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Abstract

Purpose No previous study reported the use of a fasciocutaneous anterolateral thigh (ALT) flap combined with a biological
mesh for abdominal wall reconstruction (AWR) after enterocutaneous fistula (ECF) in a single-staged procedure and the use
of Indocyanine Green Angiography (ICGA) intraoperatively. The purpose of this study was to determine the feasibility and
safety of this procedure and to examine the added value of ICGA in minimizing postoperative complications.

Methods A single-institution review of a prospectively maintained database was conducted at Maastricht University Medi-
cal Center. To evaluate the feasibility and safety of this procedure, early (<30 days) and late (> 30 days) postoperative
complications were assessed. ECF recurrence was considered the primary outcome. To examine the added value of ICGA,
complications in the ICGA group and the non-ICGA group were compared descriptively.

Results Ten consecutive patients, with a mean age of 66.7 years, underwent a single-staged AWR with fasciocutaneous ALT
flaps. Mean follow-up was 17.4 months (4.3-28.2). Two early ECF recurrences were observed. Both restored without the
need for reoperation. A lower rate of early complications was observed in the ICGA group compared to the non-ICGA group.
Conclusion The combination of a biological mesh and fasciocutaneous ALT flap is feasible and safe in AWR after ECF
repair in a single-staged approach, with an acceptable complication rate in a cohort of complex patients operated in a dedi-
cated center. ECF closure was achieved in all patients. ICGA seems to be of great added value in minimizing postoperative
complications during AWR.
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Pu rpose in electrolyte abnormalities, fluid imbalances, malnutrition

and sepsis [1]. Conservative management alone, including

An enterocutaneous fistula (ECF) is defined as an unnatural
communication between the gastrointestinal tract and the
skin. ECFs allow intestinal contents to leak and can result
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optimal nutritional and metabolic support, wound care and
antimicrobial therapy, results in ECF closure of approxi-
mately one-third of the cases over a period of three to six
months [1, 2]. Lower fistula output volume (low <200 ml/
day, moderate 200-500 ml/day and high > 500 ml/day), is
associated with a higher chance of closure [1, 2].

In case of a persistent ECF, surgical intervention is
needed. The purpose of surgery is to resect the fistula com-
plex, which includes the bowel segment giving rise to the
fistula, re-establishing intestinal continuity and providing
definitive abdominal wall reconstruction (AWR). Since
ECFs often coexist with major abdominal wall defects
[3], creating a new abdominal wall might represent a sur-
gical challenge. Current preferred reconstructive options
include component separation and local flaps, combined
with or without a biological mesh to create coverage of the
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abdominal cavity [3, 4]. A biological mesh consists of an
extracellular collagen matrix that is gradually replaced with
a collagen framework. This allows for cellular regeneration,
neovascularization and remodulation of the mesh into a neo-
fascia which should withstand mechanical forces. Evidence
suggests that biological meshes are less sustainable and are
associated with higher abdominal hernia and bulging rates
when compared to synthetic material [4]. However, biologi-
cal meshes are associated with higher salvage rates in cases
of infection [5]. Hernia and fistula recurrence rates reaching
up to 41.7% have been reported after component separa-
tion techniques in combination with biological mesh [6].
Moreover, component separation may not be sufficient to
restore abdominal integrity in large abdominal wall defects.
Therefore, autologous tissue flaps are recommended in these
cases [4, 7-9].

Anterolateral thigh (ALT) flaps have become increas-
ingly popular in reconstructive surgery since their use was
first reported in 1984 [10]. Although the ALT flap is well
described and is found to be a feasible autologous tissue
flap for reconstruction of various abdominal defects [11-14],
there is a paucity in the literature concerning ALT flaps in
AWR after ECF resection [3, 7, 15-17]. Since a biological
mesh has the advantage of reconstructing abdominal fascia
in a contaminated area and an ALT flap has the advantage
of restoring a complex and large abdominal wall defect,
the combination of both seems feasible in these complex
ECF cases. The combination of a musculocutaneous ALT
flap and a biological mesh has recently been reported in a
single-staged AWR after ECF resection [3]. In our opin-
ion, a fasciocutaneous ALT flap combined with a biologi-
cal mesh, instead of a musculocutaneous ALT flap seems a
more attractive reconstructive option, taking into account the
lower probability of donor-site morbidity. To the best of our
knowledge, no study reported the use of a fasciocutaneous
ALT flap and a biological mesh in single-staged surgery.

To minimize postoperative complications, it is impor-
tant to assess tissue perfusion intraoperatively as immediate
debridement of insufficiently perfused portions of both the
ALT flap and abdominal skin edges might reduce postop-
erative wound complications. Current evaluation of tissue
perfusion depends highly on the surgeon’s experience and is
found to be an unreliable predictor of perfusion [18]. There-
fore, the use of Indocyanine Green Angiography (ICGA) is
suggested to improve postoperative outcomes in flap surgery
[19]. ICGA uses Indocyanine Green (ICG) as a contrast dye
with fluorescent characteristics. After intravenous adminis-
tration, ICG is bound to plasma protein. When exposed to
near-infrared excitation, it reemits fluorescent light, which
enables in-depth visualization of blood vessels. This innova-
tive technique allows for real-time imaging of tissue perfu-
sion and aids in performing accurate excision of non-vital
tissue intraoperatively [18, 19].
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The purpose of the current study was twofold. First, to
determine the feasibility and safety of single-stage AWR
using a fasciocutaneous ALT flap combined with a bio-
logical mesh after ECF resection and second, to examine
the added value of ICGA in minimizing postoperative
complications.

Methods

A single-institution review of a prospectively maintained
database was conducted on ten consecutive patients who
underwent single-staged ECF repair and AWR with a fascio-
cutaneous ALT flap at Maastricht University Medical Center
between July 2017 and September 2018. All procedures per-
formed in this study were in accordance with the ethical
standards of the institutional research committee (Medical
Ethics Committee in Maastricht: METC 2018-0941) and
with the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards. All ALT flaps were com-
bined with a non-cross-linked porcine-derived biological
mesh (Strattice ", LifeCell Corp., Branchburg, NJ, USA).

Preoperative patient characteristics were obtained from
the medical records of the included patients and from a
prospectively maintained database from the Department
of Plastic and Reconstructive Surgery. Variables obtained
included age, Body Mass Index (BMI), smoking status, dia-
betes, previous abdominal surgeries, ECF classification and
time from ECF onset to surgery. Surgical characteristics,
including free or pedicled ALT flap, operating time, hospital
stay, and follow-up were registered. To evaluate feasibility
and safety of this procedure, postoperative complications
were assessed. Complications were categorized into early
(within 30 days following surgery) and late (after 30 days)
complications.

ECF recurrence was considered the primary outcome,
proven by the clinical presence of fistula fluid, or confirmed
by a computed tomography (CT) scan. Secondary outcomes
included abdominal hernia and bulging, flap loss, partial flap
necrosis, wound dehiscence, mesh exposure, surgical site
infection (SSI), seroma and hematoma. Abdominal hernia
was defined as dehiscence of the fascial closure, confirmed
by a CT scan and abdominal bulging was defined as any
asymmetrical abdominal bulge. Flap loss was defined as the
removal of the ALT flap and partial flap necrosis was defined
as loss of a part of the flap. Wound dehiscence was defined
as any wound rupture over the incision line. Mesh exposure
was defined as exposure of (part of) the mesh. We defined
SSI as documented erythema, abscess, or purulent drainage
requiring treatment with antibiotics or surgical intervention,
regardless of whether positive cultures were obtained. Sero-
mas were defined as a fluid collection, verified and treated
by ultrasound-guided needle puncture. A hematoma was
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defined as any collection of blood with or without the need
for intervention.

Patients were split into two groups: the ICGA and non-
ICGA group. In the non-ICGA group, perfusion of both the
ALT flap and abdominal skin edges were clinically evaluated
by the plastic surgeon, by determining color and temperature
of the skin, capillary refill and dermal edge bleeding. In
the ICGA group, intraoperative ICGA was performed with
Fluobeam™ (Fluoptics, Grenoble, France) to evaluate perfu-
sion. In both groups, excision of ALT flap and abdominal
skin edges was performed when perfusion seemed insuffi-
cient. Rates of postoperative complications in the two groups
were described.

Continuous variables were reported as mean with stand-
ard deviation and minimum and maximum for normally
distributed data and reported as median with minimum and
maximum for not normally distributed data. Categorical data
were reported as frequencies and proportions. Data were
analyzed using IBM SPSS Statistics for Mac, version 25
(IBM Corp., Armonk, NY, USA). We decided not to per-
form statistical analysis to compare patients and surgical
characteristics, and complications between the ICGA and

al

Fig. 1 Intraoperative overview of the abdominal wall reconstruc-
tion (arrow indicating the cranial side). a Intraoperative aspect of the
abdominal wall after suturing the biological mesh (1) to reconstruct
the fascial defect and the fasciocutaneous ALT flap (2) that was har-

non-ICGA group, due to a lack of statistical power in this
small sample size.

Surgical procedure

The general surgeon, specialized in gastrointestinal surgery,
started the procedure. First, extensive adhesiolysis was per-
formed to detect and expose the ECF. The fistula complex,
including all bowel segments involved, was resected. Here-
after, intestinal continuity was re-established with a side-
to-side stapled anastomosis, and the complete intestine was
screened for unnoticed serosal injuries.

After resection of the ECF complex, the biological
mesh 20X 30 cm in size was cut to the defect size, posi-
tioned underlay with an overlap of at least 4 cm and fixed
to the remaining the abdominal musculofascial layer with
interrupted Prolene® Polypropylene sutures (Ethicon Inc.
Somerville, NJ, USA) size 2-0 in an outer and inner ring to
reconstruct the fascia of the rectus abdominis muscles in all
patients. See Fig. la.

Following fascial closure, a free or pedicled ALT flap
was harvested as a fasciocutaneous flap and raised on

vested. b Intraoperative aspect of the fasciocutaneous ALT flap with
intact underlying musculus vastus lateralis (3). ¢ ALT flap raised on
its vascular pedicle (4)
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the descending branch of the lateral femoral circumflex
artery. See Fig. 1b, c. In case of a pedicled ALT flap,
the flap was tunneled under the rectus femoris muscle to
reach the defect in the abdomen.

In the case of a free ALT flap, a pedicle of approxi-
mately 10—12 cm was harvested and the anastomosis was
performed underneath the rectus abdominis muscle to the
inferior epigastric vessels [20]. The size of the flap was
determined according to the defect of the abdominal wall
after suturing the biological mesh. For the defects at the
level of the umbilicus or lower, a pedicled flap was used
whereas for defects located more cranially, a free ALT
flap was preferred. The fascia and subcutaneous tissue
of the ALT flap were sutured to the remaining muscu-
lar fascia of the abdominal wall. The skin island of the
ALT flap was placed above the biological mesh, covering
it in its totality. The abdominal skin was sutured to the
skin island of the ALT flap, after de-epithelization of the
edges of the flap. See Fig. 2a, b for the preoperative and
postoperative aspect of the abdomen, respectively. The
donor-site wound on the anterolateral thigh was approxi-
mated on both the cranial and caudal side without undue
tension, and the remaining defect was covered with a split
skin graft.

ICGA protocol

Vascularization of the ALT flap and abdominal skin edges
were checked after flaps harvesting. The handheld imaging-
head was manually positioned approximately 20-25 cm
above the skin. Real-time grayscale video-angiography was
obtained for 120 s, starting 10 s after intravenous injection
of 0.1 mg/kg of ICG (Diagnostic Green, Aschheim-Dornach,
Germany).

Fluorescent regions (i.e., white area) indicated areas of
well perfused, whereas no fluorescence (i.e., black area) and
less fluorescence (i.e., gray area) indicated areas of insuffi-
ciently perfused tissue and these were removed during sur-
gery. No additional relative perfusion assessment or absolute
flow value assessment using software were used. See Online
Resource 1 for an intraoperative ICG video angiography
with a description of the images over time.

Results
Patient characteristics
A total of ten consecutive patients underwent single-

staged AWR with a fasciocutaneous ALT flap com-
bined with biological mesh after ECF resection. Table 1

Fig.2 a Preoperative aspect of the abdominal wall. b Postoperative result of the abdominal wall reconstruction
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Table 1 Patient and surgical characteristics

Variable Statistics
Total patients 10
Age (years)

Mean (SD) 66.7 (9.6)

Min-max 53-78
Body Mass Index (kg/m?)

Mean (SD) 26.4 (4.7)

Min-max 19.3-35.3
Diabetes, n (%) 4 (40)
Smoking, n (%) 00
Previous surgeries

Median® 4

Min-max 2-15
ECF classification, ® n (%)

Low 5(50)

Moderate 2 (20)

High 3 (30)
Fistula onset to surgery (days)

Mean (SD) 185 (83)

Min-max 56-313
ALT, n (%)

Free 7 (70)

Pedicled 3 (30)
Operating time (min)

Mean (SD) 634 (89)

Min-max 434-780
Hospital stay (days)

Median® 28

Min-max 14-105
Follow-up (months)

Mean (SD) 17.4 (7.3)

Min-max 4.3-28.2

%The data from previous surgeries and hospital days were not nor-
mally distributed

"Low output <200 ml/day, moderate output 200-500 ml/day, high
output> 500 ml/day [1]

summarizes the main characteristics of the sample size.
Median follow-up was 17.4 months (4.3-28.2). One
patient died by suicide 4.3 months after surgery. This
patient was known with psychiatric complaints that were
not related to the abdominal wall reconstruction. Follow-
up measurements of this patient were excluded from the
‘late complication’ analysis. Two patients were operated
a second time within the first 30 days after initial surgery
to revise the arterial anastomosis (n=1) and to explore a
suspected bowel leakage (n=1).

Primary outcome

ECF recurrence was observed in two patients at day 14 and
day 17 after surgery, respectively. Both were proven by the
clinical presence of fistula fluid and classified as low output
fistulas. ECF closure was achieved with conservative treat-
ment according to the SOWATS guidelines [21], after 4 days
and 8 weeks, respectively. Consequently, ECF closure rate
was 100% without the need for reoperation during follow-up.

Secondary outcomes

One patient was diagnosed with an abdominal hernia con-
firmed by a CT scan, 3 months after surgery. Abdominal
bulging was observed in three patients. None of these cases
required reoperation as symptoms of discomfort and abdom-
inal pain dissolved by wearing abdominal binders.

No ALT flaps were lost. Early partial ALT flap necro-
sis occurred in two patients. In one patient, necrosis was
first observed 2 days after surgery. The necrotic part was
debrided in the patient ward, followed by vacuum-assisted
wound therapy. In the other patient, necrosis was observed
18 days after surgery. After debridement and vacuum-
assisted wound therapy, the remaining defect was closed
with a rhomboid flap 66 days after surgery.

Wound dehiscence was observed in five patients (four
early and one late cases). Two out of five patients expe-
rienced wound dehiscence following ALT flap necrosis as
described above. The remaining three patients were treated
with conservative wound therapy with (n=2) or without
(n=1) vacuum-assisted therapy. Mesh exposure as a result
of wound dehiscence was observed in two out of six of the
aforementioned patients. The biological mesh was covered
with granulation tissue in both patients in a few days and no
patient required explantation of the biological mesh.

Six patients experienced an early SSI. One patient was
treated with antibiotics only for a superficial SSI and five
patients were treated with a combination of ultrasound-
guided aspiration and antibiotics for deep SSIs. Three
patients experienced early seroma and were treated with
ultrasound-guided aspiration, seven and fifteen days after
surgery, respectively. No hematomas were observed during
this study.

Indocyanine green angiography

Intraoperative perfusion assessment with ICGA was per-
formed in five patients. ICGA was performed by the plastic
surgeon when the ICGA device was available. Table 2 sum-
marizes the main characteristics of patients in the ICGA
group and patients in the non-ICGA group. To examine the
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Table 2 Patient and surgical characteristics ICGA versus non-ICGA

Variable/statistics ICGA Non-ICGA
Total patients 5 5

Age (years)

Mean (SD) 66.2 (9.5) 67.2 (10.8)

Min—max 54-77 53-78
Body mass index (kg/m?)

Mean (SD) 26.6 (5.8) 26.1 (3.9)

Min-max 19.3-35.3 21.9-32.1
Diabetes, n (%) 1 (20) 3 (60)
Smoking, n (%) 0(0) 0 (0)
Previous surgeries

Median* 4 4

Min-max 2-7 3-15
ECEF classification, n (%)

Low 3 (60) 2 (40)

Moderate 1(20) 1(20)

High 1 (20) 2 (40)
Fistula onset to surgery (days)

Mean (SD) 227 (69) 142 (78)

Min—-max 146-313 56-221
ALT, n (%)

Free 3 (60) 4 (80)

Pedicled 2 (40) 1(20)
Operating time (min)®

Mean (SD) 638 (130) 630 (32)

Min—-max 434-780 577-658
Hospital stay (days)

Median* 22 32

Min—-max 14-105 23-98
Follow-up (months)

Mean (SD) 14.4 (2.5) 20.3 (9.6)

Min-max 12.6-18.6 4.3-28.2

“The data from previous surgeries and hospital days are not normally
distributed

Total operation time (i.e., surgical and reconstructive time)

added value of ICGA, postoperative complications in the
ICGA group versus the non-ICGA group were compared.
See Table 3.

Discussion

Reconstruction of a large and complex abdominal wall
defect after ECF resection is challenging and requires surgi-
cal creativity. The combination of an ALT flap and biologi-
cal mesh is a potential solution to reconstruct large abdomi-
nal wall defects with the potential advantage of lowering
the chance of ECF recurrence and postoperative abdominal
hernia and bulging rates [7, 16]. We reviewed our experience
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with single-staged AWR after ECF resection, utilizing fas-
ciocutaneous ALT flaps combined with biological mesh, to
determine the feasibility and safety in the face of ECF recur-
rence and other postoperative complications.

Two ECF recurrences have been observed early after the
operation, representing a 20% ECF recurrence rate in this
study. This is comparable to the reported ECF recurrence
rates ranging from 9% to 41.7% in studies concerning ECF
repair and AWR with biological mesh reinforcements tech-
niques without the use of ALT flaps [6, 8, 22]. For instance,
Connolly et al. reviewed 61 patients who underwent ECF
repair and simultaneous AWR with component separa-
tion technique. After stratification for closure technique,
they found a 41.7% ECF recurrence rate after suture repair,
combined with a porcine collagen mesh during a median
follow-up time of 29 months [6]. Krpata et al. and Atema
et al. reported substantially lower ECF recurrence rates of
10.8% after a mean follow-up of 20 months and 9% after a
mean follow-up of 7 months, respectively [8, 22]. However,
25% and 57% of patients who experienced ECF recurrence
after ECF repair and AWR in their series, respectively, were
in need of reoperation. In the current study, both recurrent
ECFs were closed definitively with conservative treatment
only. Importantly, no ECF recurrences have been observed
during long-term follow-up in any of the included patients.

Likewise, rates of abdominal herniation and bulging rang-
ing from 13% to 50.6% have been reported in previous stud-
ies concerning contaminated AWR, with reoperation rates
reaching 50% [6, 8, 22-26]. For instance, Kaufmann et al.
conducted a multicenter cross-sectional cohort study of 77
patients and reported an abdominal hernia rate of 28.6% and
an abdominal bulging rate of 50.6% after a mean follow-up
of 22.2 months. Of those patients, 45% of patients underwent
reoperation [26]. Although Atema et al. reported a low rate
of abdominal hernia of 13%, half of these patients under-
went reoperation during follow-up [22]. In our study, lower
rates of abdominal hernia and bulging were observed and
most importantly, no patient required reoperation. All four
patients were treated conservatively by wearing abdominal
binders, without experiencing physical complaints.

Single-staged AWR with ECF repair is known to be asso-
ciated with a high rate of postoperative infections. The SSI
rate in our series of complex patients was 60%, which falls
within the range of previously described rates following
AWR after ECF repair (27.3-65%) [6, 8, 24, 26]. In contrast
to the safety of a biological mesh to endure exposure and
SSI [8], biological mesh removal rates as high as 6.5% have
been reported in recent studies [25, 26]. Although a mesh
exposure rate of 20% was observed in the current study, no
explantation of a biological mesh was required.

In the current study, we utilized an ALT flap with a bio-
logical mesh instead of current preferred reconstructive
options (e.g., component separation techniques and local
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Table 3 Early and late

: . . Complication Total (n=10) ICGA (n=5) Non-ICGA (n=5)
postoperative complications in
total group, ICGA-group and Early complications n (%)*
non-ICGA group ECF recurrence 2 (20) 120) 1 (20)
Partial flap necrosis 2 (20) 00 2 (40)
Wound dehiscence 4 (40) 1(20) 3 (60)
Mesh exposure 2 (20) 0(0) 2 (40)
Infection 6 (60) 4 (80) 2 (40)
Seroma 3(30) 1(20) 2 (40)
Any early complication 8 (80) 3 (60) 5 (100)
Total, n (% of complications) 19 7 (37) 12 (63)
Late complication, n (%)* Total (n=9)° ICGA (n=5) Non-ICGA (n=4)
Abdominal hernia 1(11) 0(0) 1(25)
Abdominal bulge 3(33) 2 (40) 1(25)
Wound dehiscence 1(11) 1(20) 0(0)
Any late complication 5 (56) 3 (60) 2 (50)
Total, n (% of complications) 5 3 (60) 2 (40)

“Early complication: onset within 30 days following operation. Late complication: onset after 30 days fol-

lowing operation

Follow-up measurements of patient who died by suicide were excluded from the ‘late complication’ analy-

S18

flaps) to create coverage of the abdominal wall. The addi-
tive benefit of an ALT flap is that AWR of large defects can
be performed without undue tension on the abdominal skin,
which would have been inevitable with component sepa-
ration or local flaps. Another benefit is that the ALT flap
is thicker compared to the native abdominal skin and thus
provides more strength to the abdominal wall once the bio-
logical mesh is remodeled into neofascia over approximately
6 months [27]. The results obtained in this series showed
promising (i.e., comparable to better) long-term outcomes
in comparison with the existing literature. Consequently, we
demonstrated that the combination of a biological mesh and
fasciocutaneous ALT flap in AWR in a single-staged proce-
dure is feasible and safe with an acceptable complication
rate. During follow-up, no mortality related to the surgi-
cal procedure was observed. The majority of complications
were considered minor complications since, in most cases,
no surgical reintervention was needed after a long follow-up.

The ability to compare our data with other published series
concerning ALT flaps in single-staged ECF repair is limited.
To the best of our knowledge, this pilot study comprised the
first series that aimed to evaluate single-staged AWR using
fasciocutaneous ALT flaps combined with a biological mesh
after ECF resection. Only few authors have reported their
early experience using this procedure [3, 7, 15-17].

Two independent case reports described the use of a pedi-
cled ALT flap to successfully close an abdominal defect after
resection of a malignant ECF [16] and to close an abdominal
defect with an untraceable ECF [15]. Lambe et al. reported

a retrospective review on seven patients who had undergone
massive extensive enteroatmospheric fistulation with a pedi-
cled subtotal lateral thigh flap including the vastus later-
alis muscle without a biological mesh [17]. Although no
ECF recurrences were observed in this study, a higher rate
of abdominal herniation of 14% was observed [17]. Walia
et al. also reported a retrospective review on seven patients
who underwent a pedicled ALT flap for AWR. However, no
single-staged ECF repair and AWR were performed since
the authors favored a staged approach for ECF patients [7].

More recently, another author reported a series of eight-
een patients who had undergone single-staged ECF repair
and AWR with a musculocutaneous ALT flap and biological
mesh. During a mean follow-up of 24 months, no ECF recur-
rences were observed and abdominal bulging was observed
in only one patient [3]. The lower rate of abdominal hernia
and bulging compared to the rates in current study, could be
due to the fact that the addition of vastus lateralis included in
musculocutaneous flaps might provide extra fascial strength
in comparison to a fasciocutaneous ALT flap [3, 7, 17]. On
the other hand, musculocutaneous flaps can potentially
increase donor-site morbidity [3]. In our experience, there
is a low risk of donor-site morbidity after harvesting a fas-
ciocutaneous ALT flap and covering the donor-site defect
with a split skin graft. No patient experienced donor-site
morbidity in this study. In our opinion, the additive benefit
of a biological mesh over fascia or muscle component of an
ALT flap is that a mesh is easier to be customized (i.e., cut
to size) to cover the size of the defect. Furthermore, a mesh
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is easier to be fixed in an underlay position in the abdominal
defect, before positioning the ALT flap.

ICGA is previously found to be a more reliable predictor
of tissue perfusion compared to clinical assessment [28].
In this pilot study, a lower rate of early complications was
observed in the ICGA group compared to the non-ICGA
group. In particular, rates of perfusion related complications
including partial flap necrosis and wound dehiscence were
lower in the ICGA group (0-40%, respectively) compared
to the non-ICGA group (40-60%, respectively). Resection
of insufficiently perfused abdominal skin and portions of
the ALT flap in the ICGA group, resulted in a necrosis rate
of 0%. This observation is consistent with results reported
by Wormer et al. who performed a randomized controlled
trial evaluating ICGA in reducing wound complications in
complex AWR. Although they found a 6.1% rate of skin
necrosis in the non-ICGA group versus 2.2% in the ICGA
group, this difference was not statistically significant [29].
In addition to the assessment of abdominal skin and ALT
flap perfusion, ICGA serves as an effective tool to assess
anastomotic bowel perfusion [30]. Moreover, it could have
arole in reducing anastomotic leakage rates following ECF
resection, which reflects the potential for implementation of
ICGA in reconstructive abdominal wall surgery.

Several limitations of the present study need to be
addressed. Due to the limited number of patients included
in the current study, no statistical analyses were performed.
Furthermore, the retrospective design may have resulted in
missing data and selection bias. However, accurate outcome
data were entered into a prospectively maintained database
so this risk should be minimized. The results of this study
cannot be generalized to every hospital, since all surgical
procedures are performed in a dedicated center, experienced
in abdominal wall surgery and reconstructive surgery. Con-
versely, this study is strengthened by the fact that that all
AWRs are performed by the same team and using the same
surgical strategy.

As the number of operated patients increases, more data
will become available. In the future we will collect more
data on this specific cohort of complex ECF patients to gain
more expertise and improve the proposed surgical procedure.

Conclusion

The combination of a biological mesh and fasciocutaneous
ALT flap is feasible and safe in AWR after ECF repair in
a single-staged approach, with an acceptable complication
rate in a cohort of complex patients operated in a dedicated
center. ECF closure was achieved in all patients. Since a
lower number of early complications were observed in the
ICGA group, ICGA seems to be of great added value. Fur-
ther research using the same procedure in the context of
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prospective clinical trials is needed to confirm the role of
ICGA in AWR.
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