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Abstract
Aim: The utilization and outcomes of abdominal wall reconstruction (AWR) using advanced techniques such as 
component separation for incisional hernia (IH) repair following laparotomy in trauma populations has not been 
described. The objective was to describe AWR with component separation (AWR-CS) utilization in this setting and 
to assess postoperative complications and readmissions.

Methods: We identified adult patients admitted for IH repair (IHR) with a history of and admission for traumatic 
injuries with concurrent laparotomy in six geographically diverse statewide inpatient databases (2006-2015). 
AWR-CS was defined by ICD-9 codes corresponding to myocutaneous flap. Risk-adjusted logistic regression and 
generalized linear models were used to compare postoperative complications, 30-day readmissions and cumulative 
costs associated with AWR-CS.
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Results: Of 952 patients with a history of trauma laparotomy who were admitted electively for IHR, 6.8% underwent 
AWR-CS. Patients who underwent AWR-CS experienced increased complications [adjusted odds ratio 2.6 
(95%CI: 1.48-4.57); P < 0.001], cumulative costs (median $ 20,805 vs. $ 15,529; P < 0.001) and longer length-of-
stay (median days 6 vs. 5; P = 0.002). These differences were driven by postoperative complication, which were 
independently associated with increased length of stay [predicted mean difference 6.53 days (95%CI: 4.66-8.41); 
P < 0.001], costs [$ 14,550 (95%CI: $ 9,258-19,841); P < 0.001] and 30-day cumulative costs [$ 20,176 (95%CI: 
$ 12,621-27,731); P < 0.001] within risk-adjusted analyses.

Conclusion: AWR-CS is part of the armamentarium needed to manage trauma laparotomy survivors who develop 
complex IH defects requiring surgical repair. It can result in increased complications that amplify postoperative 
healthcare utilization. Leverage of tools for the identification of high-risk patients, prehabilitation and enhanced 
surgical techniques is warranted to minimize postoperative complications in these patients.

Keywords: Flap, incisional hernia, trauma, laparotomy, complication, readmission, epidemiology, abdominal wall 
reconstruction

INTRODUCTION
According to data from the National Trauma Data Bank, over 6,000 patients undergo emergent laparotomy 
for traumatic injuries annually[1], and IH can affect up to one-in-ten of these patients[2]. Incisional hernia 
(IH) often transforms into a chronic health state characterized by pain and discomfort that impairs 
functional status and quality of life[3,4]. In trauma patients, who may already face difficulties in recovery, this 
problem is a significant added burden. Complex IH defects representing large or fibrosed abdominal wall 
hernias often necessitate abdominal wall reconstruction (AWR) using flaps or component separation at the 
time of IH repair (IHR) to achieve myofascial closure and repair of the abdominal IH defect[5-7].

Patients who survive life-saving laparotomies for traumatic injuries are prone to developing IH. Prior 
studies have shown that IH develops in 4%-10.5% of these patients[3,4]. In the emergent trauma setting, 
surgeons may be unable to perform a meticulous and careful abdominal closure and/or may need to 
delay primary closure due to hemodynamic instability or bowel edema encountered upon reoperation, 
all of which have the potential of increasing the risk for IH. Furthermore, in open abdomen cases, 
reapproximation of the abdominal wall may be challenging due to lateral migration of the rectus, decreased 
compliance of the oblique musculature, suboptimal skin availability, need for enterolysis and possible 
ostomy reversal. Therefore, surgeons may resort to the use of component separation techniques for AWR 
at the time of IHR. Although there are data on the utilization and outcomes of different AWR techniques 
at the initial trauma admission[8-11], these utilization and outcomes data remain unknown for trauma 
laparotomy survivors who subsequently develop IH that necessitate surgical repair.

Given the little evidence available on AWR among trauma laparotomy patients, we leveraged longitudinal 
population data and sought to assess the postoperative outcomes and longitudinal healthcare utilization 
associated with the use of component separation for reconstruction of post-traumatic IH defects. 

METHODS 
Study design and population 
This was a retrospective cohort study using statewide databases, the State Inpatient Databases (SID), 
corresponding to six states in diverse geographic regions of the United States: Florida (2006-2015), Iowa 
(2009-2015), Maryland (2013-2015), Nebraska (2006-2015), New York (2006-2015) and Wisconsin (2013-
2015). These databases were used to identify adult patients (≥ 18 years) admitted with traumatic injuries 
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who underwent laparotomy procedure(s) without a history of gastrointestinal cancer or prior abdominal 
procedure(s) within 6 months (n = 47,084). Those who were discharged alive (n = 42,463) were followed 
up for no less than 2 years until they presented for IHR in the inpatient setting (index encounter, Figure 1). 
Traumatic injuries were defined by the International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) diagnosis codes (800.xx-959.xx) with concurrent laparotomy procedure(s) as 
defined by ICD-9 procedure codes [Appendix 1]. Patients presenting from the Emergency Department 
(ED), those with a diagnosis of IH and incarceration or strangulation (ICD-9-CM 551.2X, 552.2X), and 
transfers between hospitals were excluded to eliminate potential treatment biases that may have occurred 
when managing IHR in patients that present under these circumstances. In addition, patients admitted in 
the last trimester of 2015 were excluded due to the transition from ICD-9-CM to ICD-10-CM. The primary 
exposure of interest was the use of AWR with component separation (AWR-CS) as defined by the use of 
myocutaneous flaps (ICD-9 procedure codes 86.7x) adapted from previous methodology[12,13].

Data source
We used multiple Agency for Healthcare Research and Quality Healthcare Cost and Utilization Project 
(HCUP) databases to conduct this study: SID, State Emergency Department Databases (SEDD) and State 
Ambulatory Surgery and Services Databases (SASD). The SID contains data on discharges for all patients 
admitted within the state[14]. The SEDD contains data on all ED discharges within the state that did not 
result in an admission, as well as observation stays[14]. The SASD contains data for ambulatory surgery 
and other outpatient encounters for hospital-owned facilities in participating states[15]. The SID was used 
to identify the trauma admission in which patients underwent laparotomy. The SID, SEDD and SASD 
were used to capture subsequent encounters until patients underwent IHR. Inpatient IHR was taken 
from SID encounters (index encounter) and outpatient IHR from the SASD, which were only used to 
quantify the proportion of outpatient IHR. Both the SID and SEDD were then used to capture subsequent 
encounters after the index admission, which were classified as readmissions. These datasets include 
clinical and nonclinical data for all patients regardless of age and insurance, including the uninsured, in 
addition to variables that permit conducting revisit analyses. Variables extracted include demographics, 

Index admissions corresponding to patients admitted for 
traumatic injury who underwent laparotomy without 

history of abdominal surgery or gastrointestinal cancer 
within 6 months prior (n=47,084)

42,463 patients followed up for a minimum of 2 years   

Final study cohort of 952 patients from 6 States 

Excluded:
Emergency (n=297)
Mention of gangrene or obstruction related to 
hernia (n=284)
Outpatient IHR (n=520)
Transfers (n=66)
Duplicate entry (n=1)

Excluded:
Inpatient mortality (n= 4,454)

2,120 subsequently admitted for IHR

Figure 1. Flow diagram of inclusion and exclusion criteria. IHR: incisional hernia repair
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payer, comorbidities provided by the data, ICD-9-CM diagnosis and procedure codes, length of stay 
(LOS), and discharge disposition. In addition, ICD-9-CM codes permitted the identification of additional 
comorbidities and clinical outcomes not readily provided by the dataset (i.e., smoking status, postoperative 
complications such as pneumonia or surgical site infection).

Demographic, clinical and hospital characteristics 
The demographic, clinical and hospital variables extracted included age, gender, race, insurance, zip 
code income quartile, state, Charlson Comorbidity Index, smoking status, obesity, HCUP-provided 
comorbidities (obesity, diabetes, hypertension, chronic lung disease, chronic heart failure, anemia, liver 
disease, renal failure, coagulopathy and weight loss), LOS, weekend admission, admission through the 
ED, discharge disposition (home/routine; home with home health care; short-term hospital; skilled 
nursing facility (SNF), intermediate care facility (ICF) or another type of facility; against medical advice), 
laparoscopy use (53.62 and 53.63) and mesh use (53.6, 53.61, 53.63, 53.69).

Outcome measures 
The primary outcome was a composite of the presence or absence of inpatient postoperative complications 
[non-surgical (cardiovascular, respiratory, genitourinary and thromboembolism), and surgical 
complications (surgical site infection, seroma, hematoma, delayed healing, wound disruption, fistula, 
accidental puncture, hemorrhage, blood transfusion, retained body, and reoperation)] as described 
elsewhere during the index encounter[16]. Secondary outcomes included prolonged LOS (> 75th percentile) 
and non-routine discharge (other than home under self-care) for the index encounter, a composite of 
readmissions within 30 days of discharge (including ED visits, observation stays and subsequent inpatient 
admissions following surgery), costs during the index encounter and cumulative inpatient costs within 30 days. 

Estimation of costs
The SID provides data on charges per inpatient encounter. These were converted to costs using hospital-
specific cost-to-charge ratios provided by HCUP. Cumulative cost was defined as the cost of the index 
admission in addition to the cost of any inpatient readmissions within 30 days. For patients with multiple 
readmissions, the aggregate readmission costs were obtained. These costs were normalized to U.S. dollars in 
2019 using the Consumer Price Index. The annual costs were calculated to determine factors independently 
associated with increased costs.

Statistical analysis 
Frequency, proportions, medians and interquartile ranges (IQR) were used to summarize demographic 
characteristics, clinical characteristics and the outcomes of interest. Chi-squared and Kruskal-Wallis 
tests were used for the comparison of categorical and continuous variables associated with the use of 
myocutaneous flaps during IHR. Risk-adjusted logistic regression models with robust standard errors 
clustering by hospital were used to ascertain adjusted odds ratios (OR) with 95%CI for binary outcomes 
of interest (overall complications, surgical complications, non-surgical complications, non-routine 
discharge, prolonged length of stay and 30-day readmissions). Modified Park tests were used to determine 
the appropriate family distribution for each generalized linear model with log link[17], which was followed 
by post-estimation calculations of average marginal effects to ascertain the predicted mean differences in 
index LOS, index costs and 30-day cumulative costs with 95%CI. Covariates in the models were identified a 
priori based on clinical judgement and known factors associated with complications during IHR. Statistical 
significance was set at P < 0.05. All analyses were performed using StataMP Statistical Software, Release 15 
(College Station, TX). The present study was approved by the University of Pennsylvania Health System 
Institutional Review Board. 
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RESULTS
After inclusion and exclusion criteria were applied, there were 952 patients with a history of trauma 
laparotomy who were subsequently admitted electively for IHR; these patients comprised the analysis 
cohort. AWR-CS was used in 6.8% of these and mesh in 76.4%. Overall, patients had a median age of 
53 years (IQR 42-65), and the majority were male (64.4%), white (70.2%) and publicly insured (54.5%). 
Patients who underwent IHR with AWR-CS reconstruction were more likely to be younger (median age 
47.0 vs. 54.0; P = 0.044) and less likely to have undergone a laparoscopic IHR (P = 0.034). The rest of the 
assessed characteristics did not differ between groups (all P > 0.05) and are shown in Table 1.

Table 2 shows the univariate comparison of adverse outcomes associated with the use of AWR-CS at the 
time of IHR. Patients in the AWR-CS group were more likely to experience overall (57.4% vs. 40.1%; P = 
0.008) and surgical complications (45.9% vs. 26.2%; P < 0.001). The breakdown of surgical complications 
is not shown in compliance with the data user agreement due to low counts. Among the surgical 
complications assessed, surgical site infection, delayed healing and wound disruption were higher in the 
AWR-CS group.

The overall readmission rate within 30 days was 23.7%. Patients who had AWR-CS were more likely 
to experience 30-day elective readmissions (11.5% vs. 3.4%; P = 0.002) and reoperations during 30-day 
readmission (21.3% vs. 9.4%; P = 0.003). Assessment of healthcare utilization outcomes in terms of LOS 
[median 6 days (IQR 4.0-8.0) vs. 5 (IQR 3.0-7.0); P = 0.002], index admission costs [$ 17,468.8 (IQR 
$ 11,300.1-26,825.0) vs. $ 12,307.8 (IQR $ 7,885.8-20,377.0); P < 0.001] and cumulative costs [$ 20,804.9 
(IQR $ 16,145.1-34,941.0) vs. $ 15,529.2 (IQR $ 9,430.4-25,936.5); P < 0.001] were increased for patients 
with a flap.

Within risk-adjusted analyses, patients with AWR-CS were 2.08 (95%CI: 1.21-3.05; P = 0.001) and 2.6 
(95%CI: 1.48-4.57; P < 0.001) more likely to experience overall and surgical complications, respectively 
[Table 3]. Within univariate analyses, AWR-CS resulted in longer LOS, higher costs and higher cumulative 
costs. These differences were not statistically significant in risk-adjusted analyses after controlling 
for patient-level confounders (P > 0.05; Table 4). Within these models, the stronger predictors were 
complications, increasing the LOS by 6.53 days [predicted mean difference (95%CI: 4.66-8.41); P < 0.001], 
costs by $ 14,549.83 (95%CI: $ 9,258.82-19,840.84; P < 0.001) and cumulative costs by $ 20,175.85 (95%CI: 
$ 12,621.12-27,730.58; P < 0.001). Based on the last estimate, the annualized cumulative cost associated 
with complications for the entire cohort was $ 790,893.32.

DISCUSSION
IH is an under explored yet important long-term complication among survivors who undergo laparotomies 
for traumatic injuries. In these patients, successful IHR can be difficult due to a history of open abdomen 
and reoperations that often cause distorted abdominal wall anatomy (i.e., limited tissue elasticity, 
migration of the rectus abdominis muscle and decreased compliance of the oblique musculature). Given 
the complexity of IH after a trauma laparotomy, AWR with component separation may be required in 
some cases to achieve a durable abdominal closure while improving health-related quality of life[18]. This 
technique is often used in complex situations[19] and requires a multidisciplinary approach that includes 
anesthesiologists, general surgeons and plastic surgeons[20] to allow additional fascial approximation that 
would not be possible otherwise. Such an approach is also associated with lower IH recurrence rates[21]. In 
this population-based study using data from six states, we identified and described the clinical outcomes 
and healthcare utilization when flap reconstruction is performed for IHR in a sample of 952 patients 
that had undergone open abdominal surgery procedure(s) for traumatic injuries. We found that AWR-
CS was utilized in 6.8% of these cases and was associated with increased overall complications that result 
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in increased healthcare utilization in terms of LOS and costs. These complications were due to surgical 
wound-related complications for the most part, which is in line with prior data[18].

AWR-CS at the time of IHR was independently associated with adverse postoperative outcomes. In 
this cohort, the surgical complication rate was 45.9%, which rose to 57.4% when other non-surgical 
complications were considered. These results are within the complication range (12%-67%) reported after 
component separation in non-trauma populations[5,10,22-30]. Further examination revealed that the increase 

Table 1. Clinical-case mix and operative characteristics of patients with a history of trauma laparotomy undergoing incisional hernia 
repair, by use of abdominal wall reconstruction with component separation 

Characteristics
No AWR-CS (n  = 891) AWR-CS (n  = 61)

P -value
n  (%) n  (%)

Age in years at admission, median (IQR) 54.0 (42.0, 65.0) 47.0 (38.0, 57.0) 0.044#

Indicator of sex 320 (35.9%) 19 (31.1%) 0.57
Female 396 (37.5%) 26 (34.2%) 0.45
Race

     White 625 (70.1%) 44 (72.1%) 0.36
     Black 90 (10.1%) *
     Hispanic 80 (9.0%) *
     Other 40 (4.5%) *
     Not reported 56 (6.3%) *
Insurance 0.19

     Medicare 320 (35.9%) 17 (27.9%)
     Medicaid 170 (19.1%) 12 (19.7%)
     Private 303 (34.0%) 29 (47.5%)
     Self-pay 20 (2.2%) *
     No charge/Other 78 (8.8%) *
Median household income state quartile for patient ZIP Code

     1st (lowest) 217 (24.7%) 13 (21.3%) 0.35
     2nd 230 (26.2%) 11 (18.0%)
     3rd 243 (27.6%) 21 (34.4%)
     4th (highest) 189 (21.5%) 16 (26.2%)
Smoker 263 (29.5%) 15 (24.6%) 0.41
Obese 121 (13.6%) * 0.052
Diabetes 120 (13.5%) * 0.78
Hypertension 387 (43.4%) 24 (39.3%) 0.53
Chronic pulmonary disease 157 (17.6%) 11 (18.0%) 0.93
Congestive heart failure 30 (3.4%) * 0.15
Deficiency anemias 83 (9.3%) * 0.07
Liver disease 27 (3.0%) * 0.53
Renal failure 49 (5.5%) * 0.73
Coagulopathy 19 (2.1%) * 0.80
Weight loss 39 (4.4%) * 0.30
Charlson Comorbidity Index 0.48

     ≤ 2 843 (94.6%) 59 (96.7%)
     > 2 48 (5.4%) *
Mesh use 678 (76.1%) 49 (80.3%) 0.45
Laparoscopy use 87 (9.8%) * 0.034#

Discharge disposition
     Routine 679 (76.6%) 41 (67.2%) 0.18
     Transfer to short-term hospital *(0.1%) 0 (0.0%)
     Transfer to SNF, ICF or other 14 (1.6%) 0 (0.0%)
     Home health care 192 (21.7%) 20 (32.8%)
Weekend admission 13 (1.5%) * 0.91

#Statistically significant p-values less than 0.05. *Cells with counts equal or greater than 10 are suppressed in compliance with HCUP 
data user agreement. IQR: interquartile ranges; SNF: skilled nursing facility; ICF: intermediate care facility; AWR-CS: abdominal wall 
reconstruction with component separation
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Table 2. Postoperative outcomes and healthcare utilization in patients with a history of trauma laparotomy undergoing incisional 
hernia repair, by use of abdominal wall reconstruction with component separation 

Outcome
No AWR-CS (n  = 891) AWR-CS (n  = 61)

P -value
n  (%) n  (%)

Overall complications 357 (40.1%) 35 (57.4%) 0.008#

Non-surgical complications 203 (22.8%) 17 (27.9%) 0.36
Surgical complications 233 (26.2%) 28 (45.9%) < 0.001#

     Surgical site infection 46 (5.2%) * 0.009#

     Wound disruption * * < 0.001#

     Reoperation 46 (5.2%) * 0.93
Non-routine discharge 212 (23.8%) 20 (32.8%) 0.11
Prolonged length of stay (> 75th 
percentile)

166 (18.6%) 14 (23.0%) 0.40

30-day readmission (Any) 207 (23.2%) 19 (31.1%) 0.16
30-day ED visit or observation stay 86 (9.7%) * 0.71
30-day readmission (unplanned) 177 (19.9%) 12 (19.7%) 0.97
30-day readmission (elective) 30 (3.4%) * 0.002#

Reoperation during 30-day 
readmission

84 (9.4%) 13 (21.3%) 0.003#

Index length of stay, median (IQR) 5.0 (3.0, 7.0) 6.0 (4.0, 8.0) 0.002#

Index costs (2019 USD), median (IQR) 12307.8 (7885.8, 20337.0) 17468.8 (11300.1, 26825.0) < 0.001#

Cumulative costs (2019 USD), median 
(IQR)

15529.2 (9430.4, 25936.5) 20804.9 (16145.1, 34941.0) < 0.001#

#Statistically significant p-values less than 0.05. *Cells with counts equal or greater than 10 are suppressed in compliance with HCUP 
data user agreement. ED: Emergency Department; IQR: interquartile ranges; AWR-CS: abdominal wall reconstruction with component 
separation

Table 3. Logistic regression models showing the association of abdominal wall reconstruction with component separation with 
postoperative outcomes

AWR-CS (Ref. No AWR-CS)
Outcome OR 95%CI P -value
Overall complications 2.08 1.22 3.55 0.007#

Systemic complications 1.23 0.65 2.33 0.531
Surgery specific complications 2.60 1.48 4.57 0.001#

Reoperation 0.84 0.24 2.97 0.784
Non-routine discharge 1.69 0.97 2.96 0.066
Prolonged length of stay (> 75th percentile) 1.18 0.63 2.20 0.601
30-day readmission (Any) 1.47 0.80 2.69 0.213

#Statistically significant p-values less than 0.05. OR: odds ratios; IQR: interquartile ranges. Models controlled for age, gender, race, 
insurance, obesity, smoking, anemia, Charlson Comorbidity Index, mesh use and laparoscopy; AWR-CS: abdominal wall reconstruction 
with component separation

Table 4. Generalized linear models showing the association of abdominal wall reconstruction with component separation with 
differences in healthcare utilization 

AWR-CS (Ref. No AWR-CS)
Outcome Predicted mean difference 95%CI P -value
Length of stay, median (IQR) -1.71 -5.87 2.45 0.420
Costs (2019 USD), median (IQR) -$ 2,102.08 -$ 9,187.68 $ 4,983.52 0.561
Cumulative costs (2019 USD), median (IQR) -$ 1,819.31 -$ 11,300.00 $ 7,710.05 0.708

OR: odds ratios; IQR: interquartile ranges. Models controlled for age, gender, race, insurance, obesity, smoking, anemia, Charlson 
Comorbidity Index, mesh use and laparoscopy; AWR-CS: abdominal wall reconstruction with component separation

in surgical complications was due to surgical site infections, delayed healing and wound disruption (data 
not shown due to data user agreement restrictions), which is in agreement with previous studies showing 
that wound complications are prevalent in these patients[21,26]. These high rates are likely due to the space 
created during the extensive and lengthy dissection and mobilization of the abdominal skin required by 
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the component separation technique, which can affect perfusion of the flaps and leave a dissection plane 
that may be prone to seromas or hematomas and, thus, increase infections[21,31]. Furthermore, it is possible 
that this risk is compounded in the setting of trauma, where the abdominal wall anatomy may already 
be significantly altered from repeated disruption of its integrity, delayed closure, percutaneous drain(s) 
insertion and/or ostomy creation/reversal. Future studies should categorize the level of trauma to the 
abdominal wall for the purpose of stratifying the risks associated with performing AWR-CS. Despite AWR-
CS involving maneuvers that further distort anatomy and thereby increase the propensity for complications, 
the alternative approach used when primary fascial closure cannot be achieved, bridged repair, tends to 
yield poorer outcomes as evidence in prior literature[32]. Therefore, surgeons should still consider AWR-CS 
when clinically indicated.

It is important to highlight that survivors of trauma laparotomy represent a heterogenous group with 
varying patient-specific risk factors for AWR-CS and adverse outcomes. No traumatic injury is the same, 
and subsequent surgical management of these patients (the need for delayed abdominal closure, staged 
repair, etc.) may differ based on the nature of the initial injury (sharp vs. blunt, associated intrabdominal 
damage, etc.) and immediate outcomes after the initial interventions, such as early postoperative 
complications and need for multiple reoperations. In addition, since there is a temporal variation in the 
development of IH following trauma laparotomy, patients inevitably present at different stages of wound 
healing, adding another layer of complexity to the patient’s profile. Therefore, each IH originating after 
trauma laparotomy may be “complex” due to a unique combination of factors and it is not surprising that 
AWR-CS at the time of IHR was associated with adverse outcomes. Slater et al.[33] provided a framework 
for understanding these patient-specific factors that contribute to the inherent complexity. Although 
there are many factors, some particularly relevant to trauma patients include emergency operation 
with bowel resection, open (burst) abdomen, and significantly distorted anatomy from trauma and/or 
multiple reoperations during the initial trauma management. The open abdomen, in particular, is one 
of the few stand-alone characteristics that surgeons agree make a complex hernia most severe[33]. Since 
this management technique is commonly used in trauma surgery, it is possible that trauma laparotomy 
survivors are more likely to have complex hernias of greater severity, thereby increasing their risk for 
adverse events after AWR-CS as compared to non-trauma complex hernia patients.

The findings of the present study have implications that involve various stakeholders. The increase in 
complications after IHR with AWR-CS in survivors of trauma laparotomy underscores the complexity 
of these cases undertaken often by experienced general and plastic and reconstructive surgeons, and 
highlights the need for additional research in this area. Surgeons should not be discouraged from 
using AWR-CS techniques at the time of IHR when clinically indicated but rather, focus their efforts 
in minimizing postoperative complications. This may be achieved by leveraging risk-prediction tools, 
as developed previously[34], that provide actionable information that can be used to maximize health in 
preparation for surgery and therefore, minimize the risk for postoperative complications. Other strategies 
for the optimization of postoperative outcomes may include the enhancement of surgical technique 
through novel approaches such as component separation with chemodenervation[35], or minimally invasive 
component separation with inlay bioprosthetic mesh[36]. Furthermore, this study illustrates the magnitude 
of the increased risk associated with AWR-CS at the time of IHR, which can aid clinicians with counseling 
patients, setting realistic expectations, and optimizing shared decision-making. These results may also be 
used as future benchmarks for programs aiming to improve the quality of care provided, such as pay-for-
performance and value-based purchasing[37]. Lastly, from the perspectives of the payer and public health, 
this study underscores the burden of IH after trauma laparotomy and the healthcare utilization burden in 
the following years when patients return for IHR (with and without AWR-CS).

There are several limitations to this study including its retrospective nature and the use of administrative 
data. We relied on billing codes, which render this study subject to misclassification and selection bias. 
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However, we used an approach adapted from previously described methods for the identification of 
patients undergoing AWR-CS at the time of IHR and attempted to minimize selection bias by excluding 
patients admitted through the ED or for emergent indications of IHR (incarceration or strangulation)[12]. 
In addition, we were unable to control for more granular clinical data such as baseline functional status, 
size of the hernia defect, reconstructive details (i.e., anterior vs. posterior component separation, open 
vs. minimally invasive component separation), wound classification and laboratory values as they are not 
available within the administrative databases used in this study. Furthermore, although our approach 
comprehensively captures post-discharge healthcare utilization through ED visits, observation stays and 
inpatient admissions after the index procedure, these data do not include clinic visits, which may represent 
a significant proportion of healthcare utilization after discharge. The healthcare cost estimates were limited 
to the population who were readmitted and met inpatient criteria given that the SEDD does not allow 
conversion of charges to costs. The purpose of this study was not to describe the incidence of IH among 
trauma laparotomy survivors. Therefore, the proportion of patients we identified upon elective admission 
is not a reflection of the incidence of IH. This is due to the fact that a number of patients from the initial 
trauma cohort did not have more than two years of follow-up. Lastly, even though statewide data from 
diverse geographical regions were used, it is unclear whether the trends observed are generalizable to the 
entire population in the U.S. Nonetheless, this is the largest study to date examining AWR practice patterns 
and outcomes among trauma survivors who had undergone laparotomy due to their injuries.

The use of AWR-CS is part of the armamentarium for trauma laparotomy survivors who develop IH and 
require surgical repair. This approach is associated with increased complications that can result in increased 
healthcare costs and utilization. Surgeons should counsel patients accordingly and strive to maximize 
health preoperatively to reduce the risk of postoperative complications.
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