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Abstract

BACKGROUND: Incisional hernia develops in up to 20% of patients undergoing abdominal 

operations. We sought to identify characteristics associated with poor outcomes after acute 

incisional hernia incarceration.

STUDY DESIGN: We performed a retrospective cohort study of adult patients with incisional 

hernias undergoing elective repair or with acute incarceration between 2010 and 2017. The 

primary end point was 30-day mortality. Logistic regression was used to determine adjusted odds 

associated with 30-day mortality. The American College of Surgeons Surgical Risk Calculator was 

used to estimate outcomes had these patients undergone elective repair.

RESULTS: A total of 483 patients experienced acute incarceration; 30-day mortality was 9.52%. 

Increasing age (adjusted odds ratio 1.05; 95% CI, 1.02 to 1.08) and bowel resection (adjusted 

odds ratio 3.18; 95% CI, 1.45 to 6.95) were associated with mortality. Among those with acute 

incarceration, 231 patients (47.9%) had no documentation of an earlier surgical evaluation and 252 

(52.2%) had been evaluated but had not undergone elective repair. Among patients 80 years and 

older, 30-day mortality after emergent repair was high (22.9%) compared with estimated 30-day 

mortality for elective repair (0.73%), based on the American College of Surgeons Surgical Risk 

Calculator. Estimated mortality was comparable with observed elective repair mortality (0.82%) in 

an age-matched cohort. Similar mortality trends were noted for patients younger than 60 years and 

aged 60 to 79 years.
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CONCLUSIONS: Comparison of predicted elective repair and observed emergent repair 

mortality in patients with acute incarceration suggests that acceptable outcomes could have been 

achieved with elective repair. Almost one-half of acute incarceration patients had no earlier 

surgical evaluation, therefore, targeted interventions to address surgical referral can potentially 

result in fewer incarceration-related deaths.

Incisional ventral hernias represent a considerable disease burden, as approximately 2 

million abdominal operations are performed in the US each year, and up to 20% of 

those can be complicated by development of an incisional hernia.1 Definitive management 

consists of elective repair; however, a variety of patient- and provider-driven factors 

can lead to nonoperative management (NOM). NOM carries a risk of incarceration 

requiring emergent operation,2,3 although only a small proportion of patients (<3%) who 

undergo NOM ultimately require emergent operation.4 Aside from the risk of incisional 

hernia incarceration, it is also important to consider associated outcomes after acute 

incarceration, particularly given the established excess morbidity and mortality of emergent 

repair.1,5,6 Wide variability in acute incarceration outcomes, including some patients whose 

postoperative course might be similar to that for an elective repair, contributes to clinical 

equipoise surrounding incisional hernia management. Identification of the subset of patients 

who experience incarceration that results in a prolonged and complicated postoperative 

course and/or death might provide greater value in guiding patient selection for elective 

repair.

The elevated rates of adverse outcomes after an emergent operation for all types of ventral 

hernias are well established.1,5,6 Nevertheless, given their surgical history, patients with 

incisional hernias can theoretically be at higher risk for poor outcomes due to inherent 

difficulties in the operation associated with postoperative adhesions.2,7,8 There has been 

little directed inquiry focusing on outcomes after acute incisional hernia incarceration. The 

aim of this study was to investigate preoperative and perioperative characteristics among 

patients with an incisional hernia initially managed nonoperatively who experienced acute 

incarceration. We proposed that improved understanding of patient characteristics associated 

with poor outcomes after acute incarceration can identify variability in hernia management 

that is eligible for targeted quality improvement.

METHODS

Study design and patient selection

We performed a retrospective cohort study of all patients diagnosed with an incisional 

hernia who experienced an acute incarceration requiring emergent repair between January 

1, 2010 and November 30, 2017 at 15 hospitals within the University of Pittsburgh Medical 

Center healthcare system. We excluded patients with primary, parastomal, inguinal, internal, 

or hiatal hernias. Full details of the entire population (n = 30,998) have been reported 

previously4 (Fig. 1). Briefly, we selected 17 ICD codes possessing face validity to maximize 

the sensitivity for identifying all patients with an incisional hernia. We defined an acute 

incarceration as a nonelective hernia repair (ie on presentation to the emergency department 

or after inter-facility transfer); patients who died as a result of acute incarceration without 

undergoing surgical intervention were also included. To identify acute incarceration events, 
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we performed a thorough review of all nonelective incisional hernia repairs to confirm 

that the indication for operation was an acute incarceration, all nonelective exploratory 

laparotomies/laparoscopies to identify those cases in which an incarcerated hernia led to 

an operation but no hernia repair, and all inpatient deaths. We focused our investigation 

on patients who had a documented history of an incisional hernia during a separate 

earlier encounter, and could have theoretically undergone surgical evaluation before their 

incarceration event. As a result, we excluded all patients with a concurrent index incisional 

hernia diagnosis and emergent operation. Patients undergoing elective repair of an incisional 

hernia were identified by review of CPT codes. The IRB at the University of Pittsburgh 

approved this study.

Characteristics among patients with acute incarceration

Patient variables were extracted by manual review of the electronic health record (EHR). 

Baseline variables were obtained from review of records at the index date of diagnosis 

(defined as the first documentation of the incisional hernia). Perioperative variables were 

obtained from the encounter that included the emergency operation. Our primary end point 

was 30-day mortality, which we obtained from review of inpatient records and from the 

Social Security Death Index.9 In a secondary analysis, patients were stratified based on the 

need for a bowel resection for compromised bowel, as specified in the operative report. 

Patients who required bowel resection that was deemed inherent to the complexity of the 

case were analyzed along with those patients who did not undergo bowel resection.

Categorization of incisional hernia management

Our payor-provider, multihospital healthcare system insures more than 43% of individuals in 

Western Pennsylvania and all in-network encounters are captured in our EHR. Patients with 

an initial encounter and incisional hernia diagnosis are likely to have subsequent records 

within our EHR. Patients were categorized based on whether they had any documented 

surgical evaluation of their hernia after their index date of diagnosis. All outpatient surgical 

visits were reviewed for documentation of assessment and decision-making for management 

of the incisional hernia.

Patients without documented surgical evaluation were classified based on provider 

documentation as one of the following: hernia noted by radiologist, hernia noted by 

nonsurgeon and no surgical referral documented, or surgical referral recommended but no 

record of surgical evaluation. Patients who underwent surgical evaluation were categorized 

based on whether repair was not offered (ie documentation included assessment of the 

hernia but no mention of offering repair), repair was recommended but the patient declined, 

or incarceration occurred before a scheduled elective repair date. For patients who were not 

offered repair, reasons were categorized as one of the following: excess weight (including 

any documentation in which the surgeon recommended weight loss before reconsidering 

repair), comorbidities, or lack of symptoms such that the benefits of the procedure were 

deemed minimal.

To compare perioperative mortality in elective and emergent repair cases, we examined 

30-day postoperative mortality rates based on age (ie younger than 60 years, 60 to 79 
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years, or 80 years and older) in both the incarceration cohort and a cohort of patients 

who underwent elective incisional hernia repair. We used baseline variables to estimate 

elective repair mortality for those patients with incarceration using the American College of 

Surgeons Surgical Risk Calculator.10

Statistical analysis

Continuous data are reported as mean (SD) or median (interquartile range) and categorical 

data are reported as number (%). We performed pairwise comparison of continuous data 

using Student’s t-test or Mann-Whitney U test for continuous variables and chi-square 

analysis for categorical variables. Missingness was < 10% for all variables. All hypothesis 

testing was 2-sided and p < 0.05was considered significant. We performed multivariable 

logistic regression of relevant demographic and clinical variables to calculate adjusted odds 

ratios (aOR) with 95% CIs of 30-day mortality and need for bowel resection. Both age and 

sex were also included in the perioperative model. The aORs were obtained using stepwise 

logistic regression with backward elimination and included all variables with p < 0.05 in the 

final multivariable regression model. We performed a propensity score-matched analysis of 

patients undergoing elective repair and emergent repair for comparison of 30-day mortality 

rates. Propensity matching with 1:1 pairing was performed using age, sex, race, smoking, 

and the presence of comorbidities (eg heart disease, COPD, diabetes, end-stage renal 

disease, and cirrhosis). Elective and emergent repair patients were matched using nearest 

neighbor matching with a caliper distance of 0.20 the SD of the logit of the propensity score. 

Appropriateness of matching was confirmed by an absolute standardized mean difference 

of < 0.10. Kaplan-Meier curves were constructed for overall survival as well as survival 

stratified by age groups (younger than 60 years, 60 to 79 years, and 80 years and older) and 

by bowel resection. Statistical analyses were performed using STATA Software, release 16 

(StataCorp).

RESULTS

Clinical characteristics and perioperative mortality

A total of 483 patients (mean [SD] age 62.3 [14.7] years, 73.1% were female) experienced 

acute incarceration (Table 1). The majority of patients (n = 473 [97.9%]) underwent 

emergent operation and the remaining 10 patients did not undergo operation due to futility or 

patient preferences. Of the 483 patients, 46 (9.52%) died within 30 days of presentation. We 

first analyzed patient characteristics available at the time of hernia diagnosis to determine 

which characteristics were predictive of mortality after incarceration. After adjusting for 

baseline characteristics, age 80 years and older (aOR 5.92; 95% CI, 2.51 to 13.96; p < 

0.001), male sex (aOR 2.14; 95% CI, 1.11 to 4.13; p = 0.024), and presence of symptoms 

(aOR 2.12; 95% CI, 1.01 to 4.43; p = 0.046) were significantly associated with mortality 

(Table 2). Next, we analyzed characteristics at the time of acute presentation. Among 

perioperative variables, age 80 years and older (aOR 3.69; 95% CI, 1.42 to 9.58; p = 0.007), 

WBC count (aOR 1.08; 95% CI, 1.02 to 1.13; p = 0.004), creatinine level (aOR 1.35; 95% 

CI, 1.11 to 1.63; p = 0.003), mean arterial pressure (aOR 0.97; 95% CI, 0.95 to 0.99; p = 

0.020), and bowel resection (aOR 3.54; 95% CI, 1.61 to 7.79; p = 0.002) were independently 
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associated with 30-day mortality. Kaplan-Meier analysis was performed for all patients 

(eFig. 1A) and in patients stratified by age (eFig. 1B).

Bowel resection

We compared characteristics of patients undergoing bowel resection (eTable 1). Patients 

with a earlier hernia repair (aOR 1.68; 95% CI, 1.07 to 2.65; p = 0.025) and those with 

a lower BMI (aOR 0.97; 95% CI, 0.95 to 0.99; p = 0.007) at baseline had an increased 

odds of bowel resection (Table 3). Perioperative temperature (aOR 2.46; 95% CI, 1.41 to 

4.29; p = 0.001), bicarbonate level (OR 0.91; 95% CI, 0.85 to 0.98; p = 0 .011), and 

neutrophil to lymphocyte ratio (NLR) (aOR 1.05; 95% CI, 1.03 to 1.07; p < 0.001) emerged 

as independent predictors of bowel resection. Kaplan-Meier analysis demonstrates reduced 

survival after bowel resection (log-rank p < 0.001) (eFig. 2). Also shown are additional 

hernia-related outcomes (eTable 2).

Documentation of nonoperative management

We explored medical decision-making, as documented in the EHR, to improve 

understanding of the rationale for NOM (Tables 4 and 5). Overall, 231 patients (47.8%) 

had no documentation of an earlier surgical consultation. The remaining patients underwent 

surgical evaluation, which resulted in 175 patients (36.2%) not being offered repair, 

39 (8.1%) declining repair, and 38 (7.9%) having a repair scheduled; however, acute 

incarceration occurred before the repair date. Among patients who died, only half (n = 

23) had undergone an earlier surgical evaluation. Patients 80 years and older were less likely 

to have been referred to a surgeon (20 of 61 [32.8%]) compared with patients younger than 

60 years (120 of 214 [56.1%]) and 60 to 79 years (112 of 208 [53.8%]).

Estimated and observed perioperative mortality for elective repair

In a cohort of 8,708 patients who underwent elective incisional hernia repair, 30-day 

postoperative mortality rates in patients younger than 60 years, 60 to 79 years, and 80 

years and older were 0.12%, 0.47%, and 0.82%, respectively (Fig. 2). In comparison, 

30-day mortality rates among our 483 patients with acute incarceration, stratified by these 

age groups, were 5.61%, 9.62%, and 22.91%, respectively. Estimated mortality rates had 

these patients undergone elective repair (from the American College of Surgeons Surgical 

Risk Calculator) were 0.14%, 0.51%, and 0.73% in patients younger than 60 years, 60 to 

79 years, and 80 years and older, respectively. Overall, estimated elective repair mortality 

(0.37%) in patients who ultimately experienced acute incarceration was not significantly 

different from observed elective repair mortality (0.28%; p = 0.399). After propensity score 

matching using demographic characteristics and comorbidities (eTable 3), observed 30-day 

mortality rates for patients undergoing emergent repair (9.15%) remained significantly 

higher than mortality rates among those patients undergoing elective repair (0.64%; p < 

0.001).

DISCUSSION

Decision-making for incisional hernia management is complex and requires assessment 

of both the risk of elective repair and the potential for acute incarceration. This is 
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particularly true because patients who experience acute incarceration and require emergent 

operations tend to have worse outcomes.11–13 We identified contributors to increased risk of 

mortality and bowel resection to inform incisional hernia management. Among 483 patients 

with acute incarceration, age, leukocytosis, elevated creatinine, and the need for bowel 

resection were independently associated with 30-day mortality. Interestingly, almost half 

of these patients had no documentation of an earlier surgical evaluation, and estimation of 

elective mortality rates suggests that mortality rates comparable with those for patients who 

underwent elective repair could have been achieved. Taken together, these data suggest 3 

potential strategies to mitigate the excess mortality of acute incisional hernia incarceration, 

including education of nonsurgical providers to increase surgical referral among patients 

with incisional hernias; expanded use of elective repair, especially in elderly patients; and 

immediate operation in patients presenting acutely with the potential for bowel compromise.

Elevated mortality rates after emergency operations for many procedure types have been 

extensively detailed, yet the inherent complexity associated with reoperation in incisional 

hernia cases distinguishes these cases from primary ventral hernias. As a point of reference, 

postoperative mortality rates after emergency groin hernia operation have been reported 

as 1% to 3%.14–16 In contrast, published studies on a heterogeneous mix of patients 

undergoing emergent operations for ventral hernias have quoted mortality rates between 

4.5% and 14.3%.12,17,18 In this large cohort study of patients with known incisional hernias 

undergoing emergent operations, we found a 30-day mortality rate of 9.52%. Notably, age, 

male sex, and symptoms at diagnosis were predictive of 30-day mortality after subsequent 

incarceration. The association between older age and worse surgical outcomes has been well 

established. Studies have attributed this correlation to higher rates of complications19,20 and 

failure to rescue21–23 in older patients, but not necessarily the number of comorbidities.19,24 

This was corroborated by our finding that age, but not the presence of kidney disease, 

cirrhosis, or diabetes, was associated with death after emergent hernia repair. Our earlier 

work also established age as a risk factor for incarceration.4 With these findings, we believe 

that the informed consent for older incisional hernias patients should include discussion of 

the combined increased risks of both acute incarceration and death after emergent repair. In 

addition, stronger consideration should be given to elective repair in a controlled setting.

Review of surgical decision-making revealed a population of patients who were evaluated 

and not offered repair due to comorbidity burden. We speculate that this is due to a 

perception of an elevated perioperative risk.25 However, our finding of comparable estimated 

elective repair mortality calls for reconsideration of the risks and benefits of elective repair. 

In particular, although age was associated with perioperative death, both estimated and 

observed elective repair mortality rates were < 1% for patients 80 years and older compared 

with the 22.9% mortality rate with emergent repair. This suggests that age alone should not 

preclude elective repair, particularly because older age is a risk factor for incarceration.4 One 

major limitation in studies comparing patients undergoing elective vs emergent operations 

is the potential for selection bias. Many elderly patients undergoing elective repair might be 

deemed as “highly selected,” and would be expected to have favorable outcomes in contrast 

to patients undergoing NOM, who perhaps were deemed too high risk for elective repair. 

On the contrary, we found that half of incarceration patients had no earlier documentation 

of a surgical evaluation and were not necessarily undergoing NOM because of a perceived 
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high risk. It is also important to consider that risk modification and prehabilitation strategies 

can represent feasible approaches to further improve elective repair mortality in patients 

with borderline perioperative risk, particularly elderly patients.26–28 Increased surgical and 

nonsurgical provider awareness about the risks associated with incisional hernias in elderly 

patients can improve overall outcomes through individualized, patient-centered management 

approaches.

In addition to guiding patient-provider decision-making in an elective setting, we sought 

to explore perioperative characteristics that might aid in prognostication at the time of 

emergent repair. Aside from its association with death, bowel resection has been associated 

with loss of intestinal length, surgical site infection, and potential need for ostomy 

placement, all of which increase long-term morbidity, therefore, the need for bowel resection 

was explored as a secondary outcome.29,30 The predictive and prognostic value of the NLR 

has been described in strangulated inguinal hernias and in emergency general surgery cases 

in the elderly.31–33 In 1 study, an elevated NLR was associated with the need for bowel 

resection after incarceration, although 96% of patients in that series had either primary 

umbilical or groin hernias.34 The NLR, a readily available laboratory value, might be 

particularly valuable not only in discussing the potential for bowel resection at the time of 

acute incarceration, but also in triaging patients to ensure that those patients with an elevated 

NLR do not experience any delays before operative intervention. Additional studies will be 

necessary to clarify the role of NLR as a prognostic tool.

Our study cohort was unique in that it consisted of patients diagnosed with an incisional 

hernia in a variety of practice settings. The lack of formal guidelines renders it difficult 

to direct optimal management, however, it is important to consider whether nonsurgical 

providers should be encouraged to refer these patients for surgical evaluation, including 

any incidentally noted incisional hernias. We have previously described risk factors for 

incisional hernia incarceration, including age, female sex, and obesity, and we believe that 

patients with any of these risk factors, even with an incidental finding, should be referred 

to a surgeon.4 In addition, the natural history of incisional hernias is not well defined, 

and an earlier surgical evaluation should not preclude re-evaluation. We do acknowledge, 

however, that not all patients with incisional hernias should undergo elective repair based 

on the presence of the hernia alone.35 At minimum, patients should undergo surgical 

evaluation to generate an individualized plan based on patient-specific risk, which would 

benefit from future studies to refine relevant risk factors. Efforts to encourage referral for 

surgical consultation by nonsurgical providers, including emergency department providers 

and primary care providers, might ultimately improve outcomes for this common surgical 

disease.

This study has several limitations. Due to the retrospective study design, we were unable 

to fully account for all contributors to decision-making, and factors such as symptom 

details, quality of life, and frailty were not included. We acknowledge that the clinical 

documentation in the health record that we used to understand surgical decision-making 

or reasons for absence of surgical referral might not completely or accurately reflect 

the argumentation for operative or nonoperative management in some patients. Likewise, 

clinical documentation did not consistently provide the character and severity of symptoms, 
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and we limited the classification of hernia-related symptoms to either “present” or “absent.” 

It is possible that patients had undergone surgical evaluation before our study period; 

however, given the potential for progression of incisional hernias, we think that an earlier 

evaluation does not preclude a reassessment of risks and perhaps a recent evaluation is more 

relevant. We were limited to available data and were not able to incorporate all potentially 

relevant biochemical assessments, including preoperative albumin and create-nine levels, 

as well as perioperative lactate levels, due to the lack of available data. Finally, we 

acknowledge that hernia features (eg shape, size, and location) are likely important factors 

in both the propensity for incarceration, as well as incarceration outcomes. These were not 

included in this analysis but are the subject of an ongoing investigation by our group.

CONCLUSIONS

As incisional hernias are inherently surgical sequelae, management and care of these 

patients should be of paramount importance to surgical providers. The observed 

postoperative mortality rate approaching 10% for acute incisional hernia incarceration calls 

for reconsideration of current multidisciplinary practices for referral and management of 

incisional hernias, including incidentally diagnosed incisional hernias. Specifically, our 

findings of an increased risk of death with increasing age with a high mortality rate 

compared with elective repair underscore the call for more assertive surgical management 

among elderly patients. Additional work is needed to fully enumerate the risk of 

incarceration based on patient-specific characteristics that will ultimately result in an 

individualized risk calculator, estimating combined risks of morbidity and mortality of 

elective repair, likelihood of incarceration, and morbidity and mortality risk of emergent 

repair for each patient.
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Refer to Web version on PubMed Central for supplementary material.

Abbreviations and Acronyms

aOR adjusted odds ratio

EHR electronic health record

NLR neutrophil to lymphocyte ratio

NOM nonoperative management
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Figure 1. 
Flowchart of the study cohort. The populations analyzed in this study (ie elective repair and 

incarceration group) are shown in red font.
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Figure 2. 
Thirty-day postoperative mortality in patients with acute incisional hernia incarceration, 

stratified by age. Observed mortality rates for patients undergoing elective repair and 

emergent repair are shown. We used the American College of Surgeons Surgical Risk 

Calculator to predict elective repair mortality from baseline characteristics for the 483 

patients with acute incarceration
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