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Abstract
Purpose  Heavyweight polypropylene (HWPP) mesh is thought to increase inflammatory response and delay tissue inte-
gration compared to mediumweight (MWPP). Reactive fluid volume (i.e., drain output) may be a reasonable surrogate for 
integration. We hypothesized that daily drain output is higher with HWPP compared to MWPP in open retromuscular ventral 
hernia repair (VHR).
Methods  This is a post-hoc analysis of a multicenter, randomized clinical trial conducted March 2017–April 2019 comparing 
MWPP and HWPP for VHR. Retromuscular drain output in milliliters was measured at 24-h intervals up to postoperative 
day seven. Univariate analyses compared differences in daily drain output and time to drain removal. Multivariable analyses 
compared total drain output and wound morbidity within 30 days and hernia recurrence at 1 year.
Results  288 patients were included; 140 (48.6%) HWPP and 148 (51.4%) MWPP. Daily drain output for days 1–3 was higher 
for HWPP vs. MWPP (total volume: 837.8 mL vs. 656.5 mL) (p < 0.001), but similar on days 4–7 (p > 0.05). Median drain 
removal time was 5 days for both groups. Total drain output was not predictive of 30-day wound morbidity (p > 0.05) or 
hernia recurrence at 1 year (OR 1, p = 0.29).
Conclusion  While HWPP mesh initially had higher drain outputs, it rapidly returned to levels similar to MWPP by postop-
erative day three and there was no difference in clinical outcomes. We believe that drains placed around HWPP mesh can 
be managed similarly to MWPP mesh.
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Introduction

Polypropylene is a commonly used permanent synthetic 
mesh in open retromuscular ventral hernia repair. Mesh 
weight, or density, is one of the key technical specifications 
of polypropylene that surgeons should consider when select-
ing a hernia prosthesis. Historically, lightweight (LWPP) 
polypropylene (<40 g/m2) was designed to overcome per-
ceived shortcomings of heavyweight (HWPP) polypropylene 

(>75 g/m2). Clinically, these purported advantages of light-
weight mesh in terms of inflammatory response [1–4] and 
decreased pain [5] have been offset by increased hernia 
recurrence rates and a concerning incidence of central mesh 
fractures [6–8]. Mediumweight (MWPP) polypropylene 
(40–60 g/m2) was later introduced to balance the advantages 
and limitations of LWPP and HWPP. Mediumweight mesh 
has gained widespread acceptance as a suitable alternative 
to HWPP [9]. However, several recent retrospective analyses 
of large series of retromuscular hernia repair with medi-
umweight mesh suggest a mesh fracture rate of 4–5% [10, 
11]. While there have been recurrences with HWPP, to our 
knowledge, no reported cases of mesh fracture have been 
documented with heavyweight polypropylene mesh. HWPP 
may offer the most stability without increased complica-
tions once tissue integration has occurred [12]. However, 
the concern of heavyweight polypropylene’s performance 
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in open retromuscular hernia repair contributes to a gen-
eral reluctance of many reconstructive surgeons to utilize 
HWPP mesh. One such concern is the less porous nature of 
the material and the potential for increased inflammatory 
response, delayed tissue integration and potentially more 
wound-related complications [1, 2].

Krpata et al. [13] recently reported the long-term out-
comes of a randomized clinical trial evaluating the dif-
ferences between HWPP and MWPP for open retromus-
cular ventral hernia repairs and found similar clinical and 
patient-reported outcomes at 1 year postoperatively. In spite 
of similar outcomes in the trial, surgeons at our institution 
continued to manage drains differently between HWPP and 
MWPP, citing a theoretical concern for slower tissue inte-
gration with HWPP. We performed a post-hoc analysis of 
this trial to evaluate clinical indicators of early mesh perfor-
mance differences between HWPP and MWPP. Specifically, 
we suspected that increased inflammation and slow tissue 
integration may be expected to be seen as persistently high 
retromuscular drain output as well as differences in clini-
cal mesh performance. We hypothesized that HWPP would 
exhibit higher retromuscular drain output as compared to 
MWPP.

Methods

This is a post-hoc analysis of a multicenter, single-blinded, 
parallel-group randomized controlled trial, which compared 
heavyweight and mediumweight polypropylene (HWPP and 
MWPP, respectively) mesh for open retromuscular ventral 
hernia repair. The trial was registered on ClinicalTrials.gov 
(NCT03082391) and both the trial and this post-hoc analysis 
were approved by our institutional review board. Details of 
that trial have been previously reported; this current analysis 
was not specified a priori [13]. In brief, all patients were 
18 years or older who underwent an elective, single stage, 
open retromuscular reconstruction of a clean (CDC wound 
class 1) midline abdominal wall defect width less than or 
equal to 20 cm measured intraoperatively. Patients included 
in this analysis underwent open retromuscular ventral hernia 
repair with either HWPP (>75 g/m2; Bard® Mesh (BD) or 
Prolene (Ethicon)) or MWPP (40–60 g/m2; Bard Soft Mesh 
(BD), Prolene Soft Mesh (BD), or Parietene (Covidien)) 
mesh at our institution between March 14, 2017, to April 17, 
2019 and the primary outcome was pain at 1 year postopera-
tively as measured by the National Institutes of Health (NIH) 
Patient-Reported Outcomes Measurement Information Sys-
tem (PROMIS) Pain Intensity Short Form 3a. Patients were 
excluded from the trial if the fascial defect was >20 cm in 
width, primary fascial closure could not be obtained, or CDC 
wound class was >1. Institutional review board approval was 
granted at our institution for this analysis.

For the current analysis, a supplemental electronic medi-
cal record review was conducted to determine daily output 
from the retromuscular drains, in contact with the prosthetic, 
in milliliters (mL) for inpatient hospital stay up to 7 days 
postoperatively. The primary aim was to compare differences 
between postoperative retromuscular drain output between 
repairs with HWPP and MWPP mesh. Secondary outcomes 
included time from surgery to drain removal, hernia recur-
rence at 1 year, surgical site infection (SSI) within 30 days, 
surgical site occurrences (SSO) within 30 days, and surgical 
site occurrences regarding procedural intervention (SSOPI) 
within 30 days based on drain output. Hernia recurrence was 
defined using a pragmatic definition previously described by 
Krpata et al. [13] taking into consideration patient-reported 
bulge, clinical exam and radiographic evaluations. SSI, 
SSO, and SSOPI were defined according to the definition of 
Haskins et al. [14]. Drain management was left to surgeon 
discretion. The typical practice of surgeons at this institution 
is to remove drains when the output is <30–50 mL/day, but 
there is variation based on multiple factors including case 
complexity, wound class, discharge disposition, and mesh 
type.

Statistical analysis

Data were described using median and interquartile range 
for continuous variables and counts and percentages for 
categorical variables. Longitudinal drain output between 
HWPP and MWPP groups was compared using a mixed 
effect linear regression model. Multiple logistic regression 
analysis was conducted to assess the associations between 
total drain output in the first seven postoperative days and 
1-year recurrence, 30-day surgical site infection, 30-day sur-
gical site occurrence, and 30-day surgical site occurrence 
requiring procedural intervention while adjusting for mesh 
weight, BMI, history of diabetes mellitus, and hernia width. 
Statistical significance was accepted as a p-value equaling 
0.05 and R software package version 4.2.1 (The R Founda-
tion, Vienna, Austria) was used for analysis.

Results

During the trial, 288 patients were operated on at the Cleve-
land Clinic Center for Abdominal Core Health and met 
inclusion criteria; 140 (48.6%) received heavyweight mesh 
and 148 (51.4%) received mediumweight mesh. Patient 
demographics and baseline comorbid conditions were simi-
lar between the two groups (Table 1).

Daily drain output for the first 3 days was higher in the 
HWPP group as compared to the MWPP group (p < 0.001 
for all), but drain output was similar after that (p > 0.1 for 
all) (Fig. 1). Median time to drain removal was 5 days for 
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both HWPP (IQR, 4–6 days) and MWPP (IQR, 4–5.25 days) 
with no difference in rate of drain removal (p = 0.98, Fig. 2).

SSIs occurred at a rate of 4 (3%) in the HWPP group 
and 9 (6%) in the MWPP group. 21 SSOs occurred in the 
HWPP and 20 SSOs occurred in the MWPP group. SSOPIs 
occurred at a rate of 5 (4%) in the HWPP group and at a 

rate of 10 (7%) in the MWPP group (p > 0.05 for all). After 
adjusting for mesh weight, BMI, history of diabetes, and her-
nia width, total drain output in the first seven postoperative 
days was found to have no relationship to hernia recurrence 
at 1-year follow-up (OR 1, 95% CI 1.00–1.00, p = 0.29). 
Adjusting for the same variables, the total drain output was 
not predictive of SSI (OR 1, 95% CI 1.00–1.00, p = 0.11), 
SSO (OR 1, 95% CI 1.00–1.00, p = 0.5), or SSOPI (OR 1, 
95% CI 1.00–1.00, p = 0.11).

Discussion

This post-hoc analysis of a large randomized controlled 
trial is the first to compare differences in drain outputs 
after retromuscular ventral hernia repairs utilizing differ-
ent mesh weights. We found a slightly higher initial drain 
output for the first 3 days postoperatively with heavyweight 
mesh; however, the drain outputs in both groups during this 
period were higher than our clinical threshold for removal. 
In addition, drain outputs decreased to <50 ml/day and were 
removed at a similar rate in both groups. We were further 
unable to correlate drain outputs with clinically meaningful 
outcomes. Given this information, it seems that heavyweight 
and mediumweight mesh materials perform comparably 
regarding drain outputs and clinical indicators of mesh per-
formance, challenging our hypothesis that mesh integration 
rates would be slower in heavyweight polypropylene. While 

Table 1   Patient characteristics

COPD Chronic obstructive pulmonary disease

Variable HWPP
N = 140

MWPP
N = 148

Sex, m, n (%) 74 (53) 71 (48)
Age, y, average (SD) 59.97 (11) 59.09 (11.2)
BMI, kg/m2, average (SD) 32.1 (5.66) 31.9 (5.34)
Hernia Width, cm, average (SD) 13.8 (3.56) 14.26 (3.65)
Hypertension, n (%) 98 (70) 75 (51)
Diabetes, n (%) 34 (24) 34 (23)
COPD, n (%) 15 (11) 10 (7)
Smoking history, n (%) 1 (0) 7 (5)
Recurrent incisional hernia, n (%) 73 (52) 77 (52)
ASA Class, n (%)

   Class I 0 (0) 0 (0)
   Class II 19 (14) 34 (23)
   Class III 117 (84) 112 (76)
   Class IV 4 (3) 2 (1)
   Class V 0 (0) 0 (0)

Fig. 1   Median daily drain out-
put over the first 7 days in 24-h 
intervals, stratified by HWPP 
and MWPP. Asterisk indicates 
p-value <0.05
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drain management varied between mesh weights, it appears 
that drains in both HWPP and MWPP repairs may be treated 
similarly with regards to timing for removal.

The clinical impact of mesh weight on surgical outcomes 
on hernia repairs remains debated, with many surgeons com-
mitting to a medium weight mesh due to historical concerns 
with both light and heavy weight mesh. There is strikingly 
little clinical data to suggest a difference in performance 
of mesh by weight. One of the reasons MWPP mesh was 
developed was to strike a balance between the potential 
advantages and disadvantages that exist in lightweight and 
heavyweight synthetic mesh. One of the commonly cited 
theoretical advantages of lighter weight mesh is that, com-
pared to HWPP, it is comprised of less prosthetic material 
with larger pore sizes which theoretically generates less 
inflammatory reaction postoperatively leading to better tis-
sue integration, but this has not been consistently demon-
strated in animal models [15, 16]. Moreover, some clinical 
trials suggest worse outcomes with lighter weight materials 
versus heavyweight mesh in inguinal hernia repairs [17]. Our 
original randomized clinical trial further suggests that little 
clinical difference exists between mediumweight mesh and 
heavyweight mesh in retromuscular ventral hernia repairs 
[13]. Despite these data, many surgeons still believe that 
the smaller pores and heavier density material might impede 
mesh tissue integration. In this trial, we utilized drain output 
as a surrogate for mesh tissue integration. We hypothesized 
that as the material integrates into the surrounding tissue, the 
amount of drain output should decrease. While we did note 
drain output differences in the first few days these outputs 
were well above the threshold for drain removal and did not 

result in clinically significant differences in mesh perfor-
mance or timing of drain removal.

The use of drain output as an indicator of mesh integra-
tion is a novel concept extrapolated from previous studies 
on the fluid mechanics and tissue reactions of different 
mesh materials. In an in vitro study of mesh permeability 
to fluid at different pressures, Jin et al. [18] demonstrated 
that the porosity of mesh materials and adhesive barriers 
impact fluid movement. Larger pore size mesh has been 
further correlated with improved integration, marked by 
increased neovascularization and fibrosis, as well as lower 
inflammation in multiple pig model studies [1]. Although 
the pathophysiology is not fully understood, fluid analysis 
of postsurgical seromas has demonstrated high levels of 
Th2/Th17 pathway cytokines [19], supporting a connection 
between inflammatory reaction and fluid accumulation. Tak-
ing these experimental models together, it could be deduced 
that denser, less porous mesh material would generate more 
foreign body reaction and fluid generation, while also dem-
onstrating lower permeability to that fluid. That fluid would 
be seen clinically as drain output, which would decrease as 
the material integrates with the surrounding tissue. In the 
setting of ventral hernia repairs with transversus abdominis 
release, fluid accumulation would be expected based on the 
inflammatory response from dissection of the abdominal 
wall and creation of a large pocket within the retromuscu-
lar plane. The amount of fluid accumulation may vary with 
the specific mesh material [2] placed and its porosity which 
could be expected to translate clinically as higher surgical 
drain output. We acknowledge this hypothesis requires fur-
ther basic science experimentation, however, we do believe 

Fig. 2   Time to drain removal or 
discharge, stratified by HWPP 
and MWPP
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that it is a novel potential opportunity to assess mesh inte-
gration clinically.

While the role of retromuscular surgical drains is debated 
[20–23], they are often placed to evacuate fluid from the 
potential space developed during a transversus abdominis 
release to promote tissue apposition with the mesh and 
improve integration [15]. Notably, in our study, average total 
drain output was between 300 and 400 mL/day (150 mL per 
drain) for the first day in each group. This is certainly a 
high amount of fluid and supports the clinical decision to 
place drains within this space. Importantly, our study did 
not include a control arm of non-drained patients, and as 
such, we are unable to establish a true benefit of drains. 
A recent meta-analysis found that drain placement at the 
time of retromuscular ventral hernia repair may also reduce 
the risk of developing a seroma (OR 0.34), though it did 
not decrease the risk of SSI, hematoma, SSO, or SSOPI 
[24]. While it is common practice to place retromuscular 
drains, the decision-making process surrounding surgical 
drain management is often based on theoretical assumptions 
about the significance of the volume of output. Indeed, there 
is a paucity of evidence and no consensus in the literature on 
when to remove postoperative drains [25]. Many surgeons 
use a set volume criterion for drain removal (i.e., 30–50 mL/
day) and may keep the drain in place until their threshold 
is reached. However, often other factors are also considered 
when deciding drain removal management, including wound 
characteristics, mesh type, and patient functional status and 
social support.

Surgical drains can be an uncomfortable nuisance for 
patients and there is evidence that early drain removal does 
not increase infection or seroma/hematoma risk [26], while 
others cite the complications of drains including hemor-
rhage, inflammation, and infection [27]. Our data similarly 
suggest that the volume of output in the first 7 days has no 
clear association with short-term wound complications or 
early hernia recurrence. Leaving drains longer for HWPP 
mesh is unlikely to confer clinical benefit and based on our 
analysis can be more comfortably pulled prior to discharge. 
However, further prospective trials are needed to evaluate 
both drain utility and optimal duration of use.

There are multiple limitations of this study that deserve 
mention. As a post-hoc analysis, all outcomes are explor-
atory. We did not control surgeon preference for drain 
removal and although this is a single center trial, there 
might be some subtle variation in drain management per 
surgeon preference. Drain output and time to removal may 
be confounded by patient and operative factors which can-
not be captured retrospectively. By capturing data for only 
the first 7 days, we also incompletely represent patients who 
were discharged with a drain in place for extended periods of 
time, although most surgeons preferentially remove drains 
prior to discharge. Finally, our choice to utilize drain output 

as a surrogate marker for mesh tissue integration could be 
inaccurate. While we feel, it is the best measure we have, 
more data would be required to show that this marker reli-
ably measures tissue integration.

Conclusion

While HWPP mesh had slightly higher outputs for the first 
3 days, it rapidly returned to outputs similar to MWPP mesh. 
We believe that our findings support the concept that drains 
placed around HWPP mesh can be managed similarly to 
MWPP mesh. Finally, drain output volume in the first post-
operative week should not be used as an independent predic-
tor of short-term morbidity or long-term hernia recurrence.
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