
Year-Over-Year Ventral Hernia Recurrence Rates and Risk Factors
Priya Bhardwaj, MD, MS; Maria T. Huayllani, MD; Molly A. Olson, MS; Jeffrey E. Janis, MD

IMPORTANCE Recurrence is one of the most challenging adverse events after ventral hernia
repair as it impacts quality of life, utilization of resources, and subsequent need for re-repair.
Rates of recurrence range from 30% to 80% after ventral hernia repair.

OBJECTIVE To determine the contemporary ventral hernia recurrence rate over time in
patients with previous hernia repair and to determine risk factors associated with recurrence.

DESIGN, SETTING, AND PARTICIPANTS This retrospective, population-based study used the
Abdominal Core Health Quality Collaborative registry to evaluate year-over-year recurrence
rates in patients with prior ventral hernia repair between January 2012 and August 2022.
Patients who underwent at least 1 prior ventral hernia repair were included and categorized
into 2 groups based on mesh or no-mesh use. There were 43 960 eligible patients; after
exclusion criteria (patients with concurrent inguinal hernias as the primary diagnosis,
nonstandard hernia procedure categories, American Society of Anesthesiologists class
unassigned, or no follow-up), 29 834 patients were analyzed in the mesh group and 5599
in the no-mesh group.

MAIN OUTCOMES AND MEASURES Ventral hernia recurrence rates. Risk factors analyzed
include age, body mass index, sex, race, insurance type, medical comorbidities, American
Society of Anesthesiologists class, smoking, indication for surgery, concomitant procedure,
hernia procedure type, myofascial release, fascial closure, fixation type, number of prior
repairs, hernia width, hernia length, mesh width, mesh length, operative approach, prior
mesh placement, prior mesh infection, mesh location, mesh type, postoperative surgical
site occurrence, postoperative surgical site infection, postoperative seroma, use of drains,
and reoperation.

RESULTS Among 29 834 patients with mesh, the mean (SD) age was 57.17 (13.36) years, and
14 331 participants (48.0%) were female. Among 5599 patients without mesh, the mean (SD)
age was 51.9 (15.31) years, and 2458 participants (43.9%) were female. When comparing
year-over-year hernia recurrence rates in patients with and without prior mesh repair,
respectively, the Kaplan Meier analysis showed a recurrence rate of 201 cumulative events
with 13 872 at risk (2.8%) vs 104 cumulative events with 1707 at risk (4.0%) at 6 months;
411 cumulative events with 4732 at risk (8.0%) vs 184 cumulative events with 427 at risk
(32.6%) at 1 year; 640 cumulative events with 1518 at risk (19.7%) vs 243 cumulative events
with 146 at risk (52.4%) at 2 years; 731 cumulative events with 670 at risk (29.3%) vs 258
cumulative events with 73 at risk (61.4%) at 3 years; 777 cumulative events with 337 at risk
(38.5%) vs 267 cumulative events with 29 at risk (71.2%) at 4 years; and 798 cumulative
events with 171 at risk (44.9%) vs 269 cumulative events with 19 at risk (73.7%) at 5 years.
Higher body mass index; immunosuppressants; incisional and parastomal hernias; a robotic
approach; greater hernia width; use of a biologic or resorbable synthetic mesh; and
complications, such as surgical site infections and reoperation, were associated with higher
odds of hernia recurrence. Conversely, greater mesh width, myofascial release, and fascial
closure had lower odds of recurrence. Hernia type was the most important variable
associated with recurrence.

CONCLUSIONS AND RELEVANCE In this study, the 5-year recurrence rate after ventral hernia
repair was greater than 40% and 70% in patients with and without mesh, respectively. Rates
of ventral hernia recurrence increased over time, underscoring the importance of close,
long-term follow up in this population.
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I n the US, more than 350 000 ventral hernia repairs are per-
formed annually, making it one of the most common ab-
dominal surgical procedures.1,2 Hernia recurrence, an im-

portant metric of surgical efficacy, has been associated with
chronic pain, poor quality of life, and increased costs.1,3 Rates
of recurrence vary widely in the literature, from 30% to 80%.4-6

However, these rates may underestimate the true clinical re-
currence rate, as many of these studies are limited by small
sample sizes, short follow-up, and large variability in their char-
acterization of recurrence—with definitions ranging from clini-
cal recurrence, patient-reported recurrence, or reoperation
rates as proxies for recurrence.7,8 Moreover, none of these stud-
ies report recurrence rate by year postrepair.

Understanding population-based hernia recurrence rates
with subsequent emphasis on reduction of recurrence re-
mains a priority to improve patient care and reduce health care
costs. The purpose of this study was to determine the clinical
recurrence rate over time with more granularity and identify
factors associated with recurrence after ventral hernia repair.

Methods
A retrospective cohort study was performed by querying
the Abdominal Core Health Quality Collaborative (ACHQC),
a national database focused on hernia repairs and abdominal
wall diseases, with data from more than 400 surgeons.9 It
includes deidentified surgeon-entered patient and operative
characteristics, as well as patient-reported outcome mea-
sures of more than 90 000 inguinal and ventral hernia re-
pairs in the US.9 The institutional review board at Ohio State
University determined exemption of review was applicable
to this study. A waiver of informed consent was also granted
since only deidentified data were collected in the ACHQC
database.

The ACHQC registry was interrogated to generate a sub-
set of patients who underwent at least 1 prior ventral hernia
repair between January 2012 and August 2022. Patients with
concurrent inguinal hernias as the primary diagnosis; repairs
involving more than 1 hernia type, except for incisional and
parastomal (eg, lumbar and epigastric or Spigelian and para-
stomal and umbilical); American Society of Anesthesiolo-
gists (ASA) class unassigned; or no follow-up were excluded.
Patients were categorized into 2 subgroups based on mesh use.
The primary outcome, hernia recurrence, was determined
based on clinical evaluation, defined by physical examina-
tion or imaging.

Hernia, intraoperative, and postoperative characteristics
were compared between patients who did and did not expe-
rience recurrence. Patient characteristics; operative and her-
nia details; intraoperative complications; and 30-day out-
comes, such as length of stay, surgical site infection (SSI), and
reoperation rates, were also reported.

Statistical Analyses
For each subgroup, bivariate tests for categorical and continu-
ous variables were assessed using Pearson χ2 and Wilcoxon rank
sum tests, respectively. Time to recurrence was estimated using

the Kaplan-Meier method. To identify factors associated with
recurrence, an extended Cox proportional hazards model was
used. Time-dependent covariates and coefficients were in-
cluded based on model evaluation when the proportional
hazards assumption was violated and remedied using a step-
function approach.10 Age, body mass index, hernia width
and length, and mesh width and length were modeled with
restricted cubic splines with 3 knots to allow for nonlinearity.
Partial effect plots show hazard ratios of recurrence for these
continuous variables. Overall covariate significance was evalu-
ated using the likelihood ratio χ2 test and a composite hypoth-
esis test, and variable importance was evaluated by χ2

statistic minus degrees of freedom. R software version 4.0.3
(R Foundation) was used for all statistical analyses. Two-
sided P < .05 was considered statistically significant.

Results
Among 29 834 patients with mesh, the mean (SD) age was 57.17
(13.36) years, and 14 331 participants (48.0%) were female.
Among 5599 patients without mesh, the mean (SD) age was
51.9 (15.31) years, and 2458 participants (43.9%) were female.
A total of 29 834 patients underwent ventral hernia repair
with mesh and 5599 patients underwent ventral hernia re-
pair without mesh (eFigure 1 in Supplement 1). The mean (SD)
time from index ventral hernia repair to latest follow-up was
127.94 (274.11) days (median [IQR], 29 [16-75]) for patients
with mesh and 78.11 (211.40) days (median [IQR], 20 [14-36])
for those without. Among patients who experienced recur-
rence, the mean (SD) time to recurrence was 495.05 (454.64)
days (median [IQR], 363 [184-666]) for patients with mesh and
329.68 (329.89) days (median [IQR], 226 [115-402]) for those
without (eTable 1 in Supplement 1). Differences in demo-
graphic and surgical characteristics between patients with and
without mesh who did and did not experience hernia recur-
rence are shown in eTable 1 in Supplement 1.

Year-Over-Year Rates of Recurrence
Rates of recurrence increased over time. Patients with ven-
tral hernia repair with mesh experienced lower recurrence rates
than those with ventral hernia repair without mesh at 1, 2, 3,
4, and 5 years (Figure). The Kaplan-Meier analysis for mesh
and no-mesh groups, respectively, showed a recurrence rate

Key Points
Question What is the year-over-year hernia recurrence rate in
patients with prior ventral hernia repair?

Findings In this US database study of 35 433 patients, year-over
year recurrence rates were higher among patients with previous
mesh repair than those without and increased in both groups
over time.

Meaning The findings indicate that risk of hernia recurrence
increased over time and may be higher than previously reported,
reflecting the complex and chronic nature of ventral hernia disease
requiring long-term follow-up.
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of201 cumulative events with 13872 at risk (2.8%) vs 104 cu-
mulative events with 1707 at risk (4.0%) at 6 months; 411
cumulative events with 4732 at risk (8.0%) vs 184 cumulative
events with 427 at risk (32.6%) at 1 year; 640 cumulative events
with 1518 at risk (19.7%) vs 243 cumulative events with 146
at risk (52.4%) at 2 years; 731 cumulative events with 670 at
risk (29.3%) vs 258 cumulative events with 73 at risk (61.4%)
at 3 years; 777 cumulative events with 337 at risk (38.5%) vs
267 cumulative events with 29 at risk (71.2%) at 4 years; and
798 cumulative events with 171 at risk (44.9%) vs 269 cumu-
lative events with 19 at risk (73.7%) at 5 years.

Ventral Hernia Repair With Mesh
Patients with ventral hernia repair with mesh who had recur-
rence had a larger hernia width compared to patients without
recurrence (mean [SD], 10.31 [8.08] cm vs 6.85 [5.96] cm;
P < .001) (eTable 2 in Supplement 1). Moreover, a greater
percentage of ventral hernia repair patients with mesh that
had recurrence had prior mesh placed as compared to those
without recurrence (289 of 819 [35.29%] vs 5820 of 29 015
[20.06%]; P < .001). Patients with recurrence had a statisti-
cally significant greater percentage of 30-day surgical site in-
fections (SSIs), reoperations, and readmissions regardless of
whether mesh was previously used. Patients with mesh who

experienced recurrence had higher 30-day SSIs (88 of 712
[12.36%] vs 863 of 26 674 [3.24%]; P < .001), 30-day reopera-
tions (69 of 712 [9.69%] vs 394 of 26 674 [1.48%]; P < .001), and
30-day readmissions (72 of 710 [10.14%] vs 1135 of 2663
[42.62%]; P < .001) compared to those with mesh and no re-
currence (eTable 2 in Supplement 1).

The 5 most important variables associated with recur-
rence in the mesh group included hernia type, mesh type, myo-
fascial release, body mass index, and hernia width (eFigure 2
in Supplement 1). Male patients taking immunosuppres-
sants, with a higher body mass index, with an enlarging
hernia or a hernia that interfered with activities, incisional
hernia only, incisional and parastomal hernia or parastomal
hernia only, with a greater hernia width, who had a robotic op-
erative approach, biological tissue–derived mesh, resorbable
synthetic mesh, postoperative SSI, or reoperation were more
likely to have recurrence after ventral hernia repair with mesh.
Patients who had a greater mesh width or who underwent myo-
fascial release or primary fascial closure were less likely to have
recurrence (Table 1).

Ventral Hernia Repair Without Mesh
Patients with ventral hernia repair without mesh who had re-
currence had a larger hernia width compared to patients with-

Figure. Recurrence Rates Over Time Following Ventral Hernia Repair in Patients With and Without Mesh
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out recurrence (mean [SD], 6.00 [5.99] cm vs 2.08 [2.75] cm;
P < .001) (eTable 2 in Supplement 1). Moreover, a greater per-
centage of patients with ventral hernia repair without mesh
who had recurrence had prior mesh placed compared to those
without recurrence (110 of 269 [40.89%] vs 393 of 5330 [7.37%];
P < .001). Patients without mesh who experienced recur-
rence had higher 30-day SSIs (30 of 225 [13.33%] vs 98 of 5010
[1.96%]; P < .001), 30-day reoperations (26 of 225 [11.56%] vs
35 of 5010 [0.70%]; P < .001), and 30-day readmissions (22 of
225 [9.78%] vs 82 of 4998 [1.64%]; P < .001) compared to those
without mesh and no recurrence (eTable 2 in Supplement 1).

The 5 most important variables associated with recur-
rence in the no-mesh group included hernia type, ASA class,
operative approach, myofascial release, and number of prior
repairs (eFigure 3 in Supplement 1). Patients who had ventral
hernia repair without mesh were more likely to have recur-
rence with a greater ASA class, greater hernia width, an um-
bilical hernia, had 3 or more prior repairs, or had a robotic, lapa-
roscopic, or minimally invasive surgery converted to open
surgery operative approach. Patients who underwent myofas-
cial release or fascial closure were less likely to have recur-
rence (Table 2).

Table 1. Cox Regression Analysis of Patients With Ventral Hernia Repair
and Mesh

Variable
Hazard ratio
(95% CI)

P
value

Agea NA .83

BMIa NA <.001

Sex (female vs male) 0.79 (0.68-0.92) .002

Raceb .33

Black vs White 0.82 (0.60-1.11) .20

Hispanic vs White 0.69 (0.39-1.21) .19

Otherc vs White 1.04 (0.53-2.03) .91

Diabetes 0.95 (0.79-1.15) .63

Dialysis 1.33 (0.53-3.34) .55

COPD 0.86 (0.64-1.15) .32

Immunosuppressants 1.33 (1.02-1.73) .034

Hypertension 0.97 (0.83-1.13) .69

Smoking within 1 y 1.02 (0.80-1.31) .85

Indication for surgery:
bowel obstruction

3.44 (1.58-7.51) .002

Indication for surgery:
enlarging/interfering with activities

1.20 (1.02-1.42) .03

Indication for surgery: pain 0.80 (0.66-0.99) .04

Indication for surgery: fistula 1.51 (0.93-2.45) .10

Indication for surgery:
infected mesh

1.02 (0.58-1.78) .95

ASA class (4 vs 1) 0.88 (0.43-1.81) .73

Concomitant procedure 1.00 (0.83-1.22) .97

Hernia procedure type <.001

Epigastric vs incisional 0.50 (0.26-0.99) .047

Incisional and parastomal
vs incisional

2.13 (1.67-2.72) <.001

Parastomal vs incisional 3.29 (2.46-4.41) <.001

Umbilical vs incisional 0.57 (0.41-0.81) .002

Insurance: Medicare vs Medicaid 1.13 (0.81-1.57) .48

History of open abdominal
procedure

0.85 (0.66-1.10) .22

Myofascial release 0.57 (0.45-0.73) <.001

Fascial closure 0.67 (0.52-0.86) .002

Fixation type: adhesives 2.12 (1.01-4.47) .24

Fixation type: staples 1.36 (0.45-4.07) .72

Fixation type: sutures 0.84 (0.70-1.03) .09

Fixation type: tacks 0.95 (0.69-1.31) .76

No. of prior repairs: ≥3 vs 0 1.31 (0.97-1.76) .07

Hernia widthd NA .002

Hernia lengthd NA .66

Mesh widthe NA .03

Mesh lengthe NA .76

Operative approach

Robotic vs open 1.32 (1.03-1.70) .03

Laparoscopic vs open 0.83 (0.54-1.26) .37

MIS converted to open vs open 1.31 (0.76-2.28) .33

Prior mesh present 1.09 (0.88-1.35) .45

Intraoperative complications 0.84 (0.58-1.21) .35

Prior mesh infection 1.00 (0.73-1.37) .99

(continued)

Table 1. Cox Regression Analysis of Patients With Ventral Hernia Repair
and Mesh (continued)

Variable
Hazard ratio
(95% CI)

P
value

Mesh location

Inlay vs sublay 1.33 (0.90-1.96) .16

Onlay vs sublay 1.12 (0.80-1.55) .52

Mesh type

Biological tissue–derived
vs permanent synthetic

1.94 (1.46-2.57) <.001

Resorbable synthetic vs
permanent synthetic

2.19 (1.62-2.96) <.001

Postoperative SSO 1.21 (0.92-1.59) .17

Postoperative SSI 1.78 (1.25-2.52) .001

Postoperative seroma 0.38 (0.16-0.89) .03

Reoperation 1.77 (1.18-2.66) .006

Drains used 1.08 (0.65-1.81) .77

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared);
COPD, chronic obstructive pulmonary disease; MIS, minimally invasive surgery;
NA, not applicable; SSI, surgical site infection; SSO, surgical site occurrence.
a Data were modeled using restricted cubic splines. See eFigure 4 in

Supplement 1 for interpretation.
b Race and ethnicity were collected via surgeon-entered information based on

6 multiple choice options from the Abdominal Core Health Quality
Collaborative database. The 6 categories were Indian or Alaska Native; Asian,
Native Hawaiian or Other Pacific Islander; Black or African American; Hispanic;
Middle Eastern; and White, not of Hispanic Origin. Race and ethnicity was
collected to better understand how hernia recurrence may vary among
specific populations.

c Other race and ethnicity groups included American Indian or Alaska Native;
Asian, Native Hawaiian or Other Pacific Islander; and Middle Eastern. They
were consolidated to increase the sample size to draw meaningful statistical
comparisons between groups.

d Data were modeled using restricted cubic splines. See eFigure 5 in
Supplement 1 for interpretation.

e Data were modeled using restricted cubic splines. See eFigure 6 in
Supplement 1 for interpretation.
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Discussion

In this large, national database retrospective cohort study, we
demonstrated that after ventral hernia repair, the 5-year clini-
cal recurrence rate was 44.9% in patients with prior mesh re-
pair and 73.7% in patients without prior mesh repair. Patients
without mesh had a recurrence rate greater than 50% at 2-year
follow-up, whereas those with mesh experienced a similar rate
of recurrence after 6 years. While previous literature has sug-
gested that most ventral hernia recurrences occur within 2
years of index operation, our study found increasing recur-
rence rates up to 5 years from initial repair.11

Previous literature has attempted to quantify recurrence
rates following ventral hernia repair; however, most studies
fail to stratify recurrence rates at defined time points4,12 or un-
derestimate the true clinical recurrence rate, as patients with
recurrence may choose to forgo reoperation.8 Flum et al5 re-
ported a 5-year reoperation rate of approximately 12% after pri-
mary incisional hernia repair in the early 2000s, while more
recent studies have described reoperation rates between 14%
to 16% after index operation.7,13 Helgstrand and colleagues8

analyzed the Danish Ventral Hernia Database and reported a
4-year clinical recurrence risk of 15% after umbilical or epi-
gastric repair and 37% after incisional hernia repair. How-
ever, this study was limited by a small sample size, exclusion
of patients with mesh, and patient-reported occurrences of
recurrence. We report a 5-year clinical recurrence rate of ap-
proximately 45%, which is higher than that cited in the litera-
ture, demonstrating that recurrence remains a serious com-
plication following hernia repair.

Our study found that incisional and parastomal hernias
were independently and concomitantly associated with in-
creased risk of recurrence, while epigastric and umbilical her-
nias were associated with lower risk of recurrence. Similar stud-
ies corroborate these findings.4,5,7,14-18 This may be explained
by the increased complexity of incisional and parastomal her-
nias compared to other hernia types. Hernia type was found
to be the most important factor associated with recurrence for
patients with and without mesh, underscoring its impor-
tance when selecting appropriate surgical candidates.

Conflicting evidence exists regarding the impact of surgi-
cal approach on hernia recurrence. While some studies indi-
cate that laparoscopic and robotic repairs are associated with
lower odds of reoperation for recurrence,13 others show no
difference.19-22 Conversely, a study by Howard et al7 found that
minimally invasive hernia repair was associated with a higher
incidence of reoperation for recurrence compared to open her-
nia repair. However, it is unclear how the results differ be-
tween laparoscopic and robotic techniques, as no distinction was
made between the two. The present study showed that any mini-
mally invasive approach (robotic, laparoscopic, or minimally in-
vasive surgery converted to open surgery) was associated with
clinical recurrence in patients without mesh repair. In patients
with mesh repair, robotic surgery was associated with in-
creased recurrence, while laparoscopic surgery had no signifi-
cant association. These findings may be explained by the fact
that minimally invasive techniques described in this database

may have used bridged repairs instead of mesh-reinforced pri-
mary musculofascial reapproximation, thereby resulting in
higher recurrence over time. Further research is needed to fully
elucidate the role of robotic surgery in ventral hernia repair and
its impact on recurrence.

Large randomized clinical trials and database studies have
led to general acceptance that mesh reinforcement decreases
recurrence rates; however, debate still exists around the op-
timal mesh location and type.18,23-26 We found that, com-
pared to ventral hernia repair without mesh, use of mesh was
associated with lower 5-year recurrence rates (73.7% vs 44.9%
respectively) and delayed time to 50% recurrence (2 vs 6 years).
Although the use of mesh is increasing,13 conflicting evi-
dence regarding the ideal mesh placement exists. Some ar-
gue that the retromuscular position is optimal for open ven-
tral hernia repair, while intraperitoneal underlay may be useful
in laparoscopic repair.14,21,23,25,27 We found no difference in re-
currence rates based on mesh location, which is consistent with
recent studies.18,28 Furthermore, high-quality data are scarce
regarding the superiority of any specific mesh type.29-34 In our

Table 2. Cox Regression Analysis of Patients With Ventral Hernia Repair
and No Mesh

Variable
Hazard ratio
(95% CI) P value

BMIa NA .86

Diabetes 0.77 (0.55-1.08) .13

COPD 0.82 (0.50-1.34) .43

Immunosuppressants 1.10 (0.64-1.89) .73

Smoking within 1 y 1.14 (0.80-1.64) .47

Indication for surgery: fistula 0.81 (0.52-1.27) .36

Indication for surgery: infected mesh 0.95 (0.64-1.42) .82

ASA class (4 vs 1) 3.02 (1.26-7.26) .01

Hernia procedure type

Epigastric vs incisional 0.87 (0.44-1.74) .69

Incisional and parastomal
vs incisional

1.37 (0.76-2.48) .29

Parastomal vs incisional 1.51 (0.86-2.64) .15

Umbilical vs incisional 0.46 (0.31-0.69) <.001

Myofascial release 0.16 (0.04-0.68) .01

Fascial closure 0.50 (0.28-0.89) .02

Hernia widtha NA .04

Operative approach

Laparoscopic vs open 2.23 (1.39-3.59) .001

Robotic vs open 2.11 (1.11-4.02) .02

MIS converted to open vs open 2.32 (1.07-5.04) .03

Intraoperative complications 0.66 (0.39-1.11) .12

No. of prior repairs: ≥3 vs 0 1.97 (1.20-3.25) .008

Postoperative SSO 1.59 (0.97-2.58) .06

Postoperative SSI 1.50 (0.83-2.71) .18

Reoperation 0.97 (0.39-2.42) .94

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index (calculated as weight in kilograms divided by height in meters squared);
COPD, chronic obstructive pulmonary disease; MIS, minimally invasive surgery;
NA, not applicable; SSI, surgical site infection; SSO, surgical site occurrence.
a Data were modeled using restricted cubic splines. See eFigure 7 in

Supplement 1 for interpretation.
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study, we found that biologic mesh and resorbable synthetic
mesh were associated with an increase in risk of recurrence
compared to permanent synthetic mesh. This finding may be
explained by differences in mesh degradation and properties
over time, as well as variability in immune responses, and war-
rants further investigation. In addition, biologic and resorb-
able meshes have often been used in contaminated condi-
tions, which can lead to both mesh-related complications as
well as reoperation and recurrence.34 Furthermore, we dem-
onstrated that greater mesh width was associated with lower
recurrence rates. This may be attributed to increased cover-
age and support of the hernia defect, enhanced tissue in-
growth and incorporation, and improved tension distribu-
tion across the abdominal wall.35,36 Limited studies have
analyzed effects of mesh overlap37 as well as mesh area-to-
defect ratio on recurrence38,39; however, few if any have spe-
cifically examined the impact of exact mesh size on recur-
rence rates. The paucity of literature analyzing mesh size or
comparing mesh types necessitates additional high-caliber
evidence to elucidate these outcomes.

Our study found that obesity and immunosuppressants
were associated with increased odds of recurrence, while smok-
ing, greater ASA class, and prior mesh infection were not. Obe-
sity, smoking,12,40,41 mesh infection,42 and greater ASA class12

have been described as independent risk factors for postop-
erative complications43,44 and hernia recurrence following ven-
tral hernia repair.44-46 Increased intra-abdominal pressure in
patients with obesity may affect fascial integrity and impair
wound healing, while smoking decreases tissue oxygenation
and reduces the inflammatory cell response, leading to de-
creased wound healing potential and increased infection
risk.44,47 Our study strengthens the existing literature indi-
cating that obesity is associated with increased recurrence, par-
ticularly at a body mass index greater than 35 (calculated as
weight in kilograms divided by height in meters squared). In-
terestingly, this association was demonstrated in our mesh
population only. It is possible that in patients with higher body
mass index, increased tension and strain on the repair may lead
to increased stress on the mesh, potentially resulting in mesh
disruption, thus predisposing to recurrence. Absence of this
association in the no-mesh group may be due to a smaller
sample size.

Meta-analyses and prospective studies12,40,48-50 have found
increased ventral hernia recurrence rates in smokers follow-
ing open and laparoscopic ventral hernia repair; however, our
study found no such association. Kudsi et al51 found no dif-
ference in recurrence between individuals who smoke and
those who do not following robotic ventral hernia repair.

With regard to immunosuppression, literature analyzing its
effect on hernia recurrence is sparse and mixed. Retrospective
studies42,52 have described immunosuppressants as associ-
ated with hernia recurrence, whereas a recent meta-analysis12

found no association. We found that immunosuppressants were
associated with increased hernia recurrence in patients with
mesh. Immunosuppressive agents reduce the body’s immune
response, which may facilitate biofilm formation in patients with
mesh, thus potentially weakening the mesh and predisposing
to recurrence.52 We hypothesize that smoking may act as an in-

direct risk factor of hernia recurrence by predisposing patients
to SSI, while immunosuppression may act as a direct risk fac-
tor. Further studies should analyze the impact of immunosup-
pression and smoking among robotic, laparoscopic, and open
approaches.

Studies have analyzed the association between various her-
nia size thresholds and recurrence with conflicting results28;
however, a recent meta-analysis12 found that as defect size
increased, the likelihood of recurrence increased as well. Our
results support the idea that larger hernias are more likely
to recur, thus highlighting the importance of hernia width,
as well as mesh width, mesh type, and surgical technique in
evaluating the risk for hernia recurrence.

Occasionally, component separation or myofascial release
is needed to accommodate larger mesh or assist with primary
fascial closure as it allows for release and medialization of the
rectus complex. Studies have demonstrated that use of this tech-
nique has increased in the US over the past decade and is asso-
ciated with lower recurrence rates, particularly in elective her-
nia repairs.13,53,54 By reapproximating the fascia primarily, with
or without additional myofascial release, the abdominal wall is
returned to its normal anatomy, thereby restoring its function
and reducing the likelihood of recurrence. Our study found that
fascial closure and myofascial release were associated with de-
creased recurrence rates. Other studies have shown that mesh-
reinforced primary musculofascial repair, with or without com-
ponent separation, is associated with lower recurrence rates
compared to bridged repair.55-58

Postoperative SSIs and reoperations have been associ-
ated with increased rates of hernia recurrence.4,28,48 In a re-
cent study, surgical site occurrences were found to be the most
significant independent factor associated with hernia recur-
rence, with patients who experienced any surgical site occur-
rence having more than twice the 5-year cumulative inci-
dence of recurrence of those without.28 Most surgical site
occurrences in that study were explained by superficial SSIs.
In our study, postoperative SSIs were associated with in-
creased recurrence. We infer that SSIs may be a large driver of
recurrence and suggest that even relatively minor complica-
tions may affect long-term morbidity. Holihan et al4 found that
30.2% patients who had a hernia recurrence and 34.2% of pa-
tients who had reoperation had a preceding SSI, which was as-
sociated with twice the chance of hernia recurrence, leading
to a vicious cycle. Furthermore, recurrent repairs have been
reported to be associated with hernia recurrence.28 Our study
suggests that postoperative SSI and reoperation are factors as-
sociated with hernia recurrence, thereby contributing to the
vicious cycle that subsequent repairs are likely to increase
the risk of recurrence.4

Limitations
This study has limitations. Due to the inherent nature of a ret-
rospective study, data accuracy was contingent on user entry,
leading to potentially incomplete data and selection bias. Simi-
larly, attrition biases may have also influenced our study. To
overcome this, we established strict inclusion and exclusion cri-
teria and maintained an adequate sample size to draw mean-
ingful associations between variables. We used clinical recur-
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rence as our metric rather than image-proven recurrence,
thereby excluding asymptomatic or clinically silent hernia re-
currences. However, obtaining routine imaging in patients with
recurrent hernias is not commonly performed unless required
for oncologic surveillance. Further, the ACQHC recognizes com-
posite recurrence as a valid recurrence metric, which is often
obtained by patient-reported outcomes.59 Because this article
focuses on clinical recurrence, our follow-up period may ap-
pear short; however, we accounted for this by performing time-
to-event analyses. Also, due to lack of granularity in the ACHQC
database, we were unable to include only primary ventral her-
nia repairs, nor analyze the percentage of patients undergoing
minimally invasive surgery who achieved primary musculo-
fascial reapproximation vs those undergoing mesh repair. In ad-
dition, the inclusion of parastomal hernias in our study, which
are known to have high recurrence rates, may have influenced
the high year-to-year rates of recurrence found. Additionally,
we could not compare the mesh and no-mesh repairs, as these
were 2 different populations which precluded comparison.

Conclusions

In this study, the risk of ventral hernia recurrence increased
over time, with more than 40% and 70% recurrence in pa-
tients with and without prior mesh repair, respectively, at
5 years. Higher body mass index, immunosuppressants, her-
nia type (incisional or parastomal), surgical technique (ro-
botic approach), greater hernia width, mesh type (biologic
or resorbable synthetic mesh), SSI, and reoperation were as-
sociated with increased recurrence. Greater mesh width, myo-
fascial release, and fascial closure were associated with lower
recurrence rates. Hernia type was the most important vari-
able associated with recurrence. Collectively, these findings
suggest that ventral hernias should be viewed as a complex and
chronic disease requiring close, long-term follow-up. Further
research should focus on determining factors associated with
recurrence at specific time points following ventral hernia
repair.
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