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Abstract

Objective: This study was performed to evaluate two classic procedures guided by anatomic
markers for harvesting the anterolateral thigh (ALT) flap: one began with an incision on the lateral
side to identify perforators emerging from the muscle to the superficial tissue and to track the
perforators upward to the upper stem vessel, and the other began with an incision on the medial
side to identify the vessel branch from the stem artery and to track it downward to the flap
perforators.

Methods: Twenty-eight consecutive patients with tissue defects repaired with ALT flaps were
investigated; 13 and |5 patients underwent the lateral and medial incision technique, respectively.
The surgeon’s subjective view regarding procedural difficulty and the operative times were sta-
tistically analyzed.

Results: All flaps were harvested successfully. A two-paddle flap from one thigh in the medial
group failed due to necrosis; all others survived completely. Subjectively, harvesting of flaps
starting with a lateral incision was somewhat difficult, and the operative time was significantly
longer using the lateral technique.

Conclusions: Classic procedures to harvest the anterolateral thigh flap are still practicable, and
starting with a medial incision is more efficient than starting with a lateral incision.

Type of studyl/level of evidence: Therapeutic V.
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Introduction

The anterolateral thigh (ALT) flap is widely
considered a workhorse flap for repair of
tissue defects, and its advantages include
its long pedicle and low donor site morbid-
ity. Moreover, the supine position during
harvesting of this flap facilitates anesthetic
management. The main limitation of the
ALT flap is the anatomic variation of the
perforators.' > Dissecting the perforators
is the most important procedure when har-
vesting this flap. Recent studies on flap
planning have mostly focused on predicting
the vascular information with Doppler
ultrasonography, computed tomography
angiography, magnetic resonance angiogra-
phy, and some dye techniques, although
each technique has its own shortcomings
and merits.*” Surgeons are striving to
simplify and universalize the operative pro-
cedures in flap surgery.®® The classic

harvesting technique for the ALT flap is
based on anatomic markers and involves
an open surgical procedure in which perfo-
rators are identified; this technique still has
vitality in clinical practice. Two harvesting
procedures may be used: that beginning
from a lateral incision and that beginning
from a medial incision. We hypothesized
that beginning from a medial incision
would result in a more rapid, economical,
and efficient ALT flap harvesting procedure
in a selected population.

Patients and methods

Our institutional review board approved
this study. Informed consent was not
required because the two approaches used
in the study are commonly performed in
our institution. Consecutive patients under-
went tissue defect repair with ALT flaps

Figure |. Representative case of harvesting of the anterolateral thigh flap beginning with a lateral incision
(Patient 10). (a) Mapping of the flap. (b) Identification of the perforator emerging from the deep fascia.
(c) Deroofing of the encapsulating muscle and tracing to the upper stem vessel. (d) Harvesting of the flap

with the corresponding length vascular pedicle.
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using the lateral harvesting technique from
October 2011 to September 2014 and using
the medial harvesting technique from
October 2014 to December 2016. The flaps
harvested with the lateral technique ranged
in size from 9 x 7 to 20 x 15 cm®. A repre-
sentative case is shown in Figure 1. A line
was depicted between the anterior superior
iliac spine (ASIS) and superior lateral
border of the patella, and the midpoint of
this line was marked. The flap was designed
with its center at this point. The lateral
border was incised, and the flap with or
without the deep muscular fascia was
retracted medially. All available perforators
to the flap were carefully protected and dis-
sected to find the upper trunk. The flaps
harvested with the medial technique
ranged in size from 8 x 6 to 21 x 10 cm”.
This procedure involved a few modifica-
tions of the technique described by Adler
et al..® and a representative case is shown

in Figure 2. A line was depicted between the
ASIS and the midpoint of the superior
border of the patella, using the anterolat-
eral muscular septum as the axis of the
ALT flap. The middle one-third of this
line was incised, and the deep muscular
fascia of the rectus femoris muscle directly
under the incision was severed. The first
lateral branch from the descending branch
of the lateral circumflex femoral artery
to the vastus lateralis muscle was easily
identified while the rectus femoris muscle
was retracted medially. We estimated the
approximate perforator sites according to
the course of the branches; we sometimes
transected and deroofed a small amount
of the overlying muscle to observe the
course of these branches. Careful dissection
was performed between the deep muscular
fascia and the underlying vastus lateralis
muscle to identify the perforators emerging
from the muscle to the superficial tissues.

Figure 2. Representative case of harvesting of the anterolateral thigh flap beginning with a medial incision
(Patient 18). (a) Mapping of the incision. (b) Identification of perforators branching from the descending

branch of the lateral circumflex femoral artery and emerging from the muscle and use of these perforators
to map the flap. (c) Deroofing of the encapsulating muscle and harvesting of two separate perforator flaps
with a common vascular pedicle. (d) Repositioning of the flaps to form a flap available for the recipient site.
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Generally, dense connective tissue indicated
the presence of a vessel bundle (perforator),
and no difficulty was encountered in sepa-
rating the deep fascia and its encapsulated
muscle. A point on the skin over the perfo-
rator was marked, and we centered
and mapped the flap based on this point.
If the width of the recipient defect was
more than 6 cm, we searched for two ade-
quate perforators; if such vessels were
found, we harvested two long, narrow
flaps nourished with these two perforators.
The two branches were identified before
they entered the vastus lateralis muscle.
The flaps were realigned so that they were
suitable for the defect reconstruction. The
donor site was directly closed if its width
was less than 6 or 7 cm. Otherwise, a skin
graft was used to cover the donor site. All
procedures were performed by the same
surgical team.

The operative time, subjective difficulty
level of the surgery, perforator location,
and other patient-related data were collect-
ed and evaluated (Tables 1 and 2). We ana-
lyzed the operative time and subjective data
with a t-test and the cross-table exact Fisher
method of the chi square test, respectively,
using SPSS 22.0 software (IBM Corp.,
Armonk, NY, USA).

Results

Thirteen and 15 patients underwent tissue
defect repair using the lateral and medial
ALT harvesting technique, respectively.
The patients’ demographic information is
shown in Tables 1 and 2. In total, 30 flaps
were harvested (in Patients 8 and 10, flaps
were harvested from both thighs for a total
of 4 flaps between these patients). In
Patients 17, 18, 23, and 27, a flap with
two perforators was harvested from only
one thigh; each of these was counted as
one donor site/flap. Twenty-eight flaps
were harvested successfully, and all but
one (a two-paddle flap from one thigh)

survived completely. This flap failed due
to gradual necrosis within 2 days postoper-
atively. We considered the cause to be infec-
tion, and exploration revealed purulent
discharge beneath the flap. In four patients,
we successfully used two available perfora-
tors to form a two-paddle flap. Eighteen
perforator flaps among the total 30 flaps
emerged from the muscle beyond a circle
of 3 cm in diameter. Double-sided ALT
flaps were harvested in two patients
(degloving injury of the whole hand in
Patient 9 and tissue defects of the anterior
arm and dorsal hand in Patient 10). When
harvesting the ALT flap in Patient 5, we
initially found a perforator with a visibly
adequate diameter; during dissection;
however, we found that it did not course
in an upward and medial direction and
that it contained thick muscle covering.
We avoided transection of this thick
muscle because of the risk of dysfunction
of the vastus lateralis muscle. Instead, we
continued to dissect medially and found
another perforator. Fortunately, its course
was directed upward and medially toward
the trunk, and its muscle coverage was thin.
We ligated the previous perforator and har-
vested this subsequently identified perfora-
tor to nourish the flap.

The operative time in the lateral tech-
nique group was about 60 minutes longer
than that in the medial technique group,
with a significant difference (p <0.05).
However, the surgeon’s subjective view
regarding the difficulty of harvesting the
ALT flap was not significantly different
between the two procedures. We identified
the stem vessel and perforator and dissected
the muscle to free the vascular pedicle much
more confidently in the medial than lateral
technique group. In the lateral technique
group, we identified only the perforator
and performed tentative dissection to deter-
mine whether it would course back to the
expected stem vessel.



4573

Xie

‘g|[ored aya

Jo JapJoq Joliadns [eus1e| pue suids dejjl Joliadns I0LISIUE B3 USSMID] JulodpIW BY3 I8 S2ID WD-| B UIYIM 32SNW Y3 wo.) padiaws Jojedoyad a|ge|jieAe Y1 = o ‘B|j9red
ay3 Jo JapJoq Joliadns [esaie| pue auids dell Joliadns JoLIdIUE BYI USIMIDG JUIOdpIW Y 1B B|IUID WD-| B PUOARq S[aSNW Yl wody pasIawa Jorelopad a|qe|ieA. ayl = SaL,,

Aseq S9A  2Jnsopd 1da4i1q oN 00:9 oN /X0l puey [esJop 1ySiy Iy SN €]
yndYyIAa S9A  4nsopp 133lig °N 00:2 °N 9 x0l puey [esJop 397 [43 del Cl
Aseg BN Y3 upjs ON 00-9 °N 9'€l X91 puey Jewed 3ysiy (4 KA I
ON LX96 puey Jewed 3ysiy
Aseq SaA Yeus upjg ON Sl6 SaA I X€l 300y [e3sIp Y3y 6€ SelW ol
Ase3 LN Y3 upjg °N 00:9 SoA 0l <0t puey [esJop 3o 34 SelW 6
°N L1 X G|
Aseg BN Y3 upjs °N 0l °N 91 X gl puey 397 €9 del 8
Aseg S9A  2Jnsopd 30a.1q oN 0€:S oN L X6 puey |esJop a7 Sh SN /
IndIAa SIA ye.3 upjs ON S8 ON 0l X9l puey rewred 3y3ry €y 9ews4 9
IndIa S9A  dnsop 33alig ON 00-6 ON 99 %0l puey [esiop 3o q S[ews4 S
Ase3 SN Y3 upjs oN 009 SN I X¥l puey [esiop 431y I el v
Aseg SS9\  94nsod 129.1Qq oN 00:S OoN §9XE€| puey Jewyed 1ySry /T ETEIN €
sJa3uly pue puey
Aseg BN ye.3 upjg ON 0€:S BN [es4op 3ysry 6y KA C
IndIAa SoA yeus upjg ON 00-8 ON s4a3ul [es.op a7 q€ SelW |
MBIA  [BAIAJINS CYACTeh) sdeyy (wuwyy) 49S (;wo) aus jualdiday  (saeak) PEIN KNI
9AId3Igng dely 91s  EUBWIYD JO awMn  JOJeIOMDY azis deyy a3y Jusney
JouoQ uopnewdo4  dAnResadQ

‘uoisipul [eda1e] B yum 3unJels Aq paisaadey sded °| ajqer



Journal of International Medical Research 46(11)

4574

‘g|93ed ayz
O J9p.oq Jowadns [edsie| pue auids deljl JoLadns JoLISIUE BY3 USIMID] JulodpIW BY 3B S|2ID WD-| B UIYIIM 3ISNW dY3 wo.ly padiaws Jojeloyiad s|qe|ieAe aya = oN ‘g|jeaed
ay3 jo JapJoq Joliadns [esa3e| pue auids Jell Joladns JoLIBIUE B3 USBMIB] JUIOdPIW BY3 B B|DUID WD-| B PuUOASq 3JaSNW Byl Wwo.) padiaws Jojelopad 3|qe|ieA. ay3 = Sa,

Aseg S9A  aJnsop 12841 oN 00:9 SoA 9X 07 Moge Jowue 1Sy vE ael 8z

9x8
ynYIa ON  @4nsopd 122.i1Q SoA 0l: S9p S X | 89] Jolmue o Sp SN 1T
Ase] S9\  2Jnsopd 12941 oN 00:€ oN 9Xx8g saa3uly Jewjed Jy3ry 6§ SN 9T

WLIBaJ0} pue puey
Aseq SSA yeas upjs ON 00-€ ON 01 XIT Jewed 3o 99 SeW S¢
Aseg S9N aJnsop 12841 oN 00:§ SoA 9X €] 89| Jowmue 3y 7S 9ewa4 ¥
[ X¥ sJa8uly pue puey

Aseq S9A  @4nso|d 12941 SOA 00+ oN LX L Jewjed 1ySiy W 9wy €T
Aseq S9A  @4nso|d 12241 oN 00+ S9A LX 11 dwms puey 1ysry 1§ 9rwa4 w
Aseq S9A  @4nso|d 12941 oN 00:§ oN £ X0l puey |easip 3o ¥ SN 1T
Aseq S9\  2.4nso|d> 13l oN 00+ oN L X 11 puey [esJop 1o €€ 9rWa4 0T
Aseq SSA yeas upjg ON 00:9 ON €1l xgl puey [esiop 3y3ry JA Ll 6l

9 X Gl
Aseq S9N @Jnso|d 12941 SOA 00 SoA G XG| puey [esJop a7 99 SN 8l

9 XTI
Aseq S9A  @4nso|d 12941 SoA 0S:S SaA 9 X || puey Jeujn o7 19 CIEIN| A
AnYIa SeA ye.3 upjg SN 00-8 ON 0l XLl  Mogp Jolaue 3ysy 9%  Srpws] 91
Aseq SN ea3 upis °N 0€¥ XTI X9 diy ay3ry €9 dleW Sl
Aseg S9\  2.nsod 1aliqg oN SEY Sap GX9] puey Jewjed 1y3ry 7T 9rwa4 ¥l
MBIA  [BAIAINS a8eJanod sde)} (ww:yy) 4OUS (;w2) sus juaididay  (saeaA) PEIN ‘ON
2Andalgng dey Qs esRWIYD Jo awil  JOJeJIONDY azis ady Juaney

Jouo( uonew.o4  aAnesadp dej4

‘uolsidul [elpaw & yum SunJaels Aq paisaAdey sde{ g a|qeL



Xie

4575

Discussion

Since the ALT flap was first described by
Song et al.'” in 1984, it has become popular
and is now considered a workhorse flap in
the field of tissue reconstruction with bene-
fits including versatility, a long pedicle, and
low donor site morbidity.*>!'" The supine
position facilitates anesthetic management,
flap harvesting, and most tissue defect
repair techniques. However, a main draw-
back is the variance in the vascular anato-
my. Preoperatively, the ALT flap is usually
plotted based on the perforator location.
Hand-held Doppler examination, color
duplex sonography, digital subtraction
angiography, computed tomography angi-
ography, magnetic resonance angiography,
and some specific fluorescent staining angi-
ography techniques are currently used to
analyze the anatomic characteristics of the
perforator, such as its course, size, number
of vessels, and adjacent connections. Some
of these techniques have been limited to
experimental studies, some are expensive
or time-consuming, and some have insuffi-
cient  sensitivity = and  specificity.®’
Additionally, some contrast agents can
jeopardize the host’s tissues, preventing
these agents from being routinely used.
Because of the above-mentioned shortcom-
ings and the fact that some clinics are not
equipped with the required instruments and
technology, the preoperative flap design in
the clinical setting mainly depends on gen-
eral anatomic characteristics and the sur-
geon’s experience. Many surgeons have no
devices with which to preoperatively locate
the perforator and thus depict the flaps
intraoperatively based only on documented
anatomic markers. The ALT flap elevation
guidelines established by Adler et al.® and
the flap designs described by Lin et al.’
might facilitate great progress in surgical
manipulation.

In the present study, the ALT flap was
generally designed with its center at the

midpoint of the ASIS and lateral superior
border of the patella. The proximal line
along the anterolateral intermuscular
septum and the flap bound medial to the
septum were incised together. The perfora-
tor was identified by dissecting the distal
part laterally, and the pedicle of the flap
(the lateral circumflex femoral artery) was
found in the proximal part. Some surgeons
preferred to incise the distal part lateral to
the anterolateral intermuscular septum and
to dissect the tissue medially, which facili-
tated identification of the perforator
because it provided full exposure with no
tension of the severed covering skin or
fascia lata.'” Retrograde dissection with
tracing of the perforator may help to estab-
lish a suitable length and diameter of the
perforator for anastomosis at the recipient
site.'*> However, with the lateral incision
technique described herein, the intramuscu-
lar course of the initially identified perfora-
tor cannot be accurately estimated;'*
it usually courses through the middle part
of the vastus lateralis muscle, which could
make dissection of the intramuscular vessel
more difficult. In 2008, Adler et al.® pub-
lished a description of their medial incision
starting technique for harvesting of com-
plex lateral femoral circumflex chimeric
free tissue transfers. We used this technique
in 15 cases and found the initially identified
septocutaneous perforator described by
Adler et al.® did not consistently appear
and was easy to injure. However, the upper-
most lateral perforator from the descending
branch of the lateral femoral circumflex
vessel was easy to find and was usually cov-
ered by a smaller amount of muscle than
other lateral perforators. Despite the ten-
sion from the intact skin and fascia lata,
locating the perforator site emerging from
the muscle was not difficult. By conceptual-
izing and estimating the perforator course
before it entered the muscle and separating
the fascia from the muscle, we found a
bundle of dense tissue with the vessel
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piercing its upper fascia. This was very
useful when the flap width was about
6cm. The medial incision was about
1.5cm medial to the septum to assure that
the perforator entered the flap. When the
flap width was more than 7cm, we
attempted to find a septocutaneous perfora-
tor or another lateral perforator to form
two flaps. The donor site was closed directly
and a less severe scar resulted when using a
split-skin graft. This could not be achieved
by the two classic and conventional proce-
dures. In some cases, the descending branch
of the lateral femoral circumflex vessel
coursed under the medial partial vastus lat-
eralis muscle and was sometimes mistaken
for the perforator. Therefore, we modified
the procedure described by Adler et al.® to
more efficiently locate the perforator, which
might have prevented flap failure in all of
our patients. The lateral branch (perfora-
tor) from the lateral femoral circumflex
vessel should be tracked to the point at
which it enters the vastus lateralis muscle,
and a small amount of overlying muscle can
sometimes be dissected to assure its course.
The vascular orientation can provide accu-
rate guidance to estimate the area in which
the perforator comes off the muscle.

With the later (medial) technique, we
could shorten the procedure by about
1 hour and form several chimeric flaps,
although other factors also likely affected
the operative time. The second lateral per-
forator had a large amount of overlying
muscle, which could be the reason for the
lack of a significant difference in the oper-
ator’s subjective view of the difficulty
between the two procedures. Harvesting
was fully successful in all 28 consecutive
patients. The anatomical variance may
become clear as more cases are accumulat-
ed. With the previous two procedures,
each of which involves its own method of
designing the flap, the perforator may not

appear in the field of the flap, especially if
its width is <6cm. Therefore, we have
herein presented some surgical modifica-
tions to reduce the risk. Some reports
have described the absence of cutaneous
perforators arising from the descending
branch of the lateral circumflex femoral
artery in a small proportion of cases involv-
ing the ALT flap."> Identification of an
available perforator might be facilitated by
much more carefully searching for and dis-
secting the perforator as well as meticulously
dissecting and separating the semitranslu-
cent connective membrane encapsulating
the stem vessel bundle. Although anatomical
variations were encountered in the present
study, planning the ALT flap based on
established anatomical markers was still
valid. When using these anatomical markers
to design the ALT flap, the donor site scar
becomes less clinically relevant with a split-
skin graft. Moreover, direct visualization of
the nutritional vessel allows for evaluation of
its characteristics such as pulsation, elastici-
ty, and flexibility of the vascular wall, while
angiography provides only images. In some
cases, the vascular wall is inflexible and
chain-like, and although the vessel usually
seems adequate on filling images, its wall
may be damaged and unable to pul-
sate efficiently.

Classic procedures for ALT flap harvest-
ing with or without assistance by preopera-
tive perforator location instruments are still
practicable, and starting with a medial inci-
sion is more efficient than starting with a
lateral incision. Moreover, starting with a
medial incision may facilitate an easier
change to another type of flap when the
ALT flap is not feasible.'®
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