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Abstract

Introduction Anterior component separation (ACS) is a well-established, highly functional technique to achieve fascial
closure in complex abdominal wall reconstruction (AWR). Unfortunately, ACS is also associated with an increased risk of
wound complications. Perforator sparing ACS (PS-ACS) has more recently been introduced to maintain the subcutaneous
perforators derived from the deep epigastric vessels. The aim of this study is to evaluate wound-related outcomes in patients
undergoing open AWR after implementation of a PS-ACS technique.

Methods A prospectively collected database were queried for patients who underwent open AWR and an ACS from 2006
to 2018. Patients who underwent PS-ACS were compared to patients undergoing ACS using standard statistical methods.
Patients undergoing concomitant panniculectomy were included in the standard ACS group.

Results In total, 252 patients underwent ACS, with 24 (9.5%) undergoing PS-ACS. Age and specific comorbidities were
similar between groups (all p >0.05) except for the PS-ACS groups having a higher rate of prior tobacco use (45.8% vs
19.6%, p=0.003). Mean hernia defect area was 381.6+267.0 cm? with 64.3% recurrent hernias, and both were similar
between groups (all p > 0.05). The PS-ACS group did have more complex wounds with more Ventral Hernia Working Group
Grade 3 and 4 hernias (p =0.04). OR time and length of stay were similar between groups (all p > 0.05). Despite increased
complexity, wound complication rates were much lower in the PS-ACS group (20.8% vs 46.1%, p=0.02), and all specific
wound complications were lower but not statistically different. Hernia recurrence rate was similar between PS-ACS and ACS
groups (4.2% vs 7.0%, p > 0.99) with mean follow-up of 27.7 +26.9 months.

Conclusions In complex AWR, preservation of the deep epigastric perforating vessels during ACS significantly lowers the
rates of wound complications, despite its performance in more complex patients with an increased risk of infection. PS-ACS
should be performed preferentially over a standard ACS whenever possible.

Keywords Abdominal wall reconstruction - Hernia - Components separation - Hernia repair - Perforator sparing -
Complication

Over 350,000 ventral hernia repairs (VHR) are performed
annually in the United States, which makes the operation
one of the most common in the country [1]. Mesh combined
with complete fascial closure is superior to bridging a large
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defect with mesh and provides the most functional, cosmetic,
and durable outcome with fewer complications [2—7]. With
our ability to salvage patients following major trauma,
abdominal infections, other complex abdominal issues that
result in open abdomens or large ventral defects, this has
led to the development of several techniques to dependably
release and medialize the fascia and achieve midline fascial
closure. One of the first of these operations, more newly
labelled components separation techniques (CST), was first
described in 1920 by Gibson, where he gained laxity of the
of the abdominal wall by lacerating the lateral anterior rectus
sheath [8]. Albanese in 1951 and Young in the 1960's, wrote
about incising the external oblique to help repair a large


http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-020-07888-8&domain=pdf

Surgical Endoscopy (2021) 35:4624-4631

4625

abdominal defects [9, 10]. However, these CSTs were not
popularized until 1990 when Ramirez published on what
has come to be known as anterior component separation
(ACS) [11].

Since that time, ACS has become a well-established tech-
nique to aid in achievement of fascial closure in complex
abdominal wall reconstruction (AWR). The procedure as
described includes mobilization of the rectus abdominis
muscle to the midline by means of releases of the external
oblique muscle and fascia. Development of large muscu-
lofascial flaps allows for fascial approximation of defects
that are much larger than would otherwise be able to be
closed. However, access to the external oblique aponeurosis
typically requires mobilization of the skin and subcutaneous
tissue from the fascia over a very broad area of the abdomen
that markedly increases wound related complications which
can reach greater than 60% [12].

In response to this increased risk, technical modifications
have been made to the originally described procedure. One
such modification is the perforator sparing ACS (PS-ACS)
which preserves the perforators from the deep epigastric
vessels [13]. Well described in plastic and reconstructive
surgery literature, maintaining epigastric perforators can
sustain large myocutaneous flaps and resist tissue necrosis
and infection [14—18]. The aim of this study is to evaluate
ACS wound-related and overall outcomes after implementa-
tion of a PS-ACS technique.

Materials and methods
Study design

After obtaining approval from the Institutional Review
Board of Carolinas Medical Center, a prospective single
institution database were queried for all patients undergo-
ing open AWR with ACS (2006-2018). Patients were split
into a standard ACS group, and a PS-ACS group. PS-ACS
technique was adopted in 2015. Patients undergoing con-
comitant panniculectomy were included in the standard
ACS group. The primary outcome of this study was wound
complications. Secondary outcomes were post-operative
complications, length of stay, and hernia recurrence. Wound
complications were defined as seroma requiring interven-
tion, cellulitis requiring antibiotics, superficial wound break-
down, wound infection requiring antibiotics, fascial dehis-
cence, and fistula. For patients who developed more than one
wound complication, they were counted as one total wound
complication.

Surgical technique

All ACS were performed at Carolinas Medical Center by
specialized surgeons. Our algorithm for performing an
ACS is based on the required length of release to achieve
fascial closure. ACS is preferentially chosen over a Trans-
versus Abdominis Release (TAR) when there is a large
defect. After performing an adhesiolysis of the intestine
from the abdominal wall and releasing the skin and sub-
cutaneous tissue back to normal fascia, medial tension is
applied to each side of the abdominal wall using Kocher
clamps. If there is a gap, the first portion of a release is per-
formed by cutting the posterior rectus sheath on both sides
of the abdomen the full length of the hernia defect. This
typically affords 3—5 cm of release to the midline. While
applying tension pulling the abdominal wall together once
more, if the defect is greater than 6 cm, the authors will
perform an ACS at least on one side. The authors believe
that an ACS affords a greater amount of release compared
to a TAR. Reapproximating the midline is, obviously, a
major component of AWR in complex and large hernias.
Indeed, it has been emphasized as a means to significantly
reduce recurrence rates. ACS is performed only in the
largest and most complex hernias where closure would not
be achievable with a TAR alone. As previously described,
the standard ACS procedure begins by elevating the skin
and subcutaneous fat from the midline to approximately
the anterior axillary line, and ligating or cauterizing all
perforators that are encountered [7]. Then an incision is
made in the external oblique aponeurosis approximately
2 cm lateral to the border of the rectus sheath. The mus-
cle of the external oblique is then separated from the
underlying internal oblique. This is extended according
to the surgeon’s judgement, as superior as above the cos-
tal margin, and as inferior as the inguinal ligament. In
2015, a perforator sparing technique was adopted when-
ever possible. This is performed by meticulous dissection
to maintain perforators of the deep epigastric vessels,
while still creating a lateral dissection to allow for inci-
sion of external oblique. These periumbilical perforators,
approximately 2 cm above and 5 cm below the umbilicus,
are identified and preserved in one of two ways. The first
technique involves leaving a wedge of periumbilical fat
that is undisturbed while dissection is carried laterally.
The second involves making a tunnel at least 2 cm above
the umbilicus that extends laterally, allowing for contin-
ued dissection of the plane superiorly and inferiorly. A
depiction of the perforator sparing dissection can be seen
in Fig. 1. Nearly all procedures were accompanied by a
posterior rectus sheath release (PRSR) to maximize fas-
cial release and ensure fascial closure. Most repairs were
performed utilizing a preperitoneal dissection, to allow for
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Fig. 1 Perforating vessels are identified and preserved during dissec-
tion allowing for a tunnel to be created lateral to the vessels

placement of a very large piece of mesh which is excluded
from the intra-abdominal contents. This technique allows
for extension of the mesh laterally, far beyond the loca-
tion of the external oblique release. The peritoneum is
mobilized circumferentially from the abdominal wall and
does not require a posterior component separation to be
performed. This technique, even in these large, complex,
and recurrent hernias, can be completed in nearly all cases.
The dissection is often begun either in the space of Retzius
or at the falciform and extended laterally. Dissection can
then be continued bluntly in a lateral to medial approach
towards the midline. This technique has been previously
described in detail [19].

Pre-habilitation and wound management

This study covers a large time period, over which peri-oper-
ative management and techniques have evolved. For exam-
ple, patients now undergo risk factor modification, targeting
active smokers, diabetics with a HgbA1C > 7.2, and obese
patients with a BMI>30. Data on pre-habilitation have been
utilized at our institution to create the CeDAR app which
allows for objective assessment of patient’s pre-operative
risk [20]. Furthermore, patients with contaminated wounds,
who were not excluded from this study, are more recently
managed with VAC-assisted delayed primary closure (DPC).

Statistical analysis

Descriptive statistics were reported as means with corre-
sponding standard deviations for continuous variables, and
percentages for categorical variables. Categorical variables
were evaluated using Pearson’s Chi-squared tests and Fish-
er’s exact test when appropriate. Continuous and ordinal
variables were evaluated using Wilcoxon-Mann—Whitney
and Kruskal-Wallis tests. Statistical significance was set
at p <0.05, and all reported P-values are two-tailed. Data
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were analyzed using Statistical Analysis Software, version
9.3 (SAS Institute, Inc., Cary, NC).

Results

In total, 252 patients underwent unilateral or bilateral
ACS or PS-ACS during the study period, with 24 patients
undergoing PS-ACS. Patient characteristics can be seen in
Table 1. The PS-ACS group had a higher overall number
of comorbidities (p=0.005) and a greater rate of history of
tobacco use (p =0.003), however all other demographics,
including rates of specific comorbidities and ASA classes,
were similar between the two groups (all p > 0.05).

Hernia and operative characteristics can be seen in
Table 2. The PS-ACS a higher rate of incarcerated hernias
(»p=0.008), but similar rate of recurrent hernias (p =0.80).
While hernia area was similar (p > 0.05), the PS-ACS group
had more complex hernias with higher rates of Ventral Her-
nia Working Group (VHWG) grade 3 (contaminated) and 4
(infected) hernias (p =0.04). Bilateral ACS rates were simi-
lar between groups (p =0.63). As expected, there were no
panniculectomies performed in the PS-ACS group. In both
groups, the majority of meshes were placed in the pre-peri-
toneal space. Mesh type did differ between the groups, with
the ACS groups having more synthetic mesh used and the
PS-ACS group having more biologic mesh used (p =0.04)
due to the increased level of wound contamination. Finally,
due to the increased wound grade, the PS-ACS group was
more likely to undergo planned DPC than the ACS group
(p<0.001).

Post-operative outcomes can be found in Table 3. Length
of stay and non-wound related complications were simi-
lar between the two groups (all p>0.05). Specific wound
complications were similar between standard ACS and PS-
ACS (all p>0.05); however, overall wound complications
were much lower in the PS-ACS group (20.8% vs 46.1%,
p=0.02). Readmission rates at 30 days, 30-day return to
the operating room, and hernia recurrence were all similar
(all p>0.05).

A subgroup analysis was performed within the group of
228 ACS patients comparing those who underwent concomi-
tant panniculectomy (7 =131) to those who did not (n=97).
This analysis found that there was no significant difference
in overall wound complications between the ACS patients
undergoing concomitant panniculectomy versus those who
did not (51.2% vs 39.2%, p=0.07). When evaluating specific
wound complications within this subgroup, the concomi-
tant panniculectomy patients had a higher rate of superficial
wound breakdown (31.5% vs 16.3%, p=0.01), however, all
other specific wound complication rates (seroma requiring
intervention, cellulitis requiring antibiotics, wound infection,
and mesh infection) were similar (all p > 0.05).
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Table 1 Patients characteristics

Total (n=252) ACS (n=228) PS-ACS (n=24) p Value
Age, years 59.4+11.2 59.1+11.1 62.8+11.4 0.15
Female 52.0% 53.1% 41.7% 0.29
BMI, kg/m? 33.2+6.8 334+7.0 31.3+4.7 0.18
Number of prior hernia repairs 2.8+25 29+25 5.1+3.1 0.08
Number of comorbidities 5.0+25 4.8+24 6.5+29 0.005
Comorbidity
Cirrhosis 1.2% 0.9% 4.2% 0.17
Congestive heart failure 2.9% 2.7% 4.2% 0.69
COPD 6.9% 6.3% 12.5% 0.26
Coronary artery disease 13.8% 12.6% 25.0% 0.95
Current steroid use 6.6% 5.9% 13.0% 0.19
Diabetes mellitus 33.9% 35.7% 16.7% 0.06
History of smoking 22.1% 19.6% 45.8% 0.003
Hypertension 57.5% 57.0% 62.5% 0.60
Obstructive sleep apnea 17.1% 18.0% 8.3% 0.23
Peripheral vascular disease 2.9% 2.7% 4.2% 0.68
ASA score 0.57
I 37.7% 38.8% 27.3%
I 58.5% 57.5% 68.2%
v 3.8% 3.7% 4.6%

Bolded values indicate p < 0.05

ACS Standard anterior component separation, PS-ACS perforator sparing anterior component separation,
BMI body mass index, COPD chronic obstructive pulmonary disease, ASA American society of anesthesi-

ologists

Discussion

Wound complications are the major morbidity of com-
plex AWR, are expensive, and a major predictor of hernia
recurrence. Surgical site occurrences (SSO) increase the
risk of AWR failure by greater than threefold [19, 21, 22].
The pervasive challenge in hernia operations employing
component separation, especially ACS with large myo-
fascial flap dissection and release, is the increased risk
of wound occurrences and infections. The overall wound
complication rate of 46% in the standard ACS cohort in the
current study is consistent with previously described series
[12, 19, 23]. Beyond the comorbidities of the patients,
which markedly affect wound healing, the challenge is
anatomical. The blood supply to the skin and subcutane-
ous tissues of the abdominal wall are supplied by direct
cutaneous vessels, such as the superficial circumflex iliac
and the superficial inferior epigastric arteries, and by
perforating musculocutaneous vessels, which arise from
the deep inferior and superior epigastric arteries. These
perforators of the deep epigastric arcade supply the rec-
tus muscle and the overlying skin in the midline. Gaining
access to the length of the external oblique to perform
an ACS traditionally has been performed by transecting
these transabdominal, perforating blood vessels which

can lead to tissue ischemia, impairing wound healing and
lead to skin necrosis, wound dehiscence, infection, and
hernia recurrence [24]. To remedy this known morbidity,
PS-ACS aims to maintain the aforementioned established
blood flow in an attempt to decrease postoperative wound
complications [13, 18].

In our review of over 250 anterior component separations,
the PS-ACS patients had higher overall number of comor-
bidities and tobacco use, however all other demographics,
including rates of specific comorbidities and ASA classes
were similar. While demographics were also similar, there
were some important differences in hernia and operative
characteristics. The PS-ACS group had more contaminated
and infected cases (VHWG grade 3 and 4), resulting in more
biologic mesh use and more frequent wound DPCs, and no
cases with concomitant panniculectomy. Notably however,
both groups had similar hernia defect size, and similar rates
of recurrent hernias, and the need for bilateral anterior
component separations. The vast majority of cases in both
cohorts had mesh placed in the pre-peritoneal space, and the
operative time was similar between the groups. The groups
had similar length of stay, similar rate of recurrence, and
similar inpatient complications. As expected, the outcomes
that differed involved wound complications, where the PS-
ACS group had lower rates of overall wound, no cases of
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Table 2 Hernia and operative
characteristics

Table 3 Postoperative outcomes
of standard-ACS vs perforator
sparing-ACS

@ Springer

Total (n=252) ACS (n=228) PS-ACS (n=24) p Value

Recurrent hernia 64.3% 64.0% 66.7% 0.80
Incarcerated 33.9% 31.3% 58.3% 0.008
VHWG grade 0.04

1 71% 7.0% 8.3%

2 45.2% 47.4% 25.0%

3 39.3% 38.6% 45.8%

4 8.3% 7.0% 20.8%
Hernia defect size, cm? 381.6+267.0 383.6+275.9 364.5+178.7 0.92
Mesh size, cm? 959.9+436.0 961.2+435.6 947.5+448.1 0.62
Mesh placement 0.24

Pre-peritoneal 89.9% 89.7% 91.7%

Retro-rectus 6.1% 6.7% 0.0%

Inlay 2.4% 1.8% 8.3%

Onlay 1.6% 1.8% 0.0%
Mesh type 0.04

Synthetic 64.7% 67.1% 41.7%

Biologic 32.9% 30.3% 58.3%

Biosynthetic 1.6% 1.8% 0.0%

No mesh 0.8% 0.9% 0.0%
Enterotomy 4.0% 4.4% 0.0% 0.30
Bilateral ACS 58.7% 59.2% 54.2% 0.63
Panniculectomy 52.0% 57.5% 0.0% <0.001
Estimated blood loss, mL 183.2+138.0 188.0+140.5 131.3+93.8 0.04
Operative time, min 251.8+87.5 251.0+90.0 258.9+59.8 0.26
Planned DPC 7.5% 4.8% 33% <0.001

Bolded values indicate p < 0.05

ACS standard anterior component separation, PS-ACS perforator sparing anterior component separation,
VHWG ventral hernia working group, DPC delayed primary closure

Total (n=252)  ACS (n=228)  PS-ACS (n=24)  p Value

Length of stay, days 92+72 9.1+£73 9.8+6.2 0.09
In-hospital complications
Acute kidney injury 11.5% 12.0% 8.3% > 0.99
Deep vein thrombosis 21% 1.8% 4.2% 0.41
Pulmonary embolism 5.8% 6.0% 4.2% > 0.99
Respiratory failure 14.1% 14.2% 12.5% > 0.99
Overall wound complications 43.7% 46.1% 20.8% 0.02
Seroma requiring intervention 13.5% 14.5% 4.2% 0.16
Superficial wound breakdown 24.1% 25.1% 13.6% 0.23
Cellulitis requiring antibiotics 11.7% 12.4% 4.6% 0.48
Wound infection 20.0% 21.1% 9.1% 0.26
Mesh infection 4.6% 51% 0.0% 0.61
Return to OR 5.7% 6.4% 0.0% 0.20
Readmission, 30-days 13.2% 13.7% 8.3% 0.46
Hernia recurrence 6.4% 7.0% 4.2% > 0.99
Follow-up, months 27.7+26.9 28.7+27.6 18.5+16.4 0.16

Bolded values indicate p < 0.05

ACS standard anterior component separation, PS-ACS perforator sparing anterior component separation
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mesh infection, and one recurrence, with over 18 months of
follow-up in the PS-ACS group.

Hernia recurrence is traditionally the primary outcome
for which to measure the success of AWR. Even with con-
tinued improvement in our understanding of physiology
and refining our surgical technique, hernia recurrence with
component separation has been described as anywhere
between 5 and 9% in the literature, which is consistent with
our ACS cohort [12, 16, 19, 23]. Previous studies regard-
ing preservation of perforator vasculature have shown it to
decrease wound complications without a decrease in hernia
recurrence rates. Saulis et al. suggest wound breakdown of
8.3% (1/12), infection of 8.3% (1/12) and no statistically
significant difference in recurrence rates using open per-
forator sparing component separation [17]. Lowe et al. in
an effort to decrease technical difficulty while maintaining
periumbilical perforators introduced endoscopic balloon dis-
section. In their limited cohort, they describe recurrence of
14% [25]. Clarke et al. continued endoscopic dissection to
spare periumbilical perforators in 2010 and in their cohort
describe a 13.8% recurrence rate with 5 reoperations [16].
While not statistically significant, the PS-ACS cohort in our
study demonstrated a 4.2% recurrence rate compared to 7%
recurrence in the ACS cohort, and required no reoperations.
These findings are despite the fact that our PS-ACS cohort
had more complex hernias with higher rates of VHWG grade
3 and 4 hernias (VHWG grade 3: 45.8% to 38.6%, p=0.04;
grade 4: 20.8% to 7.0%, p=0.04).

By maintaining epigastric perforators to the myocutane-
ous flaps, our PS-ACS group demonstrated a 25% decrease
in overall wound complications (20.8% to 46.1% p=0.02);
this is again despite those patients being more comor-
bid. Given that our population is becoming increasingly
comorbid, both pre-habilitation and choosing an operative
technique to minimize complications is very helpful. Our
hernia center aggressively manages patient’s modifiable
factors in an attempt to reduce complications. Patients now
undergo risk factor modification, targeting active smokers,
diabetics with a HgbA1C >7.2%, and obese patients with a
BMI > 30 kg/m2.[20] As our group has previously detailed,
for every point of BMI> 26 kg/m?, there exists a 1.066
times increased wound complication rate [19, 20, 26]. If we
aggressively manage patient’s risk factors preoperatively, we
should also choose the operative technique that maintains
the lowest risk of complication. Moving forward, PS-ACS
should be used preferentially to preserve the epigastric per-
forating vessels, especially in complex patients, in order to
preserve as much blood flow as possible, enhance wound
healing, and decrease wound complication rates.

Despite advances in perioperative care over the 12-year
course of the study group and the majority of PS-ACS
occurring more recently, LOS did not differ significantly
between the two groups. This, almost by definition, is a

very complex group of patients with large, re-operative,
challenging operations. This group did experience a longer
length of stay compared to the previously published cohort
of all preperitoneal ventral hernia repairs [19]. While PS-
ACS patients perioperative care is much more likely to
have been influenced by enhanced recovery principles
given that the technique was instituted in 2015, this did not
seem to affect the LOS. However, the lack of improvement
in LOS may be in part due to the significantly higher rate
of VHWG Grade IIT and IV hernias, as well as the higher
rate of delayed primary closures, which are generally taken
back to the operating room on post-operative day five for
final closure.

Limitations of this study include the small sample size
in the PS-ACS group. Although overall wound complica-
tion rates were significantly reduced in the PS-ACS group,
individual complications were not. While fewer individual
SSO are detailed, we are unable to reach a level of statistical
significance, likely due to the smaller sample size. Further-
more, this study could not show a statistically significant
difference in recurrence rate despite only one recurrence in
the PS-ACS group, again likely due to the small sample size.
In addition, small sample sizes always carry an increased
chance for Type II error within a study. Although this study
is limited in size, it is still one of the largest perforator spar-
ing component separation cohorts at this time. Additional
limitations are the inability to perform panniculectomy con-
comitantly due to the inherent anatomy resected. Concomi-
tant panniculectomy carries its own inherent wound risks
that have been previously described [23, 27, 28]. While a
concomitant panniculectomy may incur increased wound
complications, our analysis of patients in the ACS group
undergoing concomitant panniculectomy showed that they
had a similar rate of overall wound complications compared
to ACS patients who did not undergo panniculectomy. This
leads us to believe that concomitant panniculectomy is likely
not responsible for the ACS groups higher overall wound
complication rates. In addition, beginning in 2008 and
increasing over time, patients with contaminated wounds,
who were not excluded from this study, were managed with
VAC-assisted delayed primary closure (DPC), in an attempt
to decrease wound complications in contaminated cases. A
higher rate of DPCs were performed in the PS-ACS group,
however, this correlates to the fact that the PS-ACS group
had significantly higher rates of VHWG Grade III and IV
hernias.

In conclusion, PS-ACS reduces wound complications
in patients undergoing complex AWR, maintains similar
recurrence rates, and does not increase operative time. This
technique should be preferentially utilized in AWR when
possible. Further research into the benefits of PS-ACS will
be important, as it can be hypothesized that an improvement
in wound complication rate would decrease recurrence rates,

@ Springer



4630

Surgical Endoscopy (2021) 35:4624-4631

however, given the current small sample sizes, this cannot
yet be determined.
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