made to proceed with 
a large (i.e., extended) chimeric MSAP flap that included a sen-
sory nerve for neurotization of the neoscrotum.

Initially, excisional and incisional scar release was performed 
from the pubic symphysis to the perineum and right medial 
thigh, resulting in significant wound development (Fig. 2). Fur-
ther scar was released from the ventral and dorsal penile surfac-

The patient suffered extensive traumatic damage to the pelvis and 
groin secondary to an occupational injury resulting in severe scar-
ring and contracture to the pubis, groin, and thighs and loss of the 
scrotum and left testicle. The right testicle had been buried in the 
right thigh.

Scarring and contracture about the penis and groin were released 
and excised, resulting in large wounds in the pubic region, groin, 
and perineum. 

Fig. 1. Preoperative photograph Fig. 2. Intraoperative photograph prior to reconstruction
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es, facilitating anterior advancement of the shaft. The left deep 
inferior epigastric vessels and the ilioinguinal nerve were ex-
posed in preparation for free tissue transfer. The right testicle 
was mobilized from the right thigh for repositioning.

An extended left MSAP flap measuring 25 × 10 cm was de-
signed with its skin paddle overlying the presumed dominant 
perforator. Given the large size of the flap, three perforators from 
the medial sural pedicle were included in the harvest (Fig. 3). At 

transfer, two veins were included in the anastomosis to ensure 
adequate drainage. The flap was elevated in chimeric fashion by 
including the posterior femoral cutaneous nerve, which would 
be coapted to the ilioinguinal nerve. 

Upon transfer, the flap was initially anchored to the superior 
base of the penis to provide coverage to the wounds superior to 
the penis (Fig. 4A). In order to cover the wounds below the pe-
nis, a full-thickness vertical incision was made in the flap 
through which the penis was introduced (Fig. 4B). Care was 
taken to avoid injury to the perforators or pedicle. The inferior 
aspect of the flap was further designed into a neoscrotum, into 
which the testicle was secured (Fig. 4C). A split thickness skin 
graft (200 cm2) was required for donor site closure. The postop-
erative course was uncomplicated (Fig. 5A), and restrictions in-
cluded avoiding bathing, lifting, pushing, and pulling for 6 
weeks. Six months after surgery, the patient was fully healed, 
pain-free, and able to achieve erection (Fig. 5B). 

DISCUSSION

The MSAP flap has become a versatile option in the reconstruc-
tion of various defects across the body. As a relatively thin and 
pliable fasciocutaneous flap, it can be used for many defects that 
have historically been reconstructed using an ALT flap or RFFF. 
In a 2019 systematic review and meta-analysis of the MSAP flap, 
Daar et al. [4] found that the most common indications for use 
of an MSAP flap are oncologic and traumatic defects. Other in-
dications include infection, burn reconstruction, and salvage 
surgery. The most frequent recipient sites are the oral cavity and 
foot/ankle. Other common recipient sites include the head/
neck, hand/wrist, and lower extremity [4]. It may be used as a 

A left chimeric medial sural artery perforator flap measuring 25 
cm×10 cm and included three perforators, two veins, and the pos-
terior femoral cutaneous nerve was harvested for resurfacing of 
the wounds and scrotal reconstruction.

Fig. 3. Medial sural artery perforator flap

Fig. 4. Intraoperative photographs after flap transfer

The flap was transferred and subsequently fashioned to achieve the goals of reconstruction. (A) Flap transferred and secured superiorly to the pe-
nis. (B) A longitudinal slit was created in the flap to allow the penis to be brought through. Care was taken to avoid injuring the perforating ves-
sels. (C) The right testicle was secured in the inferior aspect of the flap that, which was used for construction of the neoscrotum. 
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pedicled or free flap.
The MSAP flap is typically employed for small to medium-

size defects. In previous studies, the average flap length is 9.8 cm 
(range, 3–23 cm) and the average flap width is 6.0 cm (range, 
2.5–17 cm) [4]. The current case necessitated a large flap due to 
extensive damage to the pelvic region as well as the need for 
scrotoplasty. The flap dimensions were 25 cm × 10 cm, which is 
the largest reported MSAP in the literature. In addition, the 
pedicle length was 16 cm, which, although not the longest re-
ported, is significantly longer than the average pedicle length of 
10.1 cm [4].

The medial sural artery arises from the popliteal artery in the 
distal popliteal fossa before entering the medial gastrocnemius 
muscle and follows a course roughly approximating a line drawn 
from the middle of the popliteal crease to the medial malleolus. 
Cavadas et al. [3] reported an average of 2.2 perforators (range, 
1–4) piercing through the medial gastrocnemius muscle toward 
the overlying adipocutaneous tissue. The first perforator usually 
branches 8–10 cm from the popliteal crease and the most distal 
16–18 cm from the crease [8]. If a sensate flap is desired, the 
posterior cutaneous nerve of the thigh or, as in the current case, 
the posterior femoral cutaneous nerve can be included. In addi-
tion, it may be harvested as a chimeric flap via inclusion of the 
gastrocnemius muscle or plantaris tendon [9]. 

During harvest, the patient can be positioned frog-legged or 
prone. A hand-held Doppler will aid in identifying the perfora-
tors. Elevation typically begins at the anterior border of the flap 
(medial side of the leg) and continues posteriorly until perfora-
tors are identified. Once a perforator(s) of adequate caliber is 
noted, it can be traced proximally toward its origin via intramus-
cular dissection through the gastrocnemius fibers. Thereafter, 
the remaining borders of the flap can be incised. The lesser sa-

phenous vein can be included for augmented venous drainage. 
The motor nerve to the medial belly of the gastrocnemius may 
be encountered and should be preserved [10].

Although the MSAP flap has become an effective reconstruc-
tive option, one must be aware of its limitations. Historically, the 
MSAP flap was thought to be well-suited for small to medium-
sized defects. Although the maximum size for this flap remains 
unknown, the flap reported herein challenges previous bound-
aries, extending across several nearby angiosomal territories of 
the posterior leg. These include the territories of the posterior 
tibial, peroneal, and lateral sural arteries, as confirmed by cadav-
eric studies by Taylor and Pan [11]. Furthermore, this flap dem-
onstrates that the extended integument is not necessarily limited 
by the angiosomal territory of the source vessel, specifically the 
medial sural artery. Rather, the extent of “choke anastomoses” of 
adjacent territories are challenged given the immediate harvest 
of this large flap [12].

A recent study of MSAP reconstruction of limb defects report-
ed the largest flap used in their series of 23 flaps was 14 cm × 9 
cm [13]. Ours is the first study to report using a flap that is 25 
cm × 10 cm. However, we had the benefit of including three ad-
equately sized perforators. In cases without favorable vessel 
anatomy, harvesting a large flap may significantly increase the 
risk of total or partial necrosis. A further limitation is anatomic 
variability of the perforators with respect to location and caliber 
noted by some authors [4]. The use of perioperative imaging in 
the form of Doppler ultrasonography and computed tomo-
graphic angiography can improve the accuracy of perforator as-
sessment [14]. Finally, dissection of the MSAP flap can be te-
dious due to small perforators with a long intramuscular course 
and therefore may be extremely challenging for inexperienced 
surgeons. 

Fig. 5. Postoperative photographs

The flap was used for resurfacing of groin and 
perineal wounds and also to reconstruct the 
scrotum. (A) On table postoperative outcome. 
(B) Six-month follow-up.
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A further consideration of the MSAP flap is potential donor 
site morbidity. Harvesting of even a small piece of tissue from 
the posterior lower leg will often result in a contour deformity. 
Flaps that are > 5 cm in width should close primarily. However, 
a consequence of the relatively high degree of tension on the 
closure at this location is widening of the scar [13]. Defects > 5 
cm require skin grafting of the donor site, which some patients 
may find unacceptable. Other than a potentially aesthetically 
displeasing appearance, MSAP donor site complications are rare 
and minor in nature. These consist of delayed healing, dehis-
cence, and altered sensation, and occur in < 2% of patients [4]. 
This rate compares favorably with ALT flap and RFFF recon-
struction [15]. Furthermore, functional deficit of the donor site 
is minimal after MSAP harvest. 

Although the complication rate associated with the use of 
MSAP flaps is comparable to the complication rates of other 
flaps used for similar indications [4], one must be cognizant of 
the potential for inadequate venous outflow as it is the most 
common cause of flap failure. In general, both venae comitantes 
(VC) of the medial sural artery are anastomosed to recipient 
veins. Although this is usually sufficient for venous drainage, it 
may not be if one of the VCs is of inadequate caliber and/or 
nondominant. Strategies to reduce complications related to ve-
nous outflow include the incorporation of a superficial vein (e.g., 
lesser saphenous vein) into the flap and external monitoring 
with a flow coupler [13].

The indications for use of an MSAP flap are similar to those 
for which an ALT flap or RFFF would be appropriate. In gener-
al, an ALT flap provides significantly more tissue than an MSAP 
flap can. Furthermore, the harvest of a fasciocutaneous or chi-
meric ALT flap is more straightforward than for a fasciocutane-
ous or chimeric MSAP flap. However, in many patients, particu-
larly those who are obese, an ALT flap is too thick to provide for 
an adequate reconstruction. This is also true for the reconstruc-
tion of intraoral defects, where the bulkiness of an ALT flap may 
prove detrimental. Compared to a RFFF, a major benefit of an 
MSAP flap is the sparing of vital structures (e.g., radial artery). 
In addition, the MSAP flap donor site is far more inconspicuous 
than the forearm donor site. Tendon exposure may also plague 
the donor site after RFFF harvest. In contrast, the RFFF is more 
likely to offer thin and pliable tissue as well as demonstrate con-
sistent anatomy. 

In the current case report, the decision was made to use an 
MSAP flap for reconstruction for several reason. Although an 
ALT flap would have provided enough tissue, the patient was 
not an appropriate candidate for thigh-based reconstruction 
due to the thickness and previous scarring of his thighs. Similar-
ly, he was deemed not to be an appropriate candidate for fore-

arm-based reconstruction as a RFFF would have not provided a 
sufficient quantity of tissue and also because of his refusal to use 
the arm as a donor site given his previous amputation to the 
contralateral arm. Other options included tissue transfer from 
the abdomen or back. The decision was made to use an MSAP 
flap as it had the potential to provide an adequate amount of 
vascularized tissue and was pliable enough to contour appropri-
ately. Given the occasionally inconsistent anatomy of the flap 
and because we were unsure of the size of the flap that would be 
needed to accomplish our reconstructive goals, the patient was 
counseled that a second flap may be needed if the first is insuffi-
cient. During the procedure, the favorable vascular anatomy al-
lowed for an extremely large flap to be harvested as well as for 
unique tailoring of the flap to fit the defect. The goals of the pro-
cedure were to remove all scarred and contracted tissue from 
the affected sites, resurface the groin and pelvic wounds with 
healthy vascularized tissue, and create a neoscrotum into which 
the testicle would be secured. A large MSAP flap with three per-
forators was used to accomplish this. The patient subsequently 
reported reduced pain in the areas injured by the initial traumat-
ic event and also a return in his ability to achieve erection. Due 
to the size of the MSAP flap, a large skin graft was required for 
coverage of his donor leg. The patient tolerated this and report-
ed no negative consequences.

 The current report illustrates a novel use of an MSAP flap in 
the treatment of a difficult problem. We report for the first time 
using an MSAP flap for groin and penile resurfacing and for cre-
ation of a neoscrotum. Furthermore, this was accomplished 
with the largest reported MSAP flap to date, measuring 25 
cm × 10 cm. When attempting to harvest large flaps such as this, 
it is important to consider the number, distribution, and loca-
tion of major perforators. In larger flaps, a relatively large perfo-
rator centered within the flap or multiple perforators may be ad-
vantageous. Vigilant monitoring of adequate venous drainage is 
also paramount. In addition, patients must be counseled about 
the need for a skin graft to close the donor site when large 
MSAP flaps are used. The MSAP flap has proven itself an effec-
tive and versatile option for a variety of defects across the body 
that would benefit from a thin fasciocutaneous flap. Moving for-
ward, further research is warranted addressing the cutaneous 
territory supplied by the medial sural vessels as well as the use of 
the MSAP flap for trunk and pelvic reconstruction.
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