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INTRODUCTION
Ventral hernias persist as a common and extremely 

costly problem to treat and manage. The most recent 
estimates approximate that at least 348,000 ventral her-
nia repairs occur annually.1 Incidence of ventral hernia 
repair results largely from incisional hernias (IHs) follow-
ing abdominal surgery. Depending on the type of abdomi-
nal surgery, IH incidence is reported to be between 3.8% 
and 15%.2,3 Moreover, patients with IH report significant 
impacts on their quality of life, affecting a wide range 
of domains to include body image, mood, and physical 
ability.4,5

Current risk factor analysis of postoperative compli-
cations is limited and focus on patient history and co-
morbidity.6 As standard of care, surgeons rely on physical 
examination and radiologic imaging; however computed 
tomography (CT) features are not extensively studied to 
predict surgical outcomes.7,8 Despite their lack of incorpo-
ration into surgical practices, CT scans are readily ordered 
as part of the routine work up of preoperative planning. 
A host of morphologic CT features can be extracted into 
quantitative metrics able to guide hernia repair through 
the stages of perioperative care.

Various studies have evaluated the incorporation of 
imaging into preoperative planning. For example, studies 
have estimated hernia sac volume size and abdominal cav-
ity size using preoperative imaging to guide surgical tech-
niques in reconstructing the abdominal wall.9 Additionally, 
these calculations have been used to predict the ability 
to achieve tension-free fascial closure, allowing surgeons 
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to either preoperatively plan or refer patients to a more 
specialized surgeon.10 Presurgical planning that incorpo-
rates information from imaging simultaneously aids the 
surgeon in identifying the optimal repair technique and 
informs patient counseling.11 To further bolster these 
efforts to utilize preoperative imaging to improve surgical 
planning and patient care, our study aimed to systemati-
cally review the literature on publications evaluating the 
use preoperative CT features associated with perioperative 
ventral hernia outcomes. We theorize that the utilization 
of morphologic CT features will improve patient selec-
tion, perioperative decision-making, and postoperative 
complications.

METHODS

Search Strategy
A full literature review (systematic review) was con-

ducted using the databases PubMed, MEDLINE, Web of 
Science, and Embase. A search syntax strategy was devised 
using keywords pertaining to “computed tomography 
imaging” and “abdominal hernia.” Specifically, Boolean 
operators AND/OR were used to combine the following 
search terms: “abdominal hernia,” “hernia repair,” “inci-
sional hernia,” “ventral hernia,” “ventral hernia repair,” 
“complex hernia repair,” “abdominal wall reconstruc-
tion,” “computed tomography,” “preoperative imaging,” 
“morphologic features,” “pre-operative characteristics,” 
“preoperative computed tomography,” “CT scan features,” 
“Computed tomography imaging,” “preoperative,” and 
“surgical outcomes.” This systematic review was conducted 
in accordance with the Preferred Reporting Items for a 
Systematic Review and Meta-analysis (PRISMA) checklist.12

Eligibility Criteria
Inclusion criteria encompassed articles describing the 

use of CT radiographic features to assess surgical out-
comes in ventral hernia repair, including pre-, intra-, and 
postoperative outcomes. Both prospective and retrospec-
tive study designs, including case-series and cohort stud-
ies, were included. Articles were considered if they were 
published in the year 2000 or after and were available in 
English or had an English translation.

Articles were excluded if they were not available in 
English or did not have an English translation. Review arti-
cles, editorials, and abstracts were excluded. Additionally, 
articles that did not utilize radiologic features in the set-
ting of a ventral hernia repair or did not discuss the evalu-
ation of a surgical outcome were excluded. Two authors 
(OE, SO) independently reviewed all search results at the 
title and abstract level for inclusion and exclusion crite-
ria. Discrepancies between author article reviews were 
resolved through discussion or consultation with a third, 
experienced author (JPF).

Data Extraction and Outcome
Data extracted from each study included: (1) 

authors, (2) year of publication, (3) study purpose, (4) 
number of participants, (5) CT feature utilized, (6) 

title, (7) prediction performance/statistical measure 
used for evaluation, (8) input feature, and (9) predic-
tion outcome. All data were extracted by a single author 
(OE). The primary outcome was the performance of 
radiologic abdominal wall features in predicting surgi-
cal outcomes.

Quality of Evidence and Risk of Bias
A quantitative analysis was deemed inappropriate due 

to the heterogeneity in surgical application as related to 
the outcomes measured and comparison features. A quali-
tative synthesis, in the form of a narrative review, was car-
ried out to assess the results and risk of bias on outcome. 
The Newcastle-Ottawa Quality Assessment Scale was used 
to score the quality of articles included.13

RESULTS
A total of 1922 articles were returned on initial search 

of the described databases. Following removal of dupli-
cates, 1904 remained (Fig. 1). Screening at the level of title 
and abstract resulted in 106 articles being included for a 
full-text review. A full manuscript review was conducted on 
the remaining articles, resulting in 12 articles found to be 
appropriate and included in the systematic review. Years 
of publication ranged from 2011 to 2020, with over one-
third published after 2019 (Fig. 2). The median number 
of patients included was 93 (IQR ± 287).

Study Purpose and Feature Characteristic
Of the 12 included articles, 11 made predictions based 

on CT features (Table 1), which we organized based on 
the ability to either predict postoperative complications 
(n = 9) or the need for intraoperative intervention (n = 3). 
Each radiologic feature was further categorized as belong-
ing to one of the following metrics: distance (n = 28), area 
(n = 9), volume (n = 10), ratio (n = 6), or other (n = 5) 
(Table 2). The top 3 most frequently used features were 
hernia volume (n = 9), subcutaneous fat volume (n = 5), 
and defect size (n = 8).

Outcomes Obtained Utilizing CT Features
All studies used anatomical properties to predict 

surgical outcomes from CT images (Table  2). We cat-
egorized these outcomes into postoperative complica-
tions and need for surgical intervention. Postoperative 
complications were reported in 9 studies. The 2 most 
commonly reports outcomes were surgical site infection 
(SSI) (n  =  4) and hernia recurrence (n  =  3). Surgical 
interventions were obtained by 4 articles, including risk 
of emergent laparotomy (n  =  1) and need for compo-
nent separation or myofascial release (n  =  3). Seventy-
five percent (n = 9) of included papers reported an odds 
ratio. Thirty-three percent (n  =  4) of included papers 
reported area under the curve (AUC). Median AUC and 
odds ratio were 0.68 (±0.16) and 1.12 (±0.39), respec-
tively. Love et al. study alone reported accuracy (mean 
76.9, SD ± 0.83). The top 5 odds ratios included the fol-
lowing CT features: hernia neck ratio > 2.5 (53.24 [CI 
12.77–345.20]), IH volume/peritoneal volume ratio < 
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20% (35 [CI 1.38–888]), hernia angle (6.12 [CI 2.24–
20.00]), psoas muscle Hounsfield unit average calcula-
tion (5.313 [CI 1.121–25.174]), and rectus thickness 
(3.87 [CI 0.51–29.41]). The top 5 predictive CT feature 
models were hernia neck ratio > 2.5 (AUC 0.90), rectus 
width (AUC 0.83), component separation index (AUC 
0.79), subcutaneous fat area (AUC 0.69), and sarcopenia 
based on gender-specific quartiles (AUC 0.67).

Quality Assessment of Studies Included in the Review
A summary and comparison of quality across studies 

using the Newcastle-Ottawa Quality Assessment Scale is 
outlined in Table  3. Eight of 12 studies were of “good” 
quality, receiving a total score of at least 6 of 8 across all 
domains.11,14–20 The remaining 4 studies were of “poor” 
quality due to no comparative analysis built into the study 
design.6,21–23 No study had a total score < 4.

Fig. 2. PRiSMa (Preferred items for Systematic Reviews and Meta-analyses) flow chart of study selection.

Fig. 1. number of manuscripts published per year.
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Table 2. CT Radiologic Features and Outcomes

Author
Outcome  
Measure Subgroup Radiologic Features

Area Under 
Curve (CI) Odds Ratio (CI)

Sabbagh et al 
(2011)

Tension-free  
closure

Area IH surface area (cm2) NA 1 (0.98–1.02)
Ratio IH volume/peritoneal volume  

ratio < 20%
NA 35 (1.38–888)

Franklin et al 
(2013)

Postoperative  
complication

Distance Defect length (cm) NA 0.90 (0.81–1.01)
Defect length (cm) NA 0.78 (0.65–0.93)
Rectus width NA 1.14 (0.75–1.75)
Rectus thickness NA 3.87 (0.51–29.41)
Rectus thickness NA 2.06 (0.21–19.83)
Rectus width NA 0.91 (0.64–1.30)

Ratio Abdominal wall/pannus circumference NA 2.21 (0.00006–85263.18)
Abdominal wall thickness NA 1.31 (0.63–2.73)
Intra-abdominal/pannus volume NA 1.10 (0.28–4.26)
Abdominal wall volume/defect area NA 1.01 (1.00–1.03)

Area Defect area (cm2) NA 1.00 (0.99–1.00)
Pannus area NA 1.00 (0.99–1.00)
Intra-abdominal area NA 0.99 (0.98–1.00)

Distance Abdominal wall circumference NA 0.95 (0.89–1.01)
Pannus circumference NA 0.95 (0.89–1.01)
Pannus thickness NA 0.91 (0.55–1.53)
Xiphoid-pubis length NA 0.82 (0.60–1.14)

Levi et al  
(2014)

Surgical site  
infection

Distance Body circumference (per 10 cm) 0.654 1.59 (1.11–2.28)
Area Total body area (per 100 cm2) 0.646 1.31 (1.06–1.62)

Subcutaneous fat (per 100 cm2) 0.685 1.89 (1.23–2.91)
Aquina et al 

(2015)
Postoperative IH Ratio Visceral obesity NA NA

Volume Visceral fat volume NA NA
Subcutaneous fat volume NA NA
Total fat volume NA NA

Distance Waist circumference NA NA
Blair et al 

(2015)
Postoperative  

complication
Ratio PC2 (pubis, hip girdle, defect width,  

abdominal wall thickness umbilical,  
abdominal wall thickness retrorenal,  
retrorenal, and AW)

NA 1.038 (0.933–1.155)

PC1 NA 1.080 (1.01–1.160)
PC1 NA 1.00 (0.77–1.29)
PC2 NA 1.00 (0.66–1.51)

Need for  
component  
separation

Area Defect area NA NA
Distance Defect width NA NA
Ratio PC2 NA 1.159 (1.03–1.3)

PC1 NA 0.960 (0.89–1.04)
Fueter et al 

(2016)
Postoperative  

complication
Ratio Hernia neck ratio > 2.5 0.9038 53.24 (12.77–345.20)

Mueck et al 
(2017)

Risk of small bowel  
incarceration

Distance Width NA 1.01 (.87–1.16)
Sac height NA 1.44 (1.24–1.68)

Other Angle NA 3.07 (1.14–9.95)
Angle NA 6.12 (2.24–20.00)

Barnes et al 
(2018)

Postoperative  
morbidity

Other Hounsfield unit average calculation NA 5.313 (1.121–25.174)

Van Rooijen  
et al (2019)

Postoperative  
complication

Other Model 2 (sarcopenia based on  
literature cut-offs)

0.6538  
(0.5703–0.7330)

1.52 (0.76–3.12)

Model 3 (model 3 with sarcopenia  
as lowest gender-specific quartile)

0.6670  
(0.5787–0.7521)

2.08 (0.89–4.79)

Distance Rectus thickness NA 1.46 (0.66–3.20)
Rectus width NA 1.13 (0.81–1.58)
Sagittal distance NA 1.05 (0.86–1.28)
Defect size NA 1.00 (0.99–1.01
Waist circumference NA 0.96 (0.28–1.09)

Ratio Loss of domain NA 1.39 (0.93–1.75
Volume Hernia sac volume NA 1.41 (0.92–2.16)

Abdominal volume NA 0.91 (0.71–1.19)
Winters et al 

(2019)
Postoperative  

complication
Distance Rectus thickness NA 3.26 (0.42–25.24)

Rectus width NA 1.23 (0.75–2.03)
Waist circumference NA 1.23 (0.63–2.02)
Sagittal distance NA 1.08 (0.91–1.27)
Defect size NA 0.99 (0.99–1.00)

Ratio Loss of domain NA 0.41 (0.16–1.09)
Volume Visceral fat volume NA 0.72 (0.41–1.25)

Subcutaneous fat volume NA 0.31 (0.12–0.81)
Abdominal volume NA 1.42 (0.82–2.44)
Subcutaneous fat volume NA 1.29 (0.81–2.09)
 Total fat volume NA 1.27 (0.93–1.74)
Subcutaneous fat volume NA 1.29 (0.81–2.09)
Hernia sac volume NA 1.15 (1.04–1.27)

(Continued)
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DISCUSSION
At its worst, ventral hernia progresses to a chronic, pre-

dictable cycle of hernia repair followed by recurrence, with 
each subsequent repair being more complex than the pre-
vious. Due to the increasing complexity of repairs, there is 
a need to optimize preoperative assessment, surgical plan-
ning, and patient counseling. Traditionally, CT imaging 
has been used mainly to confirm the physical exam finding 
suspicious for hernia formation. However, with improved 
CT image resolution and the advent of image-processing 
software in the last decade, advanced image analysis has 
emerged as a potential tool used for predicting outcomes. 
To our knowledge, this is the first systematic review of radio-
graphic features associated with outcomes of abdominal 
wall reconstruction. Included studies were of high quality 
for a growing area of research. In summary, we demonstrate 
that a variety of radiographic features, most commonly her-
nia volume, subcutaneous fat volume, and defect size, are 
used to predict either postoperative complications or the 
need for intraoperative intervention. Overall, advanced 
image processing is a useful, practical tool with potential to 
augment decision-making in the preoperative phase.

Image analysis of subcutaneous fat volume, a com-
monly identified feature, has provided a deeper under-
standing on obesity as a risk factor for adverse outcomes. 
Following IH repair, obese patients are more likely to 
develop complications, specifically SSI and recurrence.24,25 
Traditionally, body mass index (BMI) has been used as a 
marker for obesity. While BMI may partially predict obe-
sity-related complications after surgical intervention, this 
measure does not account for patient-specific fat distribu-
tion within the abdominal cavity. Using advanced analy-
sis of radiographic images, surgeons have been able to 
identify and study patient-specific obesity measures, such 
as subcutaneous fat volume. Schlosser et al. showed that 
in addition to BMI, subcutaneous fat volume was a col-
linear marker of obesity.20 Several studies have elucidated 
the discrete influences that subcutaneous fat volume and 

other patient-specific obesity features have on outcomes. 
In patients undergoing colorectal surgery, visceral obe-
sity was associated initial formation of IH.17 In patients 
undergoing component separation, visceral fat volume 
was a significant predictor of recurrence.6 Subcutaneous 
fat, specifically, has been demonstrated as an independent 
risk factor for SSI.6,26 In fact, subcutaneous fat was a bet-
ter predictors of SSI compared with BMI.16 Although we 
inform obese patients of their increased risk for compli-
cations, we are unable to tell them how much their risk 
is increased based on patient-specific obesity measures, 
including abdomen size and subcutaneous fat volume. 
Identification of patient-specific obesity measures using 
advanced imaging analysis will not only allow for better 
outcome prediction, but also improve patient counseling.

Advanced analysis of radiologic hernia-specific mea-
sures is a promising but understudied method of predict-
ing recurrence. To date, risk factor analysis for recurrence 
has focused primarily on past medical history and comor-
bidities, such as smoking, obesity, and number of previ-
ous recurrences. While surgeons use CT scans to confirm 
the presence of a hernia, use of hernia-specific measures 
to predict recurrence is not a standard of surgical care, 
likely due to the paucity of research in this area. Although 
recurrence was the most commonly predicted outcome 
in the present study, only a few included studies identi-
fied hernia-specific radiographic features related to this 
outcome, and their findings did not align. Hernia defect 
area was associated with increased recurrence in patients 
undergoing component separation.15 Similarly, DiCocco 
et al. found that recurrent hernias had increased preop-
erative defect areas, but the difference was not statistically 
significant.7 However, contradicting these findings, recur-
rence did not correlate with any CT measurements of 
the abdominal wall, including hernia defect size.21 Since 
recurrence is a hallmark of chronic, unrelenting IH dis-
ease, research is needed to understand how radiographic 
features may be used to predict recurrence

Schlosser  
et al (2019)

Postoperative  
complication

Area Hernia sac area NA  1.11 (0.97–1.23)
Volume Intra-abdominal volume NA 0.9 (0.74–1.10)

Intra-abdominal volume NA 0.9 (0.74–1.10)
External abdominal volume NA 1.09 (0.97–1.22)
Hernia sac volume NA 1.18 (1.08–1.30)
External abdominal volume NA 1.18 (1.06–1.32)
Intra-abdominal volume NA 1.04 (0.86–1.26)
External abdominal volume NA 0.98 (0.84–1.15)
Intra-abdominal volume NA 0.85 (0.65–1.11)

Need for component 
separation

Volume Intra-abdominal volume NA 1.18 (0.99–1.42)
External abdominal volume NA 1.02 (0.92–1.22)
Hernia volume NA 1.34 (1.21–1.49)

Need for panniculec-
tomy

Volume Hernia volume NA 1.52 (1.37–1.69)
External abdominal volume NA 1.33 (1.20–1.48)
Intra-abdominal volume NA 1.09 (0.91–1.31)

Failure of fascial 
closure

Volume Intra-abdominal volume NA 1.20 (0.92–1.57)
External abdominal volume NA 1.12 (0.95–1.32)
Hernia volume NA 0.78 (0.69–0.88)

Love et al 
(2020)

Need for myofascial 
release

Distance Rectus width 0.83 NA
Other Component separation index 0.798 NA

AW, abdominal wall.

Table 2. (Continued)

Author
Outcome  
Measure Subgroup Radiologic Features

Area Under 
Curve (CI) Odds Ratio (CI)
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Radiologic imaging has great potential to enhance sur-
gical planning. In the preoperative phase, it is important to 
assess the ability to achieve fascial closure with a given sur-
gical technique. Christy et al. demonstrated the efficacy of 
a novel component separation index in preoperatively pre-
dicting the difficulty of achieving fascial closure27 Similarly, 
Love et al. demonstrated that the rectus width to hernia 
width ratio is a practical, reliable tool to predict the abil-
ity to close during Rives–Stoppa repair without abdominal 
muscle release.11 In large IHs with loss of domain, volume 
to peritoneal volume ratio of <20% was predictive of ten-
sion-free fascial closure.14 The software used to calculate 
volumes in this study was specialized with limited acces-
sibility. However, Martre et al. presented a standardized 
volumetric analysis technique that any surgeon with basic 
computer skills and radiological knowledge can perform in 
the clinic in an autonomous, fast manner.9 Preoperatively 
determining the likelihood of achieving fascial approxima-
tion with component separation is increasingly important 
because bridging biologic mesh for IH has yielded poor 
outcomes.28 Despite the demonstrated potential for CT 
imaging to guide surgical planning, it is rarely used, as con-
firmed by a systematic review.29

This systematic review has limitations. The quality of any 
review is determined by that of its constituent studies. For 
a new, growing area of research, the quality of reporting 
across included studies was satisfactory, but not many studies 
were available. Advanced image analysis in radiographic fea-
tures has not yet become a mainstay of preoperative assess-
ment in abdominal wall reconstruction. Therefore, key 
considerations such as cost and patient-reported outcomes, 
which will be crucial in determining the true advantage of 
this technology, have not yet been assessed in the literature. 
More importantly, the included studies were heterogeneous, 
with a variety of target radiographic features, feature-specific 
measures, postoperative outcomes, and advanced image 
analysis software. Such heterogeneity makes it difficult to 
synthesize results into a cohesive, definitive conclusion. In 
addition, the lack of formal standards for reporting on pre-
dictive performance of radiographic features in this new 
field made the quantitative assessment impossible. Finally, 
this systematic review is subject to selection bias, as research-
ers are more likely to publish on radiographic features that 
successfully predicted outcomes than those that did not.

With the exponential advancement in technologi-
cal hardware and software, the future of computer-aided 
decision-making in abdominal wall reconstruction is 
promising. The authors envision the incorporation of 
3D volumetric measurements, along with standard CT 
features, into multi-modal data (eg, labs, genomic, demo-
graphics) algorithms filtered through complex machine 
learning and neural networks models to help surgeons 
make informed decisions.

CONCLUSIONS
To our knowledge, the present study is the first sys-

tematic review of radiographic features associated with 
outcomes of hernia repair. In summary, we demonstrate 
that a variety of radiographic features, most commonly Ta
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hernia volume, subcutaneous fat volume, and defect 
size, are increasingly used to predict either postoperative 
complications or the need for intraoperative interven-
tion. In the future, advanced image analysis of preop-
erative CT scans may be used to not only identify at-risk 
patients, but also customize surgical approaches to the 
patient’s anatomy and comorbidities. Large, multicenter 
studies will better define the usefulness of CT measure-
ments in the preoperative assessment of ventral hernia 
repair candidates.
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