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reconstruction of soft tissue defects in the distal part of the leg.
Although the popularity of this flap never reached the extent of
that of free perforator flaps, it still serves as a reliable alternative.
Keywords: This has been demonstrated by the increased rate of publication
Reverse sural artery flap on the technique in recent years. The number of authors reporting
Pedicled flap data has risen up to 20 reports a year.

Fasciocutaneous flap
Lower limb reconstruction
Adipofascial flap

During this time, several new modifications of the flap were inau-
gurated in order to boost the efficiency and reliability of the flap.
The goal of this systematic analysis of the literature was to gain in-
formation on the influences of the modifications of the RSAF with
regard to consistency and complication rates.

An overall survival rate of 95% and a rate of complications of 14%
were reported in all the analyzed cases. Some modifications were
able to improve flap viability but not at a statistically significant
extent. Venous supercharging and the adipofascial variant of the
RSAF provided the best results.
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The RSAF is still a remarkable flap design, especially as a backup
solution or in circumstances without a microsurgical skilled sur-
geon. Further investigation with controlled randomized prospective
trials is vital to confirm this finding with more evidence.

© 2020 The Authors. Published by Elsevier Ltd on behalf of British
Association of Plastic, Reconstructive and Aesthetic Surgeons.

This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

The reverse sural artery flap (RSAF) represents a safe-to-perform technique to cover soft tissue de-
fects of the distal limb, with the focus on the feet and ankles.!* In comparison to more demanding
microsurgical free flaps, a common practice used for similar indications, the RSAF bears several advan-
tages, including low donor site morbidity and a shorter operative duration.” Furthermore, this tech-
nique can be sufficiently adapted and performed by less experienced microsurgeons. Multiple studies
reported excellent outcomes for the RSAF; however, discussion includes an uncertainty with the safety
of the procedure.b Therefore, various modifications have been introduced to improve the reliability of
the RSAF. The delayed two stage technique, venous supercharging with an additional microanasto-
mosis of the small saphenous vein, and sparing of the skin paddle by using the adipofascial flap or
incorporating a gastrocnemius muscle cuff have been presented in recent decades.>>’~?

The aim of this systematic analysis is to provide evidence for the improvement of the RSAF through
an in-depth investigation of various modifications introduced since 1983. We hypothesize that the
overall flap survival has increased during recent decades due to the reported modifications.

The aim of the analysis was to answer the following questions:

1. What is the overall survival rate of the RSAF in literature?

2. What is the overall complication rate of the RSAF in literature?

3. How have these rates changed since the various modifications have been introduced?
4. Do modifications improve the outcome of the RSAF?

Methods

The PICO strategy was used to define the research question construction and literature search.!”
Pubmed, Embase, and Cochrane Library for Reviews were used for data screening. The literature search
was performed by two individual investigators. The search terms were “sural flap” or “sural flaps” in-
cluding the corresponding MeSH Terms. The search returned 1352 hits. After screening these articles,
we were left with 218 articles with sufficient patient data (Table 1). Recommendations from the Ox-
ford Centre for Evidence-based Medicine (EbM) were used to assess the level of evidence.

To avoid study bias, all articles were analyzed for number of flaps, specific site of injury (foot;
heel; ankle; distal/ proximal leg) or localization of the defect, incidence of complications and detail
of complications (complete flap loss; partial flap loss; margin necrosis; venous congestion; infection;
donor site breakdown), and flap survival rate. The following variables were also documented for each
patient: age, gender, and indication for reconstruction (trauma; wound breakdown; open fracture;
ulcer; pressure sore; burn; cancer).

To avoid double counts of flaps, we compared data on authorship, recruitment years, data source,
and geographic location. If a patient population was found to overlap, we included the article with
the most comprehensive data.

For the pooled analysis, all patients were aggregated into a single data file, and descriptive statis-
tics were calculated for the patients reported in all studies.

For statistical analysis, Kruskal Wallis tests were conducted as appropriate with p-values <0.05.
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Fig. 1. Publications from the History of the RSAF Flap.

Results
General flap results

During literature research, 73% of the studies were excluded (Table 1). Up to 218 publications with
5145 RSAFs were included. All flaps were described as distal pedicled sural artery flaps. On average,
there were 7.2 studies per annum ranging from one study in 1983 to 20 studies in 2007 (Fig. 1).
Eight publications with children under the age of 16 contained 149 flaps. The majority of publications
(95%) represented case control series (EBM Level 4), and only 5% showed nonrandomized controlled
retrospective cohort/ follow-up studies (EBM Level 3). No controlled randomized prospective clinical
trial was found. Many studies (N = 161) reported more than 10 (10-188) patients, and only 57 authors
reported less than 10 patients.

The overall flap-survival rate was 95.2%. Major complications requiring therapy/revision surgery
were reported in 14% of all patients. The most common complication was venous congestion 75.3%,
followed by a rate of 63% of epidermal losses and tip necrosis of the flap in 55.9% of the cases, which
were treated either conservative or operative with split skin grafting.

Nearly half of the cases were carried out by plastic surgeons working in Asia (44%), followed by
Europe (28.9%) and North America (12.3%). Most of the patients were male (74.7%), with a mean age
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Fig. 2. Distribution of RSAF Modifications.

of 45.3 years. The age of the patient did not differ statistically in the compared groups except in 8
articles with 149 children and a mean age of 12.7 years.

Sural flaps were used to cover defects of the heel (28.2%), foot (14.4%), or ankle (25.8%). The mean
flap dimensions were 8.8 x 5.6 cm (SD 5.3cm). Trauma was the most common indication, followed
by chronic ulcers and burns and defects after tumor resection.

Modified flap results

The classic fasciocutaneous unmodified RSAF (4386 flaps, 85%) showed a total failure rate of 5.1%
accompanied by 14.8% relevant complications.

A total of 759 (15%) modified flaps were detected. They exhibited a failure rate of 3.2% and a
complication rate of 9.1%. The failure rate did not differ from the classic RSAF at a statistically relevant
level (p = 0.392). The complication rate showed a significant difference (p = 0.016*).

In order to compare the main modifications of the RSAF, four different groups were generated, as
shown in Fig. 2: 1. delayed two stage operations, 2. combination with a muscle calf of the gastroc-
nemius belly, 3. supercharged venous drainage, and 4. skin-sparing adipofascial flap with mesh graft.
The four different groups were compared using statistical analysis.

Group 1 (delayed): The delayed flap group consisted of 11 studies with 224 (4.4% of all) patients.
The total failure rate was 3.6%, and the complication rate was 13.4%. The difference with the classic
RSASF group was not evident (Failure rate p = 0.697, Complication rate p = 0.718).

Group 2 (muscle): Flap combination with a gastrocnemius muscle cuff was present in 10 records
with 115 (2.2%) patients leading to a total flap loss rate of 2.6% and a complication rate of 5.2%. There
was no significant improvement to the unmodified RSAF (Failure rate p = 0.649, Complication rate
p = 0.698).

Group 3 (venous supercharged): In venous supercharged flaps, 7 studies with 130 (2.5%) patients
were identified with a total flap loss rate of 0.8% and a complication rate of 1.5%. Group 3 showed no
statistically relevant difference in failure rate, but it showed an evident improvement in complication
rate (Failure rate p = 0.398, Complication rate p = 0.009*).

Group 4 (adipofascial): 14 studies with 290 (5.6%) adipofascial patients were found, and total flap
failure was seen in 0.7% of cases, with complications reported in 11% of cases. The difference was not
evident at a rate of p = 0.05 (Failure rate p = 0.207, Complication rate p = 0.201).

(Fig. 3, Fig. 4)

Comparing all four groups with each other, the statistical analysis proved insignificant with regard
to all groups (Failure rate p = 0.952, Complication rate p = 0.234).
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Fig. 4. Rate of Complications of RSAF Modifications.

Additional results

Eight articles with 149 children were identified with a success rate of 100% and a complication
rate of 8.7%. In burn patients, 77 flaps were performed in three studies with a survival rate of 100%
and a complication rate of 1.3%.

A total of 55 studies reported on less than 10 patients. These showed flap failure in 3%, and com-
plications in 10.4% of cases.

No improvement of flap survival during history could be detected. The literature showed a very
low flap failure rate, particularly in the first 10 years; in this time the authors reported a failure rate
of 0%.

Discussion

Several clinical studies regarding the RSAF were published in recent years, highlighting the ongoing
controversial debate on its reliability.!!-12
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Some interesting systematical reviews showed that trauma is the most common indication for soft
tissue reconstruction with the RSAF in the lower leg.!?-13.1* More than 60% of sural flaps were in-
dicated because of trauma of the distal leg. Unfortunately, it is not frequently well documented nor
differentiated in the literature whether the trauma caused open fracture, osteomyelitis, exposed os-
teosynthesis material, or only exposed soft tissue.

Persaud et al'® presented a review for the treatment of underlying osteomyelitis and found a fail-
ure rate of 8.9% and a complication rate of 13.7% in 110 patients from 5 studies. Other studies showed
no difference between patients with diabetic ulcers and traumatic defects.'*

Baumeister et al® highlighted age and comorbidities as predicting variables.

De Baclam et al'® represented a systematic review and pooled analysis dealing with risk factors for
the sural flap. They also did not correlate the indication like trauma or open fracture but comorbidities
and age with the outcome of the flaps.

This analysis is an approach to correlate technical modifications of the RSAF with the reliability of
the flap.

There are some evidence-based suggestions regarding the flap that have led to major modifications
in the past. One of the most feared and most frequent complications is venous congestion. In fact, it
is also the most common cause for total flap failure.'> The relation between width and length of the
pedicle is crucial for flap survival, which suggests that a smaller volume of the flap might also support
survival rates .'6-17 Moreover, decreasing flap volume is also supported by data of the adipofascial
flaps.”

Comparing all modifications of our data analysis, we found adipofascial flap and the venous super-
charged flap to be the most reliable outcomes. Both modifications aim to improve the venous flow,
and both prevent venous congestion. The venous supercharged flap provides an additional vein in
order to gain an increased venous outflow, and the adipofascial flap design diminishes flap volume
and prevents venous congestion by increasing exudation via the mesh graft surface during the first
postoperative days. Although the supercharging technique changes the operation into a more complex
microsurgical demanding procedure, the adipofascial technique requires no further skills and is less
time-demanding than the classic RSAF.> All other modifications showed less improvement compared
to the total rates. The venous supercharged flap design was the only modification that reached a sta-
tistically relevant difference to the unmodified RSAF in complication rate. All other designs showed
no statistically significant differences.

The following limitations were faced while conducting our study. Firstly, the amount of available
data with high evidence was very limited. There is no controlled randomized prospective study,
which indicates the possibility of a publication bias, which is often suspected in retrospective tri-
als.’® This suggestion is strengthened by the fact that all data derived from articles with limited study
participants or a special surgical technique tend to reach better results than the average rates. We se-
lected the burn and children group not as an example to show how good this flap performs but to
show the effect of small patient numbers and special selected indications on a presumed publication
bias.

It is also remarkable that during the first decade of RSAF trials almost no flap failures nor com-
plications were reported. This fact seems to bear a conspicuous publication bias which influences the
rates of the classic RSAF.

The majority of studies were of low quality (EBM 4), and there is little to no statistical relevance
and hence no difference in flap survival or major complication rates. Therefore, as the available data
implies, the flap continues to be of limited reliability despite suggested technical improvements.

Nevertheless, compared with total flap survival rates of free perforator flaps, which could be iden-
tified in the literature,'® the RSAF still seems to be a promising alternative. The especially low failure
rates reassert the use of this technique. On the other hand, literature data show a complication rate
of 14.9% other than total failure, which is considerably high. As quality of life after RSAF compared
to free flaps is not changed and the surgery is much simpler and faster, this analysis supports the
assumption that RSAF is better than initially thought.2°

Our analysis strongly supports further investigation of the best modifications (adipofascial and su-
percharged) of the RSAF. Therefore, we recommend prospective clinical trials particularly analyzing
the impact of these modifications to lower the complication rate.
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