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Lateral abdominal wall (LAW) myofascial defects are a challenging reconstructive problem,
and no consensus exists on their surgical management. We hypothesized that mesh repairs
anchored to the nonyielding LAW boundaries (pillar-anchored repairs [PARs]) would pro-
vide more durable reconstructions, with lower hernia recurrence and bulge occurrence rates,
compared with mesh repairs anchored to the surrounding oblique muscle complexes (direct
repairs [DRs]).

We retrospectively reviewed LAW reconstructions at a single center from 2004 to 2010. Pa-
tients were divided into 2 groups based on whether they had received a PAR or a DR. The
primary outcome measure was hernia recurrence. The secondary outcome measures were sur-
gical site occurrences (SSOs), surgical site infections (SSIs), and reoperations for
complications.

We analyzed 106 consecutive patients with LAW reconstructions (PAR, 59 DR, 47). The
median follow-up time was 28.1 months (PAR, 24.5 months; DR, 34.5 months). The
baseline demographics were similar in the groups. Nineteen hernia recurrences were observed
(PAR, 5 [8.5%]; DR, 14 [29.8%]; p = 0.033, log-rank test). The “closure type” (bridged vs
reinforced repair), “mesh type” or “defect area” were not associated with hernia recurrence or
bulge occurrence. The groups did not differ significantly regarding SSOs, SSIs, or reopera-
tions for complications. In the multivariable Cox proportional regression model, PAR pro-
vided a 3.5 times lower risk of hernia recurrence than DR (adjusted hazard ratio, 0.28; 95%
CI 0.09 t0 0.88; p = 0.03).

The PAR technique is superior to DR for reconstructing LAW defects in order to achieve the lowest
hernia recurrence rates in this complex patient population. (J Am Coll Surg 2019;229:267—276.
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Clinical research in the area of abdominal wall reconstruc-
tion has focused mostly on repair of the midline ventral
abdominal wall. Although the rate of ventral abdominal
hernia is higher than that of lateral abdominal wall
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(LAW) hernia, defects of the LAW are fairly common,
technically challenging to repair, and associated with
high rates of hernia recurrence.’ Most LAW defects are
trauma-induced or iatrogenic; rarely, they are congenital.
Tumor excisions and surgical access incisions—such as
flank incisions for nephrectomies, retroperitoneal incisions
for vascular procedures, and subcostal incisions—can cause
denervation and division of the LAW muscle/fascia, lead-
ing to a bulge and/or hernia. These defects reportedly occur
in 8% to 57% of patients undergoing surgery involving the
LAW >4

Many of the challenges of LAW reconstruction stem from
the differences between lateral and ventral abdominal wall
anatomy; therefore, appreciating these differences is integral
to understanding the etiology of LAW defects and devel-
oping a reliable reconstructive plan. The LAW is defined
as the area that extends from the costal margin superiotly
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Abbreviations and Acronyms
AIC = Akaike information criterion
DR = direct repair

HR = hazard ratio

LAW = lateral abdominal wall

OR = odds ratio

PAR = pillar-anchored repair
SSI = surgical site infection
SSO = surgical site occurrence

to the iliac crest inferiorly and from the linea semilunaris
anteriorly to the paraspinous muscles posteriorly. The layers
of tissue comprising the LAW include the external oblique,
internal oblique, and transversus abdominis muscles and the
transversalis fascia. Although there is a significant amount of
information about ventral abdominal wall physiology, we
have found no detailed description of LAW physiology in
the literature. Our understanding of the mechanics and
stresses on the lateral abdominal is based on its anatomic
components and interpolation from what we know about
the ventral abdominal wall. The LAW contains a higher pro-
portion of muscle than aponeurotic tissue, which may lower
its tensile integrity compared with that of the ventral midline
abdominal wall, and could therefore increase risk of recur-
rence. Lateral abdominal wall defects are associated with
weakness that extends over a much wider area due to dener-
vation injury caused by transection of thoracoabdominal
intercostal nerves or direct muscle injury caused by transec-
tion of muscle fibers. The eccentric location of LAW defects
also subjects them to asymmetric distraction forces caused
by the independent contraction of the contralateral hemiab-
domen and ipsilateral rectus complex on 1 side and the
remaining ipsilateral abdominal wall on the other. These
challenges underscore the importance of a durable, well-
anchored repair.’

There is a knowledge gap in the current literature as to
the optimal surgical technique for addressing LAW de-
fects. Accordingly, in this study, we compared 2 major
mesh repair techniques: direct repair (DR) and pillar-
anchored repair (PAR). A DR involves an underlay of
mesh that extends beyond the immediate boundaries of
the defect, followed by suturing of the mesh to oblique
muscle tissue of substantial quality (Fig. 1). A PAR in-
volves anchoring an underlay of mesh to nonyielding
points of fixation along the borders of the LAW; the linea
semilunaris, costal margin, inguinal ligament/iliac crest,
and posterior paraspinal fascia (Fig. 2). We hypothesized
that PARs provide more durable reconstructions with
lower hernia recurrence and bulge occurrence rates than

DRs.

METHODS

Evaluation of patients and outcomes

We retrospectively evaluated all consecutive patients who
had undergone LAW reconstruction to correct either tu-
mor resection defects or hernias and in whom an underlay
of mesh was placed using either a PAR or DR technique.
All reconstructions were performed at our institution over
a 10-year period (2004 to 2014). The data were obtained
from a prospectively maintained departmental database
and from the patients’ electronic medical records. This
study was approved by The University of Texas MD
Anderson Cancer Center’s institutional review board.

The primary outcome measures were the recurrence of
hernias and the occurrence of bulges. A hernia was defined
as a contour deformity with a corresponding musculofas-
cial defect of the lateral abdominal wall seen on CT scans
or physical examination. None of the hernias in this study
involved defects in the internal oblique and transversus
abdominis with an intact external oblique muscle. All her-
nias involved all 3 layers of the lateral abdominal wall
muscles. A bulge was defined as a contour deformity
without a corresponding fascial defect. Unlike cases of
hernia recurrence in which there is clear evidence of an
abdominal wall defect on CT scan, the diagnosis of bulge
was assigned if it was documented as such in the clinical
examination.

The secondary outcome measures were surgical site oc-
currences (SSOs), defined as the presence of 1 or more of
the following: cellulitis, abscess, wound dehiscence, enter-
ocutaneous fistula, hematoma (defined as a collection of
blood requiring percutaneous or open drainage), or
seroma (defined as a collection of sterile fluid requiring
percutaneous or open drainage); surgical site infections
(8SIs), defined as cellulitis (requiring treatment with andi-
biotics) or surgical site abscess (involving an infectious
process associated with a fluid collection requiring opera-
tive or bedside drainage); and reoperation. Follow-up
consisted of serial physical examinations and CT imaging,
as dictated by the patients oncologic surveillance
protocols.

Lateral abdominal wall defects were defined as those
that were mainly contained within the formally defined
boundaries of the lateral abdominal wall. Defects overlap-
ping these boundaries were included only if a majority of
the defects involved the lateral abdominal wall. These
defects were then analyzed based on defect type, closure
type, and mesh type. Defect type was defined as excisional
or hernia defect. Excisional defects were caused by tumor
resection that involved resection of abdominal wall mus-
cle and fascia. Hernia defects were those caused by weak-
ening of the lateral abdominal wall due to denervation,
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muscle transection, and scarring from previous opera-
tions. Closure type was defined as primary closure or
bridged closure. As the terms suggest, in primary closures,
the overlying musculofascial layer was approximated over
mesh (placed in an underlay position); in bridged clo-
sures, the overlying musculofascial layer could not be
approximated over the mesh. All excisional defects were
closed with a bridged closure. Hernia defects, on the other
hand, could be closed either primarily (with underlay
mesh) or in a bridged fashion, depending on the quality
and availability of the overlying musculofascial layer.

The medical comorbidities extracted from the patients’
medical records included coronary artery disease, diabetes
mellitus, active alcohol use, gastrointestinal disease,
hypertension, obesity (BMI > 30 kg/m®), peripheral
vascular disease, pulmonary disease, active tobacco use,
substance abuse, preoperative radiotherapy, and preoper-
ative chemotherapy.

Surgical techniques
Lateral abdominal wall repairs were performed in a multi-
disciplinary setting. After a surgical oncologist completed
either a tumor resection or a laparotomy with lysis of
adhesions (in patients being treated for a hernia), a plastic
surgeon performed LAW reconstruction. The choice
between the DR and the PAR technique for LAW recon-
struction was left to the discretion of the plastic surgeon.
In the DR technique, an underlay of mesh was inset under
healthy/sturdy surrounding tissue, with a 5-cm overlap
(Fig. 3). In the PAR technique, an underlay of mesh
was sutured to static points of fixation (pillars) at the
boundaries of the abdominal wall. Permanent sutures
were used for mesh inset and muscle/fascia closure. In
either repair, the abdominal wall was closed either primar-
ily or with a soft tissue flap (Fig. 4). Repairs were per-
formed by 25 different plastic surgeons. In the cases
that did not involve excision of the lateral abdominal
wall musculature or a bridged repair, the muscles of the
LAW were retained as a composite unit and were reap-
proximated as such over the mesh as a reinforced repair.
Because this was a retrospective study, there was no
established protocol for the PAR and DR repairs. Howev-
er, each operative report was reviewed to determine which
repair was performed. There was enough information in
the operative reports to make a clear distinction between
the techniques in all cases. There was no change to either
repair technique over the 10-year study period.

Statistical analysis

Descriptive statistics were used to summarize patient age,
BMI, and length of follow-up. Frequencies and percent-
ages were calculated for the categorical variables. The
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Visual Art: © 2019
The University of Texas
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Figure 1. Direct repair with underlay mesh of a lateral abdominal
wall excisional defect. Borders of the lateral abdominal wall have
been labelled. (Reprinted with permission from Visual Art, The
University of Texas MD Anderson Cancer Center.)
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Figure 2. lllustration of pillar-anchored repair with underlay mesh of
a lateral abdominal wall excisional defect. Borders of the lateral
abdominal wall have been labelled. (Reprinted with permission from
Visual Art, The University of Texas MD Anderson Cancer Center.)
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Figure 3. Direct repair technique. (A) Preoperative photo showing the planned margins for a full-
thickness abdominal wall resection in a patient with a desmoid tumor. (B) Intraoperative photo
showing the defect to be repaired.

time to hernia recurrence was defined as the time between
the date of reconstructive surgery and the date of either
the first hernia recurrence or the last follow-up, whichever
occurred first. Censoring time was defined as the time
interval from date of reconstructive surgery to the date
of the last follow-up for patients who did not develop her-
nia recurrence during follow-up. Cumulative hernia
recurrence rates were estimated using the Kaplan-Meier

Figure 4. Pillar-anchored repair technique. (A) Intraoperative photo showing the excisional defect after

product-limit method. The patients who did not have
hernia recurrence during the study period were censored
in the analysis. The length of follow-up was weighted in
the estimation so that the difference in follow-up would
not bias the comparison of recurrence between the 2
groups. A chi-square test or Fisher’s exact test was used
to assess the association between the categorical variables
and the DR and PAR groups. The Wilcoxon rank sum

resection of a flank liposarcoma. (B) Intraoperative photo showing the repair made with an underlay of

bioprosthetic mesh.
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test was used to compare the ordinal variables, such as
defect size, between the 2 groups. The log-rank test was
used to compare the distribution of time to hernia recur-
rence between PAR and DR groups. We performed uni-
variate analyses to evaluate the associations between each
variable and the clinical outcomes. Multivariable logistic
regression models were then used to estimate the adjusted
odds ratios (ORs) for SSOs, SSIs, and reoperation rates
after PAR repairs. A multivariable Cox proportional haz-
ards regression model was used to obtain an adjusted haz-
ard ratio (HR) for the estimation of the association of
PAR use on hernia recurrence. Backward stepwise model
selection method was used with Akaike information
criteria (AIC) value as the selection criteria to build the
most fitted multivariable model. We choose AIC as a
selection criterion because AIC resolves the trade-off
between model fit and complexity to achieve the best pre-
dictive ability.® We found that including the variables,
repair type (PAR vs DR), defect type (hernia vs excision)
and preoperative radiation minimizes AIC in this muld-
variable Cox proportional hazards regression model of
hernia.

In order to estimate the effect of repair type on hernia
recurrence we believed it was necessary to consider certain
risk factors in the multivariable model, even though they
did not reach significance in univariate analysis. These risk
factors, which include mesh type (synthetic vs bio-
proshetic), closure type (primary vs bridged) and defect
area, have been shown to play a significant effect on her-
nia recurrence outcomes in the ventral abdominal wall
literature.”” Body mass index was not included because
not only was it found to be nonsignificant in univariate
analysis, it has also been shown to be nonpredictive for
hernia recurrence in ventral abdominal wall reconstruc-
tion in our patient population.'” Multicollinearity was
checked using variance inflation factors (VIF), and VIF
< 4 implied that there was no multicollinearity."'

All statistical tests were 2-sided. A value of p < 0.05
was considered significant. Analyses were performed in
SAS 9.4 (SAS Institute Inc) and R (The R Foundation
for Statistical Computing).

RESULTS

A total of 106 patients underwent LAW reconstruction at
our institution from 2004 through 2014. Forty-seven pa-
tients (44.3%) underwent DR, and 59 (55.6%) underwent
PAR. Mean age of the patients was 54.7 years, and the me-
dian length of follow-up was 34.5 months for DR vs 24.5
months for PAR (p = 0.04). Patient characteristics such as
sex, BMI, and medical comorbidities present at baseline,
including, coronary artery disease, diabetes mellitus, obesity,

and histories of preoperative radiotherapy or chemotherapy,
did not differ significantly between the DR and PAR groups
(Table 1).

Of the 106 patients, 72 (67.9%) had excisional defects
and 34 (32.1%) had hernia defects. Of the patients who
underwent reconstruction of hernia defects, 12 patients
had incisions along the dermatomal lines. Because inci-
sions along dermatomal lines may limit or eliminate thor-
acoabdominal intercostal nerve transection and cause less
denervation injury than nondermatomal incisions
(Kocher incision), we analyzed the effect of dermatomal
vs nondermatomal incisions in our hernia subgroup
and found no significant effect on hernia recurrence
(p = 0.84, log-rank test).

Bioprosthetic mesh, as opposed to synthetic mesh, was
used in the majority of the cases (74.5% vs 25.5%). Bio-
prosthetic meshes used included SurgiMend (Integra Life-
Sciences Corporation), Strattice Reconstructive Tissue
Matrix (Allergan), and AlloDerm Regenerative Tissue Ma-
trix (Allergan). Synthetic mesh choices included Prolene
Polypropylene Mesh (Ethicon) and Marlex (Bard Davol,
now a branch of Becton, Dickinson and Company). The
PAR cohort had a higher proportion of bioprosthetic
mesh use compared with the DR cohort (84.7% vs
61.7%, p = 0.007) (Table 2). For all patients combined
there was no significant difference in the hernia recurrence
rate between patients who received bioprosthetic mesh
(19%) and those who received synthetic mesh (14.8%)
(p = 0.36). The cumulative bulge rate was significanty
higher in the synthetic mesh group than in the bio-
prosthetic mesh group (14.8% vs 2.5%, p = 0.022).

Patients undergoing PAR had a 3.5-fold lower hernia
recurrence rate than those undergoing DR (8.5% vs
29.8%; p = 0.033). The DR group had a slightly higher
rate of SSI and SSO than did the PAR group, but the dif-
ferences were not significant. The incidences of seroma,
abscess, hematoma, and wound dehiscence were low for
all LAW reconstruction patients and did not differ signif-
icantly between the PAR and DR groups (Table 3). The
PAR population had a lower reoperation rate for compli-
cations than the DR population did, but the difference
was not significant.

Repairs were performed by 25 different plastic sur-
geons. Eleven of these surgeons performed both tech-
niques (DR and PAR), 5 surgeons performed only the
PAR technique, and 9 surgeons performed only the DR
technique. The 2 senior surgeons (Butler and Baumann)
performed 31 of the 59 PAR cases. In this retrospective
study in which the repair type was not randomized, but
was left to the discretion of the surgeon, it is important
to ensure that the results were a result of the repair type
(PAR vs DR) and not a result of surgeon and surgeon
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Table 1. Demographic Characteristics of Patients at Baseline

Variable All (n = 106) DR (n = 47) PAR (n = 59) p Value*
Age, y, mean (SD) 54.7 (15.2) 54.9 (14.8) 54.5 (15.7) 0.87'
BMI, kg/m?, mean (SD) 29.7 (6.5) 28.5 (5.8) 30.64 (6.4) 0.06'
Length of follow-up, mo, median (IQR) 28.1 (10—48.6) 34.5 (12.4—61) 24.5 (7.9—40.2) 0.04'
Sex, n (%)
Female 50 (47.1) 22(46.8) 28 (47.5)
Male 56 (52.8) 25 (53.2) 31 (52.5) 0.95
Comorbidity, n (%)
Coronary artery disease 11 (10.4) 3 (6.4) 8 (13.6) 0.34
Diabetes mellitus 15 (14.2) 6 (12.8) 9 (15.3) 0.78
Active alcohol use 1(0.9) 1(2.1) 0 (0) 0.99
Gastrointestinal disease 24 (22.6) 13 (27.7) 11 (18.6) 0.27
Hypertension 43 (40.6) 18 (38.3) 25 (42.4) 0.67
Obesity (BMI > 30 kg/m?) 8 (7.5) 3 (6.4) 5 (8.5) 0.99
Peripheral vascular disease 3 (2.8) 2 (4.3) 1(1.7) 0.58
Pulmonary disease 9 (8.5) 3 (6.4) 6 (10.2) 0.73
Active tobacco use 7 (6.6) 3 (6.4) 4 (6.8) 0.58
Prior substance abuse 2(1.9) 0 (0) 2 (3.4) 0.50
History of preoperative XRT 37 (34.9) 17 (36.2) 20 (33.9) 0.80
History of preoperative chemotherapy 46 (43.4) 20 (42.6) 26 (44.1) 0.88

*Chi-squared test or Fisher’s exact test.
"Wilcoxon rank sum test.

DR, direct repair; IQR, interquartile range; PAR, pillar-anchored repair; XRT, radiotherapy.

experience. We therefore analyzed surgeon (p = 0.41, log-
rank test) and surgeon experience (p = 0.30, log rank test)
and found that these did not have a significant effect on
hernia recurrence rates.

The probability of hernia recurrence-free survival for
each time point was calculated and presented in Kaplan
Meier curves. The variation in length of follow-up was
adjusted by taking censorship into account, and 95%
ClIs were calculated for the hernia recurrence rates. For
PAR patients, the 5-year cumulative hernia recurrence
rate was 19.5%; the rate for DR patients was 38.3%.

Hernia recurrence-free survival rates differed significantly
between patients undergoing PAR vs DR (p = 0.033)
(Fig. 5).

No patients had a bulge before reconstruction, and only
6 developed a bulge within the study period after LAW
surgery. Two of these patients had undergone a PAR
repair; 4 patients had undergone a DR. The bulge occur-
rence rate did not differ significantly between the 2 groups
(Table 3).

Although hernia recurrence was significantly affected by
the repair type (PAR vs DR), other factors such as mesh

Table 2. Characteristics of Lateral Abdominal Wall Defects and Repairs

Variable All (n — 106) DR (n — 47) PAR (n — 59) p Value*
Defect type, n (%) 0.70
Excisional 72 (67.9) 31 (66.0) 41 (69.5)
Hernial 34 (32.1) 16 (34.0) 18 (30.5)
Defect size, cm?, median (IQR) 123 (21—247) 105 (25—216) 180 (0—286) 0.30
Mesh type, n (%) 0.007
Synthetic 27 (25.5) 18 (38.3) 9 (15.3)
Bioprosthetic 79 (74.5) 29 (61.7) 50 (84.7)
Closure type, n (%) 0.76
Reinforced 24 (22.6) 10 (21.3) 14 (23.7)
Bridged 82 (77.4) 37 (78.7) 45 (76.3)

*Chi-squared test or Fisher’s exact test.
"Wilcoxon rank sum test.
DR, direct repair; IQR, interquartile range; PAR, pillar-anchored repair.
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Table 3. Summary of Patient Outcomes after Lateral Abdominal Wall Reconstruction

Variable All (n = 106) DR (n = 47) PAR (n = 59) p Value*
Primary outcome measure, n (%)
Hernia recurrence 19 (17.9) 14 (29.8) 5 (8.5) 0.03!
Bulge occurrence 6 (5.7) 4 (8.5) 2 (3.4) 0.36
Secondary outcome measure, n (%)
SSI 13 (12.23) 7 (14.9) 6 (10.2) 0.46
SSO 18 (17.0) 9 (19.1) 9 (15.3) 0.61
Seroma 5 (4.7) 1(2.1) 4 (6.8) 0.38
Abscess 4 (3.8 1(2.1) 3 (5.1) 0.63
Hematoma 2 (1.9) 1(2.1) 1(1.7) >0.99
Wound dehiscence 1 (0.9) 1(2.1) 0 (0) 0.44
Reoperation for complication 12 (11.3) 8 (17) 4 (6.8) 0.13

*Chi-squared test or Fisher’s exact test.

"Log-rank test.

DR, direct repair; PAR, pillar-anchored repair; SSI, surgical site infection (including abscesses or cases of cellulitis requiring antibiotic treatment and/or
drainage); SSO, surgical site occurrence (defined as the presence of one or more of the following: cellulitis, abscess, wound dehiscence, enterocutaneous fistula,
hematoma, or seroma).
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Figure 5. Kaplan-Meier curves comparing hernia recurrence-free survival in patients who underwent a
direct repair (DR) vs a pillar-anchored repair (PAR) during lateral abdominal wall reconstruction. f/u,
follow-up; MST, median hernia recurrence-free survival time; N/A, not applicable.
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type, defect type, closure type, defect area, and preoperative
radiotherapy were not significantly associated with hernia
recurrence in the univariate analysis. However, due to the
clinical relevance of these risk factors, as noted in the
ventral abdominal wall reconstruction literature, we
included them in the multivariable analysis. Use of a multi-
variable Cox proportional hazards regression model
showed that undergoing a PAR was protective for hernia
recurrence (adjusted HR, 0.28; 95% CI, 0.09 to 0.88;
p = 0.029) after adjustment for preoperative radiation
therapy, mesh type, defect type, closure type, and defect
area (Table 4). This is consistent with our hypothesis that
the PAR technique has superior outcomes to DR with
respect to hernia recurrence. The multivariable analysis
also showed the defect type (excisional vs hernia), which
was nonsignificant in the univariate model, was also a sig-
nificant predictor of hernia recurrence (adjusted HR, 4.19;
95% CI, 1.22 to 14.28; p = 0.022) (Table 4).

DISCUSSION

The results of this stcudy—which, to our knowledge, is the
largest comparative analysis to date evaluating 2 tech-
niques in LAW reconstruction—support our hypothesis
that PAR is superior to DR in avoidance of hernia recur-
rence. Patients whose LAWs were reconstructed with the
PAR technique achieved a 3.5-fold lower rate of hernia
recurrence compared with patients who underwent a DR.

Most of the published literature on LAW reconstruc-
tion includes small, retrospective, noncomparative case
series that describe outcomes after use of techniques anal-
ogous to either PAR or DR. Zhou and Carlson'” reported
a qualitative review of 11 of these studies, which included
approximately 350 LAW hernia repairs. Because of a lack
of specific data in most of the studies, the authors were
unable to differentiate between hernias and bulges, and
therefore reported outcomes for all flank events.”> In
our study, we distinguished between hernias and bulges
based on preoperative and postoperative CT scans and
documented serial physical exams. Previously reported

case series were also limited with respect to the etiologies
of defects and mainly describe outcomes related to repair
of hernias caused by denervation injuries related to previ-
ous surgery.”' " Our study offers a more complete anal-
ysis by also including defects caused by direct excision of
LAW tissue.

Multiple studies have described LAW reconstruction
with a DR, in which synthetic or biologic mesh is placed
as an underlay, preperitoneally or retrorectally, with 3 to
5 cm of overlap with healthy tissue.”"” Some studies have
acknowledged the need for wider overlaps with healthy tis-
sue and the importance of anchoring repairs to a static sup-
port, such as the iliac crest or costal margin,'”'® as would be
done in a PAR. However, to our knowledge, there has been
no formal description of the PAR technique in the litera-
ture. The PAR approach differs from previously described
widely supported or bone-anchored mesh repairs. Elkwood
and associates'”'® described their experience with the
BARS (Bony Anchoring Reinforcement System) repair
technique. Their technique emphasizes the importance of
load-bearing repair, but requires extending the mesh to
support structures beyond the boundaries of the lateral
abdominal wall (such as the pubic symphysis and contralat-
eral anterior superior iliac spine).'” Furthermore, the BARS
repair technique requires placement of an inner mesh sup-
port that is anchored to bone in addition to a second piece
of mesh (placed as onlay, inlay, or bridging underlay) to
reinforce the hernia repair.'® The PAR technique, on the
other hand, requires a single piece of mesh to be sutured
to the static pillars along the boundaries of the lateral
abdominal wall which include osseus supports such as the
iliac crest and costal margin as well as fascial supports
such as the linea semilunaris and the paraspinous fascia.
Itis important to note that the PAR technique goes beyond
simply placing an oversized piece of mesh. The benefits of
the technique are derived from anchoring the mesh to static
supports in the abdominal wall. An oversize piece of mesh
alone may not necessarily overlap the pillars of the abdom-
inal wall and may not effectively provide the load bearing

support that the PAR repair provides. To our knowledge,

Table 4. Univariate and Multivariable Cox PH Model of Time to Hernia Recurrence
Univariate model Multivariable model

Variable HR (95%Cl) p Value HR (95%Cl) p Value
PAR vs DR 0.34 (0.12—0.96) 0.04 0.28 (0.09—0.88) 0.03
Preoperative XRT, yes vs no 2.37 (0.95—5.87) 0.06 2.62 (0.96—7.15) 0.06
Defect type, hernia vs excisional 1.92 (0.77—4.76) 0.16 4.19 (1.22—14.28) 0.022
Mesh type, bioprosthetic vs synthetic 1.68 (0.55—5.20) 0.37 2.19 (0.68—7.03) 0.19
Closure type, bridged vs reinforced 0.94 (0.33—2.64) 0.91 2.37 (0.57—9.78) 0.23
Defect area, by 10 cm? 1.00 (0.97—1.03) 0.81 1.01 (0.98—1.04) 0.46

DR, direct repair; HR, hazard ratio; PAR, pillar-anchored repair.
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no previous study has directly compared the outcomes of
DR and PAR for LAW reconstruction in a sizable patient
population.

Irrespective of the nature, location, or etiology of the
defects, use of a PAR led to a 3.5-fold lower rate of hernia
recurrence. Our hernia recurrence rates after PAR (8.5%)
and DR (29.8%) may be higher than those cited in other
studies because of the larger sizes and greater complexity
of defects in our patient population. Our SSO rates of
15.3% (PAR) and 19.1% (DR) are well within the range
of the 12% to 40% reported in the literature.'***

In midline ventral abdominal wall reconstruction, sur-
gical outcomes differ for bridged and reinforced repairs.
The literature is replete with studies that demonstrate
higher hernia recurrence rates with abdominal wall defects
that require a bridging technique with or without compo-
nent separation.” However, in analyzing outcomes of
LAW reconstruction, it appears that the repair technique
(DR vs PAR) has a greater impact on hernia recurrence
than the coaptation of the overlying musculofascial layer.
In other words, bridged repairs do not confer the same
increased risk of recurrence in the LAW as they do in
the midline ventral abdominal wall (Table 4). A possible
reason for this unexpected finding might be that the
muscle-mesh interface in LAR repairs forms a stronger
bond than the mesh-fascia interface of ventral abdominal
wall repairs. However, this explanation is purely specula-
tive because most of the published literature discusses the
biophysics of the ventral abdominal wall, and not much
has been published regarding the physics and force distri-
bution of the lateral abdominal wall. Further studies to
evaluate this phenomenon will be helpful.

The prevailing rationale behind DR is that the LAW is
a dynamic structure, and mesh attachment to adjacent
muscle tissue maintains this dynamism. On the other
hand, PAR requires surgeons to suture a larger sheet of
mesh to static support structures. Critics of this approach
propose that PAR is more likely to fail because higher
local tension at the mesh-suture interface does not
account for the natural compliance of the abdominal
wall. However, we believe that LAW defects include a
larger area of muscle wall compromise that extends
beyond the apparent defect. This is caused partly from
denervation of the associated muscles and partly from
direct transection of the oblique and transversalis muscle
fibers. Even when dermatomal incisions are used to
reduce denervation injury, there is still direct muscle
injury due to the nonparallel orientation of the different
LAR muscle layers. Therefore, the DR technique, which
involves suturing mesh to this weakened muscle layer,
may result in higher risk for hernia formation. Univariate

analysis of our data supports this concept by

demonstrating no significant difference in hernia recur-
rence rates between nerve sparing (dermatomal) and
non-nerve sparing incisions. The integrity of the lateral
abdominal wall repair relies on the mesh, which serves a
load-bearing function in PAR repairs instead of a load-
sharing function, as seen in DR.

Interestingly, we noted that defect type (excisional vs
hernia defects), which was not significant in the univariate
analysis, was found to be significantly associated in the
multivariable model. Hernia defects were 4-fold more
likely to recur than excision defects. This is not surprising
given the differences in the etiology of these 2 defect
types. Patients with hernia defects, are more likely to
develop a recurrent hernia than those who have not had
a hernia. In addition, hernia defects are caused by failure
of incisional closure and the potential denervation of the
muscles caused by the surgical incision.

There are limitations of this study. Unlike hernia recur-
rence, in which there is CT evidence of eventration, diag-
nosis of bulge can have more bias. This was a retrospective
review of our database and diagnosis of bulge was assigned
if reflected in the documented clinical examination. Other
limitations include the study’s retrospective design and its
potential for selection bias due to the fact that patients
were not randomized to receive various repair techniques.

An apparent limitation might be the difference in
follow-up time for patients who received the PAR and
DR. There is a much longer follow-up for patients who un-
derwent the DR approach than for patients who underwent
the PAR approach (mean difference, 13 months). Howev-
er, this does not affect our conclusions because the cumu-
lative recurrence rates are estimated by Kaplan Meier
method, which counts the patients who did not experience
the events during follow-up period as censored. The length
of follow-up is weighted in the estimation, so the difference
in follow-up does not bias the comparison of recurrence be-
tween the 2 groups. Surgical site occurrence and other post-
operative complications are binary outcomes that generally
occur in the early postoperative period. The follow-up
length would notlikely affect the analysis of these variables.

The strengths of this study include its size (to our
knowledge, it is the largest single-center cumulative study
of LAW reconstruction to date); its inclusion of consecu-
tive patients at a major United States cancer center; its use
of data obtained from a prospectively maintained patient
database; its use of multivariable regression models; its
mean patient follow-up period of 32 months (median
28 months); and its inclusion of patients who had under-
gone routine CT surveillance for tumor (and therefore,
hernia) recurrence. In addition, collecting accurate dates
of hernia recurrence enabled us to estimate hernia recur-
rence without bias from the different follow-up times.
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We believe that our findings indicate that the durability
of LAW reconstruction is determined mainly by the mesh
inset technique. Anchoring the mesh to the pillars that
define the boundaries of the LAW, as is done in PAR,
provides a superior reconstruction, and PAR should be
strongly considered by surgeons repairing LAW defects.

CONCLUSIONS

Lateral abdominal wall defects present significant challenges
quite different from those associated with the more
commonly encountered midline ventral hernia defects.
Compared with the DR technique, the PAR technique is
associated with significantly lower hernia recurrence rates.
Surgeons should consider the PAR technique over the DR
technique when repairing LAW defects.
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