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Background: Anterolateral thigh (ALT) flap is now a workhorse flap for reconstruction of skin and soft tissue defects. However, there are
some drawbacks in its application, and revisions are often needed after surgery. Here, we present the results of the use of a special type
of partition for ALT flap based on the concept of perforator flap vascular anatomy for reconstruction around a protruding structure, a cavity
or a canal, in patients. Patients and methods: We used the keyhole design for reconstruction with ALT flaps in five patients. Wounds
involved circumferential soft tissue defects around the following structures: thumb (two cases), penis, ear canal, and anus. Defects
arose following excision of scar contracture, arterio-venous malformation, Paget’s disease, squamous cell carcinoma, and Fournier’s
gangrene, respectively. The ALT flap was raised based on perforators. The flap was partitioned with a keyhole incision performed in a
zone between two perforators or distal to them, avoiding complete split of the flap and minimizing disruption of its vascular crossover.
The circulation of the flap was well preserved. The closure of the flap had no tension. Results: All the flaps had 100% viability without
partial loss. Mean follow-up was of 7.4 months (range 4 2 11 months). Significant functional improvement was achieved in the two thumb
cases. Adequate patency of the ear and anal canals was obtained. No contracture around the penis was observed. Conclusion: The key-
hole design may be a valuable method of partition of the ALT flap for specific reconstructions around protruding organs, cavities, or
canals. VC 2015 Wiley Periodicals, Inc. Microsurgery 35:356–363, 2015.

Since first introduced by Song et al. in 1984,1 the

anterolateral thigh (ALT) flap has gained an immense

popularity in reconstructive microsurgery, and contributed

to the evolution of perforator flaps. The use of the ALT

flap, either as a free or pedicle flap, has been extensively

reported in reconstruction of soft tissue defects from

head to toe2,3; hence in 2002, Wei et al. defined it as the

ideal soft tissue flap.4 Its anatomy has been widely stud-

ied5 and its clinical application is favored for a number of

reasons including tremendous versatility, consistent long

vascular pedicle, adequate vessel caliber, large flap terri-

tory, minor donor site morbidity, ease to design, and pos-

sibility to enhance a two-team approach.6,7 The thickness

of the flap is also adaptable.8 Furthermore, it is possible to

use it as a sensate or flow-through flap if necessary.9,10

In recent years, numerous modifications of the ALT flap

have been described, in an effort to increase its utility and

achieve a customized reconstruction of complex soft tissue

defects.11 Supra-fascial dissection and primary thinning

techniques have been employed to improve flap contour, and

meet the needs of the recipient bed.12 Based on its vascular

anatomy,13 the ALT can be also harvested with two or three

separate skin paddles or as chimeric flap,14 with a separate

muscle/fascia component.15 Thus, is ideal in providing flexi-

bility for reconstruction of through-and-through or other

composite defects.16 Its pliability also allows the flap to be

folded and shaped as bilobed17 or cathedral triptych

design,18 as described for tongue reconstruction.

However, despite the evolution in perforator flap sur-

gery and the large number of variations described for the

ALT flap, there are still significant drawbacks in its appli-

cation. These are more apparent when specific anatomical

areas are concerned such as protruding organs, cavities, or

canals. Reconstruction around such structures with a three-

dimensional configuration comprises a real challenge for

the microsurgeon and revision procedures are frequently

necessary to improve function and cosmesis.

In this article, we introduce the “keyhole” modifica-

tion for the ALT flap, a technique based on the concept

of perforator flap vascular anatomy and present our expe-

rience with the keyhole technique in five patients. The

advantages and potential limitations of this method in the

clinical setting are also discussed.

PATIENTS AND METHODS

From October 2013 to September 2014, we used the

keyhole ALT flap in five cases. The patients’ details are

summarized in Table 1. Defects arose from cancer resec-

tion in two cases (ear and penis), Fournier’s gangrene in
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one case (anus and perineum), release of scar contracture

in one case (thumb), and excision of arterio-venous mal-

formation (AVM) in one case (thumb). The keyhole tech-

nique was applied in three free and two pedicle (anus

and penis) ALT flaps. There were three male and two

female patients, with an average age of 61-years old

(range from 42 to 78 years old).

Surgical Technique

In each case, careful design of the flap was under-

taken following creation of the surgical defect. Adequate

recipient vessels were selected and prepared for the three

cases of free ALT flap transfer. For the two patients with

perineal defects, a pedicle ALT flap was preferred. All

flaps were marked with the patient placed in a supine

position. A line was drawn from the anterior–superior

iliac spine to the supero-lateral border of the patella, to

mark the longitudinal axis of the flap. This line corre-

sponded to the inter-muscular septum between the rectus

femoris and the vastus lateralis muscles. Mapping of the

perforators, originating from the descending branch of

the lateral circumflex femoral pedicle, was carried out

with the use of a hand-held Doppler device. Accurate

flap design according to the dimensions of the defect was

facilitated by the use of a sponge template. The desired

pedicle length (or the pivot point for the pedicle flaps),

along with the position of the keyhole opening, were

also anticipated. Subsequently, harvesting of the ALT

flap proceeded in standard fashion.19 Once the perforators

were identified, further modifications were made as nec-

essary to include, when possible, at least two perforators

in the final flap design.

Following elevation, the ALT flap was transferred to

the recipient wound, and revascularization occurred (for

the three free transfers). In the two pedicled ALT flap

cases, a tunnel was created under sartorius and rectus

femoris muscles, to facilitate tensionless advancement to

the perineum. Once adequate perfusion was confirmed,

the desired location of the keyhole was marked. At this

stage, we inspected the position of the perforators under

the microscope, to identify a safe zone where an incision

could be placed, without compromising the peripheral

blood supply (Fig. 1). In three cases, this zone was con-

fined between two perforators whilst in the remaining

two, the keyhole fell in a zone distal to them. This

occurred due to topographical limitations during flap

inset. Following confirmation of the exact position of the

aperture, a curvilinear full-thickness incision was per-

formed to accommodate the specific configuration of the

organs or cavities. Meticulous thinning was made under

the microscope, focusing on the portion of the flap in

vicinity to the keyhole. Quilting sutures were also

applied to facilitate fixation of the flap around the partic-

ular structures. Finally, the flap was inset avoiding
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tension at the junction with the native tissues, and ensur-

ing that the organ or canal was not constricted within the

aperture.

Two ALT flap donor sites were closed primarily

whilst three cases required coverage with a split thick-

ness skin graft due to the large ALT flap harvested.

RESULTS

ALT flaps had an average width of 12.2 cm (range

8–15 cm) and an average length of 16.2 cm (range 15–

18 cm). The average number of perforators included was

2.4 (range 2–3). There were no events of flap loss or re-

exploration. No partial or marginal necrosis was noted.

Mean follow-up was of 7.4 months (range from 4 to 11

months). In all cases, the reconstructive aims were

achieved. In the two thumb reconstruction cases, the

patients showed significant improvement in the range of

motion following surgery. No contracture was present in

the penal and thumb cases. Adequate patency of the ear

and anal canals was obtained. The aesthetic outcome was

also satisfactory in all cases. During the follow-up

period, no revision surgery was undertaken or planned.

Case Reports

Case 2. A 42-year-old female was referred to our

unit with a history of recurrent AVM, involving her

dominant right hand, wrist, and proximal forearm. The

lesion was refractory to former treatment with emboliza-

tion and surgery, performed in a different center. Symp-

toms included severe pain, impairment of hand function,

trophic changes, and scar contractures from previous sur-

gery. Due to the severity of these symptoms, the patient

opted for radical excision and reconstruction with a free

flap. Excision was undertaken under tourniquet control

and involved skin and subcutaneous tissue of the radial

aspect of palm, 1st web-space, and dorsum of hand and

wrist. The resulting defect was circumferential to the

right thumb, which was free of disease (Fig. 2A). The

patient underwent a free keyhole ALT flap based on two

medium-sized perforators. Flap size measured 8 cm 3

16 cm. Microsurgical anastomosis was carried out end-

to-end to the proximal stump of the radial artery, and

end-to-end to cephalic vein and one vena comitans. The

keyhole aperture was created in an area distal to the per-

forators and the flap was thinned and fashioned to cover

the recipient wound. The donor site was closed primarily.

There were no immediate or delayed post-operative com-

plications of note and the flap survived fully. At 9

months follow-up, the patient demonstrated excellent

hand function with no pain or discomfort and an accepta-

ble aesthetic outcome (Figs. 2B and 2C).

Case 4. A 75-year-old male patient was referred to

our unit with recurrent Paget’s disease of the scrotum. A

wide local excision was carried out involving all the

scrotal skin bilaterally and an area of pubic skin around

the penal base (Fig. 3A). A pedicle ALT flap measuring

15 cm 3 18 cm was raised based on three perforators. A

tunnel was created under the sartorius and rectus femoris

muscles to facilitate reach of the flap to the defect. The

skin over the groin crease was also decompressed using

the excess flap tissue, avoiding tension on the pedicle.

The keyhole incision was made between the two proxi-

mal perforators after defining a safe zone under micro-

scopic magnification. The orientation of the incision was

perpendicular to the long axis of the flap to allow better

adaptation of the penis. Thinning was performed around

the aperture and also on the distal part of the flap, which

was used to resurface the testicles (Fig. 3B). Donor site

closure was carried out with a split thickness skin graft

due to large size of flap needed. No post-operative com-

plications were recorded and the flap has fully survived

with a satisfactory clinical outcome. At early post-

operative follow-up, the keyhole maintained a good

shape with no contracture of the penis (Figs. 3C and

3D). At 6-months follow-up the result remained satisfac-

tory and no revision was required.

Case 5. A 62-year-old diabetic male was acutely

admitted in ICU with severe sepsis and a diagnosis of

Fournier’s gangrene involving the perianal area. The

patient underwent three consecutive debridement proce-

dures and treatment with intra-venous antibiotics. A de-

functioning colostomy was also performed to facilitate

adequate management of the perineal wounds. After sat-

isfactory progress of patient’s general condition and

wound status, we undertook reconstruction with a pedicle

ALT flap. Initially, the wound has been adequately

debrided and definite surgical defect was confirmed. The

wound involved an area extending from the scrotum to

the natal cleft, with circumferential skin deficiency

around the anal canal (Fig. 4A). A pedicle ALT flap

Figure 1. ALT flap was raised on three perforators (red vessel

loops). Position of the perforators was inspected under the micro-

scope to identify a safe zone where the keyhole incision could be

placed (marked with blue).
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measuring 14 cm 3 17 cm was based on three perfora-

tors and included a portion of vastus lateralis muscle, to

obliterate the dead space in the perineum. A sub-

muscular tunnel under rectus femoris and sartorius

muscles was created and the skin on the left groin crease

was decompressed. The keyhole opening was made

through a “U” shaped incision in a safe zone between

the two distal perforators (Fig. 4B). Subsequently, the

flap was sutured to itself to re-create the perineal raphe

and a small skin graft was applied to the scrotum to

avoid excessive tension on the flap. No post-operative

problems were noted. Total flap survival was achieved

and all wounds had fully healed at 3 weeks (Fig. 4C). At

4 months follow-up, the result was satisfactory with

adequate patency of the anal canal. A colostomy reversal

procedure was planned at 6 months post-operatively.

DISCUSSION

During the last 2 decades, the development of micro-

surgery allowed flap reconstruction surgery to be per-

formed safer, easier, in less operative time, and with

superior results in both the recipient and donor site.20

The evolution of the perforator flaps has had a major

contribution in achieving these goals. Nowadays, the

ALT flap epitomizes the perforator flap concept, and is

well recognized as the workhorse flap in the reconstruc-

tion of soft tissue defects in almost every part of the

body. A variety of perineal defects arising from oncolog-

ical resection or necrotizing infections are suitable for

coverage with pedicle ALT flaps, alleviating the need for

free transfers or pedicled abdominal flaps.21–23 It’s role

in hand and first web-space reconstruction has also been

well established.24,25 However reconstruction of complex,

circumferential defects around thumb, penis, anus, or

vagina frequently pose a management dilemma as to

whether divide (fully or partially) the ALT flap or use a

second flap. We believe the keyhole technique may offer

an attractive alternative for reconstruction in these cir-

cumstances as we showed in our cases.

A similar modification to the keyhole ALT flap has

previously been reported by Zeng et al.26 In this article,

the authors described a “fenestrated” technique for pedi-

cled ALT flap. This method was utilized in two patients

to reconstruct vulvar defects following cancer resection.

In one case, the fenestration was performed on a pedicle

ALT flap based on a single perforator. This resulted in

significant partial flap necrosis, which subsequently

required further coverage with an abdominal flap. The

authors here utilized a “Y” shaped incision in the skin

paddle, to accommodate the vagina and the urethral mea-

tus. However there was no clarification as to whether the

“Y” incision had a direction parallel or perpendicular to

the long axis of the flap.

Our report did not include any vulvar reconstruction

cases. Compared to the structures we presented (thumb,

penis, anus, and external auditory meatus), the dimen-

sions of the vulva are larger. Therefore, when creating

the keyhole aperture, incision should be long enough to

accommodate both vagina and urethral meatus. We

believe such a long “Y” pattern incision carries a signifi-

cant risk of distal flap loss, specifically when orientated

incorrectly on an ALT flap which is based solely on one

perforator. None of our patients suffer from partial flap

necrosis. However, all flaps were raised based on two or

three perforators. In three out of five flaps, the topo-

graphic characteristics allowed positioning of keyhole in

a safe zone between two perforators. In the remaining

two, incision was performed distally, outside the borders

of this safe zone. In this event, orientation of the incision

was of paramount importance, to minimize disruption of

the distal blood supply. This concept has its explanation

based on the perforasome theory introduced by Saint-Cyr

et al.27 According to this theory, existence of linking ves-

sels between two perforators enables capture of adjacent

vascular territories, allowing extended ALT flaps to be

harvested based on a single perforator. It has been

proved that the direction of the linking vessels in the

lower limb runs parallel to the limb axis. Therefore,

when an opening incision is made distal to the

Figure 2. Case 2. A: Extensive resection of a refractory AVM on the right hand. Defect involved the radial aspect of palm, 1st web-space,

and wrist dorsum of the right hand. B, C: Result following reconstruction with a keyhole ALT at 9 months follow-up. Patient showed a

good range of motion with no contracture deformity and a satisfactory aesthetic result.
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perforator(s), it should have a direction parallel to the

linking vessels (Fig. 5). This will limit disruption of the

peripheral flap vasculature and maximize flap survival.

Based on this consideration, we believe the keyhole tech-

nique can still be applied safely, even in flaps where a

single midline perforator is encountered (Fig. 6). How-

ever, when a single perforator is located at the extreme

lateral margins of the flap, there would be limited cross-

over between the vascular zones. In this rare scenario, a

keyhole incision could cause potential vascular embar-

rassment and hence should be avoided. Here, complete

wound coverage around the particular structure could be

aided by the means of local tissue, if available, or by

simply folding the flap around the area avoiding any ten-

sion. The resulting unfavorable reconstructive outcome

could be improved with secondary revision procedure(s).

In recent years, the use of computed tomography

angiogram (CTA) has offered a number of advantages in

breast reconstruction with free deep inferior epigastric

perforator (DIEP) flaps.28 Pre-operative mapping of the

Figure 3. Case 4. A: Pubic and perineal defect following wide excision of paget’s disease with the resection specimen. B: Immediate post-

operative picture after reconstruction with keyhole ALT. C, D: At 2 months follow-up, pictures showing normal position of the penis, com-

plete coverage of the defect, and no partial necrosis or any signs of contracture.
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perforators not only increases the success rates of the

procedure, but also reduces the operative time. Although

in our report we did not use CTA in any of our cases,

we believe that pre-operative mapping of the ALT flap

perforators will allow a more accurate and safer planning

of the keyhole design. Moreover, CTA could be particu-

larly useful in those patients with microcirculation prob-

lems (diabetics, heavy smokers, or those with irradiated

recipient vessels), specifically when large ALT flaps are

planned. Here, pre-operative confirmation of the location

and quantity of the thigh perforators will clarify whether

these patients would be suitable for reconstruction with a

keyhole ALT flap.

An alternative to the keyhole technique is the partial

or total split-ALT flap modification, as described by pre-

vious authors.29,30 We have also previously used this

approach in our unit while reconstructing protruding

structures or cavities. However, division of the ALT flap

in two separate skin paddles can only be performed in

the zone between two perforators and not distal to them,

and thus this technique was not applicable in two of our

cases. Moreover, even when applicable, we found the

split methods to be unpredictable and potentially hazard-

ous to the flap supply. Here, damage of the linking ves-

sels between two adjacent perforasomes frequently

resulted in significant impairment of the marginal blood

supply and partial flap loss (Fig. 7).

When partial flap necrosis occurs, a wide range of

complications can arise, depending on the extent of tissue

Figure 4. Case 5. A: Extensive perineal defect following definitive debridement of Fournier’s gangrene. Defect involved the area between

the scrotum and the natal cleft, with circumferential skin deficiency around the anal canal (indicated with a clamp). B: A “U” shaped inci-

sion was made for the keyhole opening in a safe zone between the two distal perforators. C: Follow-up at 3 weeks showing a satisfactory

contour and adequate patency of the anal canal (indicated with the cotton bud).

Figure 5. Keyhole incision was performed in a safe zone between

two perforators. The arrows indicated the direction of the direct

linking vessels between two perforasomes, which were preserved,

allowing complete flap survival.

Figure 6. Illustration showed an ALT flap based on a single perfora-

tor. The keyhole incision should be made longitudinal to the long

axis of the flap to minimize disruption of the direct linking vessels.

The same concept can be applied for ALT flap based on [mt]1 perfo-

rator in which a keyhole incision is placed distal to the perforators.
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loss and the anatomical area concerned. Substantial flap

necrosis is most commonly managed with debridement

procedure(s) and may even entail the need for further

reconstruction with skin graft or a second flap.31 This

eventually leads to suboptimal outcome and prolonged

hospital stay. Although conservative management of lim-

ited necrotic areas is possible in selected cases, resulting

delayed healing can lead to secondary scar contractures

and possible need for revision surgery. This is especially

true in cases of hand reconstruction, where early mobili-

zation is essential to achieve the reconstructive goals.32

In fact, obtaining primary healing was of extreme impor-

tance in the two thumb reconstruction cases in our series.

This allowed hand physiotherapy to commence at an

early post-operative stage. At follow-up both patients

demonstrated a satisfactory range of motion including

significant improvement in thumb abduction and opposi-

tion. Application of the keyhole technique in these cir-

cumstances offers the advantage of covering with pliable

and reliable, well-vascularized tissue an area susceptible

to early contracture. In addition, we observed that this

method offers more natural results in aesthetically sensi-

tive areas. In case 5, flap inset around the anus was car-

ried out in a method similar to the technique described

by Niranjan and Staiano for re-setting the umbilicus in

abdominoplasty.33 This method offered a more natural-

looking depression and created fullness around the anus

to permit its natural mobility. Meticulous thinning around

the keyhole can be performed safely and allows better

adaptation and fixation around the particular structures.

Furthermore, avoidance of additional splitting incisions

and scarring has also contributed toward a superior aes-

thetic outcome.

In summary, here we present the keyhole modifica-

tion, a special way of partition for the ALT flap. We

believe this technique may offer a valuable alternative

for soft tissue coverage around protruding organs, cav-

ities, or canals. To the best of our knowledge, the key-

hole technique has not been previously described for

reconstruction of the specific structures included in this

study. The basis of this method lies on the perforator

vascular supply principle, and as such, it could be also

applied to different perforator flaps, whenever indicated.
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