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Abstract
Background  Usage of intraoperative indocyanine green (ICG) to assess skin flaps prior to abdominal wall closure has been 
shown to decrease postoperative wound-related complications. Primary outcome assessed is the utility of ICG in intra-
operative decision making. Secondary outcomes analyzed are the incidence of surgical site occurrence (SSO) and hernia 
recurrence rates.
Methods  A retrospective study using the MedStar Georgetown University Hospital database was conducted, incorporating 
all consecutive patients undergoing complex incisional hernia repair from 2008 to 2018. 146 patients underwent perforator-
sparing component separation (PSCST), 88 underwent flap assessment using intraoperative ICG angiography; they were 
then analyzed based on patient comorbidities, Ventral Hernia Working Group grade, operative factors, and complications.
Results  A total of 146 patients were analyzed with no statistical difference in patient characteristics between the SPY and no 
SPY group except in BMI (30.2 vs. 33.2 kg/m2, p = 0.036). The no SPY group also had higher numbers of patients undergoing 
concurrent panniculectomy (12 vs. 1, p < 0.001), and extensive lysis of adhesions (30 vs. 31, p = 0.048). Of the 88 patients 
undergoing intraoperative SPY, 37 (42%) patients had a change of intraoperative management as defined by further subcu-
taneous skin flap debridement. Despite this change, there was no statistical difference in incidence of SSO between SPY and 
no SPY (24.3% vs. 11.8%, p = 0.12), and no difference in hernia recurrence rates 5.6% (n = 5) versus 13.7% (n = 8), p = 0.09.
Conclusion  Intraoperative ICG assessment of subcutaneous skin flaps with a perforator-sparing component separation does 
not result in a decrease in surgical site occurrences.
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Incisional hernias remain a common postoperative compli-
cation after abdominal operations that can affect as many 
as 5–20% of patients [1–3]. Optimizing subsequent hernia 
repairs by using techniques to medialize and approximate the 
rectus abdomens muscles, reinforcing the abdominal wall, 
and minimizing wound complications all serve to decrease 
rates of hernia recurrence after repair [4–7]. Minimizing 
recurrence is key as each subsequent hernia repair after the 
initial repair has a higher chance of recurrence [7].

Since the 1990s, Ramirez’s technique for component sep-
aration has been widely adopted to fix challenging incisional 
hernias by releasing components of the anterior abdomi-
nal wall to medialize the rectus abdomens muscles without 
undue tension [4]. While the technique has been successful, 
complex incisional hernia repairs using component separa-
tion techniques can have associated wound complications 
as high as 57% [8]. These surgical site occurrences (SSOs) 
lead to weakening of the anterior abdominal wall, failure of 
incorporation of the mesh, and overall suboptimal results 
with increased hernia recurrence rates [7]. Studies have 
shown, however, that by using a periumbilical perforator-
sparing technique while performing a component separa-
tion, wound-related complication rates decreased by 18% 
[9], and that rates of skin necrosis were significantly lower 
(p < 0.001) [6].

and Other Interventional Techniques 

 *	 Parag Bhanot 
	 pxb129@gunet.georgetown.edu

1	 Department of Surgery, Medstar Georgetown University 
Hospital, 3800 Reservoir Road, Washington, DC, USA

2	 Georgetown University School of Medicine, Washington, 
DC, USA

http://orcid.org/0000-0003-2441-0533
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-019-07012-5&domain=pdf


2228	 Surgical Endoscopy (2020) 34:2227–2236

1 3

After challenging hernia repairs, wound complications 
can lead to mesh infections, hernia recurrence, reopera-
tions, hospital readmissions, and increasing health care costs 
[9]. Techniques employed to prevent wound complications 
include intraoperative assessment of the viability of skin 
flaps with indocyanine green (ICG) angiography [10–15]. 
This technology has been widely adopted in Breast, Plas-
tic and Microvascular, Cardiac, and Transplant surgery to 
evaluate tissue perfusion [16–21]. ICG is a plasma-bound 
intravascular compound with a half-life of 3–5 min. It is 
eliminated by the liver and excreted in the bile with high-
safety profile that is well tolerated with a low side-effect pro-
file [22]. Intraoperative administration of intravenous (IV) 
ICG and capturing of live fluorescent images for real-time 
assessment of blood flow can minimize skin flap necrosis, 
and studies have shown that usage of ICG can significantly 
decrease wound infection and complication rates [13–16]. 
ICG has also been shown to be cost-effective and can save up 
to $45,000 in follow-up care per patient in those developing 
postoperative complications [23, 24].

ICG assessment can identify patients at risk and allows 
for concurrent intraoperative modifications to the flap in 
patients undergoing abdominal wall reconstruction. In the 
largest retrospective comparative cohort study in patients 
undergoing perforator-sparing component separation hernia 
repairs, the effect of ICG on postoperative outcomes was 
analyzed. The purpose of this study is to explore the effect 
of ICG on intraoperative decision making and the frequency 
of surgical site occurrences (SSOs) in patients where ICG 
was utilized compared to procedures in which it was not. 
We hypothesize that the use of ICG will result in changes 
in intraoperative management of skin flaps resulting in a 
decrease in associated surgical site occurrences.

Methods and materials

An Institutional Review Board (IRB)-approved retrospective 
study using the MedStar Georgetown University Hospital 
database was conducted. All consecutive patients undergo-
ing complex incisional hernia repair using the perforator-
sparing anterior component separation technique (PSCST) 
from 2008 to 2018 by a single experienced hernia surgeon 
were retrospectively evaluated. Patients were excluded if 
they had no perforators identified at the time of the opera-
tion due to prior abdominal surgery. In this group of 146 
patients, we then further identified patients who underwent 
ICG angiography assessment of bilateral subcutaneous skin 
flaps and those who did not. These patients were further 
analyzed based on patient characteristics, original Ventral 
Hernia Working Group (VHWG) grade, comorbidities, 
operative factors, postoperative SSOs, and recurrence rates.

Operative technique

All patients received appropriate perioperative antibiot-
ics according to the Surgical Care Improvement Project 
(SCIP) protocol and perioperative antithrombotic prophy-
laxis prior to incision. Skin preparation was performed 
with a chlorhexidine–alcohol-based preparation (Chlo-
raPrep, CareFusion Inc, Leawood, KS), and subsequently 
covered with an antimicrobial incise drape (Ioban™, 3 M, 
St. Paul, MN). They then underwent a standard midline 
laparotomy incision with prior scar excision including 
excess skin and subcutaneous tissue. A lysis of adhesions 
was performed if required to define fascial edges or if the 
patient had any prior complaints of bowel obstruction. In 
cases where extensive lysis of adhesions was performed, 
the bowel was freed from adhesions from the ligament of 
Treitz to the terminal ileum. Then bilateral subcutaneous 
flaps were elevated from the anterior fascia past the linea 
semilunaris. An anterior component separation was then 
performed 1 cm lateral to the semilunaris line, while care-
ful to preserve perforating vessels to the rectus abdomens 
muscle complex (Fig. 1). At this time, the size of the defect 
was measured and an appropriately sized mesh either syn-
thetic or biologic was selected at the surgeon’s discretion 
based on the patient’s comorbidities, risk factors, and 
VHWG grade. Types of mesh used included light-weight 
polypropylene mesh or uncrosslinked porcine acellular 
dermal matrix. Mesh was predominately positioned in an 
intraperitoneal fashion (underlay). If there was insufficient 
omentum to cover the bowel, in order to provide a barrier 
between the mesh and the bowel, the mesh was then placed 
in a retrorectus fashion (sublay). Mesh was cut and fitted 
for a 5-cm overlap of mesh past either fascial edge and 
then the mesh was secured with #1 PDS circumferentially. 
The fascial defect was then approximated with #1 PDS 
sutures in an interrupted figure of eight fashion over the 
mesh repair with complete re-approximation of the rectus 
abdomens muscles. In a majority of patients, a subfascial 
Blake drain was placed prior to closure of fascia. If the 
patient had redundant pannus, a concomitant transverse 
panniculectomy was also performed by the Plastic surgery 
team. If the hernia was incarcerated within the pannus, 
the panniculectomy occurred prior to hernia repair, if the 
hernia did not involve the pannus then the panniculectomy 
occurred after the hernia repair.

All patients undergoing PSCST from the year 2011 and 
onward had intraoperative ICG administered with no dis-
crimination. For the patients who underwent ICG assess-
ment, each patient received 4 ml (2.5 mg/ml) IV injection 
of ICG followed by 10 ml saline flush. The SPY Elite 
system (LifeCell Corporation, Branchburg, NJ, USA) was 
then placed over bilateral skin flaps and vascularity and 
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viability was assessed with visual perfusion in real time. 
Areas that were determined to have minimal vascularity 
that did not appear perfused were marked and then further 
debrided (Fig. 2). Only one patient who had undergone a 
panniculectomy had ICG assessment and it was performed 
after the panniculectomy. Skin flaps were typically not 
assessed a second time with ICG after debridement. Sub-
cutaneous drains were then placed under the flaps and then 
soft tissue was then closed in layers with absorbable suture 
and the skin either stapled or closed with 4–0 Monocryl 
subcuticular sutures. A negative pressure therapy inci-
sional vacuum was employed in a subset of patients felt to 
be at high risk for SSO.

Postoperative surveillance

All patients were monitored postoperatively after hospital 
discharge in the office for evidence of SSO, defined as any 
complications relating to the surgical incision including 
surgical site infection, seroma, hematoma, and dehiscence. 
Superficial surgical site infection (SSSI) was defined as 
superficial cellulitis or infection of the skin only, while 
deep surgical site infection (DSSI) was defined as any 
infection just above the fascial layer or involving the fas-
cia, but not intra-abdominal in nature. Patients were diag-
nosed in the office either based on physical exam or on 
computed tomography imaging demonstrating any of the 
above abnormalities. Median follow-up for patients who 
did not receive ICG was 94.4 months, and those that did 
receive ICG was 34.7 months (p < 0.001).

Data analysis

Chi-squared tests were used to compare categorical vari-
ables, student t tests were used to compare normally dis-
tributed continuous variables, and Wilcoxon rank-sum 
tests for non-parametric continuous variables. Parametric 
continuous variables are reported as means (± SD) while 
non-parametric continuous variables are reported as medi-
ans (interquartile range). We anticipated a surgical site 
infection rate in the range of those previously published 
after component separation of approximately 40%. A 
meta-analysis of an endoscopic approach to a perforator-
sparing component separation saw an approximately 20% 
decrease in surgical site occurrences [25]. Extrapolating 
this information to our patient cohort where an alternate 
technique was used in a component separation with mesh, 
a total of 240 patients, 120 in each cohort, would be 
needed to have an 80% power to detect a 20% difference 
in surgical site occurrence.

Multivariable analysis was used to identify factors asso-
ciated with higher complication risk. Factors included in 
the final model were selected based on statistical signifi-
cance in the univariate model as well as a priori knowledge 
of predictors of complications after ventral hernia repair. 
Final models were adjusted for age, BMI, diabetes melli-
tus, gender, ASA, smoking status, diverticulitis, recurrent 
ventral hernia, VHWG, operative time, mesh type and size, 
concurrent panniculectomy, and need for extensive lysis of 
adhesion. A two-tailed p value of < 0.05 was considered 
statistically significant. Confidence intervals are reported 
with the Louis and Zeger method. Statistical analysis 
was performed using Stata 14 (StataCorp, College Sta-
tion, Texas). This study was reviewed by the Georgetown 
University Institutional Review Board with an informed 
consent waiver granted.

Fig. 1   Perforator-sparing component separation technique. A Non-
perforator-sparing component separation technique where all perfo-
rating vessels to subcutaneous flaps are divided. B. Perforator-sparing 
component separation technique, in which tunnels created underneath 
preserved perforating vessels
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Results

Patient demographics

From 2008 to 2018, a total of 146 patients underwent inci-
sional hernia repair using the perforator-sparing anterior 
component separation technique. Eighty-eight (60.3%) 
patients undergoing this repair had intraoperative ICG 
assessment of their subcutaneous skin flaps, while the 
other 58 (39.7%) did not. Of these patients, 80 (54.8%) had 
undergone prior incisional hernia repairs and had a hernia 
recurrence.

A summary of patient characteristics is contained in table 
number one. Both cohorts were similar in age (p = 0.37). 
Patients with use of intraoperative ICG were more likely to 
be female when compared to those where ICG was not used 
(60% vs. 47%, p = 0.03). Additionally, the median BMI (kg/
m2) in the ICG group was significantly lower than patients 
in the non-ICG group [30.3 (27.3,35.4) vs. 33.2 (29.2, 
41.1), p = 0.03]. However, both cohorts had similar rates 

of patients with obesity (p = 0.11). The VHWG classifica-
tion and level of wound contamination were similar in both 
cohorts as demonstrated in Table 1. Specifically, a majority 
of both cohorts were a grade II VHWG classification, with 
53 patients in the ICG cohort (60%) compared to 36 patients 
(62%) in the non-ICG cohort (p = 0.69). While, a majority 
of both cohorts were clean cases with 75 patients (85%) in 
the ICG cohort compared to 45 patients (78%) in the non-
ICG cohort (p = 0.12). Overall median length of hospital 
stay was similar in both groups (ICG: 6 days vs. non-ICG: 
6 days, p = 0.44).

Operative details

Median operative time was 191 min (IQR 159–236), with 
median estimated blood loss of 100 ml (IQR 100–200). One 
hundred and three patients (70.5%) underwent mesh place-
ment with a porcine acellular dermal matrix (PADM) while 
the remaining 43 patients (29.5%) underwent a polypropyl-
ene-based synthetic mesh placement. 142 patients underwent 

Fig. 2   ICG Analysis of Subcutaneous Skin Flaps. A Perforator-spar-
ing islands seen lighting up bilaterally (arrows) with well-perfused 
anterior rectus sheath flaps. B Area of skin with hypoperfusion con-

cerning for potential wound necrosis. C ICG analysis of hypoper-
fused areas in comparison to areas of 100% perfusion. D Color analy-
sis of perfusion and relative skin hypoperfusion
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repair where the mesh was placed in an intraperitoneal, or 
underlay fashion (97.3%), while the remaining four patients 
(2.7%) underwent retrorectus mesh placement (sublay). 
Only 4 patients (2.7%) underwent a bridged repair (inlay). 
Median mesh size placed was 300.0 cm2 (IQR: 220.0-375.0). 
61 patients (41.8%) underwent extensive lysis of adhesions, 
3 (2%) had enterotomies that were repaired, and small bowel 
resections were performed on 8 patients (5.5%). Of all these 
patients, 13 (8.9%) underwent concomitant panniculectomy 
at the time of the component separation, and 28 (19.2%) had 
negative wound therapy applied to the incision (Table 2). 
Of the 88 patients that underwent ICG, 37 (42.0%) patients 
had intraoperative change in decision-making based on ICG 
assessment of skin flaps. In these cases, further debridement 
of the subcutaneous skin flaps was then performed prior to 
skin closure.

Surgical site occurrences

A total of 27 (18.5%) patients had surgical site occurrences 
reported in the postoperative period and is broken down 

as follows: 3 (2.1%) hematomas, 12 (8.2%) seromas, 14 
(9.6%) surgical site infections, 1 (0.68%) fascial dehiscence 
(Table 3), and 9 (6.2%) requiring operative debridement 
(two patients had SSO in two categories: infected hema-
toma, and infection with fascial dehiscence). No patients 
had any intra-abdominal infections. One hematoma required 
intervention due to infection and was drained by interven-
tional radiology (IR), the rest were managed expectantly. 2 
(1.4%) of the seromas required intraoperative drainage due 
to size and discomfort. Upon further analysis, there were 
6 (4.1%) superficial surgical site infections (SSSIs), and 8 
(5.5%) deep surgical site infections (DSSIs). All 6 SSSIs 
were treated with oral antibiotics, none required intrave-
nous antibiotics or debridement (Clavien–Dindo Class II). 
Of the 8 DSSIs, 6 required both IV antibiotics and debride-
ment in the operating room (Clavien–Dindo Class IIIb), 
with no patients requiring mesh explantation. Two of the 
DSSI patients required IV antibiotics only (Clavien–Dindo 
Class II). The only patient who had a fascial dehiscence 
originally had excision of a large abdominal wall desmoid 
tumor requiring a large 12-cm bridged repair with PADM. 

Table 1   Patient characteristics

ICG indocyanine green, IQR interquartile range, BMI Body Mass Index (kg/m2), ASA American Society of 
Anesthesia, COPD Chronic Obstructive Pulmonary Disease, IBD Inflammatory Bowel Disease

Characteristic All Patients ICG No ICG p Value

N 146 88 (60.3%) 58 (39.7%)
AGE, median (IQR) 59.0 (50.0, 66.0) 58.7 (11.8) 57.0 (10.8) 0.37
BMI (kg/m2), median (IQR) 31.7 (27.6, 36.5) 30.3 (27.3, 35.4) 33.2 (29.2, 41.1) 0.036
Gender 0.025
 Male 67 (45.9%) 47 (53%) 20 (34%)
 Female 79 (54.1%) 41 (47%) 38 (66%)

Obese (BMI ≥ 30) 89 (61.0%) 49 (56%) 40 (69%) 0.11
ASA (1,2,3,4,5), median (IQR) 3.0 (2.0, 3.0) 3.0 (2.0, 3.0) 3.0 (2.0, 3.0) 0.82
Diabetes mellitus 35 (24.0%) 19 (22%) 16 (28%) 0.41
Smoking in last 1 year 11 (7.5%) 9 (10%) 2 (3%) 0.13
COPD 8 (5.5%) 4 (5%) 4 (7%) 0.54
IBD 8 (5.5%) 7 (8%) 1 (2%) 0.11
Immunocompromised 7 (4.8%) 5 (6%) 2 (3%) 0.54
Diverticulitis 16 (11.0%) 11 (12%) 5 (9%) 0.46
Ventral hernia working group 0.69
 Low risk (1) 29 (19.9%) 20 (23%) 9 (16%)
 Comorbid (2) 89 (61.0%) 53 (60%) 36 (62%)
 Potentially contaminated (3) 26 (17.8%) 14 (16%) 12 (21%)
 Infected (4) 2 (1.4%) 1 (1%) 1 (2%)

Wound classification 0.12
 Clean 120 (82.2%) 75 (85%) 45 (78%)
 Clean-contaminated 22 (15.1%) 10 (11%) 12 (21%)
 Contaminated 3 (2.1%) 3 (3%) 0 (0%)
 Dirty 1 (0.7%) 0 (0%) 1 (2%)

Emergency case 1 (0.7%) 1 (1%) 0 (0%) 1.00
Prior hernia repair 80 (54.8%) 43 (49%) 37 (64%) 0.076
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Postoperatively this patient developed a DSSI requiring IV 
antibiotics and debridement of the fascia and abdominal 
wall leading to an acquired fascial dehiscence. One patient 
required OR debridement of skin flaps caused by pressure 
necrosis of a JP drain under an abdominal binder, but was 
not counted as a SSO. Patients that had PADM placement 
was associated with a lower occurrence of surgical site com-
plication (17.5% vs. 20.9%, p = 0.62). The rate of surgical 
site occurrence was increased in those with negative pres-
sure wound therapy applied at the conclusion of the case 
(21.4% vs. 17.8%, p = 0.66).

Effect of intraoperative ICG angiography

Of the 88 patients undergoing intraoperative ICG, 37 
(42%) patients had a change of intraoperative management 
as defined by further subcutaneous skin flap debridement 

based on ICG perfusion results. When breaking down the 
incidence of SSOs and the need for return to the OR for 
further debridement, we see that there is no significant dif-
ference in SSO in patients who underwent ICG (17%) ver-
sus no ICG (21%), p = 0.58 (Table 3). Furthermore, there 
was not a statistically significant difference in surgical site 
occurrence in patients with use of intraoperative ICG with 
a change in intraoperative management compared to those 
without (24.3% vs. 11.8%, p = 0.12). Of those undergoing 
intraoperative ICG, patients with intraoperative changes 
to management had similar returns to the OR for wound 
debridement when compared to those without ICG-driven 
intraoperative changes (2.7% vs. 7.8%, p = 0.3).

Table 2   Operative details

ICG indocyanine green, IQR interquartile range, PADM porcine acellular dermal matrix

Factor N = 146 ICG (n = 88) No ICG (n = 58) p Value

Operative time (min), median (IQR) 191.0 (159.0, 236.0) 185.0 (160.5, 227.5) 211.5 (159.0, 257.0) 0.23
Estimated blood loss (mL), median (IQR) 100.0 (100.0, 225.0) 100.0 (100.0, 200.0) 125.0 (100.0, 250.0) 0.31
Mesh type 0.02
 Polypropylene 43 (29.5%) 32 (36%) 11 (19%)
 PADM 103 (70.5%) 56 (64%) 47 (81%)

Mesh location 0.15
 Intraperitoneal 142 (97.3%) 84 (95%) 58 (100%)
 Retrorectus 4 (2.7%) 4 (5%) 0 (0%)

Bridged repair 4 (2.7%) 3 (3%) 1 (2%) 1.00
Mesh size (cm2), median (IQR) 300.0 (220.0, 375.0) 284.0 (210.0, 367.5) 320.0 (240.0, 375.0) 0.18
Extensive lysis of adhesions 61 (41.8%) 31 (35%) 30 (52%) 0.048
Intraoperative enterotomy 3 (2.2%) 2 (2%) 1 (2%) 0.85
Concurrent panniculectomy 13 (8.9%) 1 (1%) 12 (21%) < 0.001
Negative pressure wound therapy 28 (19.2%) 15 (17%) 13 (22%) 0.42

Table 3   Surgical site 
occurrences. ICG Indocyanine 
Green

ICG indocyanine green

Factor N = 146 ICG (n = 88) No ICG (n = 58) p Value

Surgical site occurrence 0.58
 No SSO 119 (81.5%) 73 (83%) 46 (79%)
 Surgical site occurrence 27 (18.5%) 15 (17%) 12 (21%)

Total surgical site infections 14 (9.59%) 9 (10%) 5 (9%) 0.75
Postoperative infection 1.00
 No infection 132 (90.4%) 79 (90%) 53 (91%)
 Superficial infection 6 (4.1%) 4 (5%) 2 (3%)
 Deep infection 8 (5.5%) 5 (6%) 3 (5%)

Postoperative hematoma 3 (2.1%) 1 (1%) 2 (3%) 0.56
Postoperative seroma 12 (8.2%) 6 (7%) 6 (10%) 0.54
Return to OR 9 (6.2%) 5 (6%) 4 (7%) 0.77
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Hernia recurrence

Thirteen (8.9%) patients had recurrent hernias on postop-
erative follow-up and 10 (6.8%) patients went on to have 
a subsequent hernia repair. Of the patients who recurred, 
7 (53.8%) had already had a previous hernia repair. When 
comparing patients who underwent ICG versus no ICG, we 
find that the recurrence rates were lower in the ICG group at 
5.6% (n = 5) versus 13.7% (n = 8), p = 0.09, but not signifi-
cantly so (Fig. 3). Median follow-up time was 49.9 months 
(IQR 27.8–86.9 months).

Multivariable analysis

After adjustment for patient and procedure-specific factors, 
on multivariable analysis (Table 4), we found that surgical 
site occurrences were similar in patient undergoing intraop-
erative ICG angiography when compared to those without 
ICG use (OR: 0.260.812.50, p = 0.71). Increased body mass 
index was associated with increased occurrence of surgical 
site infections. Specifically, every 1 kg/m2 increase in BMI 
was associated with a 12% increase in surgical site occur-
rence (aOR: 1.031.121.22, p = 0.01). Patients who smoked 
(OR: 0.342.4818.05, p = 0.37), and those who had a prior her-
nia repair were also at higher risk (OR: 0.581.725.09, p = 0.33) 
for SSO, though not statistically significantly so. PADM use 
was associated with a 75% reduction in surgical site occur-
rences when compared to those with synthetic mesh in this 
cohort (aOR: 0.070.250.94, p = 0.04).

Discussion

Usage of intraoperative ICG angiography assessment has 
been utilized in abdominal wall reconstruction (AWR) as a 
tool to identify at-risk subcutaneous skin flaps and decrease 
subsequent skin necrosis and associated postoperative 
wound complications [13–16, 23]. Most previous evidence 

for usage of ICG angiography in AWR comes from smaller 
retrospective cases series and one randomized control trial. 
In these studies, patients undergoing flap modifications after 
ICG assessment had less wound-related complications than 
those patients in which ICG was not used. In particular, 
Patel et al. demonstrated that ICG usage decreased wound 
complications from 42 to 20% in a total of 17 patients [12]. 
Cho et al. in a cohort of 10 patients also found a decrease of 
wound infections from 57 to 33%, and intraoperative modi-
fications required in 70% of patients undergoing ICG [13]. 
Wormer et al. similarly found that hypoperfusion on ICG 
demonstrated higher rates of wound infection (28% vs. 9,4%, 
p < 0.02), but that overall flap modification did not neces-
sarily prevent wound-related complications (p = 0.99) [15].

Most studies done thus far differ from our study in two 
major aspects: the size of their patient population [13, 14, 
23], and the surgical technique used [15, 23]. In Wormer 
et al. despite the randomized control trial nature of the study, 
a perforator-sparing technique was used infrequently, and 
many more patients had concurrent panniculectomy which 
could lend itself to decreasing ability to spare periumbilical 
perforators [15]. In Colavita et al. the number of patients 
undergoing panniculectomy was 10 (66.6%) of a total of 
15 studied [23]. Due to the complexity of AWR and variety 
of operations performed based on appropriateness for each 
patient and hernia defect, there is great heterogeneity in this 

Fig. 3   Secondary outcomes for recurrence and return to or for wound 
complications

Table 4   Adjusted odds ratio for surgical site occurrences

ICG Indocyanine Green, IQR interquartile range, ASA American 
Society of Anesthesiologists Class, VHWG Ventral hernia working 
grade, PADM Porcine Acellular Dermal Matrix

Factor Odds ratio (95% CI) p Value

ICG angiography 0.805 (0.259, 2.502) 0.708
Age 0.999 (0.953, 1.047) 0.962
BMI (kg/m2) 1.120 (1.025, 1.223) 0.012
Gender 0.661 (0.189, 2.314) 0.518
ASA class 0.880 (0.269, 2.313) 0.834
Diabetes 0.931 (0.260, 3.328) 0.912
Smoker 2.478 (0.340, 18.052) 0.371
Diverticulitis 0.376 (0.061, 2.305) 0.290
Prior hernia repair 1.719 (0.581, 5.087) 0.328
VHWG
 Comorbid (2) 0.853 (0.151, 4.835) 0.858
 Potentially contaminated (3) 0.533 (0.059, 4.817) 0.576
 Infected (4) 1

Operation time (min) 1.005 (0.996, 1.013) 0.273
Lysis of adhesions 0.736 (0.253, 2.135) 0.572
PADM 0.254 (0.069, 0.939) 0.04
Mesh area 1.004 (1.000, 1.008) 0.04
Panniculectomy 0.145 (0.014, 1.559) 0.111
Negative pressure wound therapy 1.950 (0.500, 7.604) 0.336
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particular population of patients in which we are assessing 
with ICG angiography. In this particular study, in an attempt 
to homogenize patients, only those undergoing a perfora-
tor-sparing anterior component separation were examined 
and analyzed. Even if patients had prior hernia surgery or 
concomitant panniculectomy, a portion of the periumbilical 
perforators were preserved.

Because of the periumbilical perforator-sparing tech-
nique, in theory more blood flow to the subcutaneous skin 
flaps should be preserved leading to decreased rates of flap 
necrosis and subsequent SSOs [6, 9]. Clarke et al. demon-
strated 25% compared to 0% (p < 0.001) rate of skin necro-
sis when using perforating sparing technique in component 
separation technique [6]. Similarly, Saulis et al. also dem-
onstrated decreased wound complication rate from 20 to 2% 
(p < 0.05) in using the perforator-sparing technique in a ret-
rospective 66 case series [9]. This leads us to postulate that 
within our own population of patients undergoing PSCST, 
wound complication rates should be overall minimized, and 
that those patients undergoing intraoperative ICG angiog-
raphy should have even better optimization of their wound 
healing. When examining our rates of SSOs (18.5%), we find 
that our numbers are well within the limits of those quoted 
in prior studies 12.5–42% [6, 9, 15].

Interestingly, however, we did not see a significant differ-
ence in the rate of SSOs between ICG and no ICG cohorts 
(17% vs. 21%, p = 0.58), despite having 42% of patients 
undergo change in intraoperative management in the ICG 
group. Between the cohort of patients that underwent further 
operative debridement in the ICG group and those that did 
not, we also find no significant difference in SSOs (24.3% 
vs. 11.8%, p = 0.12), suggesting that perhaps intraoperative 
debridement of small areas of malperfusion may not have 
an overall impact on postoperative wound healing and com-
plication rates. There was also no difference in return to OR 
rates between those that received further debridement based 
on ICG results in comparison to those patients that did not 
(2.7% vs. 7.8%, p = 0.3). Similarly, these results were also 
demonstrated in Wormer et al., where 95 patients in a rand-
omized double-blinded control trial underwent ICG assess-
ment, patients with positive ICG results who both underwent 
flap modifications, and those who did not had no differences 
in wound infection, breakdown, necrosis, reoperation, or 
readmission rates (p > 0.05) across all comorbidities [15]. 
It is unclear why interventions on select hypoperfused tis-
sue did not appear to improve patient outcomes, other than 
indicating a multi-factorial process.

Although not yet demonstrated in literature pertaining to 
AWR, there has been a study in the plastic and reconstruc-
tive literature regarding ICG overprediction of areas of skin 
necrosis in mastectomies [17]. In Phillips et al., 32 patients 
who underwent bilateral mastectomies with intraoperative 
ICG and fluorescein assessment of mastectomy flaps, the 

areas of poor perfusion were marked out and transferred to 
cellulose film. Then only areas of poor perfusion determined 
by clinical assessment alone were then excised. Ultimately, 
ICG overpredicted poor perfusion by 6.57 cm2 or 72%, and 
overpredicted necrosis by 13.29 cm2 or 67%, with sensitivity 
of 90%, specificity 50%, positive predictive value of 56%, 
and negative predictive value of 88% [17]. This indicates 
that ICG perhaps is a better adjunct to identify patients who 
are not at risk for poor perfusion and necrosis, than it is a 
tool to predict actual flap necrosis.

Our study also demonstrates, that intraoperative ICG 
does not impact hernia recurrence, with no statistical sig-
nificance seen in hernia recurrence rates in ICG vs no ICG 
patients (5.6% vs. 13.7%, p = 0.09), even though the recur-
rence rate is lower in patients undergoing ICG. In terms 
of patient characteristics, both cohorts were well matched 
except in BMI (30.3 vs. 33.2, p = 0.036 in ICG vs. no ICG), 
and male gender (53% vs. 34%, p = 0.025, respectively). 
Despite the differences in BMI, we do not note a significant 
difference in patients with obesity with a BMI ≥ 30, in ICG 
(56%) compared to no ICG (69%), p = 0.11. It is unclear if 
this difference potentially contributed to higher incidence of 
recurrence in the non-ICG cohort.

Additionally, multivariable analysis demonstrated that the 
two factors having the most impact on incidence of postop-
erative SSOs were BMI and mesh type. Specifically, every 
1 kg/m2 increase in BMI was associated with a 12% increase 
in surgical site occurrence (aOR: 1.031.121.22, p = 0.01), 
which is consistent with literature indicating that patients 
with higher BMIs are at higher risk for wound complica-
tions [2, 3]. We also saw that PADM was associated with a 
75% reduction in surgical site occurrences (aOR: 0.070.250.94, 
p = 0.04). These findings corroborate studies showing fewer 
wound complication rates in those undergoing biologic mesh 
placement (25–47.7%), especially in potentially contami-
nated settings with high VHWG class [7, 26–28]. Our recur-
rence rates were not significantly different between PADM 
(10.7%) and polypropylene mesh (4.7%), p = 0.24. The trend 
towards a higher incidence of recurrence with PADM could 
be attributable to increased patient risk factors that neces-
sitated a need for biologic mesh in the first place.

We also found that patients with incisional negative pres-
sure wound therapy (NPWT) applied were at increased risk 
for developing SSOs, although this was not statistically 
significant (p = 0.34). This could be due to selection bias 
as NPWT was applied at the end of the case based on the 
discretion of the surgeon, which self-selects for those at 
increased risk for surgical site occurrences.

Although this is one of the largest retrospective studies 
regarding the usage of ICG in assessment of subcutaneous 
skin flaps after complex AWR, it is limited due to the retro-
spective nature of our study by chart review and information 
gathering based on the electronic medical record. We were 
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also unable to capture recurrences if they occurred outside of 
our regional, multi-hospital system. Those patients undergo-
ing recurrent hernia operations at the same institution were 
included in the study. Our patient cohorts were also not per-
fectly matched in regards to some patient characteristics and 
comorbidities; even though most of these differences were 
not significant they could still impact our results. The two 
study cohorts also differed in the number of patients under-
going panniculectomies, and although in our multivariable 
analysis this did not affect the primary outcome of surgical 
site occurrence, it potentially could still have led to differ-
ences impacting our results. Ultimately our study was under-
powered, and future directions would include a prospective 
randomized control trial to assess differences between the 
two techniques.

We have been able to demonstrate that in the subset of 
patients undergoing perforator-sparing anterior component 
separation, there is no significant difference in incidence of 
SSOs and hernia recurrence for those patients undergoing 
intraoperative ICG assessment and those who are not. Those 
who had an intraoperative decision change based on ICG 
did not necessarily have less SSOs than those who did not. 
ICG angiography is a tool in the surgeon armamentarium for 
assessing tissue perfusion and possibly preventing wound 
complications; however, in this particular patient group, 
it may not be necessary. In our current practice, we have 
stopped incorporating ICG angiography to assess skin flaps 
prior to closure in this particular subset of patients. Further 
study with groups of increased size in a randomized control 
fashion would provide additional information in regard to 
overall costs and efficacy.

Intraoperative ICG assessment of subcutaneous skin flaps 
during perforator-sparing anterior component separation 
does not significantly decrease surgical site occurrences or 
hernia recurrence. This highlights the importance of proper 
surgical technique in abdominal wall reconstruction with 
preservation of the blood supply to the subcutaneous flaps.
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