
ORIGINAL ARTICLE

Hernia            (2025) 29:8 

https://doi.org/10.1007/s10029-024-03195-6

a single-staged operation to correct both pathologies or 

addressing the intraabdominal process upfront and return-

ing later to repair the hernia. Historically, definitive repair 
of a large ventral hernia with permanent synthetic mesh was 
considered relatively taboo in the setting of wound contami-
nation [1], but there is growing contemporary evidence to 
support the durability of ventral hernia repair with synthetic 
mesh in select contaminated cases, though at the cost of sig-

nificant wound morbidity [2–4]. While staging the hernia 

repair theoretically decreases the risk of wound morbidity 
[5, 6], the counterargument is that the hernia may enlarge 

and become more complex in the interim as well as requiring 
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Abstract

Introduction When faced with contaminated ventral hernia repairs, surgeons must decide to repair the defect in a single-
stage or delay the definitive repair until a clean scenario has been achieved. We sought to compare wound complications, 
long-term hernia recurrence and quality of life for patients who underwent delayed versus single-staged abdominal wall 
reconstruction (AWR) in the setting of clean-contaminated and contaminated wounds.
Methods The Abdominal Core Health Quality Collaborative was used to identify adult patients at our institution who under-
went open AWR with retromuscular synthetic mesh placement between January 2014 and August 2023. The delayed group 
included patients who underwent clean-contaminated or contaminated abdominal operation in the setting of a ventral hernia 
without placement of permanent synthetic mesh, then underwent AWR with permanent synthetic mesh placement in a sepa-

rate operation. The single-staged group had clean-contaminated or contaminated wounds concomitant with AWR. Outcomes 
of the AWR were compared.
Results 63 patients underwent a delayed AWR and 375 patients underwent a single-staged AWR with a median(IQR) fol-
low-up of 3(2,5)years. Most common concomitant procedures involved small intestine(30%) or hepatobiliary(30%). Most 
common index operations in delayed AWR were ileostomy(52.4%) and colostomy(14.2%) reversals. Median(IQR) time 
between initial operation and definitive AWR was 1.0 (0.7, 1.9)years. Median(IQR) hernia width was 11.35(8.4, 15.0)cm 
at initial operation and 16.0(15.0,20.0)cm at AWR for the delayed group(p < 0.001). Three patients (19%) in the delayed 
group and 14(12%) in the single-staged underwent wound debridement within 30-days(p = 0.46); a single patient in each 
required partial mesh excision within 30-days(p = 0.098). Wound morbidity, reoperation and hernia recurrence were similar 
(p > 0.05).
Conclusion In patients with a ventral hernia and separate indication for abdominal operation with a clean-contaminated or 
contaminated wound, either delayed or single-stage approaches to AWR may be viable.

Keywords Abdominal wall reconstruction · Contaminated hernia repair · Synthetic mesh · Staged hernia repair

Received: 10 August 2024 / Accepted: 13 October 2024

© The Author(s), under exclusive licence to Springer-Verlag France SAS, part of Springer Nature 2024

Delayed vs single-staged abdominal wall reconstruction in 
contaminated ventral hernia

Sara M. Maskal1  · Raha Al Marzooqi1 · Ouen Mali1 · Li-Ching Huang2 · Ryan C. Ellis1 · Kimberly Woo1 · 

Daphne Remulla1 · Benjamin T. Miller1 · Lucas R. A. Be�a1 · Clayton C. Petro1 · Ajita S. Prabhu1 · Michael J. Rosen1

1 3

http://orcid.org/0000-0001-7072-1944
http://crossmark.crossref.org/dialog/?doi=10.1007/s10029-024-03195-6&domain=pdf&date_stamp=2024-11-13


Hernia            (2025) 29:8 

a second operation and convalescence for the patient who 
had a clean contaminated or contaminated repair.

There is a knowledge gap in the literature comparing a 
planned delayed approach versus single-staged abdominal 
wall reconstruction in the setting of clean-contaminated 
and contaminated cases (CDC class II-III) with regards to 
patient outcomes, quality of life, recurrence, and cost to the 
healthcare system. We aim to compare the short- and long-

term wound complications, long-term hernia recurrence, 
total cost of, and quality of life for patients who underwent 
delayed repair of a ventral hernia versus single-staged repair 
in the setting of clean-contaminated and contaminated 

wounds.

Methods

After obtaining Institutional Review Board approval, the 
Abdominal Core Health Quality Collaborative (ACHQC) 
database was queried to identify adult patients who under-
went open abdominal wall reconstruction (AWR) with 
transversus abdominis release (TAR) and permanent mac-

roporous synthetic retromuscular mesh placement at our 

institution between January 2014 and August 2023. The 
ACHQC is a surgeon-entered, prospectively collected data-

base that includes granular data regarding patient charac-

teristics, operative details, clinical outcomes, and patient 
reported [7]. Additional chart review of those patients who 
underwent AWR was used to identify patients who had 
previously undergone a clean-contaminated or contami-
nated (CDC class II-III) operation in the setting of a ventral 
hernia followed by a planned “delayed” AWR, excluding 
patients with permanent stomas, temporary diverting sto-

mas matured during the initial operation, or permanent 

mesh placement during the initial operation. Patients who 
underwent AWR in a single-staged fashion with retromus-

cular synthetic mesh at the time of a clean-contaminated 

or contaminated operation were identified as a compara-

tor group. We excluded patients with a permanent stoma as 
these cases would inevitably remain contaminated in future 
procedures, CDC class IV wounds, those with a temporary 
loop stoma as we typically do not reconstruct those patients 
at the primary operation due to challenges associated with 
stoma takedown through a retromuscular mesh, and those 
who were missing follow up at 30 days postoperatively.

Primary outcomes of interest were wound events, includ-

ing surgical site infection (SSI), surgical site occurrence 

(SSO), and surgical site occurrence requiring procedural 
intervention (SSOPI) within 30 days postoperatively of the 
AWR with synthetic mesh [8]. Secondary outcomes included 

reoperation, hernia recurrence based on a pragmatic defini-
tion, abdominal wall-specific quality of life, and pain, all 

measured relative to the definitive AWR with synthetic 
mesh placement for both groups. The pragmatic defini-
tion accounts for radiographic, clinical exam, and patient-

reported assessments for hernia recurrence. For example, the 

pragmatic definition considers a patient-reported “bulge” 
on the Hernia Recurrence Inventory (HRI) as a recurrence, 
though a negative clinical or radiographic assessment may 
outweigh this [9]. Abdominal wall-specific quality of life 
was measured utilizing the HerQLes survey, which is scored 
from 0 to 100 with higher scores indicating better quality 
of life and a minimum clinically important difference of 
15.6 [10, 11]. Pain was measured using the NIH PROMIS 
3a Pain Intensity Scores, which is scored from 30.7 to 71.8 
with lower scores indicating less pain and a lowest possible 
score on the PROMIS 3a scale of 30.7 indicating “no pain” 
[12]. Direct costs for both the initial surgery and definitive 
AWR for the delayed group and for the definitive AWR 
in the single-stage group as well as all associated hospital 
admissions were obtained from our institution. Our institu-

tion does not allow us to publish actual costs; as such, costs 
are presented as a ratio of the lower cost.

Continuous data was analyzed using Wilcoxon tests and 
categorical data was analyzed using Pearson tests. A multi-
variable logistic regression was performed for the outcomes 
of SSI, SSO, and SSOPI within 30 days accounting for the 
following covariates: single-staged versus delayed AWR, 
diabetes, sex, BMI, history of inflammatory bowel disease, 
and intraoperative complications. Significance was set at 
p < 0.05.

Results

A total of 63 patients who underwent a delayed AWR and 
375 patients who underwent a single-staged AWR with 
clean-contaminated or contaminated wounds were identi-
fied (Fig. 1). Median(IQR) age was 61 (52,68) years for the 
entire cohort. The delayed group had a lower median(IQR) 
BMI (31[28,34] vs. 33 [29,36], p = 0.036), more male 
patients (56% vs. 41%, p = 0.035), fewer patients with 
diabetes (11% vs. 28%, p = 0.004), and had more patients 
with inflammatory bowel disease (13% vs. 6%, p = 0.047). 
Patient demographics are summarized in Table 1.

Operative details: initial operations in the delayed 
group

Most (n = 62 (98%)) of the initial operations in the delayed 
group were elective cases and 28 (44.4%) were recorded 
as clean-contaminated and the rest were contaminated. 
Index operations for this group included: ileostomy take-

down (n = 33 (52.4%)), colostomy reversal (n = 9 (14.3%)), 
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gastrointestinal/genitourinary fistula takedown (n = 6 

(9.52%)), bowel/colon resection (n = 4 (6.35%)), hernia 
repair aborted for enterotomy (n = 4 (6.35%)), foregut anas-

tomosis (n = 2 (3.17%)), and foreign body removal (n = 2 

(3.17%)). Median (IQR) time between initial operation and 
definitive AWR was 1.0(0.7, 1.9) years. Median (IQR) BMI 
at initial operation was 30.9 (26.3,33.1) kg/m2 and at AWR 

was 30.7 (28.6,34.3) kg/m2 (p = 0.50). Median (IQR) her-
nia width was 11.3(8.4, 15.0) cm at initial operation and 
16.0(15.0,20.0) cm at time of AWR for the delayed group 
(p < 0.001). In 55 (85.93%) of these index cases the fascia 
was closed with suture alone, though three of these were 
loop ileostomy closures with midline hernias that had pre-

viously bridged with absorbable synthetic (2) or biologic 
mesh (1) fascial bridges. There were 6 cases with absorbable 
synthetic and 1 additional case with biologic mesh used to 

bridge the fascial defect. Postoperatively 12 patients expe-

rienced cellulitis, skin dehiscence or wound drainage and 
were treated with oral antibiotics, 5 patients experienced 
superficial wound infections requiring wound opening and 
packing only, 2 patients required reoperation for wound 
debridement (one for wound necrosis requiring skin graft 
and the other for retained packing), one patient required per-
cutaneous drainage of an abdominal wall abscess, and one 
patient developed a small intraabdominal abscess requiring 
antibiotics.

Operative details: de�nitive abdominal wall 
reconstruction

The majority (99%) of cases were elective. Operative time 
was more likely to be less than two hours in the delayed 

Fig. 1 Diagram of inclusion and 
exclusion criteria
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group compared to the concomitant group (n = 9(14.29%) 
vs. n = 7(1.87%), p < 0.001) and had a lower rate of intra-

operative complications (n = 4(6.35%) vs. n = 84(22.40%), 
p = 0.003), which included three enterotomies and one gas-

tric injury during adhesiolysis. The most common additional 
procedures in the single staged group were hepatobiliary 
(n = 78 (20.80%)), small intestine (n = 79(21.07%)), and 
colorectal (n = 59 (15.73%)). There were stomas present in 
(n = 8 (12.70%)) of the patients in the single-staged group, 
all of which were taken down during the operation. Macro-

porous uncoated polypropylene mesh was used in all cases. 
Most (n = 56 (88.89%)) of the operations in the delayed 
group were considered clean and heavyweight mesh was 
more commonly placed in this group (42.86% vs. 22.13%, 
p < 0.001) (Table 2).

Short term outcomes

Length of stay after AWR was shorter for the delayed group 
(5 [4, 6] vs. 6 [5, 8] days, p = 0.001). There were no anas-

tomotic leaks in either group. There were no differences in 
wound or medical complications (Table 3). Three patients 
(19%) in the delayed group and 14(12%) in the single-staged 
underwent wound debridement within 30-days(p = 0.46); a 
single patient in each required partial mesh excision within 
30-days(p = 0.098). On multivariable analysis, increasing 
BMI was associated with increased risk of SSI within 30 
days postoperatively (OR 1.44, 95%CI 1.04-2.0, p = 0.028), 
but there was no association with group (single-staged ver-
sus delayed) for SSI (OR 1.20, 95%CI 0.51–2.86,p = 0.68), 
SSO (OR 0.86, 95%CI 0.41–1.80, p = 0.69), or SSOPI 
(1.26, 95%CI 0.56–2.86, p = 0.58).

Table 1 Demographics
Characteristic Delayed

(n = 63)
Single-

stage

(n = 375)

p-value

Age (years), median(IQR) 61 (52, 

68)
61 (52, 

67)
0.94

Female, n(%) 28 (44) 220 (59) 0.035
Race, n(%) 0.57
 White 56 (89) 330 (88)
 Non-white 6 (10) 45 (12)

BMI (kg/m2), median(IQR) 31 (28, 
34)

33 (29, 
36)

0.036

Current smoker, n(%) 4 (6) 28 (7) 0.75
Hypertension, n(%) 22 (35) 230 (61) 0.57
Diabetes Mellitus, n(%) 7 (11) 105 (28) 0.004
Inflammatory bowel disease, n(%) 8 (13) 22 (6) 0.047
Hepatic Insufficiency or Liver 
Failure, n(%)

0 2 (1) 0.56

Dialysis, n(%) 1 (2) 2 (1) 0.35
Chronic Obstructive Pulmonary 
Disease, n(%)

5 (7.9) 53 (14) 0.18

Anti-platelet medications, n(%) 6 (9.5) 35 (9) 0.96
Anti-coagulation medications, n(%) 5 (7.9) 20 (5) 0.41
Immunosuppressants, n(%) 6 (9.5) 24 (6) 0.36
History of abdominal wall SSI, n 
(%)

25 (40) 141 (38) 0.75

Currently active infection, n (%) 0 34 (9) 0.013

Table 2 Operative characteristics
Characteristic Delayed

(n = 63)
Single-stage

(n = 375)
p-value

Elective case, n(%) 62 (98) 371 (99) 0.72
Mesh width(cm), median (IQR) 30 (30, 

50)
30 (30, 50) 0.84

Mesh length(cm), median (IQR) 30 (30, 
42)

30 (30, 50) 0.47

Hernia width (cm), median (IQR) 16 (15, 

20)
15 (12, 20) 0.29

Hernia length (cm), median (IQR) 25 

(23,28)
25 (21,20) 0.38

Operative time (minutes), n(%) < 0.001
 0–59 0 0
 60–119 9 (14) 7 (2)
 120–179 12 (19) 66 (18)
 180–239
 >240

19 (30)
23 (37)

103 (27)
199 (53)

Wound status, n(%) < 0.001
 Clean

 Clean-contaminated

 Contaminated

56 (89)
4 (6)

3 (5)

0 (0)
240 (64)
135 (36)

Intraoperative complication, n(%) 4 (6) 84 (22) 0.003
Bowel preparation, n(%) 0 31 (8) 0.018
Stoma present, n(%) 0 45(12) 0.004
Fascial closure, n(%) 53 (84) 343 (91) 0.067

Table 3 30-day complications
Characteristic Delayed

(n = 63)
Single-stage

(n = 375)
p-value

Length of stay (days), median 
(IQR)

5 (4,6) 6 (5,8) 0.001

Readmission, n (%) 9 (14) 46 (12) 0.66
SSI, n(%)
 Superficial (n)
 Deep, (n)
 Organ Space, (n)

7 (12)
2

5

0

64 (17)
34
31
1

0.36

SSO, n(%) 11 (19) 69 (18) 0.87
SSOPI, n(%) 8 (14) 69 (18) 0.66
Reoperation, n(%) 2 (3) 7 (2) 0.5
Pulmonary embolism, n(%) 1 (9) 6 (5) 0.55
Sepsis, n(%) 0 2 (2) 0.67
Acute renal failure, n(%) 0 4 (3) 0.76
Pneumonia, n(%) 1 (9) 14 (11) 0.81
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Discussion

In this retrospective cohort study, there were no differences 
in wound complications, or quality of life between single-
staged AWR patients and those undergoing a delayed AWR. 

Despite a higher direct cost and increase in hernia width 
in the delayed group, patients with a delayed AWR had a 
shorter operative time, LOS, and similar pragmatic hernia 
recurrence compared to a single-staged AWR.

Most surgeons have historically been reluctant to place 
a permanent synthetic in the setting of contamination 

based on the risk of developing a chronic infection of the 
prosthetic. Prospective trials of biologic and absorbable 
synthetic mesh in contaminated settings demonstrated 

acceptable wound complication rates but higher long-term 
hernia recurrence rates when compared to synthetic mesh 
[3, 13]. Following animal model studies and retrospective 
cohort studies suggesting that monofilament polypropylene 
was able to clear bacterial contamination [14–16], Rosen 

et al. conducted a multicenter randomized control trial of 
biologic versus mediumweight polypropylene mesh for 
retromuscular ventral hernia repair which demonstrated 
durability and cost advantage with synthetic mesh and simi-
lar wound complication profiles [2]. This was consistently 
shown in subsequent randomized trials, supporting a move-

ment towards increased surgeon comfort with AWR in the 
setting of contamination [17]. While these trials have dem-

onstrated the safety and efficacy of mediumweight poly-

propylene mesh when utilized in the contaminated setting, 
they did not evaluate a staged or delayed approach. This 
option would be potentially most beneficial in the setting of 
a case in which the subsequent operation would be in a clean 
setting, with theoretically less wound morbidity risks. No 

Long term outcomes

Median clinical and radiographic follow-up was 2 (1,3) 
years and patient reported outcomes were available for a 
median of 3 (2,5) years for both groups from the time of 
definitive AWR. Sixteen (4.27%) patients in the single-
staged group had a known radiographic recurrence at a mean 
(SD) follow-up of 2.36(± 1.95) years. Two (3.17%) patients 
had known radiographic recurrence in the delayed group at 
a mean (SD) follow-up of 2.13(± 1.73) years. Sixty-nine 
(18.40%) patients had a known hernia recurrence based 
on the pragmatic definition in the single-staged group at a 
mean follow-up of 2.25 (± 1.40) years. Nineteen (30.16%) 
patients had a known hernia recurrence based on the prag-

matic definition in the delayed group at a mean follow-up of 
1.82(± 1.27) years. Hernia recurrence over time can be seen 
in Fig. 2. Twenty patients underwent reoperation for hernia 
recurrence in the single-staged group at a mean time of 2.32 
(± 1.90) years; reoperation probability was 0.05% (95% CI 
0.02–0.08%). Three patients underwent reoperation for her-
nia recurrence in the delayed group at a mean time of 1.78 
(± 1.37) years; reoperation probability for hernia recurrence 
was 0.04% (95% CI 0.00–0.09%). There was no difference 
in HerQLes or PROMIS scores between the groups at any 
timepoint (Fig. 3).

Cost

The ratio of median direct cost for the hospitalization 
related to the delayed group including both index operation 

and subsequent definitive repair was 1.55 (IQR 1.14,2.09) 
compared to the AWR for the concomitant surgery group 

(median 1.0 [IQR 0.79,1.31])(p < 0.001).

Fig. 2 Kaplan-Meier curve for radiographic (a) and pragmatic (b) hernia recurrence over the first 6 years postoperatively
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understanding that the operating surgeons chose to delay 

hernia repair or perform the reconstruction in a single-stage 

in this cohort based on their experience and judgment. When 
patients present with an intraabdominal pathology and a 
large ventral hernia, surgeons must evaluate their options 
and individualize operative approach based on the specific 
scenario.

Our institutional algorithm to approaching hernia repair in 
the setting of contamination has been previously published 
[18]. There are some advantages to single-stage surgery for 
patients, so our surgeons commonly perform single-stage 

AWR in low-risk contaminated settings such as elective 
cholecystectomy or hysterectomy. In a hemodynamically 

unstable patient with gross infection or contamination, most 
surgeons would choose not to perform a definitive hernia 

randomized controlled trials have evaluated this treatment 
option to date. This prompted our group to evaluate our out-
comes by comparing a planned delayed reconstruction ver-
sus a single-staged reconstruction for patients undergoing 

contaminated ventral hernia repairs.
Our data demonstrates pros and cons to both a single-

staged or delayed abdominal wall reconstruction in the set-
ting of clean-contaminated or contaminated wounds with 
respect to short-term wound morbidity or long-term durabil-
ity of the repair, which suggests that both are viable options 
in selected patients. Delaying AWR was associated with 
a slight increase in the size of the hernia, which was not 
clinically or statistically significant, and slightly increased 
costs but had an advantage in radiographically detected her-
nia recurrence. These results should be interpreted with the 

Fig. 3 Abdominal wall specific quality of life (HerQLes) (a) and pain (PROMIS) (b) scores over the first 6 years postoperatively
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Conclusion

Delayed and single-staged abdominal wall reconstruction 
are both viable approaches to treating patients with large 
ventral hernias and separate intraabdominal pathology 
requiring operation, and surgeons should consider the rela-

tive risks and benefits of both on an individualized basis.
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