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ABSTRACT

Background and Objectives: To estimate the average
treatment effect on the treated (ATT) and to assess the
clinical outcomes in two different types of mesh in
robotic Rives-Stoppa (rRS) ventral hernia repair (VHR).

Methods: A retrospective analysis of a robotic VHR data-
base between February 1, 2013 and May 31, 2022. Patients
who underwent a RS VHR were included in this study and
separated into two groups depending on the mesh used:
Synecor™ Preperitoneal Biomaterial (Synecor™ Pre) and
Bard™ Soft. Through propensity score and inverse-proba-
bility-treatment-weighting, the ATT was estimated for two
scenarios; the first with the treated target having used the
Synecor™ Pre, the second having used the Bard™ Soft
mesh. Adjusted linear regression models, including linger-
ing imbalanced variables, were used for both the primary
outcome of the Comprehensive Complication Index
(CCI®), and the secondary outcome of the hospital cost.

Results: A total of 186 patients who underwent rRS were
separated into the two groups (Synecor™ Pre mesh, n =85;
Bard™ Soft mesh, n=101). Adjusted linear regression mod-
els for the CCI showed no statistical difference between
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both groups (p > 0.05), whereas ATT on hospital cost was
significantly higher (p < 0.001) in the Synecor™ Pre group
in both scenarios [(95% confidence interval) = 3882 (2352,

5413) and —5185 (—8213, —2157), respectively].

Conclusion: Both mesh materials provided excellent out-
comes with no difference in complications or recurrence
rates. However, hospital cost was found to be higher in
the hybrid mesh group. Long-term follow-up is needed to
fully assess the performance of both mesh types in rRS.

Key Words: Biosynthetic, Rives-Stoppa, Robotic, Synthetic,
Ventral hernia repair.

INTRODUCTION

Ventral hernia remains as one of the most prevalent dis-
eases worldwide, with more than average of 350,000 ven-
tral hernia repairs (VHR) performed in the United States
each year." High recurrence rates have pushed surgeons
to opt for mesh-based repairs, as the evidence favors it
versus simple suturing, at the expense of increased of sur-
gical site events such as infections and seromas.” To
remediate the latter issues, companies have continuously
improved upon their mesh technologies. Thus, several
mesh products are currently available, each with a pre-
ferred anatomical position and clinical setting.’

Although successful in reducing recurrence rates,* ear-
lier publications associated synthetic mesh usage with
serious complications such as prosthesis infection.” An
example of this category of products is the Bard™ Soft
mesh, a flexible polypropylene mesh with a large pore
knit structure.

Recently, biosynthetic or hybrid meshes have been designed
to combine features of both biologic and synthetic material.®
Enhanced tissue ingrowth, which mimics a biologic mesh,
and a permanent backbone, a synthetic mesh characteristic,
are two of their most prominent features.” The Synecor™
Preperitoneal Biomaterial (W.L. Gore & Associates Inc.,
Newark, DE, USA) (Synecor™ Pre), a biosynthetic mesh, has
been suggested to provide favorable midterm outcomes in
high-risk patients.®” Tt is composed of three layers: a
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monofilament polytetrafluoroethylene (PTFE) layer inserted
between two bioabsorbable layers.

Postoperative outcomes also depend on the type of the
VHR and anatomical position of the mesh.'® Across the dif-
ferent techniques, a Rives-Stoppa repair offers optimal out-
comes with lower recurrence rates, even in complex hernia
repairs with synthetic mesh use.'"'? Previous studies have
already established synthetic material as a major risk factor
for increased infection risk. Moreover, literature is still
scarce on comparisons of biosynthetic meshes, a relatively
new technology, with other types of mesh material. Hence,
the aim of this study is to compare the postoperative clinical
outcomes of Synecor™ Pre with those of the Bard™ Soft
mesh in robotic Rives-Stoppa (rRS) VHR.
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Figure 1. Convergence plots for; (A) ATT — Synecor

Balance measure
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MATERIALS AND METHODS

Study Design

This is a retrospective analysis of a prospectively collected
database that includes patients who underwent robotic
ventral hernia repair between February 1, 2013 and May
31, 2022. The objective of this study is to compare the
clinical outcomes of the two mesh materials in robotic
Rives-Stoppa VHR, with consideration of the treatment
effects of both mesh types. The primary outcome is the
Comprehensive Complication Index (CCI"), a scoring sys-
tem based on the Clavien-Dindo classification for postop-
erative complications. The secondary outcome is to
evaluate the hospital cost. The study was approved by the
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Pre group, (B) ATT — Bard™ Soft mesh group. The convergence plot shows

the balance measures [maximum effect size (es.max) in this setting] as a function of the number of iterations in the generalized
boosted method (GBM) algorithm. The specified value of GBM iterations (it was set as 1000) allowed the GBM to explore sufficiently
complicated models. In our propensity score (PS) models, optimal iterations [it was 577 for ATT-Synecor™ Pre and 794 for ATT-
Bard™ Soft mesh (See Table 1) were achieved before the specified value of 1000 GBM iterations.
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Institutional Review Board, and an informed consent was
obtained from patients.

Variables and Outcomes

Collected data included patients’ demographics (age, sex,
body mass index [BMI]), comorbidities and risk factors,
hernia characteristics, operative variables (operating time,
estimated blood loss [EBL)D, and intraoperative complica-
tions, postoperative variables (pain score [verbally
assessed on a numeric scale graded from 0 to 10, with 10
being the worst], total amount of narcotic-analgesics
received as morphine milligram equivalent before posta-
nesthesia care unit discharge, hospital length of stay
(LOS), and postoperative outcomes including surgical site
infections (SSIs), surgical site occurrences, and surgical
site occurrences requiring procedural intervention, other
complications, and hernia recurrence. The Clavien-Dindo
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classification system was used to categorize postoperative
complications.'® Morbidity scores were measured using
the CCI” (University of Zurich, Zurich, Switzerland)."*

Hospital Cost Analysis

Hospital charges for each procedure were obtained
through the electronic medical record (EMR) and included
all expenditures during the hospital stay (operating room
allocated time, medications and material used, intrahospi-
tal complications, transfer to the intensive care unit, etc.).
Afterwards, charges were corrected to reflect the 2022
value of the United States Dollar (USD), according to the
specific inflation rate of each fiscal year from 2012 till
2021 by means of a web-based calculator.

To calculate costs, charges were multiplied by the specific
cost-to-charge ratio for each type of admission (inpatient
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Figure 2. The comparisons of the spread of the estimated propensity scores (PS) in the studied groups by boxplots for a) ATT -
Synecor™ Pre group and b) ATT — Bard™ Soft mesh group indicated that there is sufficient overlap in the studied groups.
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vs. outpatient), provided by the hospital for each financial
year.

Surgical Technique (Robotic Rives-Stoppa)

Upon accessing the retrorectus plane, dissection was car-
ried out medially, followed by an incision of the medial
end of the ipsilateral rectus sheath. Dissection of the pre-
peritoneal plane was performed at the posterior side of
linea alba, along with an incision of the medial edge of
the contralateral posterior fascia, giving access to the con-
tralateral rectus space. After the completion of the dissec-
tion, the anterior fascial defect was closed using a long-
lasting absorbable barbed suture. In case of transabdomi-
nal access retromuscular repair, barbed absorbable suture
was used to approximate the opening of the posterior rec-
tus sheaths in a running fashion. Deployment of the mesh

A I '}
es.maxATT
[}
1.0 -
:
o
Q
£
T
P
1}
T
s
V] .
]
28 o
305 L
g o
[}
L] 0
.
2
- T—
]
° i
00 - -

Uneighted Weighted

Absolute standard difference

JSLS

was performed, followed by a release of the pneumoperi-
toneum under direct vision. Skin incisions were closed
using absorbable sutures.

Statistical Analysis

All analyses were performed using SPSS software (Statistical
Package for Social Sciences for Windows Version 28), the R
statistical software package (V0.4.20.0, the R Foundation for
Statistical Computing), and a menu-driven web application
based on the Toolkit for Weighting and Analysis of
Nonequivalent Groups (TWANG) R package.’® A p < 0.05
was considered statistically significant.

In order to account for the differences between both
groups, an inverse probability treatment weighting method
was opted for. Propensity score in the estimation of the
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Figure 3. Balance plots [a) ATT - Synecor™ Pre group and b) ATT — Bard™ Soft mesh group] illustrates the effect of the propensity
score weights on the magnitude of differences, as a standardized effect size (ES), between groups on each pretreatment covariates.
There are substantial reductions in between the ESs of unweighted and weighted samples for most variables (blue lines). However,
inevitably increased ESs observed for three variables in the ATT- Synecor™ Pre (a) balance plot and five variables in the ATT- Bard™
Soft mesh plot (red lines). For both plots, the ESs are still pretty large after propensity score weights due to difficulty in getting high-

quality ATT weights on the data set of the studied groups.
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average treatment effect on the treated (ATT) for the
Synecor™ Pre group and for the Bard™ Soft mesh group
was used. In the first scenario, ATT on the Synecor™ Pre
group answers the question: What would have been the
outcomes if all patients of the Synecor™ Pre group had
received the Bard™ Soft mesh instead, with the covariate
distribution of the Synecor™ Pre group? Conversely, the
question for the ATT on the Bard™ Soft mesh was: What
would have been the outcomes if all patients of the Bard™
Soft mesh group had received the Synecor™ Pre mesh
instead, with the covariate distribution of the Bard™ Soft
mesh group? Pretreatment variables, such as patient demo-
graphics and hernia characteristics, were included in the
propensity score model as covariates. The TWANG Shiny

app, which uses generalized boosted regression models
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(GBM) to estimate propensity score weights, is a form of
machine learning that uses a nonparametric approach,
checks all the potential confounders and interactions
observed and entered in the model, handles missing
data, and determines the optimal iteration based on bal-
ance.'”” The GBM iteration was set as 1000, interaction
depths at 2, shrinkage at 0.01, and stop method as maxi-
mum absolute effect size. The quality of the propensity
score weights was evaluated in terms of standardized
differences and visual assessments, such as convergence
plot, balance plot, and overlap boxplot. Then, the out-
come analyses were run in the weighted sample. In case
of lingering imbalance, multiple regression analyses
with additional covariate adjustment were run (doubly
robust method).
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Figure 4. Quantile-quantile (QQ) plots (a and b for ATT- Synecor™ Pre, plots ¢ and d for ATT- Bard™ Soft mesh) for examining the
p-values for effect size (ES) and Kolmogorov-Smirnov (KS) statistics for each pretreatment covariate. Closed circles for before weight-
ing, open circles for after weighting. Severe deviation of the p-values below the 45-degree line suggests lack of balance, and p-values
running at or above the diagonal suggests balance might have been achieved. The inspected p-values of the ttests and the p-values
from the KS test indicated that the balance was improved for some covariates, while there are still a few for which imbalances exist.
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Categorical variables were analyzed using Pearson
x-Square or Fisher’s Exact Test and were expressed as the
frequency with percentage [7 (%)]. Continuous variables
were compared with the Independent-Sample ¢ test or
Mann-Whitney U test depending on the distributions and
were reported as mean * standard deviation or median
(interquartile range), as appropriate.

RESULTS

A total of 186 patients who underwent rRS were included
in this study. Patients were separated into two groups
depending on the type of mesh used in the procedure
(Synecor™ Pre mesh, n=85; Bard™ Soft mesh, n=101).
Propensity score model summary table and graphical
assessments are provided in Table 1 and Figures 14,
respectively.

The comparisons of patient demographics and intraopera-
tive variables before and after weighting are summarized in
Tables 1 and 2, as ATT for Synecor™ Pre group and ATT
for Bard™ Soft mesh group, respectively. Accordingly,
imbalances in pre-operative variables were relatively bal-
anced in ATT weighted groups, except for BMI, concomi-
tant procedure, defect size. These lingering imbalances
were probably due to the criteria applied in the mesh selec-
tion, and therefore used in the doubly robust regression
analysis.

Direct comparisons of postoperative variables in the
weighted samples showed hospital costs to be statisti-
cally higher in the Synecor™ Pre group, in addition to
a longer hospital LOS observed in the ATT weighted
Synecor™ Pre sample. However, neither the overall
postoperative complication rates nor CCI” scores dif-
fered between groups in both weighted samples
(Table 3). There were no hernia recurrences recorded
in either group during a follow-up period of 25 (range,
4.6 — 59.3) months. The comparison of postoperative
complications in the weighted samples is given in
Table 2.

In regard to study objectives, there were no ATT differ-
ences in terms of CCI" scores. However, ATT for the hos-
pital costs was statistically higher for the Synecor™ Pre
group in both scenarios. Since there were remaining
imbalances between groups (effect sizes > 00.2), linear
models with doubly robust estimations were applied.
Adjusted linear models showed that ATT of the
Synecor™ Pre group on the hospital cost remained
higher and ATT of Bard™ Soft mesh on hospital cost
remained lower (Table 4).
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Table 3.
Comparison of Postoperative Outcomes

ATT Weighted for Synecor Pre

ATT Weighted for Soft Mesh

Soft Mesh
53-0)

Synecor™ Pre

4(3-06)

Soft Mesh
4(4-5)

Synecor™ Pre

5(4-0)

0.745

0.272
0.413

Last pain score, 0 — 10, median (IQR)

MME, median (IQR)

7.50-12.5) 0.481

00-0)

6.9(2.5-13.8)

0(0-0)

7.52.5-14)

0(0-0)

10 (2.5-106)

0000

0.005

0.003
0.016
0.563

LOS, day, median (IQR)

93 (92.1) 0.027

6(5.9

39 (79.0)
3(6.D

55 (96.5)
4@

70 (82.4)
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Table 4.
Average Treatment Effects of the Treated Groups

CCI Hospital Cost
Treatment ATT Standard Error  p-Value 95% CI ATT Standard Error  p-Value 95% CI
Synecor™ Pre? 0.311 1.290 0.811 (—2.24, 2.86) 5436 935 <0.001 (3592, 7280)
Synecor™ Pre” —0.348 1.07 0.746 (—2.46,1.77) 3882 776 <0.001 (2352, 5413)
Bard™ Soft* 0.077 0.940 0.934 (=1.93,1.78) —4780 1724 <0.001 (—8180, —1379)
Bard™ Soft 0.159 0.844 0.851 (—-1.51,1.82) —5185 1534 <0.001 (—8213, —2157)

“Unadjusted.

PAdjusted for the variables with absolute standardized difference >00.2 in the ATT weighted comparisons (Body mass index, proce-

dure setting, coronary artery disease, diabetes mellitus).

“Adjusted for the variables with absolute standardized difference >00.2 in the ATT weighted comparisons (Body mass index, proce-
dure setting, hernia etiology, smoking, history of wound infection, concomitant procedure).
Abbreviations: CCI", comprehensive complication index; ATT, average treatment effect of the treated; CI, confidence interval.

DISCUSSION

Although not considered as a clinical challenge, ventral
hernia incidence is on the rise due to the aging of the
population and increased obesity.'"® With considerable
impact on healthcare costs, its financial burden is mainly
driven by the recurrence rates, reaching as high as 43%,
even with mesh use." A reduction of 1% in the recurrence
rates could save around US $32 million.! Currently, sev-
eral options to improve the outcomes are at hand. Among
all VHR techniques, retromuscular repairs seem to have
an edge in their track record, especially with the robotic
approach.? Synthetic meshes are known for their excel-
lent clinical outcomes but with a concern for infection
risk. On the other hand, hybrid meshes have offered low
recurrence rates with an excellent safety profile in high-
risk patients.>”?! Therefore, this study focused on evaluat-
ing the clinical outcomes of hybrid material in contrast to
synthetic meshes in patients undergoing rRS VHR.

The results of this single center retrospective study did
not favor the Synecor™ Pre mesh over the Bard™ Soft
mesh, as data did not show any significant differences in
terms of postoperative complications, with both mesh
materials offering excellent outcomes and no recurrences.
However, hospital costs of rRS were significantly higher
in all scenarios in the Synecor™ Pre group. In a study by
Parker et al., biosynthetic mesh performed similarly to a
synthetic one in terms of postoperative outcomes, even in
terms of recurrence. One possible explanation for their
result was the use of the mesh in higher risk patients.
However, reduced risk of recurrence was witnessed in
patients who developed a surgical site occurence.?!
Keogh et al. found the hybrid mesh to provide superior
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outcomes in contaminated hernia repairs, but to perform
as equally well as the synthetic mesh in clean wounds.*

Optimal management of ventral hernia should revolve
around patients’ comorbidities, with the safety profile of
each mesh being compatible with the hernia’s characteris-
tics. Biological meshes are typically used in septic and
contaminated setting, where synthetic products are not
an option.”> However, their benefits come at higher
costs and significantly increased recurrence rate in com-
parison to synthetic meshes.?* On the other hand, wound
contamination is a contraindication for synthetic material
placement, as it increases surgical site infection risk.?
Biosynthetic meshes are composed of absorbable and
nonabsorbable materials. The nonabsorbable element of
the Synecor™ Pre is a macroporous knit of PTFE monofil-
ament fiber with benefits in strength and resistance to bac-
terial adherence. Its absorbable constituent is made of
polyglycolide:trimethylene carbonate copolymer bioab-
sorbable web scaffold surrounding the PTFE component
throughout, and is intended to hasten cell infiltration, vas-
cularization, and tissue regeneration. There are few stud-
ies that have explored the clinical outcomes of VHR using
the Synecor™ Pre mesh. With a median follow-up period
of twoyears, Rios-Diaz et al. did not record any hernia re-
currence in patients undergoing incisional hernia repair.’
This finding was consolidated by a study we have previ-
ously published, where no recurrence, nor surgical site
infections were noted.®

In terms of costs, biologic mesh remains the most expen-
sive option of the three types of materials, with one mesh
averaging at $10,000.%° In our study, we found biosyn-
thetic mesh procedures to be more costly than synthetic
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mesh repairs. However, several factors, such as the LOS,
operative time, and mesh size, may increase the proce-
dure’s expenses. Thus, the higher costs found in the
Synecor™ Pre group could not be attributed only to the
price of the technology.

Lastly, retromuscular hernia repair was deemed as the gold
standard for open VHR, due to its superior clinical outcomes,
with a low recurrence rate of 3% to 6%.””* Combined with
the improved outcomes of minimally invasive surgery, RS
has an estimated five-year free-from-recurrence rate of
98.2%.*° With these numbers taken into consideration, the
comparability of clinical outcomes between our two study
groups, especially in terms of recurrence rate, could partially
be attributed to the surgical technique itself.

This study has several limitations. It is a retrospective study
and thus potential selection bias may occur and hinder our
results. Moreover, our data is from a single institution,
thus, our findings may not be applicable for other practices
and would not reflect the reality of other institutions.
Additionally, our study is limited by its short-term follow-
up. Hernia recurrence is a long-term complication, irre-
spective of the type of mesh used and therefore long-term
results are needed to evaluate the efficacy of either meshes
in preventing hernia recurrence. Also, our paper conveys
the outcomes of a relatively small population. To support
our results, a multicenter trial, with a longer follow-up pe-
riod and larger number of patients is needed. Furthermore,
our cost analysis may not be reproducible at other institu-
tions as charges tend to change between hospitals, and
therefore readers should not make their choice based on
cost data alone. Lingering imbalances after weighting both
groups remained and could affect the results obtained
through the ATT analysis. However, we aimed to reduce
the model misspecification and consequent potential bias
by opting for a doubly robust regression analysis.

CONCLUSION

In conclusion, both meshes provided excellent outcomes. No
differences in complications or recurrence rate were found
between both groups. Hospital cost was found to be higher
in the hybrid mesh group but could not be completely attrib-
uted to the technology itself. Long-term follow-up is needed
to fully assess the performance of both mesh types.
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