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ABSTRACT

Background: Soft tissue coverage in the upper limb after trauma, burn inju-
ry, or tumour removal is a commonly addressed problem by the plastic sur-
geon. The anterolateral thigh flap (ALT) is recognized as a popular free flap
option for covering various types of soft tissue defects due to its versatility.
We aimed to assess the functional and aesthetic outcomes of the ALT flap for
reconstruction of upper limb defects.

Methods: Four electronic databases were searched (MEDLINE (PubMed),
Scopus, Web of Science, and Cochrane) from inception to Feb 2021. Two
reviewers independently extracted the data and performed risk assessment
using the modified Downs and Black (MDB) quality assessment tool and the
modified Newcastle Ottawa Scale for case series.

Results: This review included seven studies for quantitative assessment. The
eligible studies had 67 patients. Included studies had used a varied number
of validated upper extremity functional scoring systems; the most commonly
used score was QuickDASH with mean of 21.24, DASH score was 15.5. In
regard to aesthetic outcome, an overall satisfactory result was reported. A
secondary debulking procedure was performed in 7 patients.

Conclusion: Further studies are recommended to ascertain the functional
and aesthetic outcomes of the ALT free flap for upper limb defects, especial-
ly using standardized outcome scoring systems. This may be supplemented
with a questionnaire that addresses common patient concerns (such as co-
lour, contour, textile and hair growth) for the aesthetic outcome. Neverthe-
less, based on our review, the ALT flap may be a good reliable reconstructive
option for upper limb defects with good functional outcome and satisfactory
aesthetic results.
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INTRODUCTION

Soft tissue coverage in the upper limb after trauma, burn injury, or tumor
removal isacommonly addressed problem by the plastic surgeon. In most
cases, this is a quite challenging task as the provided soft tissue coverage
should be robust and pliable, resulting in the optimal functional and
aesthetic outcome '. Regional flaps, such as radial forearm and posterior
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interosseous, provide an excellent reconstructive
option, but the size of the defect usually constrains
their use. Other reconstructive options include the
pedicled groin flap which may provide coverage
for larger defects, however is limited by a longer
period of upper limb restriction and post-operative
stiffness?.

Following the idea of the reconstructive elevator and
our continuously growing knowledge on perforator
anatomy, free flaps have now become one of the first
options for upper limb coverage. More specifically,
the anterolateral thigh flap (ALT) is recognized as a
popular free flap option for covering various types of
soft tissue defects due to its versatility °. Moreover,
the possible thinning of the ALT flap during the
harvest or before the inset has significantly added
to its popularity pertaining to further debulking
surgery *.

The survival rate and complications of the ALT
flap have been widely discussed in the literature °,
however the functional and aesthetic outcomes for
upper limb defects specifically have not yet been
reviewed. We aimed to evaluate the quality and
strength of the evidence for the use of the ALT flap
in the upper limb, focusing on the functional and
aesthetic outcomes.

METHODS

Search Strategy

The protocol for this systematic review has
been registered in the PROSPERO database
CRD42021239007. Four different databases
MEDLINE (PubMed), Scopus, Web of Science,
Cochrane Library and Embase, were searched
from inception to Feb. 2021 by two independent
investigators (A.H and M.A.); The following
keywords and Boolean operators were used: (Upper
Extremity [Mesh] OR (upper limb) OR (hand) OR
(wrist) OR(elbow) OR (arm) OR (forearm)) AND
((Esthetics[Mesh] OR (aesthetic) OR (Function))
AND ((anterolateral thigh) OR (anterolateral free
flap)). Additionally, the reference lists of the retrieved
publications were checked manually, followed by
forward snowballing of all eligible articles using
Web of Science and Google Scholar databases.

Selection and Eligibility

Two independent investigators (A.H and M.A.)
judged the eligibility of retrieved articles; first by
reading the title, then reading the abstracts, and
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finally by reading through the whole article. If
disagreement existed, a consensus was reached
through discussion. Each article had to satisty the
eligibility criteria to be fully included; we did not
exclude any paper based on quality. The inclusion
criteria included case series or higher quality
evidence, which assess patient-reported outcome
measures (PROMS) from patients with anterolateral
thigh free flap reconstruction of upper extremity
defect. We excluded case reports, review or proof of
concept studies, non-English articles or if other flaps
were utilized in combination with the ALT flap.

Data Extraction

Two reviewers independently extracted the following
parameters from the selected studies: author names,
year of publication, patient demographics including
age and gender, anatomical location of the defect,
mechanism of injury, associated injuries, flap
dimensions, flap survival rate, functional outcome,
aesthetic result and follow-up period (Table 1, 2).
When data were missing, authors of the included
studies were contacted.

Risk of Bias Assessment

The risk of bias of the included studies was assessed
using the Modified Downs and Black (MDB) quality
assessment tool for comparative studies. This tool
consists of 15 questions that assess four criteria:
reporting, internal validity, external validity,
and statistical power % each question was scored
between 0, 0.5, and 1 with the total summative
quality indicating score ranging from 0 to 15.
Where results were not applicable (N/A), no score
was given. Additionally, the risk of bias for the case
series was evaluated using the modified Newcastle
Ottawa Scale (NOS) 78 based on a pre-defined set of
five criteria (selection, ascertainment, causality, and
reporting); each criterion was evaluated by a “Yes’ or
‘No’ response, with the total possible score ranging
from 0 to 5. The included study’s overall quality
was subsequently considered low quality, medium
quality or high quality.

RESULTS

Search results

Our search strategy identified a total of 487 articles
after duplicates were removed. After screening the
titles and abstracts of these articles, 462 papers were
excluded. Twenty-five studies were deemed eligible
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Table 1: Study Designs and Patients’ Demographics

Number of

Mean age

Sex

Stud Study desi Exclusion Criteri
udy patients (range) (% Male) udy design xclusion Criteria
Zermefio et al. 20142 7 12 (2-28) 86% Case Series N/A
. Patients with severe chronic illnesses and
Ellabban et al 20211° 18 28 (5-45) 78% Case Series . .
peripheral vascular diseases
Gideroglu et al. 2009 13 33 (18-55) 85% Case Series N/A
di Summa et al., 2019° 7 45 (18-77) 71% Case Series N/A
ALT 6 52 (21-82) 83%
Cherubino et | group: Cohort N/A
al., 2020 SALT 5 55 (24.77) 40% (retrospective)
group: ’
S hronic ill d th ith
Zhang et al., 2019" 7 38 (25-48) 57% Case Series . <.evere chromict nes.s andthose wi
injury to the donor site were excluded
. Bone deformity, cases with double-folded
Lee et al., 2016" 4 51 (42-56) 75% Case Series

fingertip free flaps, lost to follow-up

ALT - anterolateral thigh, N/A - not available, sSALT- sandwich anterolateral thigh

for full paper review; 8 were excluded based on the
absence of subjective PROMs, 3 were reviews, 2
were case reports and letters, 2 discussed the donor
site morbidities only and 3 did not focus on upper
extremity patients. As a result, 7 papers remained
and were included in our review (Figure 1). All
included papers were retrospective studies, and six
were case series >'*. One study was comparative
comparing the standard ALT with a sandwich ALT
(sALT) technique ™.

Study Population

The eligible studies had 67 participants who
underwent ALT flap to cover elbow and elbow
defects. The age of patients ranged from 2 to 82
years. There was 50 males (74.6%) and 17 females
(25.4%) across the included studies. Trauma or
burn injury were the most common mechanism of
injury, occurring in 64 patients (96%). Otherwise,
defects were also reported post-necrotising fasciitis
debridement (1 patient) and oncological surgery (2
patients) °. Two studies reported associated injuries
in combination with the soft tissue damage *'*. The
follow up of the included participants ranged from 7
to 72 months (Table 1).

Evaluation of Functional Outcome

Included studies have used a variable number
of validated upper extremity functional scoring
systems. The Disabilities of the Arm, Shoulder and
Hand (DASH) score consisting of 30 questions
scored from 0 to 100 ' was used in 3 studies'’. The

QuickDASH scoring system, which is a shortened
11-item version of the DASH " was used in two
studies '*'2. The reported score had a range from 4.5
to 50 % for 25 patients (mean 21.24) '*'2 and the
DASH score was 15.5 (+/-1.5) for the hand and wrist
and 23 (+/-1.4) for the forearm and elbow’ (Table 2).
Chen scoring, which is a four-grade system
assessing functionality according to the ability to
resume original work, joint motion, sensitivity and
muscle power'® was used in 2 studies® !’. Seven
patients had Chen II grades, and ten patients had
Chen I. Michigan Hand Questionnaire Scoring
(MHQ) assesses hands’ functionality based on six
scales (scored from 0-100, of which 100 is the best
possible ability) '” was used for assessment in only
one study . Lastly, the Upper Extremity Functional
Scale (UEFS), which consists of 20 items (from zero
to 4) with a score range from 0 to 80 '® was also used
in one study only". UFES scores resulted in 60.25
(+/-3.8) with standard ALT and 70.75 (+/-3.6) with
SALT (Table 2).

Evaluation of aesthetic Outcome

Two of the included studies reported using the
Likert Scale to assess four items: appearance/hair
distribution, contour, colour, and texture. Studies
compared the outcome with the normal extremity on
a scale of 1 (strongly disagree) to 5 (strongly agree)
with the panel and patients giving scores'® 2. The
overall score for appearance ranged from 3.11 to 4.1,
with a mean score for hair distribution being 3.8, for
the contour 3.48, for the colour 3.6 and the texture
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Figure 1 PRISMA Flowchart
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Figure 1: PRISMA Flowchart

3.9. One study reported aesthetic satisfaction based
on eight questions produced by the Michigan Hand
Outcome Questionnaire (MHQ) with an overall
score from 0 to 100% satisfaction. The overall results
were 53%-84%, with a mean of 66.5% . Other
included studies have reported overall satisfaction
with the results (Table 2).

Estimation of secondary outcomes and complications
The range of motion was assessed in two studies
> 19, The combined mean loss of normal range of
motion (ROM) for the metacarpophalangeal joint
was 34.3%, for the elbow was 5% °, and for the wrist
was 21%. The mean power grip of the reconstructed
hand was estimated at 78% of the normal .

One study evaluated the sensory function post-
reconstruction, reportinga S2 grade recovery (partial
recovery from superficial pain and tactile sensitivity)
1320 Two studies reported that all their participants
who had a sensate flap reconstruction had regained
sensitivity '» '% the 2-point discrimination was
10mm in the proximal part and 12mm in the distal
part of the flap 2. In the non-innervated flap, the
2-point discrimination was reported as 48.3mm
(40-55 mm)’. Temperature was regained by 85% '
(Table 3).

A secondary debulking procedure was performed
in 7 patients . Overall, there was no complete
flap failure. 4 flaps had partial marginal necrosis'”
1, five infections ', and one flap had arterial
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Table 3: Secondary Outcomes

Innervated
Study ALT Flap Sensory outcome Debulking Procedure
- Pain and Touch Present 100%
Zermeiio et al.
201412 Yes Temperatures 85% Same 1ry Procedure
2PP = Proximal 8.57 mm (8-20), Distal 9.71mm (8-20)
Ellabban et al 2021
o No N/A Same 1ry Procedure
Gideroglu et al.
20§911 Five patients Protective Sensibility in all flaps with 12 months N/A
di Summa et al,, N Forearm/elbow 2 Point Discrimination = 3.5cm N/A
0
2019° HaWristsit Group =5 cm
Zhang et al,, 2019 No Pain score 32..9+/ -23.4 points Secondary debulking in 4
Sensation was S2 cases
Table 4: Modified Downs and Black quality assessment scores for included studies
Study Number of the question Total
External Internal Validity
Reporting 1. Power
Validity  Bias  Confounding

12345 6 789 10 11 12 13 14 15 15

Cherubino et al., 2020 1 1011 NA 1 1 1 1 1 1 0* 0 11

0: No or UTD*, 1:Yes

Table 5: Assessment tool for included Case series

Zermeio Ellabban Gideroglu  diSumma Zhang Leeet
Domain Queries etal. etalt 2021'° etal. etal., etal., al.,
20141 2009 2019° 20193 2016"
Patients' resemblance to real
clinical setting
Selection Clear selection method to avoid 0 1 0 0 1 1
inappropriate
exclusion
Ascertainment of exposure 1 1 1 1 1 1
Ascertainment Ascertainment of outcome ] 1 ] ] 1 ]
measures
Causality Adequacy of follow-up period 1 1 1 1 1 1
Sufficient description of patient's
population
Reporting to permit research replication 0 1 0 0 1 1

and to improve
external validity (or applicability)

thrombosis and was salvaged '°. Hyperpigmentation
was reported in one patient" (Table 3).

Risk of Bias
Based on MDB scoring system (Table 4), one study
4 scored 11 out of 15 and was deemed of good

methodological quality. This study, however, did not
report its sample size calculations, exclusion criteria
for study participants and did not mention follow-
up losses. Six studies *'*'* were case series. Three
studies scored 3 out of 5 at the NOS (Table 5) for
not reporting exclusion criteria of the participants,
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which affected the score for reporting and selection
domains * ' indicating a medium quality. Two
studies score 5 out of 5, indicating a high quality '*
1% The overall median quality is four.

DISCUSSION

Upper extremity reconstruction is challenging. The
optimal flap should meet certain requirements like
pliability, durability, minimal donor-site morbidity,
good vessel match, and avoidance of intraoperative
change in the patient’s position®. The ALT flap is a
septocutaneous or musculocutaneous flap based on
perforators of the descending branch of the lateral
circumflex femoral artery, firstly described by Song
et al. in 1984*. It is considered one of the most
popular flaps with benefits including versatility, a
long pedicle, and low donor site morbidity*»*. The
ALT free flap has been utilized in reconstruction
across the whole body, including the head and neck,
abdominal wall, extremities, and breast?*?’. A recent
systematic review has shown that it is gradually
becoming the workhorse for upper limb soft tissue’.

Evaluation of the outcome with an ALT flap
reconstruction

Several studies have been conducted in an attempt
to evaluate the ALT flap usage for upper limb
reconstruction. Studies that compare surgeons and
patient’s aesthetic outcome showed that surgeons
scored better than the patients ' '? which is rather
expected as the latter have higher expectations based
on the pre-injured extremity appearance.

Regarding the functional outcomes, QucikDASH
revealed better results in the forearm compared to
the hand (combined forearm =18.1, distal forearm,
hand and wrist = 31.98%) '2. This result was
reaffirmed by the study of di Summa et al. * with the
DASH score being better in the forearm than the
wrist. These studies validate the logical conception
that forearm defects are generally more suitable
for the ALT’s elliptical skin paddle. The functional
results are significant when the wrist joint or the
hand is spared. Moreover, patients with delayed
reconstruction experienced better post-operative
results having the opportunity to adapt to the injury,
in contrast to an early reconstruction'?

Ellabban et al. ** included 18 patients and concluded
that the worst functional outcomes were witnessed
in patients with dorsal hand and distal forearm ALT

Hagisa ot ot R

flaps. Gideroglu et al.’ included 13 cases between
2002 and 2007 for which an ALT was used to cover
hand and wrist defects providing a good outcome.
One study®® has met the primary inclusion criteria.
However, the sample included in this study were
patients who underwent hand or foot reconstruction
with an ALT flap. After reviewing the full paper
text, hand and foot outcome data were not discrete.
Thus, out of the reviews" definitive inclusion scope.
Authors have been contacted to provide separate
information for hand patients; however, no response
obtained. That being said, there was an overall good
satisfaction and functional outcome noted in the
study in both feet and hand ALT flaps.

Regarding the donor site, a pooled meta-analysis
concluded that morbidity for thigh-flaps is minimal
and appears to be well tolerated by the majority of
patients . Donor site selection is an essential factor
in flap choice influenced by the patient’s preference
and surgeon’s experience. Nevertheless, it is highly
individualised, and patients must be informed of
potential complications and morbidities specific
to each flap during the consultation. Wang et al.
*described that closure of the donor site is always
performed over a drain. Defects up to 22 cm in
length and 8 cm in width can usually be closed
primarily. However, larger defects may require a skin
graft compromising the final aesthetic outcome.

Evaluation of ALT flap reconstruction technique
Some surgeons prefer to incise the distal part lateral
to the anterolateral intermuscular septum and to
dissect the tissue medially, which facilitated the
identification of the perforator because it provided
full exposure with no tension of the severed covering
skin or fascia lata *'. In 2008, Adler et al. ** published
a different medial incision starting technique for
harvesting complex lateral femoral circumflex
chimeric free tissue transfers. However, a study
concluded that medial incision is more efficient
than starting with a lateral incision *.

Generally, flap raising is influenced by thigh
thickness and adiposity. The classic harvesting
technique for the ALT flap is based on anatomic
markers. It involves an open surgical procedure in
which perforators are identified intra-operatively
without a prior systematic investigation **. Thinning
of the flap was initially described by Kimura et al.
* after a clear understanding of the perforasome
concepts *. This study involved 31 patients for six
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years; there were variations in width and length,
but the average was 7.7 by 14.7 cm to preserve flap
vascularity and survival. Ultrathin flap’s thickness
was determined around 6mm. Maruccia et al.
Bcompared super-thin with the conventional ALT
flaps reporting that a thin flap with a suprafascial
dissection could be performed safely without
compromising flap outcome or survival.

Limitations

There were no comparative studies in our review.
On the other hand, the inclusion of case series may
increase the risk of survivorship bias. Additionally,
due to heterogeneity of the functional outcome
and aesthetic outcome scoring system and no
comparison group, a meta-analysis was not
conducted. Different scoring systems were used to
assess function, and only three studies addressed the
aesthetic outcome with a questionnaire. However,
other studies reported overall satisfaction aesthetic
results by the patients. Also, some studies included
children, making the functional assessment more
difficult ' "2, Finally, the complexity of the injury
varied in the study population, with some patients
having an underlying tendon or bone injury, which
may have affected the overall functional outcome.

CONCLUSION

Further studies are recommended to ascertain
the functional and aesthetic outcomes of the ALT
free flap for upper limb defects, especially using
standardized outcome scoring systems. This may be
supplemented with a questionnaire that addresses
common patient concerns (such as color, contour,
textile and hair growth) for the aesthetic outcome.
Nevertheless, based on our review, the ALT flap may
be a good reliable reconstructive option for upper
limb defects with good functional outcome and
satisfactory aesthetic results.
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