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Abstract

Background Incarceration of primary and incisional hernias often results in emergency surgery. The objective of this
study was to evaluate the relation of defect size and location with incarceration. Secondary objectives comprised
identification of additional patient factors associated with an incarcerated hernia.

Methods A registry-based prospective study was performed of all consecutive patients undergoing hernia surgery
between September 2011 and February 2016. Multivariate logistic regression was performed to identify risk factors
for incarceration.

Results In total, 83 (3.5%) of 2352 primary hernias and 79 (3.7%) of 2120 incisional hernias had a non-reducible
incarceration. For primary hernias, a defect width of 3—4 cm compared to defects of 0—1 cm was significantly
associated with an incarcerated hernia (OR 2.85, 95% CI 1.57-5.18, p = 0.0006). For incisional hernias, a defect
width of 3—4 cm compared to defects of 0—2 cm was significantly associated with an incarceration (OR 2.14, 95% CI
1.07-4.31, p = 0.0324). For primary hernias, defects in the peri- and infra-umbilical region portrayed a significantly
increased odds for incarceration as compared to supra-umbilical defects (OR 1.98, 95% CI 1.02-3.85, p = 0.043).
Additionally, in primary hernias age, BMI, and constipation were associated with incarceration. In incisional hernias
age, BMI, female sex, diabetes mellitus and ASA classification were associated with incarceration.

Conclusion For primary and incisional hernias, mainly defects of 3—4 cm were associated with incarceration. For
primary hernias, mainly defects located in the peri- and infra-umbilical region were associated with incarceration.
Based on patient and hernia characteristics, patients with increased odds for incarceration may be selected and these
patients may benefit from elective surgical treatment.
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Abbreviations

AAA Abdominal aortic aneurysm

ASA  American Society of Anesthesiologists score
BMI Body mass index

OR Odds ratio
ROC Receiver operator characteristic

Introduction

Abdominal wall hernias may result in pain, discomfort and
aesthetic dissatisfaction and remain an important surgical
challenge [1]. Moreover, hernias may be associated with
significant morbidity and in rare cases mortality due to
incarceration of bowel or abdominal contents such as fat or
omentum [2-4]. Incarceration of the bowel is an absolute
indication for emergency surgery. Previous research has
shown prevalence rates of 4-15% of abdominal wall her-
nias resulting in emergency surgery. Emergency surgery is
associated with severely compromised outcomes and
increased mortality as compared to elective hernia repair
[2, 3,5, 6].

Risk of incarceration may be increased due to factors
increasing intra-abdominal pressure. Obesity, ascites,
chronic cough, and constipation are factors that all have
been reported to increase intra-abdominal pressure
[4, 7-9]. Hernia characteristics such as defect location and
defect size may be associated with incarceration as well.
Smaller defects are often thought to be at increased risk for
incarceration; however, the evidence supporting this theory
is limited. In fact, a previous study found no evidence for
an increased incarceration risk in defects below 2 cm and
another recent study found no association at all between
defect size and hernia incarceration [4, 6].

The primary objective of this prospective study was to
evaluate the relation of defect size and location with
incarceration in primary and incisional hernias. Secondary
objectives comprised identification of additional patient
factors associated with an incarcerated hernia.

Methods

This prospective study was conducted within the French
Hernia-Club registry. The Hernia-Club registry is approved
by the French ‘Commission Nationale de 1’Informatique et
des Libertés’ (CNIL registration number: 1993959v0).
Since this study is registry based and guaranties completely
anonymized data, additional participant and institutional
review board approval were not required according to the
Dutch and French national standards. This study was

conducted according to the STROBE (Strengthening the
Reporting of Observational studies in Epidemiology) rec-
ommendations for observational studies [10].

Study design

A registry-based prospective study was performed includ-
ing all adult patients in the French Hernia-Club registry
that underwent hernia repair surgery, for primary or inci-
sional hernias, between September 1, 2012 and February
29, 2016. Patients with incarcerated hernias were compared
to patients without an incarcerated hernia. The present
study differentiates between two types of incarceration as
determined during surgery. The first type constitutes of a
non-reducible protrusion of abdominal contents (e.g. fat,
omentum, or bowel) through the abdominal wall defect. A
hernia was considered non-reducible if reintegration of
contents was only possible after adhesiolysis or enlarging
of the defect. The second type constitutes of incarcerated
hernias that could be easily manually reduced without the
need for adhesiolysis or enlargement of the defect. Only
the first type of incarceration, i.e. non-reducible incarcer-
ation was considered as endpoint for the present analysis.
Cases without information on incarceration were consid-
ered as non-informative and subsequently excluded from
further analysis.

Hernia-club registry

The Hernia-Club registry is a prospective and anonymized
online database of all surgical procedures for primary and
incisional hernias. The registry contains data of abdominal
wall surgery performed in academic and non-academic
centres by 47 surgeons. Each participating specialist must
accept and sign the Charter of Quality. This states that: ‘all
input must be registered in a consecutive, unselected and
exhaustive manner and in real time.” Data from screening,
pre-, peri- and postoperative periods are collected in real
time through online forms by the operating surgeon. A total
of 164 parameters are collected. To ensure high-quality
data, participants consent to random peer review of the
original medical charts. Within a follow-up period of
2 years, outcomes are collected by the surgeon and further
checked by an independent research associate. In case of
discrepancies in collected data, the medical records are
checked. The collected parameters in this database are fully
compatible with the European Hernia Society (EHS) clas-
sification of primary and incisional abdominal wall hernias
and the European Registry of Abdominal Wall Hernias
(EuraHS) international online platform [11, 12].
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Data collection

For the present study, predefined patient baseline charac-
teristics and hernia characteristics were extracted from the
Hernia-Club registry. Baseline characteristics of interest
comprised age, body mass index (BMI), sex, current
smoking habits, diabetes mellitus, corticosteroid use,
radiotherapy, chemotherapy, history of abdominal aortic
aneurysm (AAA), collagen disorder, anticoagulant use,
history of abdominal hernia (inguinal, primary or inci-
sional), family history of abdominal hernia, American
Society of Anesthesiologists (ASA) score, and primary
surgery (none, gastro-intestinal, gynaecologic, or other).
Factors of interest related to increased intra-abdominal
pressure comprised ascites, chronic cough, constipation
(i.e. frequent episodes of no defecation lasting for more
than 3 days), and heavy lifting (i.e. patients who have to
carry more than 10 kg multiple times a day). Hernia
characteristics comprised hernia type (primary or inci-
sional), defect location (supra-umbilical, (peri)-umbilical,
infra-umbilical, or lateral), defect width, recurrent hernia,
and previous surgery with mesh. Data on defect width was
measured either by physical examination alone or by
physical and radiological examination. Defect width was
only available in whole centimetres. Defect width was
categorized in 4 categories for primary hernias (1 cm,
2 c¢cm, 3-4 cm, >5 cm) and for incisional hernias (1-2 cm,
3—4 cm, 5-10 cm, >10 cm).

Statistical analysis

Statistical analysis was performed with RStudio (Version
1.0.153—© 2009-2017 RStudio, Inc.) [13]. Data on pri-
mary and incisional hernias were analysed separately.
Categorical variables are presented as absolute numbers
and percentages. Continuous variables are presented as
means with corresponding standard deviations (SD).
Missing data is presented in absolute numbers and per-
centage for each variable of interest in the Supplement.
Normality of continuous variables was assessed with
Levene’s test for the equality of variances and graphically
in histograms. Differences between incarcerated and non-
incarcerated hernia patients were assessed with appropriate
statistical tests including the Student’s T test or Mann—
Whitney U test for continuous variables and the Fishers’
exact test or Chi-square test for categorical variables. To
prevent bias, multiple imputations were performed to
compensate for missing data. Multiple imputations were
performed with five imputations to ensure maximized use
of available data. Factors potentially associated with
incarceration were assessed in univariate logistic regres-
sion. Factors that were potentially related after univariate
analysis (p < 0.2) and factors of clinical interest were

@ Springer

considered for multivariate analysis. Factors with a strong
mutual correlation were not fitted simultaneously. Linearity
of continuous variables was graphically assessed. A ‘full
model’ containing all variables of interest was reduced,
based on the Wald-statistic and backward elimination, to
include only those variables that improved discrimination.
Defect width was not linearly associated with incarceration
and was therefore not fitted as a continuous variable in a
separate model. We deviated from the size categories
provided by the EHS classification of primary and inci-
sional abdominal wall hernias, since this classification did
not provide enough leniency to adequately include small
defects in the logistic regression model. Additionally, the
EHS classification on defect location was simplified to
include less categories to prevent overfitting of the logistic
regression models. To prevent overfitting, a maximum of
one variable was fitted per approximately ten incarceration
events in the final model [14]. Discrimination of the final
model was evaluated with the area under the receiver
operator characteristic (ROC) curve [15]. A p value of
<0.05 was considered statistically significant.

Results

A total of 2352 patients with a primary hernia and 2120
patients with an incisional hernia had data available on
incarceration and were subsequently included in this study.
In total, 83 (3.5%) of patients with a primary hernia had a
non-reducible incarceration, another 106 (4.5%) had a
reducible incarceration. In total, 79 (3.7%) of the patients
with an incisional hernia had a non-reducible incarceration,
another 93 (4.4%) had a reducible incarceration. The
overall proportion of missing data was low: 1.6% of data
was missing throughout the database. The exact number of
missing data for each variable is presented in the Supple-
ment. Patient baseline characteristics and hernia charac-
teristics, as well as results after univariate logistic
regression, are presented in Tables 1 and 2.

Primary abdominal wall hernia

Results of univariate analysis are presented in Table 1. In
univariate analysis, increasing age, increasing BMI, ASA
class III-1V, ascites, and constipation were associated with
an incarcerated hernia. Additionally, peri- and infra-um-
bilical defects were associated with an incarcerated hernia.
Compared to defects of 0—1 cm, a defect width of 3—4 cm
(OR 3.31, 95% CI 1.91-5.74), p < 0.0001) was signifi-
cantly associated with an incarcerated hernia. In fact, of all
patients with a defect width of 3—4 cm, 22 of 227 (10%)
presented with an incarcerated hernia. In multivariate
analysis only age, BMI, sex, constipation, defect width, and
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Table 1 Primary hernias: patient baseline and hernia characteristics

Variable patient baseline characteristics Not incarcerated Incarcerated Odds ratio p value
N (%) N (%) OR (95% CI)
Total # patients 2269 83
Age (years)* 554 + 14.6 60.0 £ 174 1.02 (1.01-1.04)** 0.0084
BMI (kg/m?*)* 27.8 £ 6.1 303+ 75 1.06 (1.02-1.09)** 0.0004
Sex = female 886 (39.0) 35 (42.2) 1.14 (0.73-1.77) 0.57
Current smoking 514 (23.1) 12 (15.2) 0.60 (0.32-1.12) 0.11
Diabetes mellitus 136 (6.1) 8 (9.6) 1.63 (0.77-3.46) 0.20
Corticosteroid use 76 (3.4) 4 (4.8) 1.38 (0.49-3.85) 0.54
Radiotherapy 19 (0.8) 224 2.81 (0.64-12.26) 0.17
Chemotherapy 28 (1.2) 224 1.67 (0.38-7.30) 0.49
History of AAA 6 (0.3) 0 () - 0.83
Anticoagulant use 184 (8.2) 12 (14.5) 1.88 (1-3.54) 0.05
History of abdominal wall hernia 309 (13.7) 12 (14.5) 1.03 (0.55-1.92) 0.92
History of inguinal hernia 213 (9.4) 9 (10.8) 1.14 (0.56-2.30) 0.73
Family history of hernia 102 (4.5) 1(1.2) 0.25 (0.03-1.84) 0.17
ASA classification

-1 1912 (84.9) 58 (70.7) 1 (reference)

-1v 340 (15.1) 24 (29.3) 2.35 (1.44-3.83) 0.0006
Ascites 17 (0.8) 3 3.7 4.48 (1.25-16.08) 0.0215
Chronic cough 107 (4.8) 2(24) 0.55 (0.14-2.18) 0.39
Constipation 65 (2.9) 7 (8.5) 3.04 (1.34-6.90) 0.0078
Heavy lifting 225 (10.0) 11 (13.4) 1.36 (0.71-2.61) 0.35
Hernia characteristics
Defect location

Supra-umbilical 526 (23.6) 11 (13.3) 1 (reference)

Peri- and infra-umbilical 1659 (74.3) 70 (84.3) 2.04 (1.07-3.89) 0.03

Lateral 46 (2.1) 2(24) 1.78 (0.37-8.63) 0.48
Defect width (cm)

1 1328 (58.9) 40 (48.2) 1 (reference) -

2 665 (29.5) 19 (22.9) 0.95 (0.54-1.65) 0.84

34 205 (9.1) 22 (26.5) 3.31 (1.91-5.74) <0.0001

>5 56 (2.5) 224 1.38 (0.32-5.92) 0.66

Statistically significant values (p < 0.05) are given in bold

BMI body mass index, AAA abdominal aortic aneurysm, ASA score: American Society of Anesthesiologists score

*Mean £ SD are presented for age and BMI; **per one increase; P for Wald-statistic after univariate logistic regression

defect location contributed significantly to discrimination
between patients with and without an incarcerated hernia
(Table 3). Compared to defects of 0—1 cm, in multivariate
analysis, only a defect width of 3—4 cm (OR 2.85, 95% CI
1.57-5.18, p =0.0006) and peri- and infra-umbilical
defects (OR 1.98, 95% CI 1.02-3.85, p = 0.043) were
significantly associated with an incarcerated hernia. In
multivariate analysis, ascites and ASA classification were
not significantly associated with an incarcerated hernia.
The area under the ROC curve for the multivariate model
was 0.68.

Incisional hernia

Results of univariate analysis are presented in Table 2. In
univariate analysis increasing age, increasing BMI, female
sex, diabetes mellitus, ASA score III-IV, gynaecologic
surgery, and constipation were associated with an incar-
cerated hernia. No specific defect location (supra-, peri-
and infra-umbilical or lateral) was associated with an
incarcerated hernia. Compared to defects of 0-2 cm, a
defect width of 34 cm (OR 2.62, 95% CI 1.32-5.19,
p = 0.0057) and a defect width 5-10 cm (OR 2.08, 95% CI
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Table 2 Incisional hernia: patient baseline and hernia characteristics

Variable Not incarcerated Incarcerated Odds ratio OR (95% CI) p value
Patient baseline characteristics N (%) N (%)
Total # patients 2041 79
Age (years)* 62.7 + 14.1 67.9 £+ 13.7 1.03 (1.01-1.05)** 0.0013
BMI (kg/m?*)* 29.3 £+ 6.1 32.1+79 1.06 (1.03-1.09)** 0.0002
Sex = female 1050 (51.4) 59 (74.7) 2.78 (1.66-4.66) <0.0001
Current smoking 365 (18.8) 10 (13.5) 0.73 (0.39-1.37) 0.33
Diabetes mellitus 240 (12) 24 (31.6) 3.40 (2.07-5.57) <0.0001
Corticosteroid use 73 (3.6) 2 (2.6) 0.71 (0.17-2.98) 0.64
Radiotherapy 36 (1.8) 1(1.3) 0.74 (0.10-5.16) 0.75
Chemotherapy 126 (6.3) 3 (3.9 0.64 (0.20-2.01) 0.44
History of AAA 15 (0.7) 1(1.3) 1.81 (0.23-14.35) 0.58
Anticoagulant use 341 (17) 16 (21.1) 1.30 (0.74-2.29) 0.37
History of abdominal wall hernia 844 (41.6) 35 (44.9) 1.15 (0.73-1.82) 0.54
History of inguinal hernia 215 (10.6) 5(6.4) 0.56 (0.22-1.40) 0.21
ASA classification

-0 1418 (69.7) 33 (43.4) 1 (reference)

M-IV 617 (30.3) 43 (56.6) 3.04 (1.89-4.89) <0.0001
Primary surgery

Gastro-intestinal 972 (48.2) 27 (35.5) 0.79 (0.45-1.40) 0.42

Gynaecologic 344 (17.1) 25 (32.9) 2.12 (1.18-3.79) 0.0118

Other 700 (34.7) 24 (31.6) 1 (reference)
Ascites 14 (0.7) 0 (0) - 0.85
Chronic cough 196 (9.7) 8 (10.4) 1.12 (0.54-2.30) 0.76
Constipation 131 (6.5) 11 (14.3) 2.33 (1.2-4.51) 0.0122
Heavy lifting 139 (6.9) 8 (10.4) 1.57 (0.74-3.33) 0.07
Hernia characteristics
Type of hernia

Recurrent hernia 410 (20.4) 21 (28.0) 1.63 (0.95-2.77) 0.07

Previous surgery with mesh 689 (34.2) 20 (26.7) 0.74 (0.44-1.25) 0.26
Defect location

Supra-umbilical 359 (22.1) 9 (15.3) 1 (reference)

Peri- and infra-umbilical 955 (58.7) 45 (76.3) 1.80 (0.88-3.68) 0.11

Lateral 288 (17.7) 5 (8.5) 1.08 (0.42-2.81) 0.87
Defect width (cm)

0-2 567 (28.6) 11 (14.7) 1 (reference) -

34 632 (31.9) 34 (45.3) 2.62 (1.32-5.19) 0.0057

5-10 658 (33.2) 27 (36.0) 2.08 (1.02-4.27) 0.0450

>10 124 (6.3) 3 (4.0 1.32 (0.39-4.51) 0.66

Statistically significant values (p < 0.05) are given in bold

BMI body mass index, AAA abdominal aortic aneurysm, ASA score American Society of Anesthesiologists score

*Mean £ SD are presented for age and BMI; **per one increase; P for Wald-statistic after univariate logistic regression

1.02-4.27, p = 0.045) were significantly associated with an
incarcerated hernia. In multivariate analysis, only age,
BMI, sex, diabetes mellitus, heavy lifting, ASA classifi-
cation, and defect width contributed significantly to dis-
crimination between patients that presented with and
without an incarcerated hernia (Table 3). Compared to
defects of 0-2 cm, in multivariate analysis, only a defect
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width of 3-4 cm was significantly associated with an
incarcerated hernia (OR 2.14, 95% CI 1.07-4.31,
p = 0.0324). In multivariate analysis, gynaecologic sur-
gery, constipation, and defect location were not signifi-
cantly associated with patients that presented with an
incarcerated hernia. The area under the ROC curve for the
multivariate model was 0.76.
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Table 3 Results of multivariate logistic regression

Coefficient Odds ratio (95% CI) p value
Primary hernias
Intercept —6.1051 - -
Age (years), per one 0.0167 1.02 (1-1.03) 0.0421
increase
BMI (kg/m?), per one 0.0341 1.03 (1-1.07) 0.0377
increase
Sex = female 0.2767 1.32 (0.83-2.09) 0.24
Constipation 0.934 2.54 (1.08-6.02) 0.0335
Defect location
Supra-umbilical Reference 1 (reference)
Peri- and infra-umbilical 0.6844 1.98 (1.02-3.85) 0.043
Lateral 0.1506 1.16 (0.24-5.69) 0.85
Defect width (cm)
1 Reference 1 (reference)
2 —0.1703 0.84 (0.48-1.49) 0.56
34 1.0488 2.85 (1.57-5.18) 0.0006
>5 0.0637 1.07 (0.24-4.83) 0.93
Incisional hernias
Intercept —8.5286 - -
Age (years), per one 0.0251 1.03 (1.01-1.05) 0.0122
increase
BMI (kg/mz), per one 0.0342 1.03 (1-1.07) 0.06
increase
Sex = female 1.0431 2.84 (1.66-4.87) 0.0001
Diabetes mellitus 0.8384 2.31 (1.37-3.91) 0.0017
Heavy lifting 0.9882 2.69 (1.17-6.16) 0.0196
ASA classification
-1 Reference 1 (reference)
-1v 0.8124 2.25 (1.34-3.78) 0.0021
Defect width (cm)
0-2 Reference 1 (reference)
34 0.7627 2.14 (1.07-4.31) 0.0324
5-10 0.569 1.77 (0.84-3.7) 0.13
>10 0.1598 1.17 (0.33-4.15) 0.80

Statistically significant values (p < 0.05) are given in bold

BMI body mass index, ASA score American Society of Anesthesiologists score; P for Wald-statistic after multivariate logistic regression

Discussion

In this large prospective study within the French Hernia-
Club registry of patients with primary and incisional her-
nias, a number of factors were associated with patients that
had presented with either an incarcerated primary or inci-
sional hernia. For both primary and incisional hernias, a
defect width of 3—4 cm portrayed the highest odds (OR
2.85 and OR 2.14, respectively) for an incarcerated hernia.
Probably defects <2 cm in width would still be too small
to facilitate substantial protrusion of abdominal contents in
most cases, whereas larger hernias would be too large to

cause for substantial strangulation. For primary hernias,
periumbilical and umbilical defects were associated with
an increased odds for incarceration (OR 1.98), defect
location was not associated with incarceration for inci-
sional hernias.

Findings of a previous prospective cohort study assess-
ing factors associated with emergency surgery in patients
with abdominal wall hernias are reasonably similar to the
present results, finding female sex and age to be associated
with emergency surgery [6]. In this same study, the relation
between defect size and emergency surgery in incisional
hernias was disconcordant with the present results. This is
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likely due to different size categories used in this report; all
defects between 2 and 7 cm were grouped together.
Another retrospective study evaluated hernia characteris-
tics as risk factors for incarceration in patients with a pri-
mary or incisional hernia [4]. In contrast to the present
results, this study did not report a significant association
between defect size and incarceration. However, in this
study, patients with a primary and incisional hernia were
grouped together. Nonetheless, the aetiology of both con-
ditions is likely to be different [16]. This discrepancy could
likewise be caused due to the fact that defect width was
fitted as a continuous variable in the multivariate logistic
regression model, whereas, in the present analysis, this
relation was not linear. The authors additionally found
hernia sac height and angle between the hernia sac and
abdominal wall (on CT-scan) to be associated with
incarceration.

The present study additionally found numerous patient
factors to be associated with incarceration for either pri-
mary or incisional hernias. Increased BMI was correlated
with incarceration. Additionally, it is conceivable that
factors increasing abdominal pressure including constipa-
tion and heavy lifting may be associated with incarceration.
Other variables found to be associated, including age and
ASA classification, may be secondary effects to variables
which are not available in this current database. For
example, clinicians may be more reluctant to operate older
patients with higher ASA classification, resulting in
increased odds of these patients being operated in an
emergency setting due to incarceration. Nevertheless, it is
conceivable that frail patients are at increased odds for a
complicated prognosis. Patients with an incisional hernia,
female sex was associated with incarceration (OR 2.31);
however, in primary hernias, this association was not pre-
sent. The reason for this association remains unclear.
Although previous studies failed to show a strong corre-
lation between pregnancy and hernia occurrence, the
increased odds for incarceration in women may be related
to physiological changes in the abdominal wall secondary
to pregnancy [17, 18].

A strangulated and non-reducible hernia is an absolute
indication for emergency surgery and causes for increased
morbidity and mortality [2, 3, 5, 6]. Patients with incar-
cerated hernias are hospitalized longer and suffer from
increased rates of severe postoperative complications
[2—4]. Moreover, rates of emergency hernia repair have
been increasing in the USA over the past years [19]. This
might be related to an overall increase in prevalence of
abdominal hernias [4]. Therefore, data constituting the
prevention of incarceration is important and may improve
clinical care and decision making.

The present and previous reports suggest that incarcer-
ation is, to a certain extent, predictable based on patient
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factors, hernia characteristics, and CT-findings. Neverthe-
less, in order to better predict which patients may be at
increased risk for incarceration, future prospective cohorts
require inclusion of those patients treated conservatively,
CT-scans for additional biometric evaluation, and inclusion
of time to event data. This would ensure accurate depiction
of the complete order of events.

Limitations

Although all data was collected prospectively in an
exhaustive manner, results may be influenced by selection
bias to a certain degree, given the observational study
design. All included patients underwent hernia repair sur-
gery. Patients who were treated conservatively were not
included in this registry. Therefore, causality of found
associations cannot be confirmed. Additionally, this limits
the current potential to make accurate probability esti-
mates. Patients presenting in an emergency setting may not
be operated by a dedicated hernia surgeon affiliated with
the Hernia-Club registry and may be less likely to be
included in the registry database. However, this will likely
have non-differential effects on reported odds ratios.
Nevertheless, this may cause for an underestimation of the
reported prevalence of incarceration. The proportion of
missing data was reasonably low and multiple imputations
were used to ensure maximized use of available data.
Inherently, it was not possible to provide exact reasons for
missing data at case and variable level. Therefore, a risk of
reporting bias cannot be completely excluded. To allow for
better interpretation and adequate effect estimation, defect
width was categorized. However, in reality, no strict cut-
offs exist and these estimates will merely represent an
approximation of the true effects.

Conclusion

For primary and incisional hernias, mainly defects of
3-4 cm were associated with incarceration. For primary
hernias, mainly defects located in the peri- and infra-um-
bilical region were associated with incarceration. Probably
defects of <2 cm in width would still be too small for
substantial protrusion of abdominal contents in most cases,
whereas larger hernias would be too large to cause for
strangulation. Based on patient and hernia characteristics,
patients with increased odds for incarceration may be
selected and these patients may benefit from elective sur-
gical treatment.
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