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Elevating thin flaps has long been a goal of reconstructive surgeons. Thin flaps have numer-
ous advantages in reconstruction. In this study, we present a surgical method for elevating a
thin flap and demonstrate the safety of the procedure. A retrospective review was performed
of the electronic medical records of patients who underwent thin flap elevation for lower ex-
tremity reconstruction from April 2016 to September 2016 at the Department of Plastic Sur-
gery of Asan Medical Center. All flaps included in this study were elevated above the superfi-
cial fascia. A total of 15 superficial circumflex iliac artery free flaps and 13 anterolateral thigh
free flaps were enrolled in the study. The total complication rate was 17.56% (n=5), with to-
tal loss of the flap in one patient (3.57%) and partial necrosis of the flap in four patients
(14.28%). No wound dehiscence or graft loss at the donor wound took place. Elevation above
the superficial fascia is not inferior in terms of flap necrosis risk and is superior for reducing
donor site morbidity. In addition to its safety, it yields good aesthetic results.
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Elevating thin flaps has long been a goal of reconstructive sur-
geons. Thin flaps have numerous advantages in reconstruction,
and are required in aesthetically significant areas, such as in fa-
cial and hand reconstruction. In addition to their aesthetic im-
portance, thin flaps are frequently required due to functional
considerations. In head and neck reconstruction, bulky flaps
may interfere with smooth swallowing and cause airway ob-
struction [1]. For those reasons, many efforts have been made
by reconstructive surgeons to achieve thin and durable flaps. In
this study, we present a surgical method for elevating thin flaps

and demonstrate the safety of the procedure.

A retrospective review of electronic medical records at the De-
partment of Plastic Surgery, Asan Medical Center was done. Pa-
tients who underwent thin flap elevation on the lower extremity
from April 2016 to September 2016 were selected. The opera-
tions were performed by two surgeons. For each patient, individ-
ual inpatient and outpatient records were reviewed, including the
operative record. The data included demographic information,
preoperative and operative characteristics, and complications re-
lated to the donor site and surgical wound. The operating time
was measured from the incision to the end of wound closure, in-
cluding recipient vessel preparation and debridement. The demo-
graphic characteristics of the patients are documented in Table 1.
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Characteristic No.
Flap

SCIP 15

ALT 13
Sex

Male 16

Female 12
Diabetes mellitus 8
Peripheral vascular disease 5
Hypertension or coronary arterial disease 9
Current smoking 0
Etiology of the defect

Trauma 12

Malignancy 6

Diabetes mellitus foot 5

Chronic osteomyelitis 2

Others 3
Defect location

Foot 19

Leg 8

Thigh 1

SCIP, superficial circumflex iliac artery perforator flap; ALT, anterolateral thigh free
flap.

Preoperatively, perforator mapping was performed at the plan-
ning stage. The mapping was conducted using computed to-
mography (CT) angiography and color Doppler imaging. First,
using CT angiography, we roughly located the perforator pene-
trating the deep fascia and characterized the overall vascular sta-
tus of the extremity. Preoperative markings of perforators were
made based on the anatomical landmarks described by Celik et
al. [2] for anterolateral thigh (ALT) free flaps, and Hong et al.
[3] for superficial circumflex iliac perforator (SCIP) flaps. Using
CT angiography, we were able to note the level of perforator
penetration. Then, we utilized color Doppler imaging to identi-
fy the exact shape of the perforator and its running direction in
the adipose layer. Flap design was performed on the basis of the
preoperative perforator mapping.

Flap elevation was performed as Hong et al. [4] previously de-
scribed for superficial fascia elevation. Medial and lateral inci-
sions were made at once around the margin of the flap. Freestyle
flap elevation was performed under loupe magnification from
one of the incisions until the perforators were reached. The su-
perficial fascia is located between the large deep fat lobules and
the smaller superficial fat lobules. The size of the fat lobules
changes just after passing a very thin fascia-like structure. To ele-
vate the flap at the right layer, adequate tension using a self-re-
tracting hook or manual retraction by an assistant is necessary.
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The elevated flap can be as thin as 5 mm. SCIP, superficial circum-
flex iliac artery perforator.

The flap was elevated above the superficial fascia. Once the per-
forators were found during the process of elevating the flap
above the superficial fascia, the biggest perforator was usually
saved, and dissection was continued into the deep fascia and
muscle until an adequate length of the pedicle was achieved. If
the flap was large or there was no large (> 0.2-0.3 mm) perfora-
tor above the superficial fat layer, multiple perforators were pre-
served, dissected, and skeletonized to the deep fat layer to ensure
that the flap would receive sufficient blood supply. Flaps as thin
as S mm could also be elevated over the superficial fascia (Fig. 1).

Between April 2016 to September 2016, the patient group in-
cluded 18 superficial circumflex iliac artery free flaps and 13
ALT free flaps. The average age of the patients was 48.33 years
(range, S-83 years). All flaps were successfully elevated over the
superficial fascia layer with at least a single viable perforator (Ta-
ble 1). The etiology of the defect was trauma in 12 cases, malig-
nancy in six cases, diabetic foot in five cases, and chronic osteo-
myelitis in two cases. Other etiologies included gout and unsta-
ble scars. The patients’ comorbidities included diabetes (n=8),
peripheral vessel disease (n=S5), and hypertension or coronary
arterial disease (n=11). Half of the patients had at least one co-
morbidity.

The operative characteristics are shown in Table 2. The aver-
age size of the ALT flaps was 16.04+7.46 cm in length and
5.22+2.45 cm in width (range, 10 x 4 to 28 X 13 cm). The aver-
age size of the SCIP flaps was 15.51+4.93 cm in length and
7.18 £2.33 cm in width (range, 7x S to 22 x 11 cm). Most of the
arterial anastomoses were performed in an end-to-side manner

(n=19). Primary closure of the donor site was possible in the
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Characteristic No.
Flap
SCIP 15
ALT 13
Average flap size (cm)
ALT
Length 16.04 £7.46
Width 522+2.45
SCIP
Length 1551 £4.93
Width 7184233
Average total operation time (min)
SCIP 265.36
ALT 271.08
Perforators
1 22
2 4
3 2
Donor site closure
Primary 199
Skin graft 9
Arterial anastomosis type
End-to-side 19
End-to-end 8
Flow through 1

\Venous anastomosis
1 17
2 10
3 1

Values are presented number or mean = standard deviation.

SCIP, superficial circumflex iliac artery perforator flap; ALT, anterolateral thigh free
flap.

Al donor sites of SCIP flaps were primarily closed.

majority of the patients; the donor sites of the SCIP free flaps
were all closed primarily, while a split-thickness skin graft was
used in nine ALT free flap cases.

The total complication rate was 17.56% (n = 5), with total loss
of the flap in one patient (3.57%) and partial necrosis of the flap
in four patients (14.28%). In one case with a complication, a
major revision requiring reoperation was performed, including
flap take-down and elevation of a re-do flap. Minor revision with
an additional skin graft was performed in three cases of partial
necrosis. After revision surgery, all flaps survived. No wound de-
hiscence or graft loss at the donor wound was found. A second-
ary thinning procedure was performed for one ALT flap and
one SCIP flap. The overall characteristics of the complications

are presented in Table 3.

Casel

A 75-year-old man was referred to the Department of Plastic
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Characteristic No. (%)
Total loss

ALT 0

SCIP 1(3.57)

Total 1(3.57)
Partial necrosis

ALT 2(7.14)

SCIP 2(7.14)

Total 4(14.28)
Major revision

ALT 0

SCIP 1(3.57)

Total 1(3.57)
Minor revision

ALT 0

SCIP 3(10.71)

Total 3(10.71)
Donor site morbidity

ALT 0

SCIP 0

Total 0
Secondary thinning procedure

ALT 1(3.57)

SCIP 1(3.57)

Total 2(7.14)

ALT, anterolateral thigh free flap; SCIP, superficial circumflex iliac artery perforator
flap.

and Reconstructive Surgery with a diagnosis of open fracture at
the left fibula and medial malleolus with a diffuse soft tissue de-
fect in the ipsilateral pretibial area (Fig. 2A). In cooperation with
an orthopedic surgery team, bone fixation and soft tissue cover-
age with a free flap were planned. An external fixator was ap-
plied by the orthopedic surgeons to fix the bone. After debride-
ment of the devitalized skin, an ALT flap measuring 28 x 13 cm
at the ipsilateral thigh was designed. The flap was elevated above
the superficial fascia (Fig. 2B and C). The pedicle anastomosis
was performed in an end-to-side manner to the posterior tibial
artery and in an end-to-end manner to the vena comitans. At 8
months postoperatively, the patient showed a good and thin
contour. The donor site also healed well, without any complica-
tions (Fig. 2D).

Case2

A 30-year-old woman presented to the clinic of the Department
of Plastic and Reconstructive Surgery with a chief complaint of
right first toe skin necrosis accompanied by bone exposure after
open reduction and internal fixation by a local orthopedic sur-
geon due to a crushing injury. After debridement, coverage with
a flap was planned (Fig. 3A). A SCIP free flap measuring 10 x 4
cm was designed at the ipsilateral groin. Flap elevation was per-



Vol. 45 [ No. 4 [ July 2018

Fig. 2. Pretibial reconstruction with thin ALT free flap
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(A) Preoperative findings of the defect. (B) Design of the anterolateral thigh (ALT) free flap. (C) Harvested free flap that was elevated above the
superficial fascia. (D) A follow-up photograph taken 8 months postoperatively.

formed above the superficial fascia (Fig. 3B and C). Vascular
anastomosis was performed in a flow-through manner for arteri-
al anastomosis to maintain the distal flow. End-to-end anasto-
moses for two venae comitantes was performed. The donor site
was closed primarily. Fig. 3D shows the immediate postoperative
findings. The patient was discharged on postoperative day 12,
without major complications. At 6 months postoperatively, the
contour of the flap was thin and fit the dorsum contour. The do-
nor site healed completely, without complications (Fig. 3E-G).

Case3

A 17-year-old woman who was a modern dancer by occupation
was referred from the emergency trauma team to the Depart-
ment of Plastic and Reconstructive Surgery because of a deglov-
ing injury of the right foot dorsum due to a pedestrian traffic ac-
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cident. She had already undergone external fixation for a digital
fracture. The orthopedic team performed debridement of the
devitalized bone and amputated the first to third proximal pha-
lanx and the fifth mid-phalanx. After dressing with negative
pressure wound therapy, dorsum skin coverage with a flap was
planned (Fig. 4A and B). A SCIP free flap measuring 22 x 11 cm
was designed at the ipsilateral groin. Flap elevation was per-
formed above the superficial fascia, preserving the deep fat layer.
The patient had low body weight, and the deep fat was scanty
(Fig. 4B and C). Microvascular anastomosis was performed on
the dorsalis pedis artery in an end-to-side fashion and two venae
comitantes were anastomosed in an end-to-end manner. The
donor site was closed primarily. At 1 year postoperatively, the
contour was good, without bulging. She resumed modern danc-
ing (Fig. 4D).
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Fig. 3. Toe reconstruction with thin SCIP free flap

(A) Preoperative defect. (B) Superficial circumflex iliac artery
perforator (SCIP) free flap design. (C) Intraoperative photograph
during elevation. The flap was elevated above the superficial
fascia. (D) Immediate postoperative photograph. (E, F) A follow-
up photograph taken 6 months postoperatively. (G) A photo-
graph of the donor site taken 6 months postoperatively.
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Fig. 4. Forefoot reconstruction with thin SCIP free flap

(A, B) Preoperative photograph of the defect. (C) Harvested superficial
circumflex iliac artery perforator (SCIP) free flap. (D) Photograph taken
during elevation. The flap was elevated above the superficial fascia.
The deep fat was scanty because of the patient's low body weight. A

follow-up photograph taken 1 year postoperatively.

Case4
A 67-year-old woman presented to the clinic with a chief com-

plaint of skin necrosis in the right heel area after open reduction
and internal fixation at a local orthopedic clinic because of an
ankle fracture (Fig. SA). The patient diabetes and hypertension
as underlying diseases. On preoperative CT angiography, occlu-
sion of the right popliteal artery was suspected, but distal flow
was maintained. We decided to perform soft tissue coverage af-
ter debridement. After debridement, a defect measuring 12x 6
cm remained. A superficial circumflex iliac artery free flap mea-
suring 15X 6 cm was elevated from the contralateral groin, pre-
serving the superficial fascia (Fig. SB). Arterial anastomosis was
performed in an end-to-end manner to the muscular perforator
of the peroneal artery. Venous anastomosis was performed to
the superficial vein in an end-to-end manner (Fig. SC). At 4
days postoperatively, distal congestion started. After demarca-
tion, we debrided the overlying devitalized skin and noted that
the subcutaneous layer was viable (Fig. SD). Negative pressure

wound therapy was applied for 5 months. With several rounds
of debridement and staged closure, the heel defect was closed
(Fig. SE).

DISCUSSION

Elevating thin flaps has long been a goal of reconstructive sur-
geons. Thin flaps have numerous advantages for reconstruction,
and there is no doubt that they are superior to thick flaps in
terms of meticulously mimicking natural contours. Thin flaps
are required for aesthetically significant areas, such as in facial
and hand reconstruction. In order to cover the surface with a
pliable and thin flap in an aesthetically pleasing manner, fascial
free flaps with a skin graft were traditionally used [5,6]. In addi-
tion to aesthetic considerations, thin flaps are frequently re-
quired for functional reasons. In head and neck reconstruction,
protection after resurfacing is the main goal of surgery. Thus, es-
tablishing a well-vascularized tissue bed that can tolerate future
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Fig. 5. Diabetic foot coverage with SCIP free flap

perficial circumflex iliac artery perforator \
(SCIP) free flap. (C) Immediate postoperative L
photograph. (D) A photograph taken after de-
bridement of the partially necrotized portion
of the flap. Negative pressure wound therapy
was applied for 5 months. (E) A photograph of
the totally healed flap. SCIP, superficial cir-
cumflex iliac artery perforator.

(A) Preoperative photograph. (B) Harvested su- . l' /
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(E)

radiation therapy, thereby preventing fistula formation, is critical
in reconstructive operations [ 1]. However, bulky flaps in the
head, hand, and neck region may cause critical problems. Bulky
flaps may interfere with smooth swallowing and cause airway
obstruction [1]. In extremity reconstruction, reconstructive
surgeons may frequently experience mechanical injuries in re-
constructed tissue because of excessive bulk, which may cause
shearing or abnormal contact. Moreover, bulky flaps on the foot
dorsum or toes can make it difficult for patients to wear shoes,
potentially affecting foot function [7].

For those reasons, reconstructive surgeons have made many
efforts to achieve thin and durable flaps. Debulking procedures
have been performed as a classical method to control the thick-
ness of the flap. Direct excision of the fatty layer or liposuction is
widely used as a debulking method. Secondary debulking pro-
cedures after lower extremity flap coverage have been reported
to be performed in 17% to 52% of cases [7-9]. In face recon-
struction, complicated contour and color matching is also diffi-
cult to obtain, meaning that additional revisional procedures are
often required in order to achieve an acceptable contour [10].
However, secondary debulking procedures have some pitfalls.
First, they cause additional costs, and are not covered by the na-
tional health insurance system in South Korea. Circulation is-
sues are another problem of debulking procedures. Direct exci-
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sion largely depends on the dermal-subdermal plexus, and sev-
eral stages are required to ensure the viability of the skin [11].

In order to control the thickness of the flap, we advocate supra-
facial elevation. As described above, the goal of this technique is
to elevate the flap over the superficial fascia, preserving not only
the deep fascia, but also the deep fat layer below the superficial
fascia. By elevating the flap in a way that preserves the superficial
fascia, we were able to achieve a very thin flap and increase pli-
ability at the same time.

Combined with super-microsurgery techniques, we can maxi-
mize the utility of supra-superficial fascial flaps. We perform
perforator-to-perforator techniques unless a long pedicle is re-
quired, to minimize recipient vessel morbidity by preserving the
large vessel to the distal area. Not using the main vessel as a do-
nor vessel is advantageous in cases of extreme calcification and
atherosclerosis. Theoretically, in such cases, the perforator level
is less affected than large vessels. When elevating an ALT free
flap, the lateral circumflex femoral artery, including its descend-
ing branch is not atherosclerosis-resistant [ 12]. As a result, in se-
vere cases of atherosclerosis, especially in diabetic foot patients,
we cannot guarantee the patency of the donor vessel, even if we
use the larger branch as a donor.

Theoretically, it was considered that not including the fascia
would decrease flap perfusion. However, partial necrosis does
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No Partial

Characteristics necrosis necrosis P-value Od(_is
(n=23) (n=4) ratio
Peripheral vascular disease 2 3 0.013% 315
Diabetes 5 1 0.731 0.944
Hypertension/coronary arterial disease 7 3 0.093 8.5
Over 2 comorbidities 4 2 0.204 4.75

Statistically significant. Odds ratio, Pearson chi-square test, Fisher exact test.

not generally occur in flaps after suprafascial elevation. The in-
terconnections between direct and indirect linking vessels create
interperforator flow [13]. Suprafascial flap viability is explained
by the perforasome theory [14]. A supra-superficial fascial flap
might not include a direct linking vessel located at the subcuta-
neous layer and suprafascial plexus. However, as we can also
conclude from our results, partial necrosis of supra-superficial
fascial flaps due to impaired circulation does not occur to a
greater extent than in formal suprafascial flaps and fasciocutane-
ous flaps. Large thin flaps can survive without direct linking ves-
sels [4,15,16].

One case of total loss of the flap in our study was reported.
However, we do not think that this result indicates an inherent
risk associated with technique of flap elevation over the superfi-
cial fascia. The reason for necrosis was a delayed infection post-
operatively. The patient had flap coverage because of an unstable
scar with underlying chronic osteomyelitis, and had diabetes
and poor nutritional status. Preoperative nutritional status has
been described as an accurate predictor of postoperative out-
comes [17]. Prealbumin is a visceral protein that is commonly
used to evaluate nutritional status [18], and the patient had a
low prealbumin level at admission.

The occurrence of partial necrosis is another issue. Predicting
whether a flap will completely survive prior to surgery is of vital
interest to reconstructive surgeons. In our results, three of the
patients who experienced partial necrosis showed peripheral
vascular disease on preoperative CT angiography. Suh etal. [19]
previously reported peripheral arterial disease to be a factor sig-
nificantly related to flap loss. All patients with partial necrosis of
the flap had at least one underlying comorbidity, and peripheral
vascular disease was significantly related to partial necrosis
(odds ratio=31.5, P=0.013). We presume that the comorbidi-
ties contributed to the flap necrosis, not the surgical technique
of flap elevation (Table 4). Furthermore, no cases of partial ne-
crosis resulted in bone exposure or implant exposure requiring
additional flap coverage. When planning a reconstruction with a
superficial fascia—preserving flap, some modalities can be used

to anticipate the proportion of necrosis and to prepare or modi-
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ty the plan. Indocyanine green and fluorescence images can pre-
cisely predict tissue viability [20]. With precise planning using
CT angiography and color Doppler imaging, we are confident
that surgeons can minimize flap morbidity.

A defatting procedure during flap elevation is another option
for controlling flap thickness without a secondary revisionary
procedure. However, immediate debulking during flap elevation
cannot be done while distinguishing the exact anatomical plane,
which can result in subdermal or subcutaneous vessel connec-
tion [21,22]. Immediate debulking is more dangerous than
identifying and elevating the exact plane of the superficial fascia,
preserving the subdermal plexus. As our study shows, elevating
flaps thinner than S mm above the superficial fascia can reduce
the defatting procedure rate, thereby avoiding the risk of damag-
ing the subdermal plexus.

Delayed wound healing at the donor site is a significant issue
in achieving an ultimately successful reconstruction. Many fac-
tors can impede wound healing. In the elevation of radial fore-
arm flaps, by preserving the deep fascia of the forearm, less ten-
don exposure was reported [23]. In our study, an extremely low
percentage of donor site graft loss was noted. We presume that
by leaving the deep fat layer at the donor site, the viability of the
skin graft was maximized.

Sensory impairment at the donor site after free flap elevation is
one of the most frequently reported morbidities, and abnormal
sensation at the donor site is among the most common subjec-
tive complaints from patients [14,24]. Elevating ALT free flaps
over the superficial fascia was reported to lead to fewer cases of
abnormal sensation than in cases of subfascial ALT free flaps
due to preservation of the fascial layer [14]. The medial branch
of the lateral cutaneous femoral nerve is often sacrificed during
ALT flap harvesting [25]. Moreover, it is still possible for an an-
terolateral flap elevated over the superficial fascia to utilize the
sensory nerve for a sensate flap, which is an inherent advantage
of the ALT free flap [16,26]. The sensory nerve utilized in sen-
sate ALT free flaps is the lateral femoral cutaneous nerve, which
runs at the deep fat layer [14]. Surgeons can isolate and dissect
the nerve during supra-superficial fascial elevation, even if the
nerve is located beneath the superficial fascia. Seth and Iorio
[16] reported using a sensitized ALT free flap that was elevated
above the superficial fascia.

Groin flaps lost their popularity because of frequent donor site
morbidity. They were introduced as a good flap option with
well-concealed donor site scar, but lost favor because of their
bulky nature and frequent donor site-related complications,
such as wound dehiscence and lymphorrhea [3]. Traditional
groin flaps included parts of the deep fascial structure. Because
the lymphatic system is located in a deep fat layer, which is un-
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derneath the superficial fascia, including the tissues beneath the
superficial fascia results in lymphorrhea and delayed wound
healing. In a modified version of SCIP flap elevation, in which
the elevation is performed above the superficial fascia, the do-
nor site-related problems were reduced dramatically [3]. There
were no cases of wound dehiscence or delayed healing in our
group of SCIP cases, precisely corresponding with previous re-
ports.

The elevation time of suprafascial thin flaps compared to flaps
elevated in the subfascial plane is controversial. Chen et al. [14]
reported no significant difference in elevation time between su-
prafascial and subfascial ALT flaps. Some studies reported that
thinning flaps or elevating thin flaps was more time-consuming
[27]. Of course, elevating a free flap while preserving the super-
ficial fascia has a steep learning curve. However, a study by Seth
and Iorio [16] reported a shorter operating time in superficial
fascia—preserving elevation than in formal suprafascial flap ele-
vation for ALT perforator flaps. In our results, the operating
time in both the ALT and SCIP groups was comparable with
previous studies [16].

Elevation of the flap over the superficial fascia represents an im-
portant refinement to the traditional fasciocutaneous flap. We
argue that elevation above the superficial fascia is not inferior in
terms of flap necrosis risk and is superior in terms of reducing
donor site morbidity.
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