Extremity/Lymphedema
Original Article

()
Archives of Plastic Surgery o

Resurfacing the donor sites of reverse sural artery
flaps using thoracodorsal artery perforator flaps

Se Won Oh, Seong Oh Park, Youn Hwan Kim
Department of Plastic and Reconstructive Surgery, Hanyang University College of Medicine, Seoul, Korea

Background The reverse sural artery (RSA) flap is widely used for lower extremity reconstruc-
tion. However, patients sometimes suffer from donor site complications such as scar contrac-
ture and paresthesia, resulting in dissatisfaction with the aesthetic outcomes. This study in-
vestigated the characteristics of donor site morbidity associated with RSA flaps and described
our experiences of dealing with complications by performing resurfacing surgery using thora-
codorsal artery perforator (TDAP) flaps.

Methods From April 2008 to August 2018, a total of 11 patients underwent contracture re-
lease and resurfacing surgery using TDAP flaps due to donor morbidity associated with RSA
flaps. All affected donor sites were covered with a skin graft, the most common of which was
a meshed split-thickness skin graft (six cases).

Results Eight of the 11 patients (72.7%) suffered from pain and discomfort due to scar con-
tracture, and seven (63.6%) complained of a depression scar. The donor sites were located
6.3+ 4.1 cm below the knee joint, and their average size was 140.1 cm2. After resurfacing us-
ing TDAP flaps, significant improvements were found in the Lower Extremity Functional Scale
(LEFS) scores and the active and passive ranges of motion (AROM and PROM) of the knee
joint. The LEFS scores increased from 45.1 to 56.7 postoperatively (P=0.003), AROM increased
from 108.2° to 118.6° (P=0.003), and PROM from 121.4° to 126.4° (P=0.021).

Conclusions Planning of RSA flaps should take into account donor site morbidity. If compli-
cations occur at the donor site, resurfacing surgery using TDAP flaps achieves aesthetic and
functional improvements.
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ankle, and foot. Moreover, microvascular surgery is not required.

INTRODUCTION

Due to its simplicity, it has gained popularity, and various tech-

The reverse sural artery (RSA) flap is a fasciocutaneous or adi-
pofascial flap that has been widely used for reconstruction of the
distal lower extremity since its introduction in the 1980s [1-6].
Since the flap is thin and pliable, with a reliable blood supply, it
is particularly useful for reconstruction of the distal tibial region,

nical modifications and harvesting methods have been devel-
oped to increase flap viability [7-10]. However, the flap can
cause various problems. There is a risk of vascular complications
and flap necrosis. Furthermore, some patients suffer from donor

site morbidity and sural nerve injury caused by flap harvest.
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Most previous studies of RSA flaps have focused on surgical
modifications to reduce flap congestion and partial loss, but do-
nor site morbidity has received relatively little attention.

To secure abundant vascularity of the RSA flap, the adipofas-
cial pedicle should be of sufficient width and length to include
the gastrocnemius fascia. If primary closure is not possible due
to the large size of the donor site, a graft is required to cover the
gastrocnemius muscle. Some patients who have received split-
thickness skin grafts (STSGs) for donor site coverage have com-
plained of scar contracture, dysesthesia, and aesthetic problems
[7,11,12]. Furthermore, because the RSA flap uses the vascular
axis around the sural nerve as a pedicle, the sural nerve is sacri-
ficed during flap elevation, leading to paresthesia [13].

Recent studies have investigated morbidity at the donor site
and the complications caused by flap harvest. To reduce the size
of the donor site and prevent morbidity, Chi et al. [14] intro-
duced a modified flap with a narrow pedicle and presented a
method for donor site coverage with a local relaying island flap
based on a perforator without an STSG. Despite these efforts,
skin grafts are inevitably needed to cover large donor sites.
Therefore, patients still suffer from donor site complications and
require attention because of donor site morbidity. The purpose
of this study was to investigate the characteristics of donor site
morbidity associated with RSA flaps and to describe our experi-
ence of dealing with these complications by performing resurfac-

ing surgery using thoracodorsal artery perforator (TDAP) flaps.

METHODS
Study design

This investigation was approved by our Institutional Review
Board (IRB No. 2021-02-013). The present study is a retrospec-
tive analysis of 11 patients who underwent resurfacing surgery
using TDAP flaps for complications of the donor sites of RSA
flaps between April 2008 and August 2018. Of the 11 patients,
six were women (55.5%), and their mean age was 44.3 years
(range, 2265 years). The average body mass index was
23.9+3.2kg/ m?>. Two of the patients had diabetes mellitus, one
had hypertension, and nine had no underlying disease (Table 1).
All the patients had undergone RSA flap surgery at other insti-
tutions for traumatic crush injuries, and the donor site defects
had been covered with skin grafts. The patients complained of
functional problems during ambulation and pain caused by scar
contracture at the donor site, as well as aesthetic dissatisfaction
due to the depression scars.

The affected donor sites were classified according to the type
of skin graft used for donor site coverage. To estimate the loca-

tion of each donor site, the distance from its upper margin to the
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Table 1. Demographic characteristics of patients

Variable Value
No. of patients 11
Male 5 (45.5)
Female 6 (55.5)
Age (yr) 443+14.8
Body mass index (kg/m? 239+32
Comorbidities
Diabetes mellitus 2(18.2)
Hypertension 19.1)

No underlying disease 9(81.8)

Values are presented as number (%) or mean £ SD.

knee joint was determined, and its size, including the surround-
ing scar contracture skin and tissue, was measured.

To evaluate function, the active and passive ranges of motion
(AROM and PROM) of the knee joint were measured as the
difference between the angle of flexion and extension of the
knee, using a goniometer. The Lower Extremity Functional
Scale (LEFS) was also scored preoperatively and at a 1-year fol-
low-up. The LEFS is a questionnaire evaluating the functional
status of the lower extremities. It consists of a total of 20 items,
each of which is assigned a score from 0 (extreme difficulty/un-
able to perform activity) to 4 (no difficulty). A perfect score of
80 indicates no functional limitation [15,16].

The Wilcoxon signed-rank test was used to analyze range of
motion (ROM) and LEFS scores. The statistical analysis was
performed with SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA), and a P-value < 0.05 was considered to indicate statistical

significance.

Surgical technique
Due to the possibility of tissue or vessel injury resulting from
the crush injury of the lower extremity, computed tomography
(CT) angiography was used to select appropriate recipient ves-
sels for resurfacing surgery using the TDAP flap and to evaluate
the scar tissue status preoperatively. We performed wide exci-
sion on the affected donor site of the RSA flap including the
surrounding scar tissue. During the dissection, if an adhesion or
pathologic fibrotic tissue was encountered, the contracture was
released by adhesiolysis and removal of the scar tissue. Since the
defect resulting from contracture release and excision of scar tis-
sue is larger than the donor area, the TDAP flap has to be large
enough to cover the defect. The harvested TDAP flaps were
shaped and thinned according to the contours and depths of the
defects.

A reliable artery with sufficient blood flow and patency on CT
angiography was selected as the recipient artery, and an accom-

panying vein was used as the recipient vein. The anterior tibial
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artery (ATA), posterior tibial artery (PTA), or inferior medial
geniculate artery was selected, depending on which was most
suitable. The length of the TDAP pedicle should be appropriate
for the location and depth of the target recipient vessel. Defects
after wide excision of the donor site of the RSA flap should be
sufficiently undermined to prevent tension. After the flap was
inset into the defect, target recipient vessels were identified and
micro-anastomosis was performed.

A daily dose of 10 pg of prostaglandin E1 (Eglandin; Mitsubi-
shi, Osaka, Japan) was administered intravenously as a vasodila-
tor for 1 week postoperatively. In patients with arterial insuffi-
ciency or thrombotic tendency, 800 IU/hr of heparin was ad-
ministered intravenously over the first 6 postoperative hours,

and 400 IU/hr thereafter for S days.

RESULTS

Of the 11 patients, eight (72.7%) suffered from pain and dis-
comfort due to scar contracture, and seven (63.6%) complained
of a depression scar. Several patients also complained of dyses-
thesia, three of a tingling sensation, and two of numbness. The
target regions of the RSA flap were the hindfoot in five patients
(45.6%), the middle one-third of the tibia in five patients
(45.6%), and the forefoot in one patient. The donor site was
covered with a simple STSG in three cases (27.3%) and a
meshed STSG in six cases (54.5%). In the other two cases, arti-
ficial dermis was used on the wound bed, which was covered
with a meshed STSG. The mean size of the affected donor sites,
including the surrounding scar tissue, was 140.1 cm* (95% con-
fidence interval, 86.7-193.0 cm?), and the sites were located
6.3+ 4.1 cm below the knee joint. The mean time from RSA
flap surgery to donor site resurfacing was 35.2 months (range,
8—120 months) (Table 2).

TDAP flaps were used for resurfacing in all 11 cases, and in
one case, an anterolateral thigh flap was used at the same time to
cover additional wounds around the donor site. The mean
length of the flap pedicle vessel was 9.8 + 1.4 cm. The PTA was
used as the recipient vessel in seven cases (63.6%), the ATA in
two cases, and the inferior medial geniculate artery in two cases.
The mean follow-up period was 28 months (range, 12-60
months) (Table 3).

After resurfacing surgery, lower extremity function improved
and the ROM of the knee joints increased. The LEFS score in-
creased from 45.1 preoperatively to 56.7 postoperatively (P =
0.003). The AROM of the knee joint rose from 108.2°+7.2° to
118.6°+£8.4° (P=0.003), and the PROM increased from
121.4°+9.2° to 126.4°£7.1° (P=0.021). All patients experi-
enced reduced pain and discomfort of the lower extremities and
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Table 2. Characteristics of RSA flaps with complications at the do-
nor site

Variable Value (n=11)
Chief complaint

Scar contracture 8 (72.7)

Depression scar 7 (63.6)

Tingling sensation 3(27.3)

Numbness 2(18.2)
Operation side

Left 5 (45.5)

Right 6 (55.5)
Target region of the RSA flap

Hindfoot 5 (45.6)

Middle one-third of tibia 5 (45.6)

Forefoot 19.1)
Previous skin graft for the donor site of the RSA flap

STSG 3(27.3)

Meshed STSG 6 (54.5)

Artificial dermis + meshed STSG 2(18.2)
Distance from knee joint (cm), mean & SD? 6.3+4.1

Size of the donor site with complications (cm?2), mean
(95% Cl)

Period from the RSA flap to resurfacing operation (mo),
mean (range)

1401 (86.7-193.0)

35.2 (8-120)

Values are presented as number (%) unless otherwise indicated.

RSA flap, reverse sural artery flap; STSG, split-thickness skin graft; Cl, confidence
interval.

aThe distance from the popliteal crease to the upper margin of the defect was
measured.

Table 3. Operative variables for resurfacing surgery

Variable Value
Flap composition of resurfacing donor site
TDAP 10 (90.9)
TDAP +ALT 1(9.1)
Flap recipient vessel”
ATA 2(18.2)
PTA 7 (63.6)
Inferior medial geniculate artery 2(18.2)
Length of flap pedicle vessel (cm), mean £ SD 98+14
Follow-up period (mo), mean (range) 28 (12—60)

Values are presented as number (%) unless otherwise indicated.

TDAP, thoracodorsal artery perforator; ALT, anterolateral thigh; ATA, anterior tibial
artery; PTA, posterior tibial artery.

aThe accompanying vein was used as the recipient vein for anastomosis

were satisfied functionally and aesthetically.

All the TDAP flaps survived, although there was partial loss of
the distal flap in one case. Delayed wound healing was found at
the donor site of the TDAP flap in two cases, but there were no

other donor site complications (Table 4).

Case 1

A S6-year-old woman suffered a crush injury of the left foot in a
traffic accident involving a bus and underwent forefoot recon-
struction using an RSA flap. The donor site of the RSA flap was
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covered with a meshed STSG. The patient suffered from pain
and discomfort during ambulation due to an unstable scar on
the forefoot and scar contracture at the donor site of the RSA
flap, and complained of a tingling sensation. She also com-
plained of aesthetic dissatisfaction with the depression scar.
Nineteen months after insertion of the RSA flap, a two-stage
operation was planned to resurface the left forefoot and donor
site using bilateral TDAP flaps. The unstable scar on the fore-
foot was removed and reconstructed using the right-side TDAP

Table 4. Outcome-related variables of resurfacing surgery

Variable Preoperative Postoperative  P-value
AROM of knee joint (°)? 108.2+7.2 118.6 +8.4 0.003
PROM of knee joint (°)? 1214492 1264171 0.021
LEFSY 451 (35.7-54.5) 56.7 (47.4-66.1)  0.003
Postoperative complications
TDAP flap
Flap partial loss 19.1)
None 10(90.9)
Donor site of TDAP flap
Delayed wound healing (>3 wk) 2(18.2)
None 9(81.8)

Values are presented as mean = SD, mean (95% Cl), or number (%).

AROM, active range of motion; PROM, passive range of motion; LEFS, Lower
Extremity Functional Scale; TDAP, thoracodorsal artery perforator; Cl, confidence
interval.

aThe range of motion was calculated by measuring the angle between flexion and
extension of the knee joint; “The total score is the sum of 200 items and is
calculated as the highest score of 80.
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flap in the first-stage operation. Two weeks later, a resurfacing
operation using the left-side TDAP was performed at the donor
site of the reverse sural flap as the second-stage operation. After
removing the depression scar and performing contracture re-
lease around the knee joint, the defect measured about 14 x 9
cm. The left-side TDAP flap was harvested and anastomosed to
the PTA.

Both flaps survived without complications. The patient’s pain
and discomfort during ambulation were reduced. The preopera-
tive LEFS score was 34 points, and the postoperative LEFS
score measured one year later was 48 points, showing functional
improvement. The patient was also satisfied with the aesthetic
outcomes (Fig. 1).

Case2

A 22-year-old man underwent reconstruction by transposition
of a sural flap due to a defect in the anterior tibial region caused
by a motorcycle accident. For coverage of the donor site of the
RSA flap, a meshed STSG was used. The patient complained of
pain and discomfort resulting from scar contracture deformity
of the donor site. Twenty-six months later, reconstruction was
performed using a TDAP flap to resurface the medial gastrocne-
mius and anterior tibial sites. The scar tissue was removed, and
contracture release was performed by undermining the sur-
rounding area. The TDAP flaps were harvested from the right
side according to the shape and depth of the defect, which mea-

Fig. 1. Case 1. (A) Preoperative photography of forefoot reconstruction using reverse sural flaps with meshed split-thickness skin graft for cov-
erage of the donor site. (B) In the first-stage operation, the forefoot was resurfaced using a right-side thoracodorsal artery perforator (TDAP)
flap. (C) Intraoperative photograph of a 14 x 9 cm?2 defect in the second-stage operation after removing scar contracture tissue from the donor
site with complications. (D) Intraoperative photograph of the harvested left-side TDAP flap. (E) After the flap was inset, anastomosis was per-
formed using the posterior tibial artery as a recipient vessel. (F) Four months later, the flap survived without complications.
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Fig. 2. Case 2. (A) A 22-year-old male underwent reconstruction by transposing sural flaps to defects in the anterior tibial area, and a meshed
split-thickness skin graft was performed at the donor site. (B) Intraoperative photograph of an 18 x9 ecm2 thin thoracodorsal artery perforator
(TDAP) flap. (C) Postoperative photograph of resurfacing surgery using the thin TDAP flap. (D) Photograph after 2 years.

sured 18 X9 cm. The flaps were thinned by removing adipose
tissue due to the thinness of the tissue of the anterior tibial re-
gion. End-to-side anastomosis was performed on the thora-
codorsal perforator and PTA.

Partial loss of the distal flap (about 1 x 4 cm) occurred postop-
eratively, but the problem was solved by an additional skin graft.
Outpatient follow-up was performed for 26 months. The pa-
tient’s discomfort in the lower extremity during daily life due to
the scar contracture deformity was reduced. The preoperative
LEFS score of 56 points increased to 70 points 1 year postopera-
tively, and the contours improved aesthetically (Fig.2).

DISCUSSION

The RSA flap is a useful option for distal lower extremity recon-
struction because it does not require microvascular surgery and
has a reliable blood supply. However, donor site morbidity has
not generally been taken into account. Skin grafts are usually
considered necessary for defects at the donor site where prima-
ry closure is not possible [17]. The use of STSGs can lead to hy-
pertrophic scars and inappropriate color or texture matching
[18,19]. Yilmaz et al. [ 7] reported hypertrophic scars in two out
of seven patients who had skin grafts at the donor site. In the
case of meshed STSGs, the appearance of the surface in particu-
lar may be poor. Furthermore, due to their thinness, contour de-

formity and irregularity occur in the coverage of deep defects.
Because the donor site of the RSA flap is located below the
knee, these wounds are readily visible, which increases patient
dissatisfaction.

Our patients complained not only of aesthetic dissatisfaction,
but also functional problems of the lower extremity. Most of
them complained of pain and discomfort in the lower extremi-
ties caused by scar contracture, and they experienced functional
problems in walking or daily life. Although the patients had low-
er preoperative LEFES scores than the healthy population due to
their traumatic crush injuries of the lower extremities, contrac-
ture was released by resurfacing surgery, resulting in significant
improvements in their LEFS scores [16]. Not all patients exhib-
ited limited ROM in the knee joint. However, some experienced
pain or discomfort during ambulation and complained of func-
tional problems. ROM increased postoperatively as pain im-
proved. Although they did not use RSA flaps, in a study of do-
nor morbidity of the anterolateral thigh flap, Kimata et al. [20]
reported that, after using STSGs to cover donor defects of the
lower extremity, the ROM of the joint at the donor site was
sometimes limited by pain during knee flexion due to adhesions
between the skin graft and muscle. There were also tingling sen-
sations and dysesthesia in the skin graft areas. In 2011, Kneser et
al. [12] studied 24 patients and found that 58% of them had hy-
poesthesia in the skin graft region of the donor site, with an av-
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erage area of the hypoesthetic region 0of 204.9 £ 127.2 cm™.

The donor sites of the RSA flaps were on average 6.3 cm be-
low the knee joint. Scar contracture close to the knee joint may
affect the motion of the knee joint and cause functional impair-
ment [20]. The average size of the donor site was 140.1 cm?,
and since primary closure was not possible in any of the pa-
tients, the donor sites were covered with STSGs. Meshed
STSGs were the most common (54.5%). Although meshed
STSGs have the advantage of being able to cover a large area,
they are known to induce more contracture deformity than
STSGs [21]. In two cases, artificial dermis was used with the
meshed STSGs. There are studies showing that the use of artifi-
cial dermis in the recipient bed of STSGs renders them resistant
to contracture, but the problem was not completely solved in
this study [22,23]. Furthermore, contracture release and resur-
facing using artificial dermis with STSGs can be a valuable op-
tion for dealing with complications of the donor sites of RSA
flaps. However, since our patients had large donor sites and se-
vere adhesions between the skin grafts and muscles, we could
not ignore the possible recurrence of contracture after resurfac-
ing using skin grafts. At the same time, it was not possible to ob-
tain sufficient tissue for local flaps. Therefore, in view of the se-
verity of the symptoms and functional problems, we decided to
plan resurfacing using free flaps.

At our institution, TDAP flaps are used for resurfacing surgery
after scar tissue excision and for contracture release because of
their multiple advantages. A sufficiently long and reliable donor
vessel must be harvested; because the donor site of the RSA flap
is near the knee joint, the surgical approach is inconvenient and
a reliable recipient major vessel is located deep, so a long pedicle
is required for microvascular surgery. Moreover, these flaps can
be large enough to cover the donor site defect left by the RSA
flap and they can be thinned appropriately to fit the depth of the
recipient site and correct the contour deformity of the depres-
sion scar [24,25]. When considering the use of free flaps for re-
surfacing, it should be taken into account that donor site mor-
bidity may occur. For instance, TDAP flaps could also cause do-
nor site complications such as wound dehiscence and seroma,
scar-related problems, and functional impairment of the shoul-
der. However, previous studies have suggested that the TDAP
flap has low donor site morbidity and minimal dysfunction
[26,27]. The use of TDAP flaps could reduce the donor site
morbidity associated with resurfacing surgery.

This study has several limitations. Since all the patients under-
went surgery with RSA flaps at other institutions, the outcomes
of the RSA flaps and occurrence of complications may have var-
ied according to the surgical techniques used. The adequacy of
postoperative management could also have influenced the oc-

696

Archives of Plastic Surgery

currence of complications. However, we were not able to evalu-
ate these factors. Additionally, this study involved only 11 pa-
tients and there was no control group that did not receive resur-
facing surgery for donor site morbidity. The risk factors for do-
nor site morbidity should be assessed in various patient groups,
including those without donor site complications. Due to mul-
tiple trauma to the lower extremities resulting from crush inju-
ries, patients’ baseline LEFS values were lower than those of the
healthy population. Most of our patients had injuries in the an-
kle region, making it difficult to evaluate the effect of the skin
grafts on the ankle joints. If a skin graft over the gastrocnemius
muscle is used for donor reconstruction, the ankle joint can be
affected. These considerations should be taken into account
when evaluating the characteristics of donor site morbidity and
the outcomes of resurfacing surgery. Scar contracture at the do-
nor site was not always associated with limited ROM of the
knee joint. However, in some patients, ROM increased with
postoperative pain relief. It will be important to demonstrate
this connection objectively in further research. Aesthetics im-
proved through the correction of contour deformities, and the
patients were satisfied, but an objective evaluation was not per-
formed.

Despite these limitations, this study did reveal the characteris-
tics of donor morbidity resulting from creating RSA flaps, and
provided experience of eliminating this morbidity by resurfac-
ing surgery. To the best of our knowledge, no previous studies
have analyzed the characteristics of donor site morbidity associ-
ated with RSA flaps. The patients in the present study had large
donor sites close to the knee joint, and the donor defects had
been reconstructed using skin grafts. Previous studies have sug-
gested that the morbidity of donor sites in the lower extremity
increases with donor flap size and proximity to the knee joint,
and that larger skin grafts are more susceptible to contracture
[20,28,29]. These findings suggest several ways to prevent do-
nor site morbidity when planning RSA flaps. If the intended do-
nor location is close to the knee joint, donor site complications
need to be addressed. Furthermore, although STSGs are a good
option for donor reconstruction, it is better in terms of scar con-
tracture and aesthetic problems to perform primary closure or
use local flaps where possible. For small to moderate-sized do-
nor site defects, primary suture is recommended. If primary clo-
sure is not feasible, suture techniques such as Z-plasty can be
used after sufficient undermining. For moderate-sized to large
donor defects, one can reduce the donor area using tightening
suture techniques and reconstruct the donor site with an island
or local flap [28]. If there is an extensive crush injury of the low-
er extremity or there is insufficient tissue for an effective local

flap, coverage with a skin graft should be considered. The pres-
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ence of the artificial dermis in the recipient beds of STSGs
should make it possible to reduce the contracture and aesthetic
problems that may occur with other types of skin grafts [21,29].

In conclusion, the RSA flap is a valuable reconstructive option
in the distal lower extremities. However, donor site morbidity
should be considered when planning reconstruction using the
RSA flap. If complications occur with STSGs at the donor site,
resurfacing surgery using TDAP flaps overcomes donor site

morbidity and achieves aesthetic and functional improvements.
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