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Surgical anatomy of the ventral abdominal wall
The abdominal wall surrounds the abdominal cavity and viscera and consists of fascia, muscles, 
subcutaneous tissue and the skin. The abdominal wall is usually defined as the combination of 
fascia and muscle layers which provide most structural support. The ventral abdominal wall 
viewed from the aforementioned definition consists of five muscles, including the external 
oblique, internal oblique, and transverse abdominal muscles, the rectus muscles, and the 
pyramidal muscles. Apart from its protective function, the abdominal wall can be used to 
increase intra-abdominal pressure, and therefore plays a role during defecation, micturition, 
child birth, and breathing. Finally, the abdominal wall is used to provide core stability and 
allows for standing straight (1). 

From a surgical perspective the abdominal wall is incised to provide access to the abdominal 
cavity. With respect to entering the abdominal cavity the fascial and muscular layers are 
important. The rectus muscles are surrounded by the anterior and posterior rectus sheath, 
which connect centrally to form the linea alba, the latter fascial sheet provides the traditional 
plane to enter the abdominal cavity in open abdominal surgery. The lateral border of the rectus 
muscles is marked by the semilunar line, the aponeurosis of the lateral abdominal muscles 
is situated laterally to this line. From a surgical perspective the lateral border may also be 
defined as the junction of the posterior rectus sheath and anterior rectus sheath. The external 
and internal oblique muscles fascia give rise to the anterior rectus sheath, while the posterior 
lamina of the internal oblique muscle fascia and fascia transversalis give rise to the posterior 
rectus sheath. Caudally to the umbilicus (approximately at 2/3 distance between symphysis 
and umbilicus) the posterior rectus sheath is only formed by the peritoneum as from this point 
onwards the posterior lamina of the internal oblique muscle fascia and fascia transversalis 
give rise to the anterior rectus sheath.

Ventral abdominal wall hernia 
A ventral abdominal wall hernia is defined as any defect in the abdominal wall, with or 
without protrusion of intra-abdominal contents as diagnosed through physical examination 
or imaging (2). Clinically patients usually present with a visible bulge, increasing as intra-
abdominal pressure increases (Valsalva maneuver). Bulging may also be present without any 
underlying defect of the abdominal wall in case of diastasis recti. Patients may present with 
various complaints comprising intermittent or constant pain and/or discomfort, aesthetic 
complaints, atrophy of the superficial skin, infection, or incarceration/strangulation of 
intra-abdominal contents (3-5). In this perspective ventral abdominal wall hernia has been 
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1associated with an impaired quality of life (3, 6). In case of giant ventral hernia (fascia defect > 
10 cm) a large proportion of abdominal viscera may protrude outside of the abdominal cavity 
(loss of domain) severely limiting affected patients (7, 8). Ventral abdominal wall hernia may 
lead to a (sub)acute indication for surgery due to incarceration of omentum or bowel, when 
incarceration and strangulation occur incisional hernia may even lead to mortality (8-12). 
Another more uncommon complication of a ventral abdominal hernia is related to impaired 
protection of the intra-abdominal contents, a skin defect in combination with an abdominal 
hernia my result in an open connection of intra-abdominal contents with the outside world 
(enterocutaneous fistula) (13, 14). 

Clinically, ventral abdominal hernias are classified by etiology, location and size. The 
etiology of incisional hernia is divided in primary and incisional hernias, the latter occurring 
after abdominal surgery (15, 16). The incidence of incisional hernia has been estimated at 
approximately 12.8% after midline surgery, making incisional hernia one of the most frequent 
complications after abdominal surgery (17). 

With respect to the etiology from a biological perspective, exact mechanisms as well as the 
normal development/progression of ventral abdominal wall hernia have not been fully 
elucidated. Likely a significant role for collagen is present. Human fascia consist of fibroblasts 
producing a collagen matrix. It has been described that fascia sections in abdominal wall 
hernia patients, differ from healthy fascia. Fascia in these patients consists of more collagen 
type III, relative to collagen type I, potentially leading to mechanically weaker tissue which is 
more prone to herniation (18-20). 

Considering defect size, incisional hernias are usually classified in three width categories 
(<4cm, 4-10cm, and >10 cm) (16). this classification is derived to an extent empirically 
and does not necessarily relate to biological principals. Primary incisional hernias may be 
classified in different size categories (<2cm 2-4cm, >4cm), since the overall size distribution 
in this population differs (16, 21). 

Location of an abdominal wall hernia is primarily classified in to midline versus lateral defects, 
as these may require technically different treatments. Incisional hernia may occur anywhere 
depending on the position of the surgical incision, most frequently in the midline after midline 
laparotomy. In contrast, primary ventral hernias have more predominant localizations, the 
vast majority will occur in the (peri)-umbilical area, less frequent lateral defects predominantly 
occur at the aponeurosis of the lateral abdominal muscles (Spigelian hernia) (16).
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Risk factors of incisional herma 
Many different risk factors for the development of incisional hernia have been described. Two 
main risk factors will lead to the most profound increase in hernia incidence, obesity and 
the presence of an aneurysm of the abdominal aorta (17, 22, 23). In patients presenting with 
either one of these factors the incidence of incisional hernia may increase to well over 30% 
after open abdominal surgery (23). Other risk factors may be classified in to patient related 
factors, surgical factors and post-operative factors. Described patient factors increasing the 
risk for incisional hernia comprise of increasing age, smoking, diabetes mellitus, and steroid 
use. However, these factors are not consistently associated with incisional hernia in all studies 
(17, 22, 24-28). With regard to operative factors, open surgery, a midline incision itself, use of a 
mass closure technique, and relaparotomy are associated with an increased risk for incisional 
hernia (17, 22, 24, 25, 29-31). Additionally emergency surgery is associated with an increased 
incidence of incisional hernia (22, 32). Post-operatively, mainly surgical site occurrences 
(especially infections) are well-known risk factors (17, 22, 24, 25). Also the occurrence and 
repair of a burst-abdomen in the post-operative period has been associated with an increased 
hernia incidence (33).

Prevention of incisional hernia 
For the prevention of incisional hernia after open abdominal surgery two different strategies 
are available, prophylactic non-resorbable mesh placement and the small bites closure 
technique (23, 29, 34-36). In high risk patients, with either an abdominal aortic aneurysm or 
obesity, prophylactic mesh placement after open abdominal surgery is advised. Prophylactic 
mesh placement either in onlay or retro-rectus position may reduce the incidence of incisional 
hernia for over 50% after two years of follow-up (37, 38). For the general patient population 
the small bite suture technique with a suture to wound length ratio of 4:1, is sufficient to 
achieve a near 50% reduction in incisional hernia incidence (29, 34). For the latter patient 
group one might avoid placement of a mesh, since in rare cases mesh prophylaxis may be 
associated with severe complications (e.g. mesh infection), leading to additional surgical 
procedures to remove the mesh (39, 40). 

New developments in the prevention of incisional hernia are the use of slowly resorbable 
meshes for prophylaxis (41, 42). Indications for prophylactic mesh placement might be 
extended by using these type of mesh prostheses. However, to date it remains unclear if slowly 
resorbable meshes provide an equal protective effect and reduce complications as compared 
to prophylactic non-resorbable mesh placement (42). 
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1Treatment of ventral abdominal wall hernia
Nowadays, mesh repair is the standard procedure for the repair of ventral abdominal 
wall hernia (43, 44). Implementation of mesh repair resulted in a substantial reduction of 
recurrent abdominal wall hernia (45-47). However, mesh placement has also been associated 
with complications, including infection, enterocutaneous fisteling, and chronic pain (6, 39). In 
short, a number of different meshes are available categorized by specific properties or material 
type. Meshes may either be synthetic or biologic (48). Synthetic/biosynthetic meshes may 
be resorbable or non-resorbable (49-51). Other specific properties of some synthetic meshes 
are related to the fiber weight, pore size, and self-fixating properties (52, 53). Depending on 
patient specific factors (e.g. contaminated wound), specific types of meshes may be preferred, 
for example a biologic mesh (51, 54). For non-complex abdominal wall hernia, most frequently 
non-resorbable polypropylene meshes are used. Data on superiority of specific types of meshes 
is limited (55). Meshes may be fixated with different techniques, comprising sutures, tackers, 
or glue. However, no conclusive evidence is available on the preferable fixation technique with 
reference to recurrence, pain, or complications (56). 

From a surgical perspective numerous repair techniques have been described which are not 
always standardly categorized. Usually techniques are classified based on the anatomical 
position of the mesh. From outside to the inside, a mesh may be placed in the onlay position, 
inlay position, retro-rectus position, pre-peritoneal position, and intra-peritoneal onlay 
position (IPOM) (57). 

Treatment of giant ventral abdominal wall hernia 
Giant abdominal wall hernia may not be closed by standard techniques, suture closure or 
mesh closure alone. Giant hernias have previously been classified as hernias above 10 cm 
in width, however, no standard definition to classify giant hernias is available as the size 
of the defect should be interpreted relative to the size of the patient. For the treatment of 
giant abdominal wall hernia we may use pre-operative and intra-operative techniques. Pre-
operatively, the use of progressive pneumo-peritoneum (Goni Moreno technique) and botulin 
toxin injections are being explored to aid in closing large defects (58, 59). Mainly botulin 
toxin injections into the lateral abdominal muscles have proven to be a promising technique 
(60). Intra-operatively, component separation techniques may be used to attain additional 
medialization of the rectus sheath and aid closure of large defects tension free (61, 62). Three 
different component separation techniques are currently available, these comprise of anterior 
component separation (Ramirez technique), posterior component separation (transverse 



Chapter 1  

14

abdominis release: TAR), and the Carbonel- technique (63-65). Currently, anterior and 
posterior component separation are used most widely, and have both resulted in acceptable 
recurrence rates in recent series (65). 

Objective of this thesis 
Patients with an incisional hernia form a heterogeneous population and both prevention 
and treatment of incisional hernia have become increasingly tailor made. Great progress 
has been made in the field of abdominal wall hernia surgery over the past two decades, both 
on prevention as in treatment of common and complex ventral hernias. Nevertheless, as 
scientific development in patient care is usually characterized by many small steps rather 
than big leaps forward, many clinical and basic principles remain to be further elucidated and 
implemented. The present thesis aims to provide some novel insights on these incremental 
steps within the field of hernia surgery on the diagnosis, treatment, clinical decision making, 
and prevention of incisional hernia. With respect to clinical decision making the present thesis 
aims to provide additional insights in preferred diagnostic modality, functional outcomes, 
and the risk for incarceration. This thesis further aims to assess obtained medialization after 
anterior and posterior or combined component separation. With reference to treatment of 
ventral abdominal hernia results after recurrent hernia repair and retro-rectus repair will be 
assessed in depth. Finally, associated risks of incisional hernia prevention with prophylactic 
mesh placement are explored. 

Outline of this thesis 
This thesis covers multiple studies on different aspects on diagnosis, clinical decision making, 
treatment and prevention of ventral abdominal wall hernia. 

Part 1 of this thesis concerns the diagnosis of incisional and primary ventral hernia. 

In Chapter 2 a systematic review on all available diagnostic modalities for diagnosis primary 
ventral and incisional hernia will be presented. This study aims at finding the most reliable 
diagnostic modality for diagnosing ventral abdominal wall hernias. Additionally the effect of 
different diagnostic modalities on found hernia prevalence will be assessed. 

In Chapter 3 a patient reported diagnostic questionnaire will be evaluated. This study will 
address validity of self-reported diagnosis of incisional hernia for research or clinical purposes. 

Part 2 of this thesis focusses on anatomical and biomechanical studies for the repair of 
complex incisional hernia and treatment of diastasis recti. 
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1In Chapter 4 an anatomical study will be presented in which the potential medialization 
of three different closure techniques will be compared in post-mortem human specimens. 
Medialization will systematically be compared after retro-rectus dissection, anterior, and 
posterior component separation. 

In Chapter 5 an anatomical study will be presented in which the potential effect of 
combining posterior and anterior component separation will be explored in post mortem 
human specimens. Secondarily the contribution of each surgical step in anterior and posterior 
component separation on final obtained medialization will be compared. 

In Chapter 6 an anatomical study exploring the elastic behaviour of the anterior and 
posterior rectus sheaths will be presented. Findings of this study may provide insights for 
non-invasive treatment of diastasis recti and surgical mesh placement. 

Part 3 of this thesis focusses on the treatment and clinical decision making in patients with 
ventral abdominal wall hernia. 

In Chapter 7 an epidemiological study explaining differences in obtained results in patients 
who undergo surgery for primary ventral versus incisional hernia repair will be presented.

In Chapter 8 a registry based study exploring factors related to an increased risk for 
incarceration of incisional and primary ventral hernias will be presented.

In Chapter 9 a registry based study exploring functional outcomes after incisional hernia 
repair will be presented. The study will assess probability of a favourable outcome in patients 
who were initially asymptomatic versus those who presented with a symptomatic incisional 
hernia. 

In Chapter 10 a propensity matched study exploring the effectivity of incisional hernia 
repair surgery in patients who have had multiple previous recurrences will be presented. 

In Chapter 11 a systematic review and meta-analysis assessing results after primary ventral 
or incisional hernia repair with the retro-rectus (rives-stoppa) technique will be presented. 
Recurrence and complications rates will be summarised, additionally retro-rectus repair will 
be compared to other available techniques. 

Part 4 of this thesis focusses on the prevention of incisional hernia after midline laparotomy 

In Chapter 12 a randomized study exploring the prevalence of infectious complications after 
prophylactic mesh placement in either onlay or retro-rectus position will be presented. 
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In Chapter 13 of this thesis a general discussion of this thesis findings will be presented, 
providing clinical recommendations, and future perspectives with regard to the treatment and 
prevention of ventral abdominal wall hernia.  

Chapter 14 and Chapter 15 provide a summary of this thesis in respectively English and 
Dutch.  
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Abstract 
Introduction: 
Incisional hernia (IH) is the most frequent complication after abdominal surgery. The 
diagnostic modality, observer, definition, and diagnostic protocol used for the diagnosis of 
IH potentially influence the reported prevalence. The objective of this systematic review is to 
evaluate the diagnostic accuracy of different modalities used to identify IH.

Methods: 
Embase, MEDLINE OvidSP, Web of Science, Google Scholar, and Cochrane databases were 
searched to identify studies diagnosing IH. Studies comparing the IH detection rate of two 
different diagnostic modalities or inter observer variability of one modality were included. 
Quality assessment of studies was done by Cochrane Collaboration’s tool. Article selection and 
data collection was performed independently by two researchers. PROSPERO registration: 
CRD42017062307.

Results: 
Fifteen studies representing a total of 2,986 patients were included. Inter observer variation 
for CT-scan ranged from 11.2 to 69% (n=678). Disagreement between ultrasound and CT-scan 
ranged between 6.6 and 17% (n=221). Ten studies compared physical examination to CT-scan 
or ultrasound. Disagreement between physical examination and imaging ranged between 7.6 
and 39% (n=1602). Between 15% and 58% of IHs were solely detected by imaging (n=380). 
Relative increase in IH prevalence for imaging compared to physical examination ranged from 
0.92 to 2.4 (n=1922). 

Discussion: 
Ultrasound or CT-scan will result in substantial additional IH diagnosis. Lack of consensus 
regarding the definition of IH might contribute to the disagreement rates. Both the observer 
and diagnostic modality used, could be additional factors explaining variability in IH 
prevalence and should be reported in IH research. 
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Introduction
Incisional hernia (IH) is the most frequent complication after open abdominal surgery. IH 
prevalence rates in published cohorts vary substantially: prevalence rates between 10 and 32% 
have been reported (1, 2). Several factors explaining the variability in IH rate have been brought 
forward such as: age, obesity, abdominal aortic aneurysms, and previous abdominal surgery (1). 
Most studies investigating the treatment or prevention of IH use IH prevalence as their primary 
endpoint. The diagnostic modality, observer, definition, and diagnostic protocol used for the 
diagnosis of IH are infrequently identified as factors associated with the IH prevalence rate. 
However, all four of these elements regularly differ within and between studies.

Many diagnostic modalities are used for the diagnosis of IH including physical examination, 
ultrasound, computed tomography scan (CT-scan), magnetic resonance imaging (MRI), and 
per-operative diagnosis. In IH research, the use of imaging modalities is considered important 
to achieve more reliable results. This is accentuated by the recommendation in the ‘European 
Hernia Society guidelines on the closure of abdominal walls’(3) to use ultrasound or CT-
scan in the follow-up of prospective studies. This approach deviates from every day clinical 
practice, in which clinicians mainly focus on the diagnosis of symptomatic IHs that might 
require treatment (4). 

In general, it is believed that the use of radiologic imaging will increase the detection rate of 
IH compared to physical examination alone. However, not all published cohorts show this 
trend (3-6).

The choice of diagnostic modality is often dictated by multiple factors such as cost, availability, 
safety, and especially in a research setting the detection rate, and reliability. However, the 
latter remains unclear, as the evidence concerning these factors is limited and sometimes 
contradictory (7, 8). 

In IH research, the IH definition is not always uniform. The definition of IH as stated by 
Korenkov et al.(9): ‘any abdominal wall gap with or without bulge in the area of a postoperative 
scar perceptible or palpable by clinical examination or imaging’, is acknowledged in the 
European Hernia Society (EHS) classification of primary and incisional abdominal wall 
hernias (9, 10). Although IH is usually defined as an ‘abdominal wall gap or fascial defect’ 
some nuances with regard to this definition circulate as the term ‘abdominal wall weakness’ 
may also be used. Furthermore, bulging or a positive Valsalva maneuver may or may not be a 
diagnosing symptom (11, 12). The place of imaging techniques within the diagnostic protocol 
often differs: some studies use a more clinical approach, reserving imaging techniques for cases 
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with an inconclusive physical examination, whereas other studies only consider ‘radiologically 
confirmed’ diagnosis (2, 13, 14).

We hypothesize that the use of different diagnostic modalities, observers, definitions, and 
diagnostic protocols might influence the number of IHs identified. The objective of our 
systematic review is to evaluate the diagnostic accuracy of the different modalities used to 
identify IH after open abdominal surgery and after IH repair surgery. We provide a qualitative 
synthesis of the available data on the diagnostic accuracy of physical examination, CT-scan, 
and ultrasound for the identification of IH. 

Methods
The study protocol was registered in the PROSPERO database (International Prospective Register of 

Systematic Reviews, www.crd.york.ac.uk/prospero) prior to the start of the systematic review with 

the registration number CRD42017062307. All aspects of the PRISMA statement (Preferred Items for 

Reporting of Systematic Reviews and Meta-analyses), were followed (15).

Search strategy
Embase, Medline ovid, Web-of-science, Cochrane, PubMed publisher, and Google scholar 
databases were searched on 28 March 2017. Full search details and syntax are presented in 
Appendix 1. The syntax construction and database search were performed in collaboration 
with a medical librarian specialized in conducting systematic reviews. Studies reporting on IH 
diagnosis after primary laparotomy and after IH repair surgery were included. There was no 
limit in language or date of publication. Studies were first evaluated for inclusion based on title 
and abstract by two independent researchers (LK and DS) and finally evaluated independently 
based on full text. Differences in article selection were discussed and articles were included or 
excluded after reaching agreement. Studies were included if they met the following criteria: 

1. Inclusion of patients that underwent abdominal or IH repair surgery that were followed 
for the development of IH.

2. Studies assessing the performance of a diagnostic modality (physical examination, 
abdominal CT-scan, abdominal MRI-scan, abdominal ultrasound or surgery) used for 
the diagnosis of IH.
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Studies assessing only laparoscopy patients, non-consecutive patient populations (e.g. 
patients with prior IH diagnosis), Spigelian, or occult hernias were excluded. Discrepancies 
in inclusion were resolved by discussion between reviewers and a senior author (JL or FM).

Data collection
Data collection was performed independently by two different researchers (LK and DS) 
using standard forms covering study characteristics (study design, year, location and level 
of evidence); patient baseline characteristics (type of intervention, number of patients, age, 
sex, open or laparoscopic surgery, duration of follow up, and reason for surgery). Outcome 
characteristics concerning diagnostic performance comprise: definition of IH, inter observer 
variation, CT-scan vs ultrasound, CT-scan vs physical examination, ultrasound vs physical 
examination, diagnostic modalities vs per-operative diagnosis, and diagnostic performance 
in obese patients. Extracted data consisted of absolute data in contingency tables, prevalence 
rates, kappa values, or intra-class correlation coefficients.

Assessment of study quality
The level of evidence of each paper was established according to the Oxford Centre for 
Evidence-based Medicine levels of evidence (16). The possible risk of bias was assessed using 
the Cochrane Collaboration’s tool for assessing risk of bias (17). Risk of bias was assessed 
separately for each outcome since the quality of different outcomes in papers with a wide 
scope might differ. 

Results
Search and study characteristics
The PRISMA flow diagram of the complete search strategy is shown in Figure 1. The initial 
search resulted in 4,855 articles (3,010 after duplicates removal). After screening, 135 articles 
were selected for full-text reading. After full-text reading, 15 articles were selected for inclusion 
(2, 4-8, 11, 12, 14, 18-23). Characteristics of included studies are summarized in Table 1.
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Figure 1. PRISMA fl ow diagram
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Table 1. Overview of included studies

Study journal Modalities 
included 

Surgical 
procedure 

N Age in 
years  
Mean; SD; 
(range)

BMI 
Mean; SD; 
(range)

follow up 
in months 
Mean; SD; 
(range) 

Baucom et 
al. (14) 2014

 J Am Coll 
Surg

Physical 
examination 
and CT-scan

Abdominal/ 
some 
laparoscopic 
cases 

181* 54; SD 13 31.3; SD 6,7 > 6 

Baucom et 
al. (18) 2014

Am Surg CT-scan Abdominal/ 
some 
laparoscopic 
cases 

181* 54; SD 13 31.3; SD 6,7 > 6 

Baucom et 
al. (19) 2014

JAMA 
surgery 

Ultrasound 
and CT-scan 

Abdominal/ 
some 
laparoscopic 
cases 

109* 54; SD 13 32.2; SD 6.7 > 6 

Baucom et 
al. (20) 2016

 Ann Surg 
Oncol

CT-scan Abdominal/ 
some 
laparoscopic 
cases 

491 59.5; SD 
12.1

28.6; SD 6.1 13.2; SD 7.7

Beck et al. 
(7)
2013

 J Am Coll 
Surg

Ultrasound 
and CT

Abdominal/ 
some 
laparoscopic 
cases 

181* 54; SD 13 31.3; SD 6,7 > 6 

Bloemen et 
al. (4) 2012

Hernia Physical 
examination 
and 
Ultrasound 

Midline open 456 63.3; SD 
13.9

25.5; SD 4.4 33.8; (31.8-
35.8)

Caro-
Tarrago et 
al. (11) 2014

World j 
Surg

Physical 
examination 
and CT-scan

Midline open 160 Group 1: 
64.32; SD 
14.27 
Group 2: 
67.32; SD 
11.11

NR Group 1: 
14.8; SD 8.3  
Group 2: 
12.5; SD 8.5

Claes et al. 
(12) 2014

Hernia Physical 
examination 
and CT-scan

Colorectal 
cancer 
surgery

448 69.8 SD 
11.8

NR clinical: 33 
(0.5-90)  
CT: 30 (0.1-
94)

Deerenberg 
et al. (2) 
2015

The 
Lancet 

Physical 
examination 
and 
ultrasound 

Midline open 545 Group 1: 63; 
(54–71) 
Group 2: 
62; (53–72)

24; (22–27) (12-15)

Den Hartog 
et al. (8) 
2014

Ultrasound 
Med Biol

CT-scan and 
ultrasound

Abdominal 
aneurysm 
(abdominal 
open) 

40 72.5; SD 8,9 NR 40.8; SD 
19,2

Goodenough 
et al. (5) 
2015

 J Am Coll 
Surg

Physical 
examination 
and CT-scan

Abdominal 
open 

439 60.8; SD 
11.4

28.1; SD 5.7 41 (0.3-64)
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Study journal Modalities 
included 

Surgical 
procedure 

N Age in 
years  
Mean; SD; 
(range)

BMI 
Mean; SD; 
(range)

follow up 
in months 
Mean; SD; 
(range) 

Højer et al. 
(22) 1997

Eur Radiol CT-scan and 
surgery

Incisional 
hernia repair 

24 62; (19-90) NR NR

Gutiérrez de 
la Peña et al. 
(6) 2001

Eur Radiol Physical 
examination, 
CT-scan and 
surgery

Incisional 
hernia repair 

50 58; NR NR

Holihan et 
al. (23) 2016

JAMA 
Surg

Physical 
examination 
and CT-scan

Incisional 
hernia repair 

100 51.0; SD 
12.6

10.2; (0.2-
48.8)

12,5; (2-
1711)

Baucom et 
al. (21) 2016

Am J Surg Physical 
examination 
and 
Ultrasound 

Incisional 
hernia repair 

52 52; SD 12 33 6; SD 6.5 46; SD 13

NR: not reported, SD: standard deviation 

Study quality
Risk of bias and applicability concerns of included studies per outcome are summarized 
in Figure 2. Overall major concerns in patient selection, execution and comparison of 
diagnostic tests and patient flow were present in 25% to 50% of the review sample (Figure 3). 
Major applicability concerns were present in 10 % of the review sample (Figure 3). Specific 
methodological concerns are presented in Appendix 2. 
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Figure 2. Risk of bias and applicability concerns summary
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Figure 3. Overall risk of bias and applicability concerns 

Definition of IH
A clear definition for IH was reported in seven of the included studies (Appendix 3) (2, 4, 7, 
11, 12, 20, 22). IH was defined as any ‘abdominal wall gap’ or ‘defect’ in the proximity of the 
postoperative scar, by five out of seven studies (2, 4, 7, 12, 22). Two of these studies included 
‘a protrusion of abdominal contents’ in the definition and incorporated the terms ‘weakness’ 
as well as ‘defect’ of the abdominal wall in their definition (2, 4, 7, 12, 20, 22). One study 
defined IH as a ‘palpable protrusion’ under the laparotomy scar (2, 4, 7, 11, 12, 20, 22). One 
study defined IH as ‘fascial defect’ in the proximity of the scar (20). Three studies referred 
to a proposed universal definition (2, 4, 12). One study did not clearly define IH, this study 
reported that in case of disagreement between two or more observers, this was due to the lack 
of a clear definition among the observers in 35% of the patients (n=42) (23).

Inter observer variation 
Inter observer variation was reported in five of the included studies concerning a total of 
698 patients (8, 12, 18, 20, 23). Four out of five studies included in this comparison had 
one or more methodological concerns (12, 18, 19, 23). Results obtained by these studies are 
summarized in Table 2. Reported disagreement between two observers ranged from 11.2 
to 14.4 %, corresponding kappa values ranged from 0.71 to 0.74 (n = 578) (8, 12, 18). One 
study comparing the inter observer variation in a group of six radiologists and three surgeons 
reported disagreement rates of 69 and 27% respectively (kappa: 0.38 and 0.62; n = 100). 
(23) One other study used a panel of five independent surgeons and reported an intra class 
correlation coefficient of 0.85 (n = 20) (20). The inter observer variation of ultrasound 
was assessed in one study that used a panel of three independent surgeons, an intra class 
correlation coefficient of 0.79 (n = 17) was reported (7). 



Comparing different modalities for the diagnosis of incisional hernia: a systematic review

35   

2

Table 2. Inter observer variation 

Den Hartog 
et al.(8) 2014

Risk of bias +++ Radiologist B Radiologist A
Level of evidence 2B CT + CT - Total
Agreement 87.50% CT + 21 1 22
Disagreement 12.50% CT - 4 14 18
Kappa 0,74 Total 25 15 40

Baucom et al. 
(18) 2014

Risk of bias ++ Surgeon Radiology report
Level of evidence 2B CT + CT - Total
Agreement: 85.60% CT + 78 21 99
Disagreement: 14.40% CT - 5 77 82
Kappa: 0,71 Total 83 98 181

Claes et al. 
(12) 2014

Risk of bias ++ Radiologist B Radiologist A
Level of evidence 2B CT + CT - Total
Agreement: 88.80% CT + 84 21 105
Disagreement: 11.20% CT - 19 233 252
Kappa: 0.73 Total 103 254 357

Holihan et al. 
(23) 2014

Risk of bias:  ++ N = 100 Disagreement Kappa
Level of evidence: 2B 10 observers 73% 0.44
10 observers: 3 surgeons, 
6 radiologist and radiology 
report

9 observers 71% 0.44
Surgeons (n=3) 27% 0.62
Radiologists (n=6) 69% 0.38

Baucom et al. 
(21) 2016

Risk of bias:  + Panel of 5 surgeons evaluated a random sample of 20 CT-
scans. Intra class correlation coefficient: 0.85.Level of evidence: 3B

CT-scan versus ultrasound
The prevalence rate of IH after ultrasound and CT-scan was reported in two studies 
concerning a total of 221 patients (7, 8). The study by Beck et al.(7) had methodological 
problems concerning patient selection and patient flow. Results obtained by these studies 
are summarized in Table 3. These two studies obtained contradictory results. Den Hartog et 
al (8) reported a higher prevalence rate when using ultrasound whereas Beck et al. reported 
unchanged prevalence rates. Relative increase in prevalence rate when comparing CT-scan to 
ultrasound was 1.41 and 0.93. Disagreement between ultrasound and CT-scan was reported in 
7/40 (17.5%) and 12/181 (6.6%) cases. 



Chapter 2

36

Table 3. CT-scan vs ultrasound

Den Hartog et 
al.(8) 2014

Risk of bias ++++ Contingency table
Level of evidence 2B CT + CT - Total
Prevalence CT 60% US+ 17 0 17
Prevalence US 43% US - 7 16 23
Relative increase 1.41 Total 24 16 40

Beck et al(7). 2013 Risk of bias ++ Contingency table
Level of evidence 2B  CT + CT - Total 
Prevalence CT  55% US+ 97 10 107
Prevalence US  59.1% US - 2 72 74
Relative increase  0.93 Total 99 82 181

US: ultrasound 

CT-scan versus physical examination 
The prevalence rates of IH after CT-scan and physical examination were reported in six studies 
concerning a total of 1,378 patients (5, 6, 11, 12, 14, 23). Five out of six studies included in this 
comparison had one or more methodological concerns (5, 11, 12, 14, 23). Results obtained 
by these studies are summarized in Table 4. Four studies reported higher prevalence rates 
and two studies reported lower prevalence rates when using CT-scan for the diagnosis of IH. 
The relative increase in prevalence rates when comparing CT-scan to physical examination 
ranged from 0.92 to 1.8 (n = 1,378). Disagreement between diagnosis by CT-scan compared to 
physical examination was quantifiable in four studies and ranges from 7.8 to 32% (n = 770). 
Between 15% and 48% of the reported IH diagnosis were solely established with use of CT-
scan (N=267) (5, 6, 14, 23). 

Ultrasound versus physical examination 
The prevalence rate of IH after ultrasound and physical examination were reported in 
four studies concerning a total of 1,013 patients (2, 4, 7, 14, 21). All studies included in this 
comparison had one or more methodological concerns (2, 4, 7, 14, 21). Results obtained by 
these studies are summarized in Table 5. Three studies reported higher prevalence rates and 
one study reported a similar prevalence rate when using ultrasound for the diagnosis of IH. 
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Table 4. CT-scan vs Physical examination 

Gutiérrez de la 
Peña et al.(6) 
2001

Risk of bias ++++ Contingency table
Level of evidence 2B PE + PE - Total
Prevalence PE 18% CT+ 6 3 9
Prevalence CT 17% CT - 4 37 41
Relative increase 0.92 Total 10 40 50

Baucom et al. (14) 
2014

Risk of bias ++ Contingency table
Level of evidence 2B PE + PE - Total
Prevalence PE 44% CT+ 76 23 99
Prevalence CT 55% CT - 4 78 82
Relative increase 1.24 Total 80 101 181

Holihan et al. (23) 
2016

Risk of bias ++ Contingency table
Level of evidence 2B PE + PE - Total
Prevalence PE 30% CT+ 26 28 54
Prevalence CT 54% CT - 4 42 46
Relative increase 1.80 Total 30 70 100

Goodenough et al. 
(5) 2015

Risk of bias ?? Contingency table
Level of evidence 2B PE + PE - Total
Prevalence PE 18% CT+ 59 14 73
Prevalence CT 17% CT - 20 346 366
Relative increase 0.92 Total 79 360 439

Caro-Tarrago et 
al..(11) 2015

Risk of bias +++ N =160
Level of evidence 2B
Prevalence PE 14%
Prevalence CT 20%
Relative increase 1.45

Claes et al. (12)  
2014

Risk of bias +++ N =160
Level of evidence 2B
Prevalence PE 17%
Prevalence CT 30%
Relative increase 1.71

PE: physical examination 

The relative increase in prevalence rates when comparing ultrasound to physical examination 
ranges from 1 to 2.4 (n = 1,013). Disagreement between diagnosis by ultrasound compared 
to physical examination was quantifiable in three studies. Disagreement between the two 
modalities was reported in 41/456 (9%), 44/338 (13%) and 15/38 (39%) of the cases. IH 
diagnosis was solely established with us of ultrasonography in 21/103 (20%), 41/87 (47%) and 
15/26 (58%) of IH diagnosis (2, 4, 21). 
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Table 5. Ultrasound vs physical examination 

Bloemen et al(4). 
2015

Risk of bias  +++ Contingency table
Level of evidence 2B  PE + PE - Total 
Prevalence PE 18.0% US+ 62 21 83
Prevalence US 18.2% US - 20 353 373
Relative increase 1,0 Total 82 374 456

Deerenberg et 
al(2). 2015

Risk of bias  ++ Contingency table
Level of evidence 2B  PE + PE - Total 
Prevalence PE 13.6% US+ 43 41 84
Prevalence US 24.9% US - 3 251 254
Relative increase 1.8 Total 46 292 338

Baucom et al(21). 
2016

Risk of bias ---- Contingency table
Level of evidence 3B  PE + PE - Total 
Prevalence PE 28.9% US+ 11 15 26
Prevalence US 68.4% US - 0 12 12
Relative increase 2.4 Total 11 27 38

Baucom/Beck et 
al(7, 14). 2014

Risk of bias ++ n = 181
Level of evidence 2B
Prevalence PE 14%
Prevalence US 20%
Relative increase 1.45

PE: physical examination, US: ultrasound 

Peroperative diagnosis 
The diagnosis obtained through physical examination or CT-scan was compared to the 
peroperative findings in three studies concerning 80 patients. Results obtained by these studies 
are summarized in Table 6.(6, 22, 23) only one of the studies included in this comparison was 
of good methodological quality. All reports on this outcome were flawed by small sample sizes. 
Gutiérrez de la Peña et al.(6) reported a true positive rate of 100% and a false positive rate of 
2.3% (n = 50) for diagnosis with CT-scan. For the diagnosis with physical examination, a true 
positive rate of 75% and a false positive rate of 9.5% (n = 50) were reported. (6)
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Table 6. CT-scan versus diagnosis during surgery 

Gutiérrez de la 
Peña et al(6). 
2001

Risk of bias ++++ Contingency table
Level of evidence 2B Surgery + Surgery - Total

CT+ 8 1 9
CT - 0 41 41
Total 8 42 50

Højer et al.(22) 
1997

Risk of bias  +++ Contingency table
Level of evidence 3B Surgery + Surgery - Total

CT+ 6 1 7
CT - 2 3 5
Total 8 4 12

Holihan et al(23). 
2016

Risk of bias  + Contingency table
Level of evidence 3B Surgery + Surgery - Total

CT+ 14 1 15
CT - 0 3 3
Total 14 4 18

Physical examination vs peroperative diagnosis
Gutiérrez de la 
Peña et al.(6) 
2001

Risk of bias ++++ Contingency table
Level of evidence 2B Surgery + Surgery - Total

PE+ 6 4 10
PE - 2 38 40
Total 8 42 50

Holihan et al(23). 
2016

Risk of bias  + Contingency table
Level of evidence 3B Surgery + Surgery - Total

PE+ 11 1 12
PE - 3 3 6
Total 14 4 18

PE: physical examination 

Impact of obesity 
The impact of obesity on the diagnosis of IH was reported in three studies concerning two 
different patient populations.(4, 14, 19) Baucom et al.(14) compared CT-scan as diagnostic 
modality to physical examination in obese and non-obese patients. The disagreement rate 
between the two modalities was 21% (n = 96) in obese patients compared to 13% in non-
obese patients (n = 85).(14) Bloemen et al.(4) compared ultrasound as diagnostic modality 
to physical examination in patients with a body mass index (BMI) >25 and in patients with a 
BMI < 25. The disagreement rate between the two modalities was 10% (n = 228) in the BMI 
> 25 patients compared to 8% in BMI < 25 patients (n = 228) (4). One other study compared 
the mean surface area of incisional hernias detected with ultrasound in obese and non-obese 
patients and did not find a significant difference between the two (19). 
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Discussion
In this systematic review on diagnostic modalities for IH diagnosis, great variance between 
modalities and between different studies was found. The diagnosis of IH remains challenging, 
as no objective gold standard is present. 

All included studies were of retrospective design, had multiple methodological concerns, or 
presented a small sample of patients (GRADE quality: low or very low). Therefore, the results 
of included studies should be interpreted with caution. Compared to peroperative diagnosis 
CT-scan seems to be reasonably accurate in one study presenting a small sample of patients 
(6). However, considerable inter observer variability has been reported (8, 12, 18, 20, 23). 
Moreover, multiple studies report considerable discrepancy between CT-scan and physical 
examination and between CT-scan and ultrasonography results (2, 4-7, 11, 12, 14, 23). No 
study compares ultrasound to the peroperative diagnosis. Two studies compare ultrasound 
to CT-scan and find contradictory results (7, 8). Inter observer variability for ultrasound 
and physical examination has not been assessed thoroughly however, we may assume inter 
observer variability will be present due to the dynamic nature of these diagnostic modalities. 

One prospective study of decent methodological quality provides a comparison between 
physical examination and the peroperative diagnosis in a small sample of 50 patients. 
Although the sample size was limited, this is the only report that provides some reliable insight 
in the sensitivity and specificity of physical examination, a sensitivity of 75% and a specificity 
of 90% being reported (6). Considerable discrepancies were reported between diagnosis by 
physical examination and ultrasound or CT-scan (2, 4-7, 11, 12, 14, 23). Most studies report 
higher prevalence rates when using imaging modalities for the diagnosis of IH. However, not 
all studies show this trend (4, 6). Relative increase in IH prevalence compared to physical 
examination ranged from 0.92 to 1.8 for CT-scan and 1 to 2.4 for ultrasound (2, 4-7, 11, 12, 
14, 23). Strikingly, studies that report similar prevalence rates for physical examination 
and ultrasound or CT-scan still show considerable disagreement between the two imaging 
modalities (4, 6). 

The diagnostic performance of CT-scan is more thoroughly investigated compared to physical 
examination and ultrasound. CT-scan will likely provide the most sensitive and reproducible 
diagnosis of IH followed by ultrasound and physical examination. The definition of IH 
differed slightly in those studies that reported a definition. No study reported an IH definition 
specifically adapted for the diagnostic modality used. Disagreement between observers might 
in part be due to lack of consensus with regard to the IH definition (23).
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It is important to stress that all the above-mentioned concerns relate to the research setting. 
For clinical studies, objective comparable measures should be used to report endpoints. The 
choice of diagnostic modality in a clinical setting might be relatively straightforward as most 
clinicians are mainly focused on identifying symptomatic incisional hernias that might require 
treatment. Therefore, in asymptomatic patients a full diagnostic workup would often not be 
necessary. For a surgeon, detection rate is not the only argument to choose one modality over 
the other. In this case, costs, availability, patient safety, and patient comfort are important 
factors to take into account. It is understandable that a stepwise incremental approach is often 
chosen, in which physical examination will be the first modality used, followed by imaging in 
case of doubt. 

In IH research the diagnostic follow-up is challenging as no diagnostic gold standard 
exists and imaging will often be applied for non-IH related indications or in patients with 
an inconclusive physical examination, potentially causing for selection bias. The choice of 
diagnostic modality and the number of observers might influence the IH prevalence found. 
When different modalities and observers are unequally distributed over study cohorts, internal 
study validity could be compromised. This is especially of concern in studies of observational 
retrospective design since many observers and different diagnostic modalities are present in 
every day clinical practice. Moreover, the aims of the clinician (identifying symptomatic IHs) 
often deviate from the aims of the researcher (identifying all IHs). Varying definitions for IH 
among observers is likely to cause a part of the observed disagreement (23).  

Use of a universal definition such as the definition as proposed by Korenkov et al.(9): ‘any 
abdominal wall gap with or without bulge in the area of a postoperative scar perceptible or 
palpable by clinical examination or imaging’, might be imperative. Based on current data, 
restricting the definition of IH to radiologically confirmed hernia’s only, is not advisable, 
illustrated by the substantial inter observer variation in CT-scan examinations and reports of 
false negative and false positive CT-scan diagnosis (6, 8, 18, 22, 23). Although our knowledge 
with regard to inter observer variation in IH diagnosis is mainly based on diagnosis by CT-scan, 
we may assume that these variations are of even more of concern when applying ultrasound or 
physical examination, due to the more dynamic nature of these diagnostic modalities and the 
fact that in both modalities subjectivity plays a larger role. The series presented by Holihan 
et al.(23) (CT-scan only) suggested that at least part of the observed inter observer variation 
was due to subtle differences in the applied definition and methodology of operators. An IH 
definition specifically altered for the (radiologic) diagnostic modality of use, accompanied by 
a standardized systematic approach, might further improve the accuracy and consistency of 
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IH diagnosis (7, 23). For ultrasound examination a systematic approach in which the midline 
area is examined first, followed by the abdominal areas next to the midline and finally the more 
lateral abdominal areas as suggested by Beck et al.(7) could be considered. This approach 
could be applied similarly for abdominal palpation. Since the diameter of the fascial defect 
and hernia sac significantly enlarge during a Valsalva maneuver, routine use of the Valsalva 
maneuver during physical examination and radiologic evaluation of the postoperative scar 
might be of added diagnostic value (24). 

The clinical relevance of IHs detected solely by radiologic imaging remains unclear. Only 
one study to date attempts to answer this question. Bloemen et al.(4) reported 26/103 of IH 
patients with discomfort, 3/26 of these IHs were detected by ultrasound alone and 1/13 IHs 
that were treated surgically were detected by ultrasound alone. Based on current literature 
the proportion of IHs solely detected by radiologic imaging that requires treatment or will 
progress through time remains unclear. Future research concerning the diagnosis of IHs 
should emphasize more on these factors. 

Limitations
Our systematic review has some limitations. First, all included studies were of low quality: 
most were of retrospective design, and some studies presented small samples. Therefore, 
the data should be interpreted with caution. We assume that between study variation is 
present: follow-up, indication for abdominal surgery, BMI, and age differed between studies. 
Additionally, some studies included a small proportion of laparoscopic patients (7, 12, 14, 18-
20). IH prevalence rates in patients operated laparoscopically differ from patients undergoing 
open abdominal surgery. Therefore, the proportion of patients operated laparoscopically 
will influence the total IH prevalence. Although these factors influence the comparability of 
reported IH prevalence, these factors might be of less concern when assessing the diagnostic 
accuracy. The majority of included studies had multiple methodological concerns. Risks for 
either reporting or selection bias was found frequently (Appendix 2). Most methodological 
concerns will mainly influence the overall prevalence rates; however, the diagnostic accuracy 
will be influenced by the prevalence rate to some degree. Additionally, a number of studies did 
not compare the diagnostic modalities in a blinded fashion, potentially diluting the presented 
results and diminishing generalizability (2, 4, 5, 11, 12, 18). 
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Conclusion
Great variance between different diagnostic modalities and between different observers was 
found. Use of imaging modalities will usually cause for additional/increasing numbers of IH 
diagnosis and increase the IH prevalence compared to use of physical examination alone. 
When comparing different imaging modalities, CT-scan provides the most accurate diagnosis. 
Lack of consensus with regard to the IH definition among observers might in part explain the 
inter observer variation. The observer, diagnostic modality, and diagnostic approach could 
be additional factors explaining variability in IH prevalence and should therefore be reported 
with detail in IH research. To achieve internally valid study results proper distribution of 
different observers and diagnostic modalities across study cohorts is imperative.
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Supplement 

Appendix 2: Methodological concerns 

Inter observer variation
Den Hartog et al. (8) 2014 No major methodological concerns.
Baucom et al. (18) 2014 Surgeon was asked to specifically diagnose incisional hernia, radiologists 

were not (reporting bias). 
Claes et al. (12)  2014 Inclusion of small proportion of laparoscopic patients (applicability).
Holihan et al. (23) 2014 Two radiologists report higher Prevalence rates potentially diluting the 

results (reporting bias). 
Baucom et al. (20) 2016 Small sample out of larger cohort (selection bias).
CT-scan versus ultrasound
Den Hartog et al.(8) 2014 No major methodological concerns.
Beck et al.(7) 2013 Patients were only included if a CT scan was available (selection bias); 

interval between CT-scan and ultrasound up to 6 months (reporting bias). 
CT-scan versus Physical examination 
Gutiérrez de la Peña et 
al.(6) 2001

No major methodological concerns 

Baucom et al. (14) 2014 Patients were only included if a CT scan was available (selection bias); 
interval between CT-scan and physical examination up to 6 months 
(reporting bias). 

Holihan et al.(23) 2016 Patients were only included if a CT scan was available (selection bias); 
interval between CT-scan and physical examination unclear; data regarding 
physical examination was extracted from patient records (reporting bias). 

Goodenough et al.(5) 
2015

Patients were only included if a CT scan was available (selection bias); 
interval between CT-scan and physical examination unclear (reporting 
bias); unclear whether comparison was made blinded (reporting bias). 

Caro-Tarrago et al.(11) 
2015

Interpretation of CT-scan not blinded to results of physical examination 
(reporting bias).

Claes et al.(12) 2014 Patient samples differed per modality (selection bias); interval between CT-
scan and physical examination unclear, unclear whether comparison was 
made blinded (reporting bias). 

Ultrasound versus physical examination
Bloemen et al. (4) 2015 Ultrasound was not performed blinded to the results of physical 

examination (reporting bias). 
Deerenberg et al.(2) 2015 Unclear whether comparison was made blinded (reporting bias). 
Baucom et al.(21) 2016 Included patients were likely to have an incisional hernia, high losses 

to follow up related to outcome (selection bias); comparison between 
modalities was not blinded (reporting bias).

Baucom/beck et al.(7, 14) 
2014

Patients were only included if a CT scan was available (selection bias). 
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CT-scan versus peroperative diagnosis
Gutiérrez de la Peña et 
al.(6) 2001

No major methodological concerns.

Højer et al(22). 1997 Patients selected for this study had an inconclusive physical examination for 
incisional hernia (selection bias).

Holihan et al.(23) 2016 Only patients with an available CT-scan were included, the surgically 
evacuated patients consist of a non-random sample; decision to operate was 
made based on CT scan (selection bias). 

Physical examination versus peroperative diagnosis
Gutiérrez de la Peña et 
al.(6) 2001

No major methodological concerns.

Holihan et al.(23) 2016 Only patients with an available CT-scan were included, the surgically 
evacuated patients consist of a non-random sample, decision to operate was 
made based on CT scan (selection bias); physical examination results were 
obtained through patient records (reporting bias). 
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Appendix 3: Incisional hernia definition  

Study Definition of incisional hernia 
Baucom et al. (21) 
2016

‘…any fascial defect within 7 cm of an incision made at the time of the cancer 
operation.’  

Beck et al. (7) 2013 ‘Full-thickness defect in the abdominal wall fascia or lateral muscular […] in the 
region of a previous incision.’  

Bloemen et al. (4) 
2012

‘Any abdominal wall gap with or without a bulge in the area of a postoperative 
scar, palpable or perceptible by clinical examination or imaging.’

Caro-Tarango et al. 
(11) 2014

‘…a palpable hernial protrusion under the laparotomy scar when Valsalva 
manoeuvres were carried out in the supine decubitus position and/or in the 
bipedestation posture.’

Claes et al. (12) 
2014

‘An abnormal protrusion of the contents of the abdominal cavity or of pre-
peritoneal fat through a defect or weakness in the abdominal wall at the site of 
the surgical scar’ 

Deerenberg et al. (2) 
2016

‘any abdominal wall gap with or without bulge in the area of a postoperative 
scar perceptible or palpable by clinical examination or imaging’

Højer et al. (22) 1997 ‘…a peritoneal sac that protrudes through a weakness or defect in the muscular 
and fascial layers of the abdomen.’
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Abstract 
Background
Incisional hernia (IH) is one of the most frequent complications after abdominal surgery. 
Follow-up with regard to IH remains challenging. Physical examination and imaging to 
diagnose IH are time consuming, costly, require devotion of both physician and patient, 
and are often not prioritised. Therefore, a patient-reported diagnostic questionnaire for the 
diagnosis of IH was developed. Objective of this study was to validate this questionnaire in a 
consecutive sample of patients.    

Methods
All patients above 18 years of age who underwent abdominal surgery with a midline incision at 
least 12 months ago were eligible for inclusion. Included patients visited the outpatient clinic 
where they filled out the diagnostic questionnaire and underwent physical examination. The 
questionnaire answers were compared to the physical examination results. The diagnostic 
accuracy of the entire questionnaire was assessed by multivariable logistic regression. 

Results 
In total, 241 patients visited the outpatient clinic prospectively. 54 (22%) patients were 
diagnosed with IH during physical examination. The area under the receiver operating 
characteristic curve of the diagnostic questionnaire was 0.82. Sensitivity and specificity were 
respectively 81.5% and 77.5%. The positive and negative predictive values were respectively 
51.2% and 94%. Ten (19%) patients with IH were missed by the questionnaire.  

Conclusion 
The patient-reported diagnostic questionnaire as currently proposed cannot be used to 
diagnose IH. However, given the high negative predictive value, the questionnaire might 
be used to rule out an incisional hernia. Long-term follow-up for the diagnosis of incisional 
hernia should be performed by clinical examination. 
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Introduction
Incisional hernia (IH) is one of the most frequent complications after abdominal surgery. 
IH repair remains an essential surgical challenge, yearly resulting in 300,000 hernia repair 
procedures in the United States alone (1, 2). Reported prevalence rates vary between 10 
and 20% in the general patient population and may be well over 30% in the presence of 
comorbidity, such as obesity and abdominal aortic aneurysm (AAA) (3-6). IH can lead to 
major discomfort and aesthetic dissatisfaction, resulting in a decreased perceived quality 
of life (7-9). In addition, IH can result in morbidity requiring emergency surgery and even 
mortality, due to strangulation or incarceration of the bowel (10-12).

Most IHs will become apparent in the first three years after surgery. However, patients may 
remain at risk for up to 10 years after surgery (13, 14). Therefore, long-term follow-up and 
awareness of IH is essential to attain high-quality care. 

Follow-up after abdominal surgery with regard to IHs remains challenging. Physical 
examination and imaging techniques to diagnose IH are time-consuming, costly, require 
devotion of both physician and patient, and are often not prioritized in daily clinical practice 
(15). Still, awareness and early detection of IHs is especially of importance in high-risk 
patients, including obese patients and patients with an AAA, of which approximately 30% will 
develop IH (3-6). Moreover, treatment efficacy greatly deteriorates, in patients presenting 
with giant, otherwise complex, or incarcerated IHs (10-12, 16). 

In recent years many different patient-reported outcomes have been developed in various 
healthcare settings, including inguinal hernia and recurrent incisional hernia (16-21). 
The overall goal of patient reported outcomes is to make subjective findings objective and 
measurable, to screen patients for occurring disease or disease progression and to improve 
patient physician communication. 

We previously conducted the PROMID (Patient Reported Outcome Measurements In the 
Diagnosis of incisional hernia) pilot study. In this pilot study, the reliability of a questionnaire, 
to assist in diagnosing incisional hernia, was studied in a small cohort (22). Objective of the 
current study is to validate the previously developed diagnostic questionnaire in a large 
prospective cohort. 

Methods 
The local ethics committee of the three participating hospitals, Havenziekenhuis, IJsselland 
Ziekenhuis, and Franciscus Gasthuis, approved this prospective study. 



Chapter 3

52

Inclusion of patients 
Patients were selected from databases in the Havenziekenhuis, IJsselland Ziekenhuis, 
and Franciscus Gasthuis in the area of Rotterdam. All patients who underwent a midline 
laparotomy, between January 2012 and April 2016, in one of the aforementioned centres 
were eligible for inclusion. All patients who had undergone abdominal surgery by means of a 
midline incision were extracted from a medical database. Patients were contacted by mail and 
subsequently by telephone and were invited to the outpatient clinic. Patients were included if 
they were 18 years or older, if they had undergone a midline laparotomy at least 12 months ago, 
and if they signed informed consent. Patients were excluded if they had undergone surgical 
treatment for ventral IH, were unwilling to undergo physical examination or had insufficient 
understanding of the Dutch language.  

Questionnaire development 
The patient-reported diagnostic questionnaire (Table 1) has been developed in association 
with the Department of Medical Psychology (22). This department is well experienced in 
developing questionnaires, including quality-of-life questionnaires. The questions were 
designed to be simple and applicable for the average patient. The first four questions relate to 
symptoms associated with IH and the last three questions relate to two known risk factors for 
IH, body mass index (BMI) and smoking. The test-retest reliability and internal consistency 
of the questionnaire was assessed earlier (22). 

Table 1. Diagnostic questionnaire for identifying primary incisional hernia.

Question number  Question
Date of birth: 

1 Do you think you have an incisional hernia?
2 Do you currently feel any pain at the site of the scar?
3 Do you feel bulging or a lump at the site of the scar?
4 Do you see bulging or a lump at the site of the scar?
5 What is your weight?
6 What is your height?
7 Do you currently smoke, or have you ever smoked before in your life on a daily 

base?
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Data collection 
Patients willing to participate were invited to visit the outpatient clinic. At the outpatient clinic a 
standardized explanation was given by one of two team members, regarding IH. Subsequently, 
they were invited to fill in the diagnostic questionnaire. Physical examination took place after 
the questionnaire was filled in. In order to diagnose IH, the definition as stated by Korenkov 
et al.(23) was applied: ‘any abdominal wall gap with or without bulge in the area of a post-
operative scar perceptible or palpable by clinical examination or imaging’. All patients were 
examined in supine position and the Valsalva maneuver was applied routinely (24, 25). The 
postoperative scar and subsequently the surrounding lateral abdominal areas were examined 
for the presence of IH (26). Collected data comprised: answers to the diagnostic questionnaire, 
follow-up, height, weight, BMI, age, sex, history of smoking, type of surgery, IH at physical 
examination, location of IH, and approximated size of IH. 

Statistical analysis 
Statistical analysis was performed using STATA (version 15; StataCorp, College Station, 
Texas, USA). Continuous variables were presented as means with Standard deviations (SD). 
Discrete variables were presented as numbers (n) with percentages (%). For each question 
in the questionnaire, referring to the symptoms of IH (questions 1-4, Table 1), the individual 
sensitivity, specificity, positive predictive value (PPV), and negative predictive (NPV) value 
was calculated, using IH diagnosis at physical examination as a reference measurement. 
These outcomes were presented as percentage with 95% confidence intervals (CIs). The 
sensitivity and specificity represent the proportion of patients classified as respectively true-
positive (IH present based on questionnaire and physical examination) and true-negative (IH 
absent based on questionnaire and physical examination). The PPV represents the proportion 
of patients with a positive questionnaire and physical examination result. The NPV represents 
the proportion of patients with a negative questionnaire and physical examination result. 
The diagnostic accuracy of the entire questionnaire was assessed in a multivariable logistic 
regression model, reduced through stepwise backward elimination. The answers to questions 
3 and 4 correlated strongly, 92% of the patients answered similar. Thus, question 3 and 4 were 
combined in one discrete variable that was positive if patients answered yes to either question. 
Questions 5 and 6 were summarized as one variable: BMI. Discrimination between patients 
with and without IH was graphically presented in receiver operating characteristic curves 
(ROC) curves. The area under the ROC-curve (AUC) summarizes the discrimination between 
outcomes of a diagnostic test (e.g. IH or no IH). An AUC of 0.5 represents no discrimination, 
an AUC of 0.7 to 0.8 represents fair discrimination, an AUC of 0.8-0.9 represents good 
discrimination and an AUC of ≥ 0.9 represents excellent discrimination (27-29).
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Results
Patient characteristics are summarized in Table 2. In total, 812 patients were contacted, of 
whom 241 (30%) of patients were willing to participate, 54 (22%) patients were diagnosed 
with IH. Mean defect diameter was 7.1 ± 7.9 cm. 

Table 2. Patient characteristics.

Variable 
N 241
Age (years) 66  ± 12
Sex; male : female 138 (57.3) : 103 (42.7)
Follow up (months) 32 ± 12.5
Height (cm) 173 ± 10.9
Weight (kg) 79.9 ± 15.4
BMI (kg/m2) 26.6 ± 4.5
BMI ≥ 30 kg/m2 49 (20.3)
Ever smoked 159 (66)
Centre 

Sint Franciscus Gasthuis 75 (31.1)
IJsseland Ziekenhuis 49 (20.3)
Havenziekenhuis 117 (48.5)

Type of surgery 
Exploratory laparotomy 49 (20.3)

Small bowel resection 46 (19.1)
Related to AAA 40 (16.6)
Colon resection 34 (14.1)
Hemicolectomy 31 (12.9)
Sigmoid resection 21 (8.7)
Other 20 (8.3)

IH 54 (22.4)
Location of IH

Supra umbilical 31 (57)
Umbilical 9 (17)
Infra umbilical 8 (15)
Entire scar 5 (9)
Next to scar 1 (2)

Defect diameter (cm) 7.1 ± 7.9 

BMI: body mass index; IH: incisional hernia;   
continuous variables: mean ± standard deviation;   
discrete variables: N (%)
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Assessment of individual questions
Diagnostic accuracy and absolute contingency tables for the first four questions are presented 
in Table 3-6. Question 1 resulted in a sensitivity and specificity of respectively 70.3% and 
86.6%. Question 2 resulted in a sensitivity and specificity of respectively 32.1% and 88.8%. 
Question 3 resulted in a sensitivity and specificity of respectively 70.3% and 84.0%. Question 4 
resulted in a sensitivity and specificity of respectively 70.3% and 83.4%. Question 2, referring 
to pain, was the worst single discriminating question (AUC: 0.61) (Figure 1). The AUC of 
questions 1, 3 and 4 were respectively 0.79, 0.77 and 0.77 (Figure 1). A negative answer to all 
four questions resulted in a negative predictive value of 93% (n = 148). A positive answer to all 
four questions resulted in a positive predictive value of 73% (n = 15). 

Table 3. Question 1. Do you think you have an incisional hernia?

Contingency table Diagnostic accuracy; % (95% CI)
No IH IH Total Sensitivity 70.3 (56.4-82.0)

No 162 16 178 PPV 60.3 (47.2-72.4)
Yes 25 38 63 Specificity 86.6 (80.9-91.2)
Total 191 54 241 NPV 91.0 (85.8-94.8)

IH: incisional hernia; PPV: positive predictive value; NPV: negative predictive value; CI: confidence 
interval  

Table 4. Question 2. Do you currently feel any pain at the site of the scar?

Contingency table Diagnostic accuracy; % (95% CI)
No IH IH Total Sensitivity 32.1 (19.9-46.3)

No 167 37 204 PPV 45.9 (29.5-63.1)
Yes 20 17 37 Specificity 88.8 (83.4-93.0)
Total 187 54 241 NPV 81.9 (75.9-87.0)

IH: incisional hernia; PPV: positive predictive value; NPV: negative predictive value; CI: confidence 
interval  

Table 5. Question 3. Do you feel bulging or a lump at the site of the scar?

Contingency table Diagnostic accuracy; % (95% CI)
No IH IH Total Sensitivity 70.3 (56.4-82.0)

No 157 16 173 PPV 54.4 (41.9-66.5)
Yes 30 38 68 Specificity 84.0 (78.0-89.0)
Total 187 54 241 NPV 90.8 (85.4-94.6)

IH: incisional hernia; PPV: positive predictive value; NPV: negative predictive value; CI: confidence 
interval  
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Table 6. Question 4. Do you see bulging or a lump at the site of the scar?

Contingency table Diagnostic accuracy; % (95% CI)
No IH IH Total Sensitivity 70.3 (56.4-82.0)

No 156 16 172 PPV 55.1 (42.6-67.1)
Yes 32 37 69 Specificity 83.4 (77.3-88.4)
Total 188 54 241 NPV 90.7 (85.3-94.6)

IH: incisional hernia; PPV: positive predictive value; NPV: negative predictive value; CI: confidence 
interval  

Assessment of full questionnaire
To assess the diagnostic accuracy of the entire questionnaire, a multivariable logistic regression 
model was fitted including all variables: Questions 1-4, sex, age, BMI, AAA, and ever smoked  
(Supplemental table 1). The model was subsequently reduced, only questions 1-4 and the 
variable sex contributed significantly to discrimination between patients with and without 
IH (Supplemental table 2). Sex was excluded from the final model (Table 7) because inclusion 
only resulted in a marginal improvement in discrimination. The diagnostic accuracy of all four 
questions combined is presented in Table 8. The entire questionnaire resulted in an AUC of  
0.82 (Figure 1). The sensitivity and specificity were respectively 81.5% and 77.5%. The PPV 
and NPV were respectively 51.2% and 94.0% (probability cut-off 0.2). Model performance was 
similar in obese (BMI  ≥  30) subjects, AUC: 0.83.

When only patients experiencing pain or discomfort at the postoperative scar were considered, 
the PPV increased to 65.0% (n = 26). Patients without an IH at physical examination that 
thought they had an IH, were more likely to experience pain or discomfort (relative risk: 4.32; 
95% CI: 1.96 - 9.51 n = 187). In total ten (19%) patients with a detectable IH on physical 
examination were missed (n = 54). These patients answered negatively to all questions in the 
questionnaire. None of these patients suffered from pain or discomfort near the postoperative 
scar. The approximated mean defect diameter in these ten patients was smaller compared to 
the entire cohort (2.7 ± 2.9 cm).
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Table 7. Results multivariable logistic regression including all questions.

Variable Coefficient Odds ratio 95% CI P
Question 1 = yes 1.81 6.12 2.5 - 14.9 < 0.001
Question 2 = yes 0.39 1.48 0.62 - 3.6 0.38
Question 3 or 4 = yes 1.33 3.80 1.5 - 9.3 0.004
Constant -2.64 0.071 0.04 - 0.13 < 0.001

CI: confidence interval

Table 8. Diagnostic accuracy of entire questionnaire.

Contingency table Diagnostic accuracy; % (95% CI)
No IH IH total Sensitivity 81.5 (68.6-90.7)

Predicted no IH 145 10 155 PPV 51.2 (40.1-62.1)
Predicted IH 42 44 86 Specificity 77.5 (70.9-83.3)
Total 187 54 241 NPV 94.0 (88.5-96.9)

IH: incisional hernia; CI: confidence interval; PPV: positive predictive value; NPV: negative predictive 
value; diagnostic accuracy for a probability cut-off of 0.2 

Figure 1. ROC curves of the questionnaire

ROC: receiver operating characteristic; Question 3 and Question 4 are strongly correlated and therefore 
combined to one variable
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Discussion 
Patient-reported diagnostic questionnaires could provide a feasible and cost-effective tool 
for long-term follow-up after abdominal surgery. This prospective validation study revealed 
that the current questionnaire does not obtain accurate results for diagnosis of incisional 
hernia in a consecutive population of patients. The discrimination between patients with 
and without an apparent IH was reasonable (AUC: 0.82). However, the PPV was 51.2% and 
19% of detectable IHs were missed. Pain at the postoperative scar was not indicative for the 
diagnosis of an incisional hernia (P = 0.38). In combination with the questionnaire answers, 
the presence of AAA, high BMI and history of smoking did not further improve discrimination 
between patients with and without IH. Patients without IH who thought to have IH, were 
more likely to experience pain at the scar. In the present study, the internal consistency of the 
questionnaire was not evaluated. However, the internal consistency of the questionnaire was 
examined in the previously conducted pilot study, only the question regarding pain, resulted 
in substantially inconsistent answers (22). This is in accordance with our current finding that 
pain is only of little diagnostic value. Nevertheless, the question regarding pain is important 
to evaluate the severity of IH and may be indicative for  incarceration of abdominal contents. 

The prevalence of IH in the present study is relatively high (22%). However current 
prevalence is still within the normal range that may be expected from a sample of 241 patients 
(3). Nevertheless the relatively high prevalence observed may be caused by baseline factors 
including the relatively long follow-up (mean: 32 months), inclusion of obese patients (n 
= 49), and patients with a (history of) AAA (n = 40). In addition, specific emphasis on the 
detection of IH during physical examination may cause for a higher detection rate. Finally, a 
selection bias of patients who thought to have IH or who experienced problems related to the 
midline scar may have occurred to some degree.

The present study is the first to evaluate a patient-reported diagnostic questionnaire for the 
diagnosis of primary IH. Several previous studies have developed and validated questionnaires 
for inguinal hernia recurrence and incisional hernia recurrence, and their results are 
summarized in the Supplemental table 3 (19-21, 30). The present study results are reasonably 
similar to these previous reports, all reporting a relatively high NPV and low PPV. Baucom 
et al.(30) investigated a questionnaire to diagnose recurrent IH. The authors reported a 
considerably higher PPV than present results and additionally found pain to be of significant 
diagnostic value. These findings may be explained by use of a different source population 
because all included patients had undergone previous hernia surgery. It is conceivable that 
a diagnostic questionnaire will be more reliable in patients who previously experienced 
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IH. However, in this study, predominantly, patients with positive questionnaire results or 
reporting “pain or symptoms” returned to the outpatient clinic. As a result, selection bias 
of patients with an increased probability of IH might have resulted in an overestimation of 
the overall questionnaire accuracy. In addition, the authors discussed that a patient reported 
bulge might correlate better to ultrasound results than physical examination. Although this 
is a very interesting finding, disagreement between different diagnostic modalities may be 
influenced by many factors, including interobserver variation and applied definition (24, 31). 
Neither the applied diagnostic definition nor the number of observers for physical examination 
and subsequent ultrasound were reported. Moreover, in the report by Baucom et al.(30), the 
prevalence rate of IH increased by a factor of 2.4 when comparing ultrasound to physical 
examination. This is a far greater increase compared to other previous reports (5, 24, 26, 32, 
33). 

The recently published Post-INguinal-repair-Questionnaire by telephone (PINQ-PHONE) 
questionnaire presented more accurate results compared to previous diagnostic questionnaires 
concerning the diagnosis of recurrent inguinal hernia (Table 5). In the validation study of 
the PINQ questionnaire no recurrent inguinal hernias were missed, contradictory to previous 
reports and the present study on IH (19, 21). The relatively low prevalence of recurrent inguinal 
hernia of just 1.7% in the PINQ validation study might have caused some overestimation of the 
questionnaire accuracy (20).  

IH remains one of the most frequent complications after abdominal surgery and remains 
an important surgical challenge. Great progress in both primary prevention and results of 
surgical repair have been accomplished over the past decades (13, 14, 32, 34, 35). Continuous 
examination by physical examination or imaging is time-consuming and often not feasible. 
Patient-reported outcomes could provide a feasible and cost-effective tool for long-term follow-
up, which is essential to assess current practice and the effectivity of new closure techniques 
(13). Moreover, in abdominal hernia research it is not uncommon to assess study endpoints 
by telephone in at least part of the study population (36-39). In patients at increased risk for 
IH, adequate follow-up is additionally important to provide high quality care (12). However, 
given the current and previous study results, diagnostic questionnaires for the diagnosis of IH 
are suboptimal for use in structural patient follow-up in research or in a clinical setting. IH 
assessment by questionnaire will result in high false positive rates and up to 19% of IHs will 
still be missed. When applying a questionnaire in a stepwise diagnostic work-up as previously 
proposed, patients currently experiencing discomfort are more likely to visit the outpatient 
clinic (15, 30). Undoubtedly, this will cause for severely biased study results. 
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In a clinical setting a stepwise diagnostic workup starting with a patient-reported diagnostic 
questionnaire would rather cause for an increased than decreased burden on clinical resources, 
due to the high false positive rate. Nevertheless, patients reporting clear IH symptoms, 
should always be subjected to a thorough physical examination, especially when experiencing 
discomfort. The only indication for application of the current diagnostic questionnaire may be 
exclusion of IH. Patients without suspected IH then would not be needed to undergo further 
examination. Patients with IH missed by the current questionnaire may be asymptomatic in 
the majority of cases.  

Limitations 
The present study has several limitations. The questionnaire answers were not obtained by 
telephone, digitally, or by mail, but at the outpatient clinic. This approach deviates from the usual 
application of patient-reported outcomes. However, subjecting patients to the questionnaire 
by telephone will result in less willingness of patients with negative questionnaire answers 
or patients that do not experience any discomfort to visit the outpatient clinic (15, 30). This 
approach would therefore have introduced a selection bias resulting in more likely inclusion of 
patients with IH. This could have led to a potential overestimation of the diagnostic accuracy. 
Nevertheless, a selection bias of patients more likely to have an IH might still have occurred 
to some degree, accentuated by our relatively high IH prevalence rate of 22% (3). In addition, 
the examination of patients was not performed blinded to the questionnaire results. This 
approach could introduce information bias. However, blinding the physical examination 
to the questionnaire results would likely not be feasible or consistent, given patients were 
inherently aware of their answers and may have additional concerns. In addition, one of the 
objectives of patient reported outcomes is to facilitate improved communication between 
physician and patient (17). Therefore, when clinically applying a patient-reported diagnostic 
questionnaire the assessor is aware of the patients answers. Finally, assessment of patients 
was performed by physical examination rather than imaging techniques such as CT-scan or 
ultrasonography. The use of physical examination might result in an underestimation of the 
actual prevalence rate of IH (24). Patients experiencing symptoms from their IH, such as pain 
or a bulge are more likely to return positive questionnaire results; these symptomatic IHs 
are more frequently picked up by physical examination alone (5). This results in a potential 
overestimation of the questionnaire performance. However, asymptomatic IHs solely detected 
by imaging might be of less clinical relevance (5). Available retrospective imaging was not 
used, to provide consistent treatment of subjects. In addition, available imaging would often 
be for different indications and from a different date and could therefore be incongruent to 
the questionnaire results. 
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Conclusion
The current patient-reported diagnostic questionnaire is suboptimal for the diagnosis of IH. 
Up to 19% of IHs were not identified by the questionnaire and the false positive rate was high. 
The only indication for application of the current diagnostic questionnaire may be exclusion 
of IH. Long-term follow-up for the diagnosis of IH should preferably be performed by clinical 
examination.
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Supplement 

Supplemental table 1. Results multivariable logistic regression including all variables

Beta Exp. Beta 95%CI P
Question 1 2.26 9.57 3.47-26.38 <0.001
Question 2 0.765 2.15 0.82-5.62 0.119
Question ¾ 1.07 2.90 1.12-7.48 0.028
Female sex -0.99 0.37 0.15-0.89 0.027
Age 0.036 1.04 0.99-1.07 0.055
BMI -0.04 0.96 0.88-1.05 0.335
AAA -0.19 0.83 0.28-2.46 0.737
History of smoking 0.16 1.17 0.48-2.88 0.728
Constant -3.73

R^2: 0.457; Area under the ROC curve: 0.85; AAA: (History of) Abdominal Aortic Aneurysm

Supplemental table 2. Results multivariable logistic regression including all questions and variable sex 

Beta Exp. Beta 95%CI P
Question 1 1.997 7.36 2.9-18.66 <0.001
Question 2 0.672 1.96 0.78-4.93 0.153
Question ¾ 1.176 3.24 1.29-8.13 0.012
Female sex -1.094 0.34 0.14-0.78 0.011
Constant 2.298

R^2: 0.433; Area under the ROC curve: 0.8
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Supplemental table 3. Summary of literature 

Assessment  Questions Diagnostic 
accuracy

Prevalence 

Vos et al. 1998
Inguinal hernia 
recurrence; 
Prospective study; 
(n=336) 

1. Are you satisfied with the result of the 
operation? 

Sensitivity 25%  7.1%
Ppv 23%
Specificity 93%
Npv 94%

2. Did the inguinal hump in the operated 
area recur? 

Sensitivity 46%
Ppv 24%
Specificity 89%
Npv 95%

Haapaniemi et al. 2002
Inguinal hernia 
recurrence; 
Prospective study; 
(n=223) 

1. Have you had any problems in the groin 
after wound
Healing? Yes/no

Questionnaire 
answer was positive 
if: question 1or 2 = 
yes or question  3 
= no

8.5%

2. Has the lump in the groin recurred? 
Yes/no
3. Are you satisfied with the result of the 
operation? Yes/no

Sensitivity 52%
Ppv 15%
Specificity 89%
Npv 73%

Van den heuvel et al. 2015
Inguinal hernia 
recurrence; 
Prospective study; 
(n=300)

1. Do you have any symptoms at your 
operated groin?

Sensitivity 60% 1.7%  
Ppv 7.8%
Specificity 88%
Npv 99%

2. Have you noticed anything at your 
operated groin?

Sensitivity 80%
Ppv 57%
Specificity 99.0%
Npv 99.6%

3. Have you noticed something at the 
operated groin when coughing, sneezing, 
or squeezing?

Sensitivity 80%
Ppv 36%
Specificity 98%
Npv 99.6%

4. Could you please stand up and put your 
other hand flat in your operated groin. 
Now please put the phone down and put 
this hand to your mouth and blow. Do you 
feel something in your operated groin?

Sensitivity 60%

Ppv 75%
Specificity 99.6%

Npv 99%

5. Yes to any of the previous questions Sensitivity 100%
Ppv 10%
Specificity 85%
Npv 100%
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Assessment  Questions Diagnostic 
accuracy

Prevalence 

Baucom et al. 2016
Incisional hernia 
recurrence; 
Prospective study; 
(n=52) 

1. Do you feel your hernia has come back? Sensitivity 96% 52%
Ppv 66%
Specificity 50%
Npv 93%

2. Do you feel or see a bulge? Sensitivity 85%
Ppv 81%
Specificity 81%
Npv 84%

3. Do you have physical symptoms or pain 
at the site?

Sensitivity 85%
Ppv 46%
Specificity 61%
Npv 75%
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Abstract
Background 
Large incisional hernias require medialization of the rectus abdominis muscles to facilitate 
tension-free closure. Medialization may be achieved by Rives-Stoppa, anterior component 
separation, or posterior component separation. This study aims to compare medialization 
achieved by these techniques in postmortem human specimens.

Methods 
First, the Rives-Stoppa procedure was performed. Subsequently, anterior and posterior 
component separation were performed on one side in each specimen, with each specimen 
functioning as its own control. Medialization was measured at three levels of the linea alba with 
three 1-kg weights. Both medialization obtained in addition to initial medialization after 
opening the linea alba and total medialization were measured. Results are presented as 
median and interquartile range.

Results 
A total of 13 postmortem human specimens were included (Rives-Stoppa n = 13, component 
separation n = 10). Additional medialization after Rives-Stoppa was 1.2 cm (IQR: 0.3–2.2) 
for the anterior rectus sheath and 2.2 cm (IQR: 1.6–3.0) for the posterior rectus sheath (total 
medialization: 3.9 and 4.5 cm). For the anterior rectus sheath, additional medialization 
was 2.6 cm (IQR: 1.2–3.6) after anterior component separation and 1.9 cm (IQR: 0.4–3.4) 
after posterior component separation (P = .125, total medialization: 6.5 and 5.7 cm). For the 
posterior rectus sheath, additional medialization was 3.0 cm (IQR: 2.2–3.7) after anterior 
component separation and 5.2 cm (IQR: 4.2–5.9) after posterior component separation (P < 
.001, total medialization: 5.8 and 9.4 cm).

Conclusion 
Posterior component separation yielded significantly more medialization of the posterior 
rectus sheath compared with Rives-Stoppa and anterior component separation. Anterior 
component separation may provide marginally more medialization of the anterior rectus 
sheath.
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Introduction
Incisional hernia (IH) remains a prevalent complication after abdominal surgery. The 
prevalence of IH ranges between 10% and 20% in the general patient population and may be 
well over 30% in high-risk patients [1-3]. Moreover, recurrence rates after IH repair may be up 
to 37% [4]. Therefore, IHs remain a surgical challenge and results in approximately 350,000 
surgical procedures per year in the United States alone [5].

IHs are associated with (severe) physical and aesthetic complaints [6, 7]. In addition, repair of 
large and complex IHs is associated with high morbidity and recurrence rates [6, 8-12]. Today, 
the objective of IH repair is tension-free fascial closure with mesh augmentation [11-14]. To 
achieve tension-free closure in wide IHs, additional medialization of the rectus abdominis 
muscles is required. A well-known technique to obtain medialization is the Rives-Stoppa 
procedure [15, 16]. However, medialization achieved by this technique can be insufficient 
to close large defects. Therefore, component separation techniques may be used to obtain 
additional medialization [17-19]. 

Two regularly applied component separation techniques are anterior and posterior component 
separation. The anterior component separation was first described by Ramirez et al. [19] in 
1990. The more recently developed posterior component separation or transverse abdominis 
release (TAR) was first described by Novitsky et al. [18] in 2012. Both techniques are regularly 
performed to repair large IHs [6, 17, 20]. However, data on the exact medialization potencies of 
these techniques is lacking. The total medialization distance that can potentially be achieved is 
vital to estimate the IH defect size that can be closed by a certain medialization technique. To 
date, no study has compared medialization obtained after anterior and posterior component 
separation techniques.

The extent of total medialization achieved is less suitable to compare different techniques in 
an experimental setting because it can be influenced by individual patient factors and might 
differ slightly between the abdominal sides [21]. Therefore, we propose to use the extent of 
medialization achieved in addition to the initial medialization after opening the linea alba. 

The objective of this study was to assess and compare medialization after Rives-Stoppa, 
anterior component separation, and posterior component separation in postmortem human 
specimens. The primary outcome measurement was the medialization achieved after Rives-
Stoppa, anterior component separation, and posterior component separation in addition to 
the initial medialization after opening the linea alba. Secondary outcomes comprise total 
medialization after these three techniques. 
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Methods 
Fresh frozen postmortem human specimens were included. All included postmortem human 
specimens had consented to tissue donation for scientific purposes. We did not have access to 
the medical history of the included specimens for this study because of Dutch and European 
regulations. Specimens with visible or palpable abdominal wall morbidity (eg, herniations) 
or previous surgery that might compromise measurements were excluded.

The Rives-Stoppa procedure was performed on both sides of the abdominal wall in all 
specimens. The anterior and posterior component separation procedures were performed 
on one side in each specimen, such that each specimen functioned as its own control. The 
side and procedure to start with were randomly assigned. Before the surgical procedure, the 
abdominal dimensions were measured (ie, circumference at the umbilical level, distance from 
the xyphoid process to the pubic bone, and the distance from the anterior superior iliac spine 
[ASIS] to the ASIS).

Rives-Stoppa procedure
A median skin incision from the xiphoid process to the pubic bone was performed. 
Subsequently, subcutaneous tissue was dissected and the linea alba was identified. The 
linea alba was then incised longitudinally from the xyphoid process to the pubic bone. If 
necessary, adhesiolysis was performed. The rectus sheath was opened across its medial edge 
from the xyphoid process to the pubic bone. Thereafter, the rectus muscle was separated 
from the posterior rectus sheath until the semilunar line was identified, concluding the Rives-
Stoppa procedure. After this, either an anterior component separation or posterior component 
separation procedure was performed.

Anterior component separation procedure
After the Rives-Stoppa dissection, the subcutaneous tissue was dissected laterally from the 
anterior rectus sheath until the aponeurosis of the external oblique muscle was identified. 
Subsequently, the aponeurosis between the rectus sheath and the external oblique muscle was 
incised up to the external fascia of the internal oblique muscle, leaving the internal oblique 
muscle intact. Thereafter, the internal and external oblique muscles were separated laterally 
by blunt dissection, allowing for additional medialization of the anterior and posterior rectus 
sheath (Figure 1) 
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Figure 1. Anterior component separation technique.

The external oblique muscle was incised up to the external fascia of the internal oblique muscle, leaving 
the internal oblique muscle intact. Blunt dissection was performed for medialization of the anterior and 
posterior rectus sheath.

Posterior component separation procedure
After the Rives-Stoppa dissection, the neurovascular bundles were identified. Subsequently, 
the lamina posterior of the internal oblique muscle and the transverse abdominis muscle were 
transected until either the fascia transversalis or the peritoneum, depending on the level of 
the abdomen, was identified. Thereafter, the transversal fascia or peritoneum was separated 
from the transverse abdominis muscle laterally by blunt dissection, allowing for additional 
medialization of the anterior and posterior rectus sheath (Figure 2). Any incidental defects 
created in the transversal fascia or peritoneum were closed with 4-0 sutures. 
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Figure 2. Posterior component separation technique.

 

The lamina posterior of the internal oblique muscle and the transverse abdominis muscle were 
transected until the fascia transversalis or the peritoneum. Blunt dissection was performed for 
medialization of the anterior and posterior rectus sheath.

Measurements 
A specially designed test setup was constructed to measure abdominal wall medialization in a 
standardized and reproducible fashion (Figure 3). Three identical Kocher clamps were placed 
along the anterior and posterior rectus sheath at three marked levels of the abdomen: (1) 
halfway between the xiphoid process and the umbilicus (upper abdomen); (2) At the umbilicus 
(mid abdomen); (3) Halfway between the umbilicus and the pubic bone (lower abdomen).
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Figure 3. Test setup

Each clamp was attached to a 1-kg and subsequently 2-kg weight through a pulley system 
to ensure a force perpendicular to the linea alba. After opening the linea alba, the clamps 
were attached first, and the initial advancement was marked with a reference point on the 
wire (Figure 3). Subsequent medialization measurements were added up to this reference 
point (additional medialization). Therefore, these measurements are relative to the initial 
advancement after opening the linea alba. Measurements with three 1-kg weights (total 3 kg) 
and three 2-kg weights (total 6 kg) were performed separately. The measurements with the 2-kg 
weights were performed to assess whether medialization would increase when more lateral 
force was applied. All measurements were performed with the use of an analogue-measuring 
gauge. After the three procedural steps, the following measurements were performed:

•	 Incision of the linea alba
• Reference measurement

•	 Rives-Stoppa procedure 
• Advancement anterior rectus sheath
• Advancement posterior rectus sheath

•	 Component separation procedures 
• Advancement anterior rectus sheath
• Advancement posterior rectus sheath
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Supplementary, total medialization measurements were taken only for the final 7 specimens 
included (7/13 specimens included for Rives-Stoppa and 6/10 specimens included for 
component separation). A string was fitted from the xiphoid process to the pubic bone to 
assess total medialization. During the reference measurement, the distance between the string 
and the edge of the incision through the linea alba was measured at the same 3 aforementioned 
abdominal levels while applying lateral force with three 1-kg or 2-kg weights.

Reporting of data and statistical analysis
Statistical analyses were performed using the SPSS Software Package (IBM SPSS Statistics 
for Windows, v 21.0, Armonk, NY). A sample-size calculation was not performed because 
comparative studies were unavailable. Therefore, no adequate effect estimation could be made. 
Discrete variables are presented as absolute numbers; continuous variables are presented as 
median and corresponding interquartile range (IQR) or graphically as mean and standard 
deviation (SD). Approximated overall medialization was calculated for each specimen as the 
mean of the medialization measured at the three abdominal levels. Medialization achieved in 
addition to the initial medialization after opening the linea alba is presented for measurements 
with three 1-kg weights. Only these relative measurements, representing net tension-free 
advancement after Rives-Stoppa and component separation, were used for the comparative 
analysis. Because of the relatively small sample size and non-normally distributed data, the 
nonparametric Wilcoxon signed-rank test was used.

Results 
A total of 13 postmortem human specimens (5 females, 8 males) were included. The Rives-
Stoppa procedure was performed on all 13 specimens, and the component separation procedure 
was performed on 10 specimens. One specimen was excluded from the component separation 
analysis because of an unnoticed Spigelian hernia, another specimen was excluded because 
of a large defect in the fascia transversalis (compromising the measurements), and another 
specimen was excluded because of a measurement error during the component separation 
procedure. Abdominal dimensions for each specimen are presented in supplement.

Additional medialization achieved after the Rives-Stoppa 
procedure alone
Additional medialization achieved after Rives-Stoppa alone is graphically presented (Figure 
4). Additional medialization for the individual cases is presented in supplement. For the 
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anterior rectus sheath, overall additional median medialization obtained was 1.2 cm (IQR: 
0.3–2.2). Additional median medialization was 0.9 cm (IQR: 0–1.9) in the upper abdomen, 
1.3 cm (IQR: 0.5–2.5) at the umbilicus, and 1.2 cm (IQR: 0.5–2.6) in the lower abdomen. 
For the posterior rectus sheath, overall additional median medialization obtained was 2.2 
cm (IQR: 1.6–3.0). Additional median medialization was 1.9 cm (IQR: 1.3–3.1) in the upper 
abdomen, 2.0 cm (IQR: 1.5–3.3) at the umbilicus, and 2.4 cm (1.5–3.4) in the lower abdomen.

Figure 4. Additional medialization after Rives-Stoppa and component separation techniques. 

Medialization additional to initial medialization after opening the linea alba (in centimeters), columns 
represent mean medialization and error bars represent the standard deviation.

Additional medialization of the anterior rectus sheath after 
component separation
Additional medialization after the component separation procedures is graphically presented 
(Figure 4). Additional medialization for individual cases is presented in supplement. 
Overall additional median medialization obtained was 2.6 cm (IQR: 1.2–3.6) after anterior 
component separation and 1.9 cm (IQR: 0.4–3.4) after posterior component separation 
(P = .125). No statistically significant difference was present between additional medialization 
after anterior and posterior component separation at any abdominal level (Table 1). When 
subtracting additional medialization obtained by the Rives-Stoppa procedure alone, median 
extra medialization was 1.0 cm (IQR: 0.7–1.8) after anterior component separation and 0.5 
cm (IQR: 0.1–1.2) after posterior component separation (P = .84).
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Table 1. Medialization after anterior and posterior component separation

Anterior rectus sheath
Additional medialization;  

median (IQR)
Total medialization;  

median (IQR)
Anterior CST Posterior 

CST
P N Anterior CST Posterior CST N

Overall 2.6 (1.2-3.6) 1.9 (0.4-3.4) 0.125 10 - - -
Upper 
abdomen

1.5 (0.9-2.7) 2.1 (0.1-3.1) 0.96 10 5.0 (3.5-6.1) 5.0 (2.0 -6.1) 6

Umbilicus 2.7 (1.8-4.1) 1.7 (0.8-4.1) 0.26 10 6.5 (5.2-7.6) 5.7 (2.3-7.3) 6
Lower 
abdomen

2.8 (1.3-3.6) 2.5 (0.2-2.9) 0.17 10 6.1 (4.8-7.0) 5.0 (3.7-5.9) 6

Posterior rectus sheath
Additional medialization;  

median (IQR)
Total medialization;  

median (IQR)
Anterior CST Posterior 

CST
P N Anterior CST Posterior CST N

Overall 3.0 (2.2-4.2) 5.2 (4.2-5.9) <0.001 10 - - -
Upper 
abdomen

2.5 (2.1-4.4) 4.4 (3.3-5.3) 0.093 10 5.5 (4.1-7.1) 6.9 (4.9-9.4) 6

Umbilicus 3.0 (1.8-3.7) 6.0 (5.5-6.5) 0.005 10 5.8 (4.6-7.8) 9.4 (6.9-11.1) 6
Lower 
abdomen

3.1 (2.3-3.6) 4.6 (4.0-5.8) 0.012 10 5.8 (5.4-6.7) 7.4 (5.9-9.3) 6

Medialization additional to initial medialization after opening the linea alba (in centimeters), columns 
represent mean medialization and error bars represent the standard deviation.

Additional medialization of the posterior rectus sheath 
after component separation
Additional medialization after component separation procedures is graphically presented 
(Figure 4). Additional medialization for individual cases is presented in supplement. 
Overall additional median medialization obtained was 3.0 cm (IQR: 2.2–4.2) after anterior 
component separation and 5.2 cm (IQR: 4.2–5.9) after posterior component separation (P < 
.001). Statistically significant differences in medialization between the two techniques were 
present at the umbilicus and lower abdomen (Table 1). When subtracting the additional 
medialization obtained by the Rives-Stoppa procedure alone, median extra medialization was 
0.8 cm (IQR: 0.1–1.3) after anterior component separation and 2.2 cm (IQR: 0.8–3.3) after 
posterior component separation (P = .005).

Total medialization
Total medialization was assessed in seven specimens for the Rives-Stoppa procedure and in six 
specimens for the component separation procedures. After incising the linea alba (reference 



Anatomical study comparing medialization after Rives-Stoppa, anterior component separation, and posterior component separation

81   

4

measurement), overall median medialization with three 1-kg weights (total 3 kg) was 2.5 
cm (IQR: 1.8–3.0). When applying double the weight to the linea alba (three 2 kg weights, 
total 6 kg), medialization increased by another 2.2 cm (IQR: 1.5–2.0). After the Rives-Stoppa 
procedure alone, total median medialization was 3.9 cm (IQR: 3.3–5.2) for the anterior 
and 4.5 cm (IQR: 3.6–6.5) for the posterior rectus sheath. Total medialization after the 
component separation procedures is summarized in the Table 1 and in Figure 5. Increased 
lateral force resulted in increased total medialization. However, additional medialization did 
not increase by applying increased force. For example, when attaching three 2-kg weights, 
overall additional medialization of the posterior rectus sheath remained similar (2.1 cm, after 
anterior component separation and 4.5 cm after posterior component separation).

Figure 5. Total medialization after Rives-Stoppa and component separation techniques.

 

Total medialization (in centimeters), columns represent mean medialization, and error bars represent 
the standard deviation.

Discussion 
In this anatomic study on 13 postmortem human specimens, medialization, in addition 
to the initial medialization after opening the linea alba, was measured. The posterior 
component separation resulted in substantially more lateral advancement of the posterior 
rectus sheath as compared with the anterior component separation (3.0 cm versus 5.2 
cm, P < .001). Medialization of the anterior rectus sheath was not significantly different 
between both techniques (2.6 cm versus 1.9 cm, P = .125). However, when considering the 
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additional advancement to Rives-Stoppa alone, the anterior component separation may 
provide marginally more advancement of the anterior rectus sheath compared with the 
posterior component separation (1.0 cm vs 0.5 cm; P = .84). Medialization was usually 
lowest in the epigastric area of the abdomen. Applying more lateral force to the anterior and 
posterior rectus sheath (ie, pulling with more force on the rectus sheaths) did not result in 
an increased net effect of the Rives-Stoppa or component separation procedures. However, 
total medialization did increase when applying more lateral force. This implies that increased 
medialization, which can be observed when applying increased lateral force, may be obtained 
through stretching of the fascial layers.

Two previous anatomic studies evaluated the medial advancement after anterior component 
separation [19, 22]. However, both studies used a substantially different methodologic 
approach compared with this report and only reported total medialization after component 
separation. Total medialization measurements will likely be influenced more by individual 
patient variation [23]. Moreover, one of these studies used explanted abdominal walls, and 
therefore the studied situation deviated substantially from the in vivo condition. Nevertheless, 
the total medialization reported in the study by van Geffen et al. [22] (2.7–4.5 cm) is reasonably 
similar to the total medialization found in the present study. The study by Ramirez et al. 
[19] reported a generally higher total medialization of 5 cm in the epigastric region, 10 cm at 
the waistline, and 3 cm in the suprapubic region. Both our study and van Geffen et al .[22] 
found medialization to be lowest in the epigastric region and relatively similar in the umbilical 
region and lower abdomen. However, the halfway point between the umbilicus and the pubic 
bone might be too high to find a lower lateral advancement that is likely present in the 
adjacent suprapubic region.[19] A recently published study by Majumder et al. [24] reported 
an overall mean total advancement after posterior component separation of 7.9 cm for the 
anterior and 9.6 cm for the posterior rectus sheath. In our series, we were unable to attain 
a similarly high total medial advancement for the anterior rectus sheath (median: 5.8 cm). 
However, in Majumder et al. [24], the initial total advancement after opening the linea alba 
and after the Rives-Stoppa procedure was also approximately 2 to 3 cm in comparison to our 
series. Therefore, the difference in results may be partially attributable to individual variation 
in the study samples or differences in the measurement methodology. Considering current 
and previous results, most advancement of the anterior rectus sheath is already obtained 
after retrorectus dissection alone [24]. For the posterior component separation in particular, 
every subsequent procedural step may provide some additional medialization. Dissection of 
the transverse abdominis muscle probably allows for less lateral strain on the integral rectus 
sheath, including anterior and posterior layers, providing additional medialization of the 
anterior rectus sheath [24].
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Considering the limited sample size, exact effects of varying abdominal dimensions on 
medialization after component separation techniques are difficult to quantify. However, 
it is conceivable that obtained medialization, in absolute terms, will usually be greater as 
abdominal dimensions increase (supplement). Considering total medialization reported in 
present and other studies, fascial closure relatively free of tension may in general be achieved 
by Rives-Stoppa alone in IHs up to approximately 8 cm in width. In giant IHs, defined as 10 
cm or more in width, component separation techniques will likely contribute substantially to 
tension-free fascial closure [7, 19, 22]. 

To date, two meta-analyses and one comparative observational study comparing clinical 
results after anterior and posterior component separation have been performed [20, 25, 
26]. Both reports largely included single-armed retrospective studies, compromising direct 
comparison between both techniques. Nevertheless, neither of these reviews reported 
increased rates of surgical site infections, complications, reoperations, or recurrences after 
posterior component separation, reassuring the safety of this still relatively new technique [17, 
26]. Moreover, Cornet et al. [17] reported a slightly decreased recurrence rate after posterior 
component separation. However, this could very well be attributable to differences in patient 
characteristics, given the observational design of the available evidence. Considering the 
present study data, posterior component separation results in comparable medialization to 
anterior component separation and allows for the closure of large IHs. The advancement of the 
anterior rectus sheath was marginally higher after anterior component separation compared 
with posterior component separation. However, the anterior rectus sheath may withstand up 
to two times more lateral force as compared with the posterior rectus sheath [21, 27]. Therefore, 
this minor additional fascial strain might be of less concern. Meanwhile, posterior component 
separation likely allows for nearly tension-free fascial closure of the posterior rectus sheath 
in most cases, also preventing contact between abdominal contents and the mesh. Apart from 
component separation alone, recent observational studies have reported positive results of 
botulin toxin injections and preoperative progressive pneumoperitoneum [28, 29]. These 
techniques may allow for additional medialization and may diminish potentially negative 
effects of muscle contraction in the postoperative period. However, long-term reports on these 
techniques, to date, are scarce, and botulin toxin injections could in theory further weaken the 
abdominal musculature, which might impair long-term outcomes.

Recent meta-analyses did not report substantial differences in clinical outcomes between 
anterior and posterior component separation procedures [17, 25]. Theoretically, posterior 
component separation has several advantages. After transverse abdominis release, blunt 
dissection may be performed down to the psoas muscle. This allows for the placement of a 
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mesh with a wider overlap compared with the retrorectus placement [18]. In addition, there is 
little room for mesh migration because of the large defect overlap. Therefore, less or even no 
fixation tags or sutures are required [26, 30]. Blood supply of the abdominal cutis, subcutis, and 
rectus muscles is provided by perforators of deep epigastric vessels and may be compromised 
by subcutaneous dissection, resulting in complications [31]. Anterior component separation 
has been associated with high rates of skin necrosis and wound infections [26, 32]. In addition, 
in spite of continuing wound drainage, subcutaneous dissection may lead to an increased risk 
of seromas [3].

Considering the present study data and recent systematic reviews, prospective clinical trials, 
although challenging, are needed to assess which component separation technique provides 
more favorable results in terms of short-term morbidity and long-term recurrence.

This study has several limitations. The specimens included did not suffer from any abdominal 
defect. Although this differs from the usual patient population treated by component 
separation techniques, it allowed for objective comparison of both sides of the abdomen. In 
addition, specimens with IHs would vary greatly, potentially compromising the analysis [10, 
33]. Another limitation is the postmortem study design. Although fresh frozen specimens were 
used, tissue characteristics after death deviate from the in vivo situation. However, because 
within-specimen randomization and measurements relative to the initial advancement after 
opening the linea alba were performed, comparative analysis remains valid. Nevertheless, 
total medialization may be larger in an in vivo setting. In addition, muscle contraction during 
the postoperative period may negatively influence obtained medialization, causing additional 
fascial strain. Still, measurements in this study would be very difficult, if not impossible, 
to replicate in vivo. Finally, because of the small sample size, individual variation between 
the two abdominal sides might have contributed to the observed results. However, the side 
and procedure at which to begin were randomly assigned before opening the linea alba and 
therefore these effects will be mostly nondifferential. 

In conclusion, based on the results obtained in 13 postmortem human specimens, IHs up 
to 8 cm in width may in general be closed by Rives-Stoppa alone. For IHs ≥ 10 cm in width, 
component separation techniques will be beneficial to attain tension-free fascial closure. 
Anterior component separation may provide marginally more medialization of the anterior 
rectus sheath as compared with posterior component separation. Posterior component 
separation yielded substantially more medial advancement of the posterior rectus sheath as 
compared with Rives-Stoppa and anterior component separation.
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Supplement 

Appendix 1. Abdominal proportions and medialization after the Rives-Stoppa procedure

Subject Abdominal 
proportions

Additional medialization Total 
medialization

Side 1 Side 2 Overall 
1 Circumference 

Length
ASIS-ASIS

65
27
23

Anterior rectus sheath 0.4 3.2 NA
Posterior rectus sheath 1.6 3.7 NA

2 Circumference 
Length
ASIS-ASIS

78.5
27
22

Anterior rectus sheath 0.5 0.3 NA
Posterior rectus sheath 1.2 0.6 NA

3 Circumference 
Length
ASIS-ASIS

79
28
23

Anterior rectus sheath 2.7 2.9 NA
Posterior rectus sheath 2.3 3.5 NA

4 Circumference 
Length
ASIS-ASIS

94
30
30

Anterior rectus sheath 1.6 1.0 NA
Posterior rectus sheath 1.8 2.1 NA

5 Circumference 
Length
ASIS-ASIS

97.5
39
30

Anterior rectus sheath -0.1 -0.4 NA
Posterior rectus sheath 2.4 2.2 NA

6 Circumference 
Length
ASIS-ASIS

98
34
28

Anterior rectus sheath 0.1 0.3 NA
Posterior rectus sheath 1.8 1.2 NA

7 Circumference 
Length
ASIS-ASIS

66
29
24

Anterior rectus sheath 0.2 -0.6 1.4
Posterior rectus sheath 1.5 1.4 3.1

8 Circumference 
Length
ASIS-ASIS

68.5
31
22

Anterior rectus sheath 0.7 1.4 3.4
Posterior rectus sheath 3.2 1.2 4.5

9 Circumference 
Length
ASIS-ASIS

100
36
28

Anterior rectus sheath 1.1 1.3 3.4
Posterior rectus sheath 1.8 2.1 4.1

10 Circumference 
Length
ASIS-ASIS

83
30
22

Anterior rectus sheath 3.1 2.3 4.6
Posterior rectus sheath 2.6 2.2 4.3

11 Circumference 
Length
ASIS-ASIS

99
33
36

Anterior rectus sheath 1.0 2.1 4.6
Posterior rectus sheath NA 4.1 5.1

12 Circumference 
Length
ASIS-ASIS

101
42
35

Anterior rectus sheath 1.6 2.5 5.7
Posterior rectus sheath 2.8 2.8 6.5

13 Circumference 
Length
ASIS-ASIS

97.5
34
27

Anterior rectus sheath 1.8 3.2 4.5
Posterior rectus sheath 1.9 3.8 6.2

Legend: All measurements are presented in cm for one abdominal side. Overall medialization is 
presented for measurements with three 1 kg weights. The anterior and posterior component separation 
were performed on respectively side one and two. Abdominal length is the distance from the xiphoid 
process to the pubic bone. ASIS: anterior superior iliac spine; NA: not available. 
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Appendix 2. Abdominal proportions and medialization after the component separation procedure

Subject Abdominal proportions Additional 
medialization 

Total medialization

Anterior 
CST

Posterior 
CST

Anterior 
CST

Posterior 
CST

1 Circumference 
Length
ASIS-ASIS

65
27
23

Anterior rectus sheath 1.2 4.0 NA NA
Posterior rectus sheath 2.4 5.5 NA NA

2 Circumference 
Length
ASIS-ASIS

78.5
27
22

Anterior rectus sheath 1.1 0.4 NA NA
Posterior rectus sheath 1.3 3.0 NA NA

3 Circumference 
Length
ASIS-ASIS

79
28
23

Anterior rectus sheath NA NA NA NA
Posterior rectus sheath NA NA NA NA

4 Circumference 
Length
ASIS-ASIS

94
30
30

Anterior rectus sheath 2.7 1.6 NA NA
Posterior rectus sheath 2.9 5.8 NA NA

5 Circumference 
Length
ASIS-ASIS

97.5
39
30

Anterior rectus sheath 1.7 -0.4 NA NA
Posterior rectus sheath 4.2 4.3 NA NA

6 Circumference 
Length
ASIS-ASIS

98
34
28

Anterior rectus sheath NA NA NA NA
Posterior rectus sheath NA NA NA NA

7 Circumference 
Length
ASIS-ASIS

66
29
24

Anterior rectus sheath 0.2 -0.4 2.0 1.9
Posterior rectus sheath 1.7 3.8 3.1 5.2

8 Circumference 
Length
ASIS-ASIS

68.5
31
22

Anterior rectus sheath NA NA NA NA
Posterior rectus sheath NA NA NA NA

9 Circumference 
Length
ASIS-ASIS

100
36
28

Anterior rectus sheath 4.2 1.6 6.4 3.6
Posterior rectus sheath 3.0 6.1 5.1 8.1

10 Circumference 
Length
ASIS-ASIS

83
30
22

Anterior rectus sheath 4.0 2.3 6.3 3.7
Posterior rectus sheath 3.2 5.1 4.7 6.5

11 Circumference 
Length
ASIS-ASIS

99
33
36

Anterior rectus sheath 2.8 3.6 6.0 6.6
Posterior rectus sheath 2.6 9.4 5.6 12.3

12 Circumference 
Length
ASIS-ASIS

101
42
35

Anterior rectus sheath 2.6 2.7 6.2 6.4
Posterior rectus sheath 4.3 4.6 8.0 8.3

13 Circumference 
Length
ASIS-ASIS

97.5 Anterior rectus sheath 3.5 3.3 6.1 6.1
34
27 Posterior rectus sheath 4.3 5.3 6.8 8.1

Legend: All measurements are presented in cm for one abdominal side. Overall medialization is 
presented for measurements with three 1 kg weights. Abdominal length is the distance from the xiphoid 
process to the pubic bone. ASIS: anterior superior iliac spine; NA: not available; CST: component 
separation.
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Abstract
Background: 
To obtain tension-free closure for giant incisional hernia repair, anterior or posterior 
component separation (ACS, PCS) is often performed. In patients with an extreme diameter 
hernia, ACS and PCS may be combined. The aim of this study was to assess the additional 
medialization after simultaneous ACS and PCS.

Methods: 
Fresh-frozen post mortem human specimens were used. Both sides of the abdominal wall 
were subjected to retro-rectus dissection (Rives-Stoppa), ACS and PCS, the order in which the 
component separation techniques (CST) were performed was reversed for the contralateral 
side. Medialization was measured at three reference points. 

Results: 
ACS provided most medialization for the anterior rectus sheath, PCS provided most 
medialization for the posterior rectus sheath. After combined CST total median medialization 
ranged between 5.8 and 9.2 cm for the anterior rectus sheath, and between 10.1 and 14.2 cm for 
the posterior rectus sheath (depending on the level on the abdomen). For the anterior rectus 
sheath, additional PCS after ACS provided 15% to 16%, and additional ACS after PCS provided 
32% to 38% of the total medialization after combined CST. For the posterior rectus sheath, 
additional PCS after ACS provided 50% to 59%, and additional ACS after PCS provided 11% to 
17% of the total medialization after combined CST. Retro-rectus dissection alone contributed 
up to 41% of maximum obtainable medialization. 

Conclusions: 
ACS provided most medialization of the anterior rectus sheath and PCS provided most 
medialization of the posterior rectus sheath. Combined CST provides marginal additional 
medialization, clinical use of  this technique should be carefully balanced against additional 
risks. 
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Introduction
IH repair for giant hernias, remains surgically challenging and often requires component 
separation. Reported recurrence rates after anterior and posterior component separation 
are heterogeneous, ranging from approximately 3% to 21% for posterior and 5% to 32% for 
anterior component separation (1-3). Differences in follow-up and diagnostic protocols may 
contribute to this heterogeneity. However, the largest series of patients undergoing posterior 
component separation reported a low recurrence rate of 4% after a minimum follow-up of 12 
months (4).

The gold standard of successful IH repair is thought to be tension-free fascial closure with 
mesh reinforcement. To obtain tension-free closure in giant IHs, medialization of the 
anterior and posterior rectus sheath is required. The most common technique to obtain this 
is the Rives-Stoppa procedure (i.e. dissection of the retro-rectus space) (5, 6). However, for 
large defects this technique often does not provide sufficient medialization and additional 
medialization is required. This can be obtained through release of one or more of the lateral 
abdominal muscles and subsequent dissection of intermuscular planes (i.e. component 
separation techniques, [CST]).

Two well-known CSTs are anterior component separation (ACS), described by Ramirez et 
al. (7), and the posterior component separation (PCS), first described by Novitsky et al. (8). 
Based on previous anatomical studies, PCS provides the most medialization of the posterior 
rectus sheath, whereas it is unclear if either technique provides better medialization of the 
anterior rectus sheath (9, 10).

No prior study evaluated the medialization of combined ACS and PCS, leaving only the 
internal oblique muscle intact. Nevertheless, in a clinical setting a recent case series in 12 
patients describes simultaneous ACS and PCS for repair of giant IHs (11). Previously, ACS 
after PCS has been described by Pauli et al. (12) as salvage procedure after hernia recurrence. 
It remains unclear whether additional medialization obtained through this major procedure 
would outweigh the additional surgical risks and destruction of anatomical planes resulting in 
limited future reconstructive options in case of recurrence.

The primary objective of the current study is to evaluate the obtained medialization of the 
anterior and posterior rectus sheath after simultaneous ACS and PCS. Secondly, contribution 
to the total medialization of each surgical step will be assessed, and medialization obtained 
after ACS and PCS will be compared.
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Methods
Fresh-frozen post mortem human specimens obtained from the university whole body 
donations program were included. All donors had consented to tissue donation for scientific 
purposes at the Erasmus University Medical Center, department of anatomy and neuroscience. 
Due to European regulations, the medical records of included specimens could not be 
accessed. Specimens with visible abdominal wall morbidities, previous abdominal surgery, or 
specimens with intra-abdominal masses, extensive adhesions, or poor tissue preservation that 
might interfere with measurements were excluded.

Retro-rectus dissection (Rives-Stoppa procedure)
A midline incision was performed, starting from the xiphoid process, leading down to the 
pubic bone. Dissection of the subcutaneous tissue was performed in order to expose the linea 
alba. Afterwards, the linea alba was opened carefully, as central as possible so the rectus 
sheath was not opened prematurely. Upon entry into the abdominal cavity, the contents were 
inspected for masses, adhesions or other visible irregularities. Adhesiolysis was performed if 
necessary. Afterwards, the posterior rectus fascia at the medial edge of the rectus sheath was 
incised longitudinally, across the entire midline incision. Consequently, the rectus muscle was 
separated from the posterior rectus sheath, towards the junction of the anterior and posterior 
rectus sheath. This concluded the retro-rectus dissection.

Anterior component separation technique
After the retro-rectus dissection, open ACS as described by Ramirez et al. (7) was performed. 
First, subcutaneous tissue was dissected from the fascia of the anterior rectus sheath until the 
fibers of the external oblique muscle were identified. The external oblique muscle was released 
by incision of the aponeurosis between the rectus sheath and the external oblique muscle up 
to the external fascia of the internal oblique muscle. The aponeurosis was opened as far as 
possible cranially and caudally. Subsequently, the external and internal oblique muscles were 
separated as much as possible laterally by blunt dissection (Figure 1).
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Figure 1. Schematic overview: anterior component separation

Posterior component separation technique
After the retro-rectus dissection, open PCS as described fi rst by Novitsky et al. (8) with 
transversus abdominis muscle release was performed. The lamina posterior of the internal 
oblique of the rectus sheath was incised longitudinally up to the fascia transversalis 
or peritoneum. Subsequently the transected transversus abdominis muscle and fascia 
transversalis or p eritoneum were separated laterally as much as possible, up to the psoas 
muscles, by blunt dissection. Both the pre-transversal and pre-peritoneal planes may be 
used, alternating between the two during one procedure can often not be prevented and is 
considered acceptable. The peritoneum/fascia transversalis was separated less extensively in 
the area of the pelvis and diaphragm, maximum blunt dissection was aimed for. Any incidental 
defects created in the transversal fascia or peritoneum were closed with running 4-0 sutures 
(Figure 2).
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Figure 2. Schematic overview: posterior component separation

Study procedures 
Prior  to each experiment, the length and weight of each specimen were recorded. Additional 
measurements were taken of the abdominal circumference at umbilical level, the distance 
between the anterior superior iliac spines (ASIS), and the distance from the xiphoid process 
to the pubic bone. After exposing the linea alba, before opening it, the width of the linea alba
was measured at three diff erent locations: (1) halfway between the xiphoid process and the 
umbilicus (upper abdomen), (2) at the umbilicus (middle abdomen), and (3) halfway between 
the umbilicus and the pubic bone (lower abdomen). After opening of the linea alba, these 
positions were marked with sutures on both the anterior and posterior rectus sheath. A Kocher 
hemostat was clamped on each of these marked points, ensuring consistent measurement 
locations. Measurements of tissue advancement were performed separately for the anterior 
and posterior rectus sheath with a custom-made, standardized set-up used in a prior 
anatomical study (9). Each of the three clamps had a 1-kg weight attached through a string. 



Medialization after combined anterior and posterior component separation in giant incisional hernia surgery

97   

5

After opening of the linea alba, reference points were placed on the string. Measurements of 
tissue advancement were taken relative to the advancement obtained after opening of the linea 
alba by measuring the advancement of the string in regard to the reference mark (Figure 3). 
Advancement after opening of the linea alba was estimated relative to the abdominal midline 
to calculate the total medialization. All measurements were taken with a dial caliper, 4 minutes 
after initiating the three 1-kg weights to compensate for eventual creep of collagen tissue. In 
each specimen all procedures were performed on both sides (i.e. retro-rectus dissection, ACS, 
and PCS). The abdominal side and CST procedure to start with were randomly assigned. The 
study-set up is depicted in Figure 3. The s    tudy procedures and sequence of measurements are 
schematically summarized in Figure 4 and Table 1.

Figure 3. Study set-up, measurements of advancement
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Data synthesis and statistical analysis
Statistical analysis was performed using IBM SPSS Statistics 25.0. On each side of the 
abdomen similar procedures were performed, only the sequence in which these procedures 
were performed differed. Therefore, these measurements could be adjusted to compensate 
for left/right differences within one specimen. First the proportional unilateral advancement, 
relative to the total advancement of each surgical step (Table 1) was calculated. Hereafter 
measurements were adjusted with the following formula:

 

All further data analyses were performed on these adjusted measurements. For the 
medialization obtained after opening of the linea alba and retro-rectus dissection, 
measurements of the left and right side were combined. Data was presented as median and 
interquartile range (IQR) in mm and as percentage of the total medialization obtained after 
combined CST. Medialization after ACS and PCS was compared with the Wilcoxon signed-
rank test. Medialization attributed to the release, dissection, and total ACS and PCS were 
compared. A P-value <0.05 was considered statistically significant.

Figure 4. Flow diagram of study procedures and sequence of measurements 
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Table 1. Assessed surgical steps

Assessed surgical steps Description 
Opening linea alba Opening of linea alba without opening of the rectus sheath. 
Retro rectus dissection Complete separation of the posterior rectus sheath from the 

rectus muscle, towards the junction of the anterior and posterior 
rectus sheath.

External oblique muscle 
release

The external oblique muscle was released by incision of the 
aponeurosis between the rectus sheath and the external oblique 
muscle up to the external fascia of the internal oblique muscle. 
The aponeurosis was opened as far as possible cranially and 
caudally.

ACS dissection Blunt dissection of the space between the internal and external 
oblique muscles. 

Transverse abdominal muscle 
release 

The lamina posterior of the internal oblique of the rectus sheath 
was incised longitudinally up to the fascia transversalis or 
peritoneum.

PCS dissection The transected transversus abdominis muscle and fascia 
transversalis or peritoneum were separated laterally as much 
as possible, up to the psoas muscles, by blunt dissection. Both 
the pre-transversal and pre-peritoneal planes may be used, 
alternating between the two during one procedure can often not 
be prevented and is considered acceptable.

Results
Of thirteen postmortem human specimens, ten (6 male, 4 female) were included for final 
analyses. Three postmortem human specimens were excluded. One specimen had a large intra-
abdominal mass interfering with the abdominal wall, another had poor tissue preservation, 
and one other specimen was excluded due to destruction of required anatomical planes in 
previous surgical procedures. Baseline specimen characteristics are presented in Table 2.
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Table 2. Baseline specimen characteristics

Baseline characteristics Median (IQR)
Circumference at umbilical level (cm) 85.3 (81.6-91.3)
Distance xyphoid-pubic bone (cm) 32 (29-34)
Distance ASIS-ASIS (cm) 25.5 (24.3-27.5)
Width linea alba lower abdomen (mm) 17.4 (13.5-20.5)
Width linea alba middle abdomen (mm) 21.7 (18.2-28)
Width linea alba upper abdomen (mm) 15.1 (9.5-22.5)
Height (cm) 172.5 (165.8-174)
Weight (kg) 61 (52.7-66.6)
BMI (kg/m^2) 21.3 (19.7-22.5)
Male : female 6 : 4

ASIS: anterior superior iliac spine, BMI: body mass index, IQR: interquartile range.

Medialization after retro-rectus dissection
Medialization after only retro-rectus dissection is summarized in Table 3 and 5 and visually 
presented in Figures 5 and 6. For the anterior rectus sheath, retro-rectus dissection provided 
34%, 26%, and 41% (lower abdomen to upper abdomen) of total medialization obtained after 
combined CST. For the posterior rectus sheath retro-rectus dissection provided 40%, 34%, 
and 41% (lower abdomen to upper abdomen) of total medialization obtained after combined 
CST. In absolute terms (including medialization obtained after opening of the linea alba), total 
one-sided median medialization after retro-rectus dissection was 4.1, 4.5, and 3.8 cm (lower 
abdomen to upper abdomen) for the anterior rectus sheath. For the posterior rectus sheath 
total one-sided median medialization after retro-rectus dissection was 5.3, 5.5, and 4.2 cm 
(lower abdomen to upper abdomen) (n=20 hemi-abdomen). 

Medialization of the anterior rectus sheath after 
component separation techniques 
Medialization after CST for the anterior rectus sheath is summarized in Table 3 and 5 and 
visually presented in Figures 5 and 6. For the anterior rectus sheath ACS provided 51%, 
59%, and 43% (lower abdomen to upper abdomen) of total medialization obtained after 
combined CST. PCS provided 27%, 29%, and 27% (lower abdomen to upper abdomen) of 
total medialization obtained after combined CST. When comparing ACS to PCS, ACS provided 
superior one-sided medialization of the anterior rectus sheath (Table 4). In absolute terms 
(including medialization obtained after opening of the linea alba), total one-sided median 
medialization after ACS was 6.4, 8.2, and 5.3 cm (lower abdomen to upper abdomen). For 
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PCS total median one-sided medialization was 5.2, 6.0, and 4.7 cm (lower abdomen to upper 
abdomen) (n=10 hemi-abdomen). 

Medialization of the posterior rectus sheath after 
component separation techniques 
Medialization after CST for the posterior rectus sheath is summarized in Tables 3 and 5 and 
visually presented in Figures 5 and 6. For the posterior rectus sheath ACS provided 14%, 
14%, and 18% (lower abdomen to upper abdomen) of total medialization obtained after 
combined CST. PCS provided 49%, 65%, and 68% (lower abdomen to upper abdomen) of 
total medialization obtained after combined CST. When comparing ACS to PCS, PCS provided 
superior one-sided medialization of the posterior rectus sheath (Table 4). In absolute terms 
(including medialization obtained after opening of the linea alba), total one-sided median 
medialization after ACS was 6.3, 6.9, and 5.5 cm (lower abdomen to upper abdomen). For PCS 
total median one-sided medialization was 9.3, 12.9, and 10.0 cm (lower abdomen to upper 
abdomen) (n=10 hemi-abdomen). 

Figure 5. Medialization of the anterior and posterior rectus sheath, ACS versus PCS

 * = statistically significant (p-value <0.05). ACS: anterior component separation, PCS: posterior 
component separation.
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Table 3. Medialization of the rectus sheath 

ACS first PCS first

Anterior rectus sheath

Each surgical step separate (mm)

LA MA UA LA MA UA

Opening of linea alba 26 (23-30) 29 (28-33) 24 (16-28) Opening of linea alba 26 (23-30) 29 (28-33) 24 (16-28)

Retro-rectus dissection 15 (8-17) 17 (12-25) 14 (11-17) Retro-rectus dissection 15 (8-17) 17 (12-25) 14 (11-17)

External oblique release 14 (11-18) 17 (14-21) 8 (7-11) Transverse muscle 
release

7 (4-13) 8 (7-15) 6 (3-14)

ACS dissection 10 (5-12) 20 (12-21) 7 (4-9) PCS dissection 4 (3-5) 6 (4-8) 3 (3-5)

+ Transverse muscle 
release

3 (1-6) 5 (3-9) 4 (2-9) + External oblique 
release

9 (6-11) 13 (9-20) 6 (3-9)

+ PCS dissection 4 (3-8) 4 (3-7) 2 (1-4) + ACS dissection 4 (3-8) 6 (5-7) 5 (3-7)

ACS complete 23 (16-30) 37 (26-42) 15 (11-20) PCS complete 11 (6-17) 14 (11-23) 9 (6-19)

+ PCS complete 7 (4-13) 9 (5-16) 5 (2-13) + ACS complete 13 (10-18) 19 (14-27) 11 (6-16)

Cumulative medialization (mm)

Opening of linea alba 26 (23-30) 29 (28-33) 24 (16-28) Opening of linea alba 26 (23-30) 29 (28-33) 24 (16-28)

Retro-rectus dissection 41 (30-48) 45 (40-58) 38 (28-45) Retro-rectus dissection 41 (30-48) 45 (40-58) 38 (28-45)

External oblique release 55 (41-66) 63 (54-79) 46 (35-56) Transverse muscle 
release

48 (34-60) 53 (47-73) 44 (31-59)

ACS dissection 64 (46-78) 82 (66-100) 53 (39-65) PCS dissection 52 (37-65) 60 (51-81) 47 (34-64)

+ Transverse muscle 
release

67 (47-83) 87 (69-110) 56 (41-74) + External oblique 
release

61 (43-76) 73 (60-101) 53 (37-73)

+ PCS dissection 71 (50-91) 92 (72-117) 58 (41-78) + ACS dissection 65 (46-83) 78 (64-108) 58 (40-80)

Posterior rectus sheath

Each surgical step separate (mm)

Opening of linea alba 26 (23-30) 29 (28-33) 24 (16-28) Opening of linea alba 26 (23-30) 29 (28-33) 24 (16-28)

Retro-rectus dissection 27 (23-31) 27 (23-31) 18 (12-21) Retro-rectus dissection 27 (23-31) 27 (23-31) 18 (12-21)

External oblique release 6 (3-6) 6 (3-12) 7 (2-10) Transverse muscle 
release

14 (9-25) 32 (19-41) 20 (14-24)

ACS dissection 5 (3-8) 7 (6-12) 6 (5-10) PCS dissection 25 (20-31) 42 (31-51) 38 (28-46)

+ Transverse muscle 
release

14 (8-18) 26 (20-33) 17 (12-24) + External oblique 
release

10 (3-11) 5 (1-9) 6 (1-8)

+ PCS dissection 24 (6-31) 32 (29-37) 27 (20-39) + ACS dissection 4 (2-5) 8 (5-9) 3 (1-4)

ACS complete 10 (6-14) 14 (9-24) 14 (7-20) PCS complete 40 (30-56) 74 (49-92) 58 (42-70)

+ PCS complete 38 (14-48) 58 (49-70) 44 (32-62) + ACS complete 14 (5-17) 13 (6-18) 9 (2-12)

Cumulative medialization (mm)

Opening of linea alba 26 (23-30) 29 (28-33) 24 (16-28) Opening of linea alba 26 (23-30) 29 (28-33) 24 (16-28)

Retro-rectus dissection 53 (46-62) 55 (51-64) 42 (28-49) Retro-rectus dissection 53 (46-62) 55 (51-64) 42 (28-49)

External oblique release 59 (49-68) 62 (54-76) 49 (31-59) Transverse muscle 
release

67 (55-86) 87 (70-105) 62 (43-73)

ACS dissection 63 (52-76) 69 (60-88) 55 (35-69) PCS dissection 93 (75-117) 129 (100-156) 100 (71-119)

+ Transverse muscle 
release

77 (60-94) 95 (80-121) 72 (47-93) + External oblique 
release

102 (79-129) 134 (102-165) 105 (72-127)

+ PCS dissection 101 (66-125) 127 (109-158) 100 (67-131) + ACS dissection 106 (81-134) 142 (106-174) 109 (73-131)

ACS: anterior component separation, PCS: posterior component separation, LA: lower abdomen, MA: 
middle abdomen, UA: upper abdomen. Median and interquartile ranges are given. 
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Table 4. PCS versus ACS

Anterior rectus sheath M. transversus abd. release M. obliquus ext. release P
Lower abdomen 7 (4-13) 14 (11-18) 0.285
Middle abdomen 8 (7-15) 17 (14-21) 0.009
Upper abdomen 6 (3-14) 8 (7-11) 0.445
Posterior rectus sheath    
Lower abdomen 14 (9-25) 6 (3-6) 0.037
Middle abdomen 32 (19-41) 6 (3-12) 0.007
Upper abdomen 20 (14-24) 7 (2-10) 0.005
Anterior rectus sheath PCS dissection ACS dissection P
Lower abdomen 4 (3-5) 10 (5-12) 0.045
Middle abdomen 6 (4-8) 20 (12-21) 0.027
Upper abdomen 3 (3-5) 7 (4-9) 0.017
Posterior rectus sheath    
Lower abdomen 25 (20-31) 5 (3-8) 0.007
Middle abdomen 42 (31-51) 7 (6-12) 0.005
Upper abdomen 38 (28-46) 6 (5-10) 0.005
Anterior rectus sheath PCS complete ACS complete P
Lower abdomen 11 (6-17) 23 (16-30) 0.005
Middle abdomen 14 (11-23) 37 (26-42) 0.005
Upper abdomen 9 (6-19) 15 (11-20) 0.005
Posterior rectus sheath    
Lower abdomen 40 (30-56) 10 (6-14) 0.005
Middle abdomen 74 (49-92) 14 (9-24) 0.005
Upper abdomen 58 (42-70) 14 (7-20) 0.005

ACS: anterior component separation, PCS: posterior component separation. Median and interquartile 
range is given.

Medialization by additional PCS after ACS
Obtained medialization is summarized in Tables 3 and 5 and proportional medialization is 
visually presented in Figure 6. For the anterior rectus sheath, additional PCS after ACS provided 
15%, 15%, and 16% (lower abdomen to upper abdomen) of total medialization obtained after 
combined CST. For the posterior rectus sheath, additional PCS after ACS provided 50%, 59%, 
and 58% (lower abdomen to upper abdomen) of total medialization obtained after combined 
CST. 

Medialization by additional ACS after PCS
Obtained medialization is summarized in Tables 3 and 5 and proportional medialization is 
visually presented in Figure 6. For the anterior rectus sheath, additional ACS after PCS provided 
33%, 38%, and 32% (lower abdomen to upper abdomen) of total medialization obtained after 
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combined CST. For the posterior rectus sheath, additional ACS after PCS provided 17%, 12%, 
and 11% (lower abdomen to upper abdomen) of total medialization obtained after combined 
CST. 

Table 5. Percentage of total medialization (%)

ACS first PCS first

Anterior rectus sheath

LA MA UA LA MA UA

Rives-Stoppa 34% 26% 41% Rives-Stoppa 40% 34% 41% 

M. obliquus ext. release 30% 27% 24% M. transversus abd. 
release

18% 16% 17%

ACS dissection 21% 31% 20% PCS dissection 10% 12% 10%

+ M. transversus abd. 
release

6% 8% 11% + M. obliquus ext. 
release

23% 26% 18%

+ PCS dissection 9% 7% 5% + ACS dissection 10% 11% 14%

ACS complete 51% 59% 43% PCS complete 27% 29% 27%

+ PCS complete 15% 15% 16% + ACS complete 33% 38% 32%

Posterior rectus sheath

Rives-Stoppa 36% 27% 24% Rives-Stoppa 34% 24% 21%

M. obliquus ext. release 8% 6% 9% M. transversus abd. 
release

18% 28% 24%

ACS dissection 6% 8% 8% PCS dissection 31% 37% 44%

+ M. transversus abd. 
release

18% 26% 22% + M. obliquus ext. 
release

12% 5% 7% 

+ PCS dissection 32% 33% 36% + ACS dissection 5% 7% 4%

ACS complete 14% 14% 18% PCS complete 49% 65% 68%

+ PCS complete 50% 59% 58% + ACS complete 17% 12% 11%

ACS: anterior component separation, PCS: posterior component separation, LA: lower abdomen, MA: 
middle abdomen, UA: upper abdomen. 
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Figure 6. Proportional medialization for each surgical phase

 

The first section of the columns corresponding to ACS/PCS represents muscle release and the second 
part represents intermuscular dissection. Proportions are relative to total medialization after combined 
ACS and PCS. ACS: anterior component separation, PCS: posterior component separation.

Discussion
This anatomical and biomechanical study was the first to evaluate medialization of the anterior 
and posterior rectus sheath after simultaneous ACS and PCS. Additionally, medialization of 
each surgical step (i.e. release of the external oblique and/or transversus abdominis muscle 
and dissection of intermuscular planes) was assessed. Moreover, the methodology of assessing 
CSTs was improved, since the same procedure was performed in a different sequence, allowing 
for correction of small differences between the two abdominal sides. 

Combined ACS and PCS resulted in further medialization when compared to ACS or PCS alone. 
However, ACS after PCS mainly improved medialization of the anterior rectus sheath (32-38%) 
and provided little further medialization for the posterior rectus sheath (11-17%). The opposite 
effect was found for PCS after ACS which resulted in substantial further medialization of the 
posterior rectus sheath and only marginal further medialization of the anterior rectus sheath. 
When comparing different procedural steps, retro-rectus dissection at itself is essential in terms 
of proportional medialization contributing up to 41% of maximum obtainable medialization. 
Within a CST procedure both the muscle release and intramuscular dissection provided 



Chapter 5

106

approximately half of the total contribution of CST. When comparing ACS to PCS, ACS provided 
superior medialization of the anterior rectus sheath and PCS of the posterior rectus sheath. 
However, failure to obtain sufficient medialization of the posterior rectus sheath is rare. After 
PCS the posterior rectus sheath does not add much strength to the reconstruction, but primarily 
serves as barrier between the large retro-muscular mesh and the viscera. 

Current results appear comparable to a previous study by our research group (9). The recent 
study of Majumder et al. (10) reported slightly different results. Overall medialization 
reported in this study was higher compared to current analysis, however in this study 
medialization after opening of the linea alba was higher as well. Potentially differences in 
measurement methodology or the research sample at hand were present. In the current study 
nearly all available specimens were of small size which could contribute to the observed lower 
medialization. In the current study median BMI was 19.7 kg/m2 versus a BMI ranging between 
25 until 35 kg/m2 in the study by Majumder et al. (10). Additionally, in this previous study 
mean values instead of median values were used, high outliers may have a large effect on 
mean values in small samples. The difference may therefore be explained by differences in 
methodology, data analysis, and potential inclusion of larger specimens. With reference to the 
comparison between ACS and PCS, PCS showed superior medialization (non-significant) on 
the anterior and posterior rectus sheath in the study by Majumder et al. (10). We were not able 
to reproduce the latter results. 

The effect of component separation in anatomical studies appears to be relatively minor, 
compared to the subjective experience in clinical practice. Medialization might be higher 
during surgery under general anaesthesia as a result of muscle relaxation. However, relative 
proportional effects and comparison of techniques may be less influenced by this limitation 
of an anatomical study. 

In a case series of 12 patients, Lopez-Monclus et al. (11) first performed PCS followed by 
ACS, due to inability to obtain tension-free closure after PCS alone. In this study favourable 
outcomes were reported with low rates of major complications and occurrence of bulging 
in only one patient. In this series two meshes were implanted; a polypropylene (50x50 
cm) mesh in combination with an absorbable (20x30 cm) mesh, both placed in the pre-
peritoneal plane. This series proved that a combined CST approach is possible for patients 
with an extreme diameter hernia. However, it is questionable whether sacrificing both the 
external oblique muscle and the transverse abdominis muscle, leaving only the internal 
oblique muscle intact, provides sufficient medialization to justify this procedure routinely 
or in physically active patients. Combined CST could be helpful when after PCS additional 
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medialization of the anterior rectus sheath is required as described by Lopez-Monclus et al. 
(11). Instead of combined CST, another option, which is currently routinely used, is the usage 
of the in situ halves of the hernia sac or placement of a bridging mesh. In the rare occasion 
that one would fail to close the posterior rectus sheath after ACS, a resorbable bridging mesh 
would be another clinical option. One disadvantage of ACS, if performed ‘open’, is the large 
subcutaneous dissection required for this procedure, which could result in an increased risk of 
surgical site occurrences. Potentially a sequential procedure is justified, peroperatively retro-
rectus dissection can be performed first, depending on the remaining gap between the left and 
right anterior rectus sheath, either ACS or PCS may be performed. 

Limitations
This study has several limitations. Although performing this study and measuring the yielded 
medialization is only possible using postmortem human specimens, tissue characteristics 
differ after death from in vivo tissue. This may primarily limit the external validity of the 
study. Given conditions for all specimens were equal, relative, proportional differences and 
comparisons between techniques remain valid. Additionally, the study design allowed for 
comparison of the two hemi-abdomens in each specimen and correction for small differences 
between the two sides during data-analysis. Therefore the internal study validity is high. Due 
to the inclusion of mainly small specimens, total medialization reported in this study may 
represent an underestimation of actual medialization in the average hernia patient. This is 
accentuated by the larger medialization found by the previous study of Majumder et al. (10) 
including on average larger specimens. It may be noted that the measurement points for the 
upper and lower abdomen were placed halfway between the umbilicus and respectively the 
xyphoid process and pubic bone. This may be too close to the umbilicus to show the profound 
reduction in medialization that would clinically be expected in the proximity of the xyphoid 
process or pubic bone. 

Conclusion 
ACS provided the most medialization of the anterior rectus sheath and PCS provided the most medialization 
of the posterior rectus sheath. Combined CST only provides marginal additional medialization. Clinical 
use of  this technique should be carefully balanced against potential additional risks. 
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Abstract
Introduction
This study explores the anatomical relation of the rectus abdominis muscles with the anterior 
and posterior rectus sheaths. The elastic behavior of these fascial sheets is also assessed. 
Both of these analyses form an anatomic-biomechanical basis for diagnosis and treatment, 
especially in relation to diastasis recti abdominis (DRA).

Method
Seven post-mortem, embalmed human specimens were dissected. The abdominal muscles and 
the fascial sheets of the abdominal wall were dissected. 4 × 4 cm samples of the anterior and 
posterior rectus sheaths were loaded in longitudinal and transverse direction, while recording 
elongation by means of a displacement sensor. The main outcome measures were anatomical 
descriptions and elongation of fascia samples in mm (mean and standard ± deviation).

Results
In longitudinal direction the posterior rectus sheath samples stretched over 1.67 ± 0.48 mm, 
while in transverse direction the mean stretch was 0.29 ± 0.18 mm (p = 0.001). In contrast, no 
significant difference between longitudinal (0.78 ± 0.43 mm) and transversal displacement 
(0.50 ± 0.23 mm) was observed in the anterior rectus sheath (p = 0.56).

Discussion and conclusion
The posterior rectus sheath is functionally more related to the transverse abdominis muscle 
than to the rectus abdominis muscle. From this connection, in combination with the specific 
stiffness of the posterior fascia in the lateral direction, it is assumed that the transverse 
abdominis muscles play an important role in the etiology but also in reduction of DRA. The 
transverse abdominis and rectus abdominis muscles collaborate in support of the abdominal 
wall.



Anterior and posterior rectus abdominis sheath stiffness in relation to diastasis recti: Abdominal wall training or not?

113   

6

Introduction
Diastasis recti abdominis (DRA) is a separation of the two muscle bellies of the rectus 
abdominis muscle. This is a remarkable syndrome as the linea alba, a three-layered collagen 
structure, is considered the strongest element of the abdominal wall (1-6). Diastasis recti 
typically occurs in pregnant woman but is also frequently present in men (7-9).

Diastasis recti abdominis (DRA) is often accompanied by low-back or pelvic girdle pain. 
However, the functional and anatomical explanation for this relation is lacking (4, 10, 11). 
Multiple studies have reported that specific training of abdominal muscles may diminish 
DRA; however, there is no model or theory that can explain the effect of this kind of training. 
This leads to disagreement on which muscles to train, which exercises to perform, and on the 
effect of this kind of training (7, 10-15). 

One important cause for this disagreement is that the biomechanical behavior of the abdominal 
wall is not completely understood (4, 13). Although linea alba laxity likely contributes to the 
occurrence of DRA, it cannot fully account for the bulging that is frequently found in patients 
with DRA or for the diminishing of this bulging when the abdominal muscles are contracted 
coordinately (2, 4). The linea alba is bilaterally continuous with the anterior and posterior 
sheaths of the rectus abdominis muscle. The anatomical description of this connection needs 
specification. Furthermore, the anterior and posterior fascia sheaths continue into the internal 
and external oblique abdominal muscles and the transversus abdominis muscle. The impact 
of contraction of these muscles on the linea alba does depends not only on the relation of the 
anterior and posterior rectus sheaths to the rectus muscle, but also on the elastic behavior of 
these fascia sheets. This may be relevant to the interaction between the abdominal muscles 
and linea alba in relation to DRA. This study aims to explore the anatomical relationship of the 
anterior and posterior rectus sheath with the rectus abdominis muscle and the biomechanical 
aspects (i.e., elasticity) of these fascia structures in relation to the mentioned muscles.

Material and methods
This study included seven embalmed (AnubiFiX® containing 4% formaldehyde) human 
specimens (5 male 88 ± 8 years; 2 female, 67 and 87 years) (16, 17). The specimens were 
obtained from donors who consented to tissue donation for scientific purposes. Due to 
Dutch and European regulations, the medical history of the included specimens could not 
be accessed. Only specimens with intact abdominal walls, (e.g., no herniations or previous 
surgery that might compromise measurements) were included.
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Dissection
First, the skin and subcutaneous tissue and fascia generale were carefully dissected from the 
abdominal wall. Anatomical relations of external oblique, internal oblique, and transverse 
abdominis muscles to the fascial sheets of the abdominal wall were identified and described. 
Next, 4 × 4 cm samples from both the anterior and posterior rectus sheaths were harvested 
from both sides of the midline 2 cm lateral of the umbilicus.

Measurements
Fascia samples were fixed to a synthetic plate as shown in Fig. 1. For stiffness tests in the 
transverse (mediolateral) direction, the sample was fixed at the medial edge. For stiffness 
tests in the longitudinal (craniocaudal) direction the sample was fixed at the cranial edge. A 
displacement sensor (Microstrain®) was attached to the center of the sample in either the 
mediolateral or craniocaudal direction (Fig. 1). The displacement sensor was calibrated to 
record displacements from 1 μm to 3 mm. Force was applied to the rectus sheath samples 
using a surgical (Kelly) forceps. A 20 g weight was horizontally attached through a pulley to 
ensure a force perpendicular to the rectus sheath samples (Fig. 1). Three consecutive loading 
periods were performed within a measurement cycle. One loading period lasted until the 
displacement sensor showed that elongation had halted (Fig. 2, Fig. 3) for more than 15 s. Then, 
the weight was removed. Between loadings, the sample was allowed to regain its initial shape. 
The entire measurement cycle was completed in 10 min. The maximum elongation after each 
loading period as indicated by the displacement sensor was recorded. After measurements 
were recorded, the mean elongation of each sample was calculated over the three loading 
periods. The elongation of the anterior and posterior rectus sheath samples was compared 
for both transverse and longitudinal displacement. Left and right samples were considered 
separate samples in the final analysis. Displacement in longitudinal and transverse directions 
for samples from the anterior and posterior rectus fascia were statistically compared using 
the non-parametric Wilcoxon signed rank test. A P-value < 0.05 was considered statistically 
significant.
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Figure 1. Test set-up.

The Microstrain® displacement sensor as attached to 4 × 4 cm rectus fascia sample on a synthetic 
plate. Pulling force is applied to the sample using a forceps (left) and weight (not in photo).

Results
Dissection
There is a distinct connection of the anterior and posterior rectus sheath to the rectus 
abdominis muscles in all specimens. The anterior sheath is, overall, firmly connected to 
the rectus abdominis muscle, with intermittent, rigid transversal connections (tendinous 
intersections). The connection of the posterior rectus sheath to the rectus abdominis muscle 
is far less tight (Fig. 4). In addition, the space between the rectus muscles and the posterior 
rectus sheath was abundantly filled with fatty deposits, suggesting a sliding mechanism as 
seen around nerves and between muscle layers that need to move freely (Fig. 5). Laterally, 
the anterior rectus sheath is continuous with the external oblique muscle, while the posterior 
rectus sheath is fully and tightly connected to the transverse abdominis muscle. The internal 
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oblique muscle was primarily connected to the anterior rectus sheath and was medially 
connected to the posterior rectus sheath through a small recurrent flap, namely, the lamina 
posterior of the internal oblique muscle.

Figure 4. Sample of transversal view of anterior abdominal wall.

Note the distinct connection of anterior and posterior fascia sheaths to the rectus abdominis muscle.

Figure 5. Sample of posterior aspect of m. rectus abdominis (left is cranial).

Posterior fascia sheath visible in upper aspect of photo. Note the smooth fascia surface and the fatty 
deposits, indicating a sliding mechanism.



Anterior and posterior rectus abdominis sheath stiffness in relation to diastasis recti: Abdominal wall training or not?

117   

6

Loading of the samples
The stiffness of the fascial samples under loading is presented in Fig. 6. In the longitudinal 
direction the samples of the posterior rectus sheath stretched over 1.67 ± 0.48 mm, while in 
the transverse direction the mean stretch was only 0.29 ± 0.18 mm (p = 0.001). This implies 
that in the longitudinal direction the posterior rectus sheath allows for ample stretch, but 
in the transverse direction the posterior rectus sheath behaves rigidly. This differs from the 
anterior rectus sheath where no significant difference between longitudinal (0.78 ± 0.43 mm) 
and transversal displacement (0.50 ± 0.23 mm) was observed (p = 0.56). When comparing 
the anterior and posterior rectus sheaths, the posterior rectus sheath displays most elongation 
in the longitudinal direction (p = 0.04). In the transverse direction, however, the anterior 
rectus sheath shows more elongation than the posterior rectus sheath (p = 0.022).

Figure 2. Representation of recording of three repetitions of loading of a sample of posterior rectus 
sheath.

As reference position, the first unloaded position after the first loading is taken. Note the distinctive 
viscoelastic behavior between longitudinal (viscous) and transverse (stiff) direction.
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Figure 3. Representation of recording of three repetitions of loading of a sample of the anterior rectus 
sheath.

As reference position, the first unloaded position after the first loading is taken. Note that this sheath is, 
in contrast to the posterior sheath, stiffer in both directions.

Figure 6. Graphical representation of measuring results as elongation in mm.

 

Anterior and posterior m. rectus abdominis sheaths are tested in transverse and longitudinal directions. 
Average elongation is shown with standard deviations (SD).
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Discussion
The posterior rectus sheath has a very distinct relationship with the rectus abdominis muscle 
when compared to the anterior rectus sheath. The anterior rectus sheath is firmly connected 
to the rectus muscles, especially to the tendinous intersections. The posterior rectus sheath is 
loosely connected to the rectus abdominis muscle. Numerous fatty deposits, rather, suggest 
the presence of a sliding mechanism between the rectus muscle and the posterior sheath. 
This distinct connection of posterior and anterior sheaths to the rectus abdominis muscles is 
well-known in operative techniques but less known in conservative treatments (18, 19). This 
specific connection is not described in standard atlases or textbooks.

The loose connection of the posterior fascia to the rectus muscle implies that, when force 
transfer occurs, this sheath has a functional relation to the transverse abdominis muscle rather 
than to the rectus abdominis. This notion is underpinned by the stiffness of the posterior fascial 
sheet in the lateral direction in contrast to longitudinal elasticity. This specific directional 
stiffness supports the view of direct force transfer of the transverse abdominis muscle to the 
linea alba. Consequently, transverse abdominis muscle force predominantly increases tension 
in the linea alba with only limited lateral transfer of the rectus muscle, especially when the 
rectus muscle tightens.

Interaction between rectus abdominis and transverse 
abdominis muscle
From the perspective of conservative DRA rehabilitation there is discussion about whether to 
train the rectus abdominis muscles to diminish inter-rectal distance or to train the transverse 
abdominis muscle to put the linea alba under tension by pulling the rectus abdominis muscle 
laterally (7, 12, 13, 15, 20).

The sliding mechanism of the posterior sheath of the rectus abdominis muscle examined in 
this study allows this fascia sheet to slide behind the rectus abdominis muscle. In addition to 
the findings of Lee and Hodges (13), this suggests that the transverse abdominis muscle action 
will not predominantly pull the rectus abdominis muscle laterally but will diminish the slack 
of the posterior fascia, pulling the linea alba inward. When the rectus abdominus muscle is 
active, the transverse abdominus muscle activity pulls the posterior fascia laterally, sliding 
behind the firm rectus abdominis muscle and consequently tensing the linea alba. Because of 
the described sliding mechanism of the posterior fascia sheet, there is limited lateral pull from 
the posterior fascia on the rectus abdominis muscle. As result of this sliding mechanism, the 
rectus muscle will not transfer laterally. Consequently, for proper function of the abdominal 
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wall, coordinated contraction of the rectus muscle and transverse abdominis muscle is 
required. This is confirmed in the study by Sancho (20). 

Role of intra-abdominal pressure (IAP)
Intra-abdominal pressure can be augmented by activation of the abdominal wall but also 
by diminishing the abdominal volume, like in curl-up exercises. During the curl-up exercise 
the rectus abdominis muscles are predominantly activated (7, 13). Bulging of the linea alba 
is visible with sufficient IAP increase even in some healthy subjects. When the transverse 
abdominis muscle co-contracts, this bulging disappears (Fig. 7, Fig. 8, Fig. 9).

Consequently, increasing IAP with suboptimal control of the abdominal wall (e.g., late or no 
contraction of the transverse abdominis muscle) may contribute to aggravation of DRA. Co-
contraction of the transverse and rectus abdominis muscles and controlled gradual increase 
of IAP seems favorable in abdominal wall muscle training. Conservative treatment of DRA by 
specific training of the abdominal muscles based on the intimate relationship between rectus 
and transverse abdominis muscles should be further explored in clinical studies.

Figure 7. Ultrasound recording and graphic representation of linea alba and posterior fascial sheet 
behavior. (a and b) relaxed situation. 
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Figure 8. (a and b) Activation of the rectus abdominis muscle with increased IAP (curl-up).

Figure 9. (a and b). additional activation of the transverse abdominis muscle: linea alba is pulled 
posterior, while the rectus abdominis muscle becomes more pronounced at the anterior, suggesting the 
lateral slide of the posterior fascia with minimal lateral transfer of the rectus abdominis muscle.
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DRA in back and pelvic pain patients
It is demonstrated that motor control of the transverse abdominis muscle in lumbar and pelvic 
pain patients changes (21-23). The present study shows that the connection of the transversus 
abdominis muscle with the transversally stiff posterior fascia sheath may contribute to 
abdominal wall control. When transverse abdominis muscle activity decreases, which can 
have a multifactorial cause, it negatively affects abdominal wall resistance against increased 
IAP. Consequently, when the transverse abdominis muscles inadequately brings the posterior 
rectus sheath to tension, increased IAP may induce bulging in the abdominal wall midline. 
Although this bulging is often considered a result of linea alba weakness, this study shows that 
bulging may also be caused by compromised transverse abdominal muscle control, as earlier 
suggested by Brauman (4).

DRA in pregnancy
DRA is frequently observed during pregnancy. Until now, its etiology has remained obscure. 
The findings in this study may elucidate why DRA occurs in pregnancy. Typical for pregnancy 
is the space requirement of the growing uterus, which increases IAP (1). The presumed laxity 
of linea alba is not sufficient to meet this space requirement (4). Because of the specific 
stiffness in the lateral direction, the posterior rectus fascia sheath is not expected to contribute 
to increasing abdominal volume to a large extent either. Muscular tissue adapts more rapidly 
and to a further extent than collagenous fascial sheets. In the abdominal region especially, 
relaxation of the transverse abdominus muscle and internal and external oblique muscles 
could provide extra space in the abdominal cavity. Therefore, activity of these muscle needs to 
be suppressed. Similar to low-back and pelvic pain patients, altered motor control, especially 
involuntary relaxation of the transverse abdominis may impair resistance of the abdominal 
wall to increased IAP. Although this connection has not yet been confirmed by actual IAP 
measurements, the altered (i.e., decreased) motor control of transverse abdominis muscle 
in back and pelvic pain patients has been demonstrated (22, 23). In this respect it may be 
speculated that altered motor control of the transverse abdominis muscle, due to the need 
for abdominal space, contributes to the occurrence of pelvic girdle pain (PGP) instead of PGP 
leading to altered motor control of the transverse abdominis muscle.

Elasticity of posterior rectus fascia in the longitudinal 
direction
The elasticity of the posterior rectus fascia in the longitudinal direction is striking, especially 
in contrast to the stiffness of this tissue in the transversal direction. The mechanical purpose 
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of this elasticity is unclear. However, some explanations can be suggested: First, this elasticity 
might anticipate abdominal stretch following lumbar flexion and extension; secondly, this 
particular stretch could be associated with displacement of the abdominal content in relation 
to diaphragm motion during breathing.

Limitations
This study was performed on seven embalmed specimens. The process of embalming renders 
the properties of the material less flexible than living tissue. Although in living subjects the 
fascial sheets likely behave more flexibly, their relative stiffness, as measured in this study, 
is expected to be unaffected by the embalming process. Additional studies on fresh cadaver 
material or living subjects could confirm this assumption but would be more challenging to 
perform. In this study the decision was made to apply only small amounts of force to preserve 
the integrity of the material and allow for repeated measurements. Therefore, the absolute 
strength of the material was not examined in this study. In preliminary tests, samples did not 
tear or break under increased loading, and they demonstrated similar elastic behavior as with 
the lower loads used in this study.

It can be questioned whether the high average cadaver age might affect the results of this 
study. Although strength and elasticity might be affected by age, we assume that relative 
elasticity will remain similar. However, fascia elastic behavior should be explored in other 
age groups as well. Practically however, this is a real challenge since for logical reasons the 
number of cadavers of young or middle age are scarce.

Conclusion
The anatomy of the abdominal wall is more complex than suggested by standard atlases and 
textbooks. The loose connection between the posterior rectus sheath and the rectus abdominis 
muscle suggests the presence of a sliding mechanism. In addition, there is specific directional 
stiffness of the posterior fascia: stiff in transversal directions and loose in longitudinal 
directions. This specific anatomy has consequences for our understanding of the way the 
abdominal wall controls IAP, the etiology of DRA, and the potential for abdominal wall 
training in reduction of DRA.
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Clinical relevance
• Both the anatomy and the elastic behavior of the anterior and posterior rectus sheaths 

reflect very specific function of the abdominal wall, controlling intra-abdominal pressure.

• Etiology of Diastasis Recti Abdominis may be similar in pregnant woman and people 
suffering low back and/or pelvic pain, including neuromuscular inhibition of m. 
transverse abdominis.

• Training of both rectus and transverse abdominis muscles may help to conservatively 
reduce Diastasis Recti Abdominis
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Abstract
Purpose 
Data on primary (PH) and incisional hernias (IH) are often pooled, even though several 
studies have illustrated that these are different entities with worse outcomes for IHs. The aim 
of this study is to validate previous research comparing PHs and IHs and to examine whether 
hernia width is an important contributor to the differences between these hernia types. 

Methods
A registry-based, prospective cohort study was performed, utilizing the French Hernia Club 
database. All patients undergoing PH or IH repair between September 8th 2011 and May 22nd 
2019 were included. Baseline, hernia and surgical characteristics, and postoperative outcomes 
were collected. Outcomes were analyzed per width category (≤2 cm, 3-4 cm, 5-10 cm and >10 
cm). 

Results 
A total of 9,159 patients were included, of whom 4,965 (54%) had PH and 4,194 (46%) had IH. 
PHs and IHs differed significantly in 12/15 baseline characteristics, 9/10 hernia and surgical 
characteristics, and all outcomes. Overall, complications and re-interventions were more 
common in patients with IH. After correcting for width, the differences between PH and IH 
were no longer significant, except for medical complications, which were more common after 
IH repair compared to PH.  

Conclusion
After correcting for hernia width, most outcomes do not significantly differ between PH and 
IH, indicating that not hernia type, but hernia width is an important factor contributing to the 
differences between PH and IH. 



Hernia width explains differences in outcomes between primary and incisional hernias

7

Introduction
In 2009 the European Hernia Society (EHS) formulated separate classifications for primary 
(PH) and incisional abdominal wall hernias (IH), as these were considered to be two different 
entities (1). However, in hernia research, data on PH and IH is still often pooled (2-5). In the 
last decade, several articles have been published comparing PH and IH, which concluded that 
these hernias are significantly different entities in terms of baseline characteristics, surgical 
and hernia characteristics and outcomes (6-9). Köckerling et al. (6) and Stirler et al. (8) 
concluded that patients with IH had significantly worse outcomes with higher postoperative 
complication rates and higher recurrence rates. Köckerling et al. subsequently concluded 
that PH and IH were treated differently in terms of mesh location and open or laparoscopic 
procedure (6). Stirler et al. also found a higher total conversion rate and longer hospital stay 
for patients with IH compared to patients with PH (8). In 2018 Kroese et al. (7) performed 
a prospective cohort study of 4,565 patients, based on the French Hernia Club database. 
Besides having similar conclusions as previous research, they found that PH and IH differed 
significantly in terms of baseline characteristics.  

Whether the different outcomes are caused by underlying differences in etiology is not yet 
completely understood. Other possible causes are the higher incidence of comorbidities in IH 
patients or differences in hernia width (7). Larger IHs are more prone to unfavorable outcomes 
than smaller IHs (10). On average, IHs are significantly larger than PHs, and the difference 
in postoperative outcomes between PH and IH may be due to the difference in hernia width.  

Since the study of Kroese et al. (7) the number of patients included in the French Hernia 
Club has doubled. Therefore, the aims of this study are to validate previous results of Kroese 
et al. by repeating the study with double power and to determine whether hernia width is 
an important contributing factor causing the differences in patient characteristics and 
postoperative outcomes between PH and IH.

Methods
This prospective cohort study was performed within the French Hernia Club registry. The 
Hernia Club registry is approved by the French ‘Commission Nationale de l’Informatique et des 
Libertés’ (CNIL; registration number 1993959v0) and complies to the General Data Protection 
Regulation. Additional consent by participants and institutional review board approval were 
not required since this is a registry-based study and patient data is anonymized, which is in 
accordance with the Dutch and French national ethical standards. This study was conducted 
according to the European Registry of Abdominal Wall Hernias (EuraHS) recommendations 
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and follows the STROCSS criteria and STROBE (Strengthening the Reporting of Observational 
studies in Epidemiology) guidelines for observational studies (11-13).

Study design
This is a registry-based, prospective cohort study within the Hernia Club database. All adults 
undergoing ventral hernia repair of both PH and IH between the 8th of September 2011 until 
the 22nd of May 2019 in the French Hernia Club registry were compared. Parastomal hernias 
were excluded. In order to compare PH and IH and to validate previous research on the subject, 
baseline, hernia and surgical characteristics, and postoperative outcomes were collected. 
To determine whether hernia width explains these differences, baseline characteristics and 
postoperative outcomes were compared for different width categories. The constructed width 
categories are as follows: 0 up to and including 2 cm, 3 up to and including 4 cm, 5 up to and 
including 10 cm and wider than 10 cm. Hernia width was only available in whole centimeters. 
These categories were defined roughly based on the combined width categories in the EHS 
classification for PH and IH, as both hernia types have a different hernia width classification 
(1). 

Hernia Club registry
The Hernia Club Registry is a collaborative, prospective, anonymized online database of 
all surgical procedures for primary and incisional hernias. All surgical procedures were 
performed by French surgeons specialized in abdominal wall surgery. The Charter of 
Quality must be signed and accepted by each participating surgeon, which states that: “all 
input must be registered in a consecutive, un-selected, and exhaustive manner and in real 
time”. 191 parameters, including the pre-, peri- and postoperative periods, are prospectively 
collected by the operating surgeon and blinded, independent clinical research associates 
using online forms. In case of any discrepancies the medical records are checked. Patients 
consent to random peer review of medical charts to ensure high quality data. The parameters 
collected in this registry are in accordance with the EuraHS international online platform and 
the European Hernia Society (EHS) classification of primary and incisional abdominal wall 
hernias (1, 14).

Data collection
Patient baseline characteristics extracted from the registry include age, sex, body mass 
index (BMI), smoking habits, diabetes mellitus, corticosteroid use, history of radiotherapy, 
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chemotherapy, abdominal aortic aneurysm, connective tissue disorder, history of abdominal 
wall hernia, hiatal hernia, family history of hernia and American Society of Anesthesiologists 
(ASA) classification. Hernia characteristics extracted from the database comprised the type 
of hernia, hernia width, hernia length and preoperative symptoms. Surgical characteristics 
extracted from the database were planned or emergency surgery, duration of operation, open 
or laparoscopic approach, primary suture or mesh closure, mesh location, Altemeier wound 
classification and antibiotic treatment (15). Extracted postoperative data included the duration 
of admission, intra-operative complications (including penetrating digestive tract wound, 
bladder wound, severe bleeding, and general complications like an embolism or infarction), 
wound complications (including SSIs, SSOs and SSOPIs), surgical complications (including 
occlusion of small intestine, peritonitis, intraperitoneal abscesses, retro- or subperitoneal 
hematoma, abdominal wall hematoma, mesh migration, abdominal wall compartment 
syndrome and early recurrence), medical complications (including veinitis/lymfangitis, 
thrombophlebitis, deep venous thrombosis, urinary retention, pneumonia, cardiac rhythmic 
disorders, acute coronary syndrome and neurological complications) and re-intervention (16). 

Statistical analyses
SPSS 26.0 (IBM Corp. Released 2019. IBM SPSS Statistics for Windows, version 26.0. IBM 
Corp, Armonk, NY, USA) was used for all statistical analyses. Continuous variables were tested 
for normal distribution with the Shapiro-Wilk test and Q-Q plots. Non-normally distributed 
continuous variables are presented as medians with interquartile ranges. Categorical variables 
are presented as absolute numbers with percentages. Mann-Whitney U (continuous data) and 
chi-squared tests (categorical data) were used to compare PH and IH patients. To demonstrate 
the overall comparison and to avoid emphasis on one particular factor, it was chosen to do this 
by performing univariable analysis without additional multivariable analysis. Baseline patient 
characteristics and outcomes were also compared per width category with Mann-Whitney U 
and chi-squared tests. Variables with less than fifteen patients in either of the groups were 
excluded from the analysis per width category. P values < 0.05 were considered statistically 
significant.

Results
A total 9159 patients were included. Of these patients, 4965 (54%) underwent surgery for PH 
repair and 4194 (46%) patients underwent IH repair. 
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Baseline patient characteristics
All baseline patient characteristics are presented in the supplement. Patients with PH and IH 
differed significantly for twelve of fifteen baseline characteristics studied.

Hernia and surgical characteristics
Hernia and surgical characteristics are presented in the supplement. Patients with PH and IH 
were statistically significantly different for nine out of ten hernia and surgical characteristics, 
except for emergency surgery. Hernia width and length were significantly larger in patients 
with IH (median width 2.0, interquartile range 1.0) compared to patients with PH (median 
width 5.0, interquartile range 4.0, p < 0.001). 

Postoperative outcomes
Postoperative outcomes are presented in the supplement. All complications and the incidence 
of re-interventions were more common in patients with IH compared to patients with PH.

Table 1. Width per hernia type. 

Primary hernia 
(n = 4965)

Incisional hernia 
(n = 4194)

P-value 

0-2 cm 3270 (82.4) 442 (10.9) <0.001

3-4 cm 566 (14.3) 1501 (36.9) <0.001

5-10 cm 116 (2.9) 1683 (41.4) <0.001

>10 cm 16 (0.4) 438 (10.8) <0.001
Missing 997 (20.1) 130 (3.1)

Data are n (%). 

Hernia width
The number of patients in each width category are presented in Table 1. Primary hernias were 
more likely to be small. Most PHs were 0 – 2 centimeters wide (n = 3270, 82.4%), compared 
to 442 (10.9%) IHs (p < 0.001). IHs were significantly larger than PHs; 1501 (36.9%) IHs were 
2 – 4 centimeters wide versus 556 (14.3%) PHs (p < 0.001), 1683 (41.4%) IHs were 5 – 10 
centimeters wide versus 116 (2.9%) PHs (p < 0.001). Sixteen (0.4%) patients with PH had 
a hernia wider than 10 centimeters, compared to 438 (10.8%) patients with IH (p < 0.001). 
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Table 2. Outcomes per width category.

Primary 
hernia 

N missing 
(%)

Incisional 
hernia

N missing 
(%)

p-value

Admission duration, 
days 
     0-2 cm 0.0 (1.0) 347 (10.6) 0.0 (2.0) 43 (9.7) <0.001
     3-4 cm 0.0 (2.0) 70 (12.4) 2.0 (4.0) 186 (12.4) <0.001
     5-10 cm 2.0 (4.0) 24 (20.7) 5.0 (4.0) 243 (14.4) <0.001
     >10 cm 0.0 (6.0) 1 (6.3) 7.0 (5.0) 80 (18.3) <0.001
     Total 0.0 (1.0) 522 (10.5) 3.0 (5.0) 578 (13.8) <0.001
Intra-operative 
complications 
     0-2 cm 16 (0.5) 194 (5.9) 3 (0.7) 18 (4.1) 0.623
     3-4 cm 4 (0.7) 32 (5.7) 16 (1.1) 83 (5.5) 0.458
     5-10 cm 2 (1.7) 7 (6.0) 39 (2.3) 74 (4.4) 0.697
     >10 cm 0 (0.0) 0 (0.0) 26 (6.1) 11 (2.5) 0.309
     Total 25 (0.5) 278 (5.6) 87 (2.2) 210 (5.0) <0.001
Wound complications 
within 30 days
     0-2 cm 87 (3.0) 358 (10.9) 12 (3.1) 49 (11.1) 0.943
     3-4 cm 25 (5.0) 63 (11.1) 73 (5.4) 144 (9.6) 0.726
     5-10 cm 8 (8.4) 21 (18.1) 142 (9.2) 139 (8.3) 0.799
     >10 cm 1 (6.3) 0 (0.0) 62 (15.3) 32 (7.3) 0.321
     Total 131 (2.9) 524 (10.6) 297 (7.8) 394 (9.4) <0.001
Surgical complications 
within 30 days
     0-2 cm 18 (0.6) 377 (11.5) 4 (1.0) 50 (11.3) 0.364
     3-4 cm 6 (1.2) 67 (11.8) 33 (2.4) 151 (10.1) 0.099
     5-10 cm 4 (4.2) 21 (18.1) 77 (5.0) 149 (8.9) 0.725
     >10 cm 1 (6.3) 0 (0) 39 (9.7) 37 (8.4) 0.634
     Total 32 (0.7) 552 (11.1) 167 (4.4) 415 (9.9) <0.001
Medical complications 
within 30 days 
     0-2 cm 52 (1.8) 345 (10.6) 11 (2.8) 51 (11.5) 0.159
     3-4 cm 8 (1.6) 62 (11.0) 61 (4.5) 141 (9.4) 0.003
     5-10 cm 1 (1.0) 18 (15.5) 96 (6.2) 134 (8.0) 0.035
     >10 cm 0 (0.0) 0 (0.0) 53 (13.1) 32 (7.3) 0.122
     Total 68 (1.5) 504 (10.2) 230 (6.0) 387 (9.2) <0.001
Re-interventiona

     0-2 cm 21 (0.7) 407 (12.4) 3 (0.8) 57 (12.9) 0.922
     3-4 cm 9 (1.8) 74 (13.1) 19 (1.4) 168 (11.2) 0.533
     5-10 cm 1 (1.1) 23 (19.8) 40 (2.6) 166 (9.9) 0.353
     >10 cm 1 (6.3) 0 (0.0) 32 (8.0) 38 (8.7) 0.800
     Total 35 (0.8) 5964 (12.0) 99 (2.6) 457 (10.9) <0.001

Data are mean (interquartile range) for continuous variables and n (%) for categorical variables. 
a Re-intervention includes both surgical and radiological re-intervention.  



Chapter 7

138

Baseline characteristics per width category
Baseline characteristics per width category are presented in the supplement. Overall, patients 
with IH were significantly older compared to patients with PH (median age of 67.0 years 
versus 57.0 years, p < 0.001). The median age of patients with IH was significantly higher 
than for patients with PH sized 3 – 4 centimeters and 5 – 10 centimeters (66.0 years versus 
63.0 years, p < 0.001; 67.0 years versus 62.5 years, p<0.001, respectively). Significantly more 
patients with PH sized 0 – 2 and 3 – 4 centimeters were male, compared to patients with IH 
(63.1% versus 40.0%, p < 0.001; 63.3% versus 48.6%, p < 0.001, respectively). There were no 
differences in the proportions of male sex for larger hernias. Overall the incidence of diabetes 
mellitus was significantly higher for patients with IH, 7.1% for PH versus 13.8% for IH (p < 
0.001). However, there was no significant difference in the incidence of diabetes per width 
category. History of chemo- or immunotherapy was more common in patients with IH (1.3%; 
0.9%; 2.6% for 0 – 2, 3 – 4 and 5 – 10 centimeters, respectively) versus patients with PH 
(3.4%; 3.9%; 8.1% for 0 – 2 (p = 0.001), 3 – 4 (p = 0.001) and 5 – 10 centimeters (p = 0.034), 
respectively), with an overall incidence of 6.7% for patients with an IH and 1.2% for patients 
with PH (p < 0.001). Anticogulant use was more common in patients with IH with a width of 
2 – 4 and 5 – 10 centimeters (IH: 18.5% versus PH: 12.1%, p = 0.001; IH: 17.9%, PH: 9.6%, 
p = 0.022, respectively). There was no difference in anticoagulant use in small hernias (0 – 2 
centimeters). 

Outcomes per width category
Outcomes per width category are presented in Table 2. The admission duration was significantly 
higher for patients with IH, regardless of the width category. The incidence of intra-operative 
complications was not significantly different for any of the width categories. Overall, intra-
operative complications were more common among patients with IH (IH: 2.2 %; PH: 0.5%, p 
< 0.001). The incidence of any wound or surgical complication per width category was similar 
for IH and PH. With increasing hernia width the complication rates increased. Overall, the 
incidence of wound complications (PH: 2.9%; IH: 7.8%, p < 0.001) and surgical complications 
(PH: 0.7%; IH: 4.4%, p < 0.001) was higher for patients undergoing IH repair compared to 
patients undergoing PH repair. Medical complications were more common among patients 
with an IH sized 2 – 4 and 5 – 10 centimeters (PH: 1.6%; IH: 4.5%, p = 0.003; PH: 1.0%; IH: 
6.2%, p = 0.035, respectively). Per width category there was no significant difference in the 
incidence of re-intervention for PH and IH. Overall, the incidence of re-intervention is higher 
for patients with IH (IH: 2.6%; PH: 0.8%, p < 0.001).
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Discussion
To this day, data on PH and IH is often pooled, even though several studies suggest that 
these hernias are different entities (6-9). The present analysis of 9159 patients of the 
prospective French Hernia Club database validates previous research stating that PH and IH 
are significantly different in terms of most baseline, surgical and hernia characteristics, and 
postoperative outcomes. After correcting for hernia width, however, most outcomes no longer 
showed significant differences, indicating that not the type of hernia, but the hernia width is 
an important factor that largely contributes to these differences.

IH repair is often considered as a procedure with an increased risk of intra-operative and 
postoperative complications compared to PH repair. Based on the data in the present study 
this assumption seems only partly correct. The emphasis should be on hernia size instead of 
hernia type. In accordance with previous studies by Heniford et al. (17) and Helgstrand et al. 
(18), the present study shows that with increasing hernia size, the complication rate increases, 
as well as the re-intervention rate. Both intra-operative-, wound- and surgical complication 
rates, as well as the re-intervention rate, are not statistically significantly different when 
comparing PH and IH per width category. The width distribution is skewed, with a larger 
average width for IH compared to PH, indicating that not the type of hernia, but the hernia 
width is an important factor causing the differences between IH and PH found in this study 
and the previous study by Kroese et al. (7). Repair of small IHs should be viewed as low risk 
procedures, as the complication rates are similar to the rates of small PHs. In relation to this, 
large PHs should not be underestimated, as these have as many intra-operative, wound- and 
surgical complications as large IHs. However, this is not the case for medical complications, 
which are more common in patients with IH with a width of 3 – 4 and 5 – 10 centimeters. 
Patients with IH in these width categories are significantly older and have a higher incidence of 
a history of chemo- or immunotherapy and a higher incidence of anti-coagulant use compared 
to patients with PH. This indicates a higher incidence of cancer patients and/or patients with 
vascular disease and possibly a worse overall condition, making them more susceptible to 
medical complications. As a possible result of this, the admission duration was significantly 
longer for patients with IH compared to patients with PH, regardless of any width category. 

Although worse outcomes of IH mostly appear to be the result of larger width, hernia type and 
hernia width cannot be viewed separate from each other. PH and IH have different etiologies. 
PH seems to be a congenital condition or the result of a prolonged period of increased intra-
abdominal pressure, IH being the result of failed wound healing of often large incisions, 
possibly explaining why IH is in general larger compared to PH. There is extensive evidence 
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that in IH changes in the homeostasis of the extracellular matrix (ECM), especially switches in 
collagen phenotypes, are prominent (19). It is likely that there are similar changes in the ECM 
of PH. However, to our knowledge, there is no study examining ECM changes in which data on 
IH and PH is not pooled. Future research examining whether differences in the ECM between 
PH and IH explains differences in hernia size and outcomes is necessary. 

A meta-analysis by Stabilini et al. (9) found that IH has a higher recurrence rate than PH. 
However, the question remains whether this is still the case after correcting for hernia width. 
Hernia recurrence is not reported in the present study due to insufficient data on PH recurrence 
in the Hernia Club database. A probable explanation for this is the fact that PH has a smaller 
average width, less frequently having concomitant defects at surgery and a shorter operative 
time, resulting in a simpler procedure and, subsequently, a shorter post-operative follow-up 
period compared to patients with IH, resulting in less available data on PH recurrence (9). 
As both the formation of IH and hernia recurrence are the result of failed wound healing, it 
seems logical that hernia recurrence is more common in IH. Nevertheless, several studies 
have shown that larger hernias have a higher recurrence rate compared to smaller hernias, 
forming another possible explanation of the higher recurrence rates of IH of up to around 
30% (18, 20-22).  

Limitations
Since all patients who underwent ventral hernia repair were included in the registry, no 
selection has been made in patient inclusion and this study is therefore a good representation 
of the general patient population. Still, in the present study, 46% of the patients had IH which 
is much higher than the expected 30% found in previous research, and could potentially 
indicate a risk of selection bias (23). A possible explanation for this higher percentage is the 
fact that de Hernia Club registry is the collaborative work of surgeons with a special interest 
in hernia surgery, and might therefore attract more complicated patients. The expertise of the 
surgeons might also explain the relatively low rate of complications. 

The incidence of PH with a width of > 10 centimeters is low (n = 16). Therefore, statistically 
reliable conclusions on hernias wider > 10 centimeters cannot be made, since this study is 
underpowered for this width category. However, the other width categories showed an 
increase in complication and re-intervention rates with increasing width. It is therefore likely 
that this can be extrapolated for hernias with a width of > 10 centimeters.

Hernia width is missing in 20.1% of PH, whereas this is only 3.1% in IH. As a result, only 
eighty percent of data on PH was available for the analysis per width category. This might be 
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because ultrasounds or CT scans are less often performed for the clinical workup before PH 
repair. This may be more commonly performed for IH, since this hernia type is often larger, 
more complex, and sometimes has multiple fascial defects.  

Conclusion
The distribution of hernia width is skewed; IH is generally larger than PH. Wider hernias have 
worse outcomes, which is an important factor explaining the differences in outcomes between 
PH and IH. In practice, small IH repair can be viewed as low risk as repair of small PH and 
repair of wide PH should be regarded as complex as repair of wide IH. Reporting the width in 
hernia research is strongly recommended. 
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Supplement

Supplemental table 1. Baseline patient characteristics. 

Primary 
hernia  
(n = 4965)

N missing 
(%)

Incisional 
hernia  
(n =4194)

N missing 
(%)

p-value

Age in years 57 (22) 0 67 (19) 0 <0.001

Male sex 3017 (60.8) 0 1970 (47.0) 0 <0.001

BMI, kg/m2 27.1 (7) 47 (0.9) 28.4 (7) 48 (1.1) <0.001

Smoking 1086 (22.3) 98 (2.0) 730 (18.2) 178 (4.2) <0.001

Diabetes mellitus 349 (7.1) 64 (1.3) 567 (13.8) 75 (1.8) <0.001

Corticosteroid use 100 (2.0) 64 (1.3) 108 (2.6) 75 (1.8) 0.067

Pelvic radiotherapy 19 (0.4) 64 (1.3) 89 (2.2) 75 (1.8) <0.001

Chemo- or 
immunotherapy

59 (1.2) 64 (1.3) 274 (6.7) 75 (1.8) <0.001

AAA 2 (0.04) 33 (0.7) 22 (0.5) 24 (0.6) <0.001

Connective tissue 
disorder

5 (0.1) 33 (0.7) 5 (0.1) 24 (0.6) 0.790

Anticoagulant use or 
coagulopathy

421 (8.6) 64 (1.3) 712 (17.3) 75 (1.8) <0.001

Ascites 32 (0.7) 67 (1.3) 19 (0.5) 54 (1.3) 0.219

History of abdominal wall 
hernia

709 (14.4) 33 (0.7) 1708 (41.0) 24 (0.6) <0.001

   Inguinal hernia 535 (10.8) 33 (0.7) 513 (12.3) 24 (0.6) 0.030

   Primary ventral hernia 153 (3.1) 33 (0.7) 705 (16.9) 24 (0.6) <0.001

   Incisional hernia 34 (0.7) 33 (0.7) 696 (16.7) 24 (0.6) <0.001

Family history of hernia 203 (4.1) 33 (0.7) 40 (1.0) 24 (0.6) <0.001

ASA class ≥ 3 676 (13.7) 46 (0.9) 1195 (28.7) 29 (0.7) <0.001

Data are mean (interquartile range) for continuous variables and n (%) for categorical variables. 
BMI: body mass index; AAA: aneurysm of the abdominal aorta; ASA: American Society of 
Anesthesiologists. 
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Supplemental table 2. Hernia and surgical characteristics.

Hernia characteristics Primary 
hernia  
(n = 4965)

N missing 
(%)

Incisional 
hernia  
(n = 4194)

N missing 
(%)

p-value

Hernia width, cm 2.0 (1.0) 997 (20.1) 5.0 (4.0) 130 (3.1) <0.001

Hernia length, cm 2.0 (1.0) 1002 (20.2) 5.0 (6.0) 184 (4.4) <0.001

Symptoms 37 (0.7) 34 (0.8) <0.001

   Asymptomatic 1051 (21.3) 610 (14.7)

   Symptomatica 3877 (78.6) 3550 (85.3)

Surgical characteristics 

Emergency surgery 180 (3.7) 113 (2.3) 170 (4.1) 79 (1.9) 0.305

Duration of operation, 
min 

20.0 (15.0) 340 (6.8) 48.0 (60.0) 269 (6.4) <0.001

Laparoscopic surgery 1629 (33.8) 147 (3.0) 1191 (29.2) 113 (2.7) <0.001

Primary suture 1374 (28.9) 203 (4.1) 363 (8.9) 108 (2.6) <0.001

Mesh placement 3388 (71.1) 203 (4.1) 3723 (91.1) 108 (2.6) <0.001

   Intraperitoneal 2440 (72.0) 2408 (64.7)

   Sublay 907 (26.8) 1208 (32.4)

   Onlay 36 (1.1) 96 (2.6)

Altemeier wound 
classification

116 (2.3) 76 (1.8) <0.001

   Clean 4656 (96.0) 3833 (93.1)

   Clean contaminated 163 (3.4) 198 (4.8)

   Contaminated 24 (0.5) 60 (1.5)

   Dirty 6 (0.1) 27 (0.7)

Antibiotic treatment 113 (2.3) 90 (2.1) <0.001

   None 2233 (46.0) 699 (17.0)

   Prophylactic 2567 (52.9) 3197 (77.9)

   Therapeutic 52 (1.1) 208 (5.1)

Data are mean (interquartile range) for continuous variables and n (%) for categorical variables. 
a Symptomatic includes discomfort, pain and/or incarceration. 
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Supplemental table 3. Postoperative outcomes.

Primary 
hernia  
(n = 4965)

N missing 
(%)

Incisional 
hernia  
(n = 4194)

N missing 
(%)

p-value

Admission duration, days 0.0 (1.0) 552 (10.5) 3.0 (5.0) 578 (13.8) <0.001

Intra-operative complications 25 (0.5) 278 (5.6) 87 (2.2) 210 (5.0) <0.001

Wound complication within 
30 days

131 (2.9) 524 (10.6) 297 (7.8) 394 (9.4) <0.001

Surgical complication within 
30 days

32 (0.7) 552 (11.1) 163 (4.3) 415 (9.9) <0.001

Medical complication within 
30 days

68 (1.5) 504 (10.2) 230 (6.0) 387 (9.2) <0.001

Re-interventiona 35 (0.8) 594 (12.0) 99 (2.6) 457 (10.9) <0.001

Data are mean (interquartile range) for continuous variables and n (%) for categorical variables. 
a Re-intervention includes both surgical and radiological re-interventions. 
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Supplemental table 4. Baseline characteristics per width category.

Primary 
hernia 

N missing 
(%)

Incisional 
hernia

N missing 
(%)

p-value

Age (years) 

     0-2 cm 58.0 (21) 0 (0.0) 59.0 (25) 0 (0.0) 0.425

     3-4 cm 63.0 (21) 0 (0.0) 66.0 (20) 0 (0.0) <0.001

     5-10 cm 62.5 (24) 0 (0.0) 67.0 (17) 0 (0.0) <0.001

     >10 cm 66.0 (24) 0 (0.0) 69.0 (18) 0 (0.0) 0.140

     Total 57.0 (22) 0 (0.0) 67.0 (19) 0 (0.0) <0.001

Sex (male)

     0-2 cm 2063 (63.1) 0 (0.0) 177 (40.0) 0 (0.0) <0.001

     3-4 cm 358 (63.3) 0 (0.0) 730 (48.6) 0 (0.0) <0.001

     5-10 cm 50 (43.1) 0 (0.0) 775 (46.0) 0 (0.0) 0.538

     >10 cm 10 (62.5) 0 (0.0) 229 (52.3) 0 (0.0) 0.421

     Total 3017 (60.8) 0 (0.0) 1970 (47.0) 0 (0.0) <0.001

BMI, kg/m2 

     0-2 cm 27.36 (7) 28 (0.9) 25.84 (7) 4 (0.9) <0.001

     3-4 cm 30.43 (8) 12 (2.1) 28.30 (7) 10 (0.7) <0.001

     5-10 cm 29.38 (8) 1 (0.9) 29.12 (8) 23 (1.4) 0.615

     >10 cm 27.93 (5) 0 (0.0) 29.38 (8) 8 (1.8) 0.690

     Total 27.12 (7) 47 (0.9) 28.41 (7) 48 (1.1) <0.001

Smoking 

     0-2 cm 699 (21.8) 66 (2.0) 117 (27.2) 12 (2.7) 0.012

     3-4 cm 94 (17.0) 14 (2.5) 253 (17.5) 53 (3.5) 0.815

     5-10 cm 18 (15.9) 3 (2.6) 253 (15.8) 79 (4.7) 0.965

     >10 cm 2 (12.5) 0 (0) 85 (20.2) 17 (3.9) 0.450

     Total 1086 (22.3) 98 (2.0) 730 (18.2) 178 (4.2) <0.001

Diabetes mellitus 

     0-2 cm 222 (6.9) 43 (1.3) 27 (6.2) 6 (1.4) 0.593

     3-4 cm 65 (11.8) 14 (2.5) 187 (12.6) 22 (1.5) 0.597

     5-10 cm 16 (13.9) 1 (0.9) 263 (16.0) 37 (2.2) 0.558

     >10 cm 1 (6.3) 0 (0.0) 71 (16.5) 8 (1.8) 0.273

     Total 349 (7.1) 64 (1.3) 567 (13.8) 75 (1.8) <0.001

Use of corticosteroids 

     0-2 cm 57 (1.8) 43 (1.3) 12 (2.8) 6 (1.4) 0.155

     3-4 cm 13 (2.4) 14 (2.5) 34 (2.3) 22 (1.5) 0.940

     5-10 cm 0 (0.0) 1 (0.9) 48 (2.9) 37 (2.2) 0.063

     >10 cm 0 (0.0) 0 (0.0) 12 (2.8) 8 (1.8) 0.498

     Total 100 (2.0) 64 (1.3) 108 (2.6) 75 (1.8) 0.067
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Primary 
hernia 

N missing 
(%)

Incisional 
hernia

N missing 
(%)

p-value

History of pelvic radiotherapy

     0-2 cm 11 (0.3) 43 (1.3) 7 (1.6) 6 (1.4) <0.001

     3-4 cm 3 (0.5) 14 (2.5) 24 (1.6) 22 (1.5) 0.059

     5-10 cm 0 (0.0) 1 (0.9) 37 (2.2) 37 (2.2) 0.104

     >10 cm 0 (0.0) 0 (0.0) 8 (1.9) 8 (1.8) 0.582

     Total 19 (0.4) 64 (1.3) 89 (2.2) 75 (1.8) <0.001

History of chemo- or immunotherapy

     0-2 cm 42 (1.3) 43 (1.3) 15 (3.4) 6 (1.4) 0.001

     3-4 cm 5 (0.9) 14 (2.5) 57 (3.9) 22 (1.5) 0.001

     5-10 cm 3 (2.6) 1 (0.9) 133 (8.1) 37 (2.2) 0.034

     >10 cm 0 (0.0) 0 (0.0) 53 (12.3) 8 (1.8) 0.135

     Total 59 (1.2) 64 (1.3) 274 (6.7) 75 (1.8) <0.001

Use of anticoagulants

     0-2 cm 290 (9.0) 43 (1.3) 42 (9.6) 6 (1.4) 0.659

     3-4 cm 67 (12.1) 14 (2.5) 274 (18.5) 22 (1.5) 0.001

     5-10 cm 11 (9.6) 1 (0.9) 295 (17.9) 37 (2.2) 0.022

     >10 cm 3 (18.8) 0 (0.0) 84 (19.5) 8 (1.8) 0.938

     Total 421 (8.6) 64 (1.3) 712 (17.3) 75 (1.8) <0.001

History of ascites 

     0-2 cm 14 (0.4) 45 (1.4) 0 (0.0) 1 (0.2) 0.166

     3-4 cm 10 (1.8) 10(1.8) 7 (0.5) 16 (1.1) 0.003

     5-10 cm 3 (2.6) 2 (1.7) 9 (0.5) 24 (1.4) 0.008

     >10 cm 0 (0,0) 0 (0,0) 3 (0,7) 8 (1.8) 0.737

     Total 32 (0.7) 67 (1.3) 19 (0.5) 54 (1.3) 0.219

History of abdominal wall hernia

  Inguinal hernia

      0-2 cm 346 (10.7) 25 (0.8) 92 (20.9) 1 (0.2) <0.001

      2-4 cm 60 (10.7) 5 (0.9) 201 (13.5) 9 (0.6) 0.092

      5-10 cm 12 (10.4) 1 (0.9) 157 (9.4) 10 (0.6) 0.710

      >10 cm 2 (12.5) 0 (0) 53 (12.1) 1 (0.2) 0.964

      Total 535 (10.8) 33 (0.7) 513 (12.3) 24 (0.6) 0.030

  Primary ventral hernia

      0-2 cm 89 (2.7) 25 (0.8) 88 (20.0) 1 (0.2) <0.001

      2-4 cm 31 (5.5) 5 (0.9) 286 (19.2) 9 (0.6) <0.001

      5-10 cm 6 (5.2) 1 (0.9) 247 (14.8) 10 (0.6) 0.004

      >10 cm 0 (0.0) 0 (0) 68 (15.6) 1 (0.2) 0.087

      Total 153 (3.1) 33 (0.7) 705 (16.9) 24 (0.6) <0.001
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Primary 
hernia 

N missing 
(%)

Incisional 
hernia

N missing 
(%)

p-value

  Incisional hernia

      0-2 cm 24 (0.7) 25 (0.8) 27 (6.1) 1 (0.2) <0.001

      2-4 cm 5 (0.9) 5 (0.9) 202 (13.5) 9 (0.6) <0.001

      5-10 cm 1 (0.9) 1 (0.9) 254 (21.2) 10 (0.6) <0.001

      >10 cm 0 (0.0) 0 (0) 89 (20.4) 1 (0.2) 0.044

      Total 34 (0.7) 33 (0.7) 696 (16.7) 24 (0.6) <0.001

Family history of hernia

      0-2 cm 109 (3.4) 25 (0.8) 7 91.6) 1 (0.2) 0.046

      2-4 cm 13 (2.3) 5 (0.9) 20 (1.3) 9 (0.6) 0.117

      5-10 cm 1 (0.9) 1 (0.9) 10 (0.6) 10 (0.6) 0.718

      >10 cm 2 (12.5) 0 (0) 2 (0.5) 1 (0.2) <0.001

      Total 203 (4.1) 33 (0.7) 40 (1.0) 24 (1.6) <0.001

ASA class ≥ 3

      0-2 cm 419 (12.9) 32 (1.0) 85 (19.3) 2 (0.5) <0.001

      3-4 cm 126 (22.5) 5 (0.9) 386 (25.9) 9 (0.6) 0.111

      5-10 cm 31 (27.0) 1 (0.9) 527 (31.6) 13 (0.8) 0.303

      >10 cm 4 (25.0) 0 (0.0) 172 (39.4) 1 (0.2) 0.247

      Total 676 (13.7) 46 (0.9) 1195 (28.7) 29 (0.7) <0.001

Data are mean (interquartile range) for continuous variables and n (%) for categorical variables. 
BMI: body mass index; ASA: American Society of Anesthesiologists.



Chapter 7

148

References 
1. Muysoms FE, Miserez M, Berrevoet F, Campanelli G, Champault GG, Chelala E, et al. Classification 

of primary and incisional abdominal wall hernias. Hernia. 2009;13(4):407-14.

2. Baker JJ, Oberg S, Andresen K, Klausen TW, Rosenberg J. Systematic review and network 
meta-analysis of methods of mesh fixation during laparoscopic ventral hernia repair. Br J Surg. 
2018;105(1):37-47.

3. Harslof S, Krum-Moller P, Sommer T, Zinther N, Wara P, Friis-Andersen H. Effect of fixation 
devices on postoperative pain after laparoscopic ventral hernia repair: a randomized clinical trial of 
permanent tacks, absorbable tacks, and synthetic glue. Langenbecks Arch Surg. 2018;403(4):529-
37.

4. Khan RMA, Bughio M, Ali B, Hajibandeh S, Hajibandeh S. Absorbable versus non-absorbable tacks 
for mesh fixation in laparoscopic ventral hernia repair: A systematic review and meta-analysis. Int J 
Surg. 2018;53:184-92.

5. Lindmark M, Strigard K, Lowenmark T, Dahlstrand U, Gunnarsson U. Risk Factors for Surgical 
Complications in Ventral Hernia Repair. World J Surg. 2018;42(11):3528-36.

6. Kockerling F, Schug-Pass C, Adolf D, Reinpold W, Stechemesser B. Is pooled data analysis of ventral 
and incisional hernia repair acceptable? Front Surg. 2015;2:15.

7. Kroese LF, Gillion JF, Jeekel J, Kleinrensink GJ, Lange JF, Hernia-Club M. Primary and incisional 
ventral hernias are different in terms of patient characteristics and postoperative complications - A 
prospective cohort study of 4,565 patients. Int J Surg. 2018;51:114-9.

8. Stirler VM, Schoenmaeckers EJ, de Haas RJ, Raymakers JT, Rakic S. Laparoscopic repair of primary 
and incisional ventral hernias: the differences must be acknowledged: a prospective cohort analysis 
of 1,088 consecutive patients. Surg Endosc. 2014;28(3):891-5.

9. Stabilini C, Cavallaro G, Dolce P, Capoccia Giovannini S, Corcione F, Frascio M, et al. Pooled data 
analysis of primary ventral (PVH) and incisional hernia (IH) repair is no more acceptable: results of 
a systematic review and metanalysis of current literature. Hernia. 2019;23(5):831-45.

10. Kockerling F, Hoffmann H, Adolf D, Reinpold W, Kirchhoff P, Mayer F, et al. Potential influencing 
factors on the outcome in incisional hernia repair: a registry-based multivariable analysis of 22,895 
patients. Hernia. 2020.

11. Agha RA, Borrelli MR, Vella-Baldacchino M, Thavayogan R, Orgill DP, Group S. The STROCSS 
statement: Strengthening the Reporting of Cohort Studies in Surgery. Int J Surg. 2017;46:198-202.

12. Muysoms FE, Deerenberg EB, Peeters E, Agresta F, Berrevoet F, Campanelli G, et al. Recommendations 
for reporting outcome results in abdominal wall repair: results of a Consensus meeting in Palermo, 
Italy, 28-30 June 2012. Hernia. 2013;17(4):423-33.

13. Vandenbroucke JP, von Elm E, Altman DG, Gotzsche PC, Mulrow CD, Pocock SJ, et al. Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE): explanation and elaboration. 
PLoS Med. 2007;4(10):e297.

14. Muysoms F, Campanelli G, Champault GG, DeBeaux AC, Dietz UA, Jeekel J, et al. EuraHS: the 
development of an international online platform for registration and outcome measurement of 
ventral abdominal wall hernia repair. Hernia. 2012;16(3):239-50.

15. Altemeier WA. Sepsis in surgery. Presidential address. Arch Surg. 1982;117(2):107-12.

16. DeBord J, Novitsky Y, Fitzgibbons R, Miserez M, Montgomery A. SSI, SSO, SSE, SSOPI: the elusive 
language of complications in hernia surgery. Hernia. 2018;22(5):737-8.



Hernia width explains differences in outcomes between primary and incisional hernias

7

17. Heniford BT, Park A, Ramshaw BJ, Voeller G. Laparoscopic repair of ventral hernias: nine years' 
experience with 850 consecutive hernias. Ann Surg. 2003;238(3):391-9; discussion 9-400.

18. Helgstrand F, Rosenberg J, Kehlet H, Jorgensen LN, Bisgaard T. Nationwide prospective study of 
outcomes after elective incisional hernia repair. J Am Coll Surg. 2013;216(2):217-28.

19. Thankam FG, Palanikumar G, Fitzgibbons RJ, Agrawal DK. Molecular Mechanisms and Potential 
Therapeutic Targets in Incisional Hernia. J Surg Res. 2019;236:134-43.

20. Kokotovic D, Bisgaard T, Helgstrand F. Long-term Recurrence and Complications Associated With 
Elective Incisional Hernia Repair. JAMA. 2016;316(15):1575-82.

21. Dietz UA, Winkler MS, Hartel RW, Fleischhacker A, Wiegering A, Isbert C, et al. Importance of 
recurrence rating, morphology, hernial gap size, and risk factors in ventral and incisional hernia 
classification. Hernia. 2014;18(1):19-30.

22. Burger JW, Luijendijk RW, Hop WC, Halm JA, Verdaasdonk EG, Jeekel J. Long-term follow-
up of a randomized controlled trial of suture versus mesh repair of incisional hernia. Ann Surg. 
2004;240(4):578-83; discussion 83-5.

23. Rutkow IM. Demographic and socioeconomic aspects of hernia repair in the United States in 2003. 
Surg Clin North Am. 2003;83(5):1045-51, v-vi.





Chapter 8

Risk factors for incarceration in 
patients with primary abdominal wall 

and incisional hernias: a prospective 
study in 4472 patients

Dimitri Sneiders*, Yagmur Yurtkap*, Leonard F Kroese, Gert-Jan Kleinrensink, 
Johan F Lange, Jean-François Gillion, Hernia-Club Members

* contributed equally 

World Journal of Surgery, 2019



Chapter 8

152

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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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 hernias 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 l’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) recommendations for observational studies [10].

Study design
A registry-based prospective study was performed including all adult patients in the French 
Hernia-Club registry that underwent hernia repair surgery, for primary or incisional hernias, 
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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 
incarceration was considered as endpoint for the present analysis. Cases without information 
on incarceration were considered 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) classification of primary and incisional abdominal wall hernias and the 
European Registry of Abdominal Wall Hernias (EuraHS) international online platform  [11, 
12].

Data collection
For the present study, predefined patient baseline characteristics 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 incisional), family history 
of abdominal hernia, American Society of Anesthesiologists (ASA) score, and primary surgery 
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(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 incisional), 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 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 primary 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 percentage 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 regression. Factors that were potentially related after 
univariate analysis (p < 0.2) and factors of clinical interest were 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 
incisional 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 
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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 Supplement. 
Patient baseline characteristics and hernia characteristics, 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–IV, ascites, and constipation were associated with an 
incarcerated hernia. Additionally, peri- and infra-umbilical 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 significantly 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 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.
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Table 1. Primary hernias: patient baseline and hernia characteristics

Variable

Patient baseline 
characteristics

Not incarcerated 
 
N (%)

Incarcerated 
 
N (%)

Odds ratio 
 
OR (95% CI)

p-value

Total # patients 2269 83
Age (years) * 55.4 ± 14.6 60.0 ± 17.4 1.02 (1.01-1.04) 0.0084
BMI (kg/m²) * 27.8 ± 6.1 30.3 ± 7.5 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) 2 (2.4) 2.81 (0.64-12.26) 0.17
Chemotherapy 28 (1.2) 2 (2.4) 1.67 (0.38-7.30) 0.49
History of AAA 6 (0.3) 0 (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
     I-II 1912 (84.9) 58 (70.7) 1 (reference)
     III-IV 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 (2.4) 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 (2.4) 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
     3-4 205 (9.1) 22 (26.5) 3.31 (1.91-5.74) <0.0001
     ≥ 5 56( 2.5) 2 (2.4) 1.38 (0.32-5.92) 0.66

Statistically significant values (p < 0.05) are given in bold. P for Wald-statistic after univariate logistic 
regression. 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; 
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Table 2. Incisional hernia: patient baseline and hernia characteristics

Variable

Patient baseline 
characteristics

Not incarcerated 
 
N (%)

Incarcerated 
 
N (%)

Odds ratio 
 
OR (95% CI)

p-value

Total # patients 2041 79 
Age (years) * 62.7 ± 14.1 67.9 ± 13.7 1.03 (1.01-1.05) 0.0013
BMI (kg/m²) * 29.3 ± 6.1 32.1 ± 7.9 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
     I-II 1418 (69.7) 33 (43.4) 1 (reference)
     III-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
     Gynecologic 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) -
     3-4 632 (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.  P for Wald-statistic after univariate logistic 
regression. 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. 
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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 incarcerated 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 3–4 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 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 classification, and defect width contributed significantly to discrimination 
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 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 surgery, constipation, and defect location were not significantly 
associated with patients that presented with an incarcerated hernia. The area under the ROC 
curve for the multivariate model was 0.76.

Table 3. Results of multivariate logistic regression

Coefficient Odds ratio (95%CI) p-value
Primary hernias
Intercept -6.1051
Age (years) 0.0167 1.02 (1-1.03) 0.0421
BMI (kg/m²) 0.0341 1.03 (1-1.07) 0.0377
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
     3-4 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) 0.0251 1.03 (1.01-1.05) 0.0122
BMI (kg/m²) 0.0342 1.03 (1-1.07) 0.06
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



Chapter 8

160

Coefficient Odds ratio (95%CI) p-value
ASA classification
     I-II Reference 1 (reference)
     III-IV 0.8124 2.25 (1.34-3.78) 0.0021
Defect width (cm)
     0-2 Reference 1 (reference)
     3-4 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. P for Wald-statistic after multivariate logistic 
regression. BM,I  body mass index, ASA, score American Society of Anesthesiologists score; 

Discussion 
In this large prospective study within the French Hernia-Club registry of patients with 
primary and incisional hernias, a number of factors were associated with patients that had 
presented with either an incarcerated primary or incisional 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 incisional hernias.

Findings of a previous prospective cohort study assessing 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 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 characteristics as risk factors for incarceration in patients with a primary 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 conditions 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.
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The present study additionally found numerous patient factors to be associated with 
incarceration for either primary or incisional hernias. Increased BMI was correlated with 
incarceration. Additionally, it is conceivable that factors increasing abdominal pressure 
including constipation 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 present. The reason for this association remains 
unclear. Although previous studies failed to show a strong correlation 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 incarcerated 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 incarceration is, to a certain extent, predictable 
based on patient factors, hernia characteristics, and CT-findings. Nevertheless, 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 surgery. 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 estimates. Patients presenting 
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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-umbilical 
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 surgical treatment.



Risk factors for incarceration in patients with primary abdominal wall and incisional hernias

163   163   

8

Supplement

Supplemental table 1. Overview of missing data

Variable Primary hernia Incisional hernia
 Not 

incarcerated 
Incarcerated Not  

incarcerated
Incarcerated 

N (%) N (%) N (%) N (%)
Total N 2352 (100) 83 (3.5) 2041 (100) 79 (3.9)
Patient baseline characteristics 
Age 8 (0.4) 1 (1.2) 10 (0.5) 0 (0)
BMI 22 (1.0) 1 (1.2) 18 (0.9) 4 (5.1)
Sex = female 0 (0) 0 (0) 0 (0) 0 (0)
Current smoking 41 (1.8) 4 (4.8) 104 (5.1) 5 (6.3)
Diabetes mellitus 23 (1.0) 0 (0) 38 (1.9) 3 (3.8)
Corticosteroid use 23 (1.0) 0 (0) 38 (1.9) 3 (3.8)
Radiotherapy 23 (1.0) 0 (0) 38 (1.9) 3 (3.8)
Chemotherapy 23 (1.0) 0 (0) 38 (1.9) 3 (3.8)
History of AAA 12 (0.5) 0 (0) 11 (0.5) 1 (1.3)
Collagen disorder 12 (0.5) 0 (0) 11 (0.5) 1 (1.3)
Anticoagulant use 23 (1.0) 0 (0) 38 (1.9) 3 (3.8)
History of abdominal wall 
hernia

12 (0.5) 0 (0) 11 (0.5) 1 (1.3)

History of inguinal hernia 12 (0.5) 0 (0) 11 (0.5) 1 (1.3)
History of primary ventral 
hernia

12 (0.5) 0 (0) 11 (0.5) 1 (1.3)

History of incisional hernia 12 (0.5) 0 (0) 11 (0.5) 1 (1.3)
Family history of abdominal 
hernia

12 (0.5) 0 (0) 11 (0.5) 1 (1.3)

ASA-score 17 (0.7) 1 (1.2) 6 (0.3) 3 (3.8)
Primary surgery
 Gastro-intestinal NA NA 25 (1.2) 3 (3.8)
 Gynaecologic NA NA 25 (1.2) 3 (3.8)
 Other surgery NA NA 25 (1.2) 3 (3.8)
Factors related to intraabdominal pressure 
 Ascites 17 (0.7) 1 (1.2) 20 (1.0) 2 (2.5)
 Chronic cough 17 (0.7) 1 (1.2) 24 (1.2) 2 (2.5)
 Constipation 17 (0.7) 1 (1.2) 24 (1.2) 2 (2.5)
 Heavy lifting 17 (0.7) 1 (1.2) 24 (1.2) 2 (2.5)
Recurrent hernia NA NA 32 (1.6) 4 (5.1)
Previous surgery with mesh NA NA 25 (1.2) 4 (5.1)
Defect location 

Supra-umbilical 37 (1.6) 0 (0) 414 (20.3) 20 (25.3)
Peri- and infra-umbilical 37 (1.6) 0 (0) 414 (20.3) 20 (25.3)
Lateral 37 (1.6) 0 (0) 414 (20.3) 20 (25.3)
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Variable Primary hernia Incisional hernia
 Not 

incarcerated 
Incarcerated Not  

incarcerated
Incarcerated 

N (%) N (%) N (%) N (%)
Defect Size (cm)

0 - 2 15 (0.7) 0 (0) 60 (2.9) 4 (5.1)
3 - 4 15 (0.7) 0 (0) 60 (2.9) 4 (5.1)
5- 10 15 (0.7) 0 (0) 60 (2.9) 4 (5.1)
> 10 cm 15 (0.7) 0 (0) 60 (2.9) 4 (5.1)

Postoperative outcomes 
Admission (days) 0 (0) 0 (0) 0 (0) 0 (0)
Emergency surgery 5 (0.2) 1 (1.2) 9 (0.4) 1 (1.3)
Any complication 80 (3.5) 3 (3.6) 50 (2.4) 2 (2.5)
Wound complication 62 (2.7) 3 (3.6) 33 (1.6) 1 (1.3)
Surgical complication 77 (3.4) 2 (2.4) 41 (2.0) 2 (2.5)
Medical complication 56 (2.5) 2 (2.4) 36 (1.8) 2 (2.5)
Clavien Dindo 102 (4.5) 3 (3.6) 105 (5.1) 7 (8.9)

Legend: BMI: body mass index; AAA: abdominal aortic aneurysm; ASA-score: American society of 
anesthesiologists score; NA: not applicable 
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Abstract
Background
Incisional hernias can be associated with pain or discomfort. Surgical repair especially mesh 
reinforcement, may likewise induce pain. The primary objective was to assess the incidence 
of pain after hernia repair in patients with and without pre-operative pain or discomfort. The 
secondary objectives were to determine the preferred mesh type, mesh location and surgical 
technique in minimizing postoperative pain or discomfort. 

Materials and methods
A registry-based prospective cohort study was performed, including patients undergoing 
incisional hernia repair between September 2011 and May 2019. Patients with a minimum 
follow-up of 3-6 months were included. The incidence of hernia related pain and discomfort 
was recorded perioperatively.

Results
A total of 1312 patients were included. Pre-operatively, 1091 (83%) patients reported pain or 
discomfort. After hernia repair, 961 (73%) patients did not report pain or discomfort (mean 
follow-up = 11.1 months). Of the pre-operative asymptomatic patients (n = 221), 44 (20%) 
reported pain or discomfort after mean follow-up of 10.5 months. Of those patients initially 
reporting pain or discomfort (n = 1091), 307 (28%) still reported pain or discomfort after a 
mean follow-up of 11.3 months postoperatively. 

Conclusion
In symptomatic incisional hernia patients, hernia related complaints may be resolved in the 
majority of cases undergoing surgical repair. In asymptomatic incisional hernia patients, pain 
or discomfort may be induced in a considerable number of patients due to surgical repair and 
one should be aware if this postoperative complication. 
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Introduction
Incisional hernia is a common complication after abdominal surgery with incidence rates of 
more than 30% in high-risk patients, such as patients with abdominal aortic aneurysms and 
obese patients (1-4). Incisional hernias may cause discomfort, pain, and an impaired quality 
of life (5). Nowadays, mesh reinforcement is the preferred treatment for incisional hernia 
repair and for prevention in patients with a high risk for developing an incisional hernia (6, 
7). However, mesh reinforcement has also been associated with chronic pain (8). Moreover, 
among patients there is an increased resistance for the use of surgical meshes in general, 
due to negative reports in media (including social media). Is this negative view of the media 
on incisional hernia repair causing postoperative chronic pain justified? And, do we replace 
incisional hernia related pain with pain caused by hernia repair?

Several previous studies reported on the long-term incidence of pain or discomfort after 
primary and incisional hernia repair, reported incidences varying widely from 3% to over 
61% (9-12). These differences are likely explained by multiple factors, such as differences in 
assessment and different surgical techniques (12-14). Additionally, pain is usually assessed as 
secondary outcome in studies with varying objectives. Therefore, the patient population may 
vary greatly in comparison to the general population of patients presenting with an incisional 
hernia.

Incisional hernia research mostly emphasizes on reducing recurrence rates, usually in relation 
to different mesh types and different surgical approaches. However, in contrast to inguinal 
hernia, the functional outcomes of patients who underwent incisional hernia repair are 
studied less frequently. Nevertheless, both outcomes are equally important to the individual 
and may aid in clinical decision-making, functional outcomes especially being of importance 
to patients with smaller incisional hernias who are either asymptomatic or have only minor 
complaints.

The primary objective of this registry-based study, was to assess the incidence of pain after 
incisional hernia repair in patients with and without pre-operative pain or discomfort.
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Material and methods
This prospective cohort study was performed within the French Hernia-Club registry. The 
French Hernia-Club registry is approved by the French ‘Commission Nationale de l’Informatique 
et des Libertés’ (CNIL registration number: 1993959v0) and complies to the General Data 
Protection Regulation. Because this study is registry-based and guarantees completely 
anonymized data, additional participant consent and approval were not required according 
to the French and Dutch national ethical standards. This study was conducted following the 
STROBE (Strengthening the Reporting of Observational studies in Epidemiology), STROCSS 
(Strengthening the Reporting of Cohort Studies in Surgery) statements, and the European 
Registry of Abdominal Wall Hernias (EuraHS) recommendations (15-17).

Study design
A registry-based, prospective cohort study was performed. Adult patients undergoing 
incisional hernia repair registered in the French Hernia-Club registry, between September 1, 
2011 and May 22, 2019 were eligible for inclusion. For this study, patients were selected with 
a minimum follow-up of 3-6 months with available data on pre- and postoperative pain and 
discomfort. Two groups were defined:

• Patients without pre-operative discomfort or pain: asymptomatic patients.

• Patients with pre-operative discomfort or pain: symptomatic patients.

Patients were considered symptomatic if they experienced either pain, sensitive complaints 
(dysesthesia, hypoesthesia), incarceration of the bowel, or discomfort not otherwise specified. At the 
end of follow-up, the incidence of postoperative pain or discomfort was compared in these groups.

Hernia-Club registry
The Hernia-Club registry is a collaborative, prospective, anonymized online database of 
all surgical procedures for primary and incisional hernias. French surgeons specialized in 
abdominal wall surgery performed all surgical procedures. Each participating surgeon must 
accept and sign the Charter of Quality, which states that: ‘all input must be registered in a 
consecutive, unselected and exhaustive manner and in real time.’ A total of 191 parameters were 
collected by the operating surgeon and the blinded, independent, clinical research associates, 
using online forms. Parameters comprise data from screening, pre-, peri-, and postoperative 
periods. Participants consent to random peer review of original medical charts to ensure 
high-quality data. The medical records were also checked in the case of any discrepancies. In 



Functional outcomes in symptomatic versus asymptomatic patients undergoing incisional hernia repair

171   

9

case of discrepancy between what the patient reported and what is registered in the database, 
the original medical chart is reviewed with the operating surgeon and the last author (J.F. 
Gillion). All collected parameters in this database were fully compatible with the EuraHS 
international online platform, as well as the European Hernia Society (EHS) classification 
incisional abdominal wall hernias (17, 18).

Data collection 
Baseline patient characteristics extracted from the registry comprised age, sex, body mass 
index (BMI), smoking, diabetes mellitus, recent corticosteroid use, recent radiotherapy, 
recent chemotherapy, history of abdominal aortic aneurysm (AAA), connective tissue 
disorder, anticoagulant use or coagulopathy, history of ventral hernia, family history of hernia, 
American Society of Anesthesiologists (ASA) classification, presence of ascites, chronic cough, 
constipation and heavy lifting. With reference to pre-operative symptoms, the presence of 
pain, sensitive complaints (dysesthesia, hyperesthesia, hyperpathia, hypoesthesia) or other 
(non-specified) discomfort were extracted.

Baseline hernia characteristics comprised presence of recurrent hernia, previous surgery with 
mesh, location of previous mesh (onlay, inlay, retromuscular sublay, preperitoneal sublay, 
intraperitoneal onlay), defect location in the midline (subxiphoid, epigastric, peri-umbilical, 
infra-umbilical, suprapubic), if applicable lateral defect location lateral (subcostal, flank, iliac, 
lumbar) and width of the defect according to EHS width classification (18).

Surgical characteristics comprised of emergency procedure, incarceration, open or 
laparoscopic procedure, mesh position (onlay, inlay, retromuscular sublay, preperitoneal 
sublay, intraperitoneal, component separation, no mesh/suture closure), mesh fixation (suture, 
tacker/stapler, self-adhesive mesh), duration of surgery, Altemeier wound classification (19) 
and antibiotic treatment. 

Outcomes 
The primary outcome was the incidence of pain or discomfort after hernia repair. Pain was 
assessed at the outpatient clinic at two time points, between 3 and 6 months postoperatively 
and approximately 12 months postoperatively. If repeated measurements were present the 
last observation available was carried forward. If patients were willing to participate, a long-
term follow-up questionnaire was performed after approximately two years. Patients received 
the questionnaire by telephone which was performed by an independent clinical research 
associate who was blinded for the used technique. 



Chapter 9

172

In this questionnaire, symptoms were specified with use of the 4 scales Verbal Rating Scale 
(VRS) (no pain, mild pain/discomfort moderate pain, severe pain), presence of a sensitive 
scar, less sensitivity of the skin and other discomfort. Additionally, the presence of bulging, 
sensation of non-solid scar, the frequency of discomfort (rarely, weekly, daily), and functional 
limitations due to discomfort (no limitations, some limitations, severe limitations of general 
activities) were assessed.  

Statistical analysis
Statistical analysis was performed with SPSS version 25 (IBM SPSS Statistics for Windows, 
version 25.0.0.1, IBM Corp, Armonk, New York). Continuous variables are presented as 
mean and standard deviation (SD). Discrete variables are presented as absolute numbers 
and percentages. Continuous variables were compared with a Student’s T-test or Mann 
Whitney U test, as appropriate. Discrete variables were compared with a X2 -test. The primary 
outcome, the incidence of pain and discomfort postoperatively, was compared between the 
pre-operatively asymptomatic and symptomatic patients, was reported as absolute numbers 
and percentages. Additionally, these proportions were compared with a X2 -test.  

Secondarily, to assess factors potentially associated with long-term postoperative pain and 
discomfort, uni- and multivariable logistic regression was used. For univariable logistic 
regression a complete case analysis was performed, including all variables of interest. To 
ensure maximized use of available data, multiple imputations were performed to compensate 
for missing data (0-8.3%), in advance of multivariable logistic regression. Multiple 
imputations were performed with ten imputations. Variables potentially associated with 
pain or discomfort after univariable analysis (p < 0.2) and variables of clinical interest were 
considered for multivariable analysis. Backward elimination was used to reduce the model. 
The saturated model was compared to the reduced model with likelihood ratio chi-square 
test. Variables with a strong mutual correlation were not fitted simultaneously. To prevent 
overfitting a maximum of one variable was fitted for each ten events. Age appeared not linearly 
associated to the outcome, therefore age was fitted in 4 quartiles. Glue (n = 8) fixation and 
inlay mesh (n = 5) placement were rarely applied, therefore these cases were excluded from 
multivariable analysis. The R2-value was used to assess the variability explained by the model. 
A p-value of <0.05 was considered statistically significant.  
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Results
A total of 1312 included patients underwent surgery for incisional hernia repair (Figure 1). Pre-
operatively, 1091 (83%) patients reported pain or discomfort (symptomatic patients). A total 
of 221 (17%) patients reported no pre-operative pain or discomfort (asymptomatic patients).

Patient baseline characteristics 
All baseline patient characteristics are presented in Table 1. Patients who presented with a 
symptomatic incisional hernia were more likely to be female and had a slightly higher BMI, 
compared to asymptomatic patients (sex, male/female: 60.2/39.8% asymptomatic versus 
45.2/54.8% symptomatic, p < 0.001; BMI: 27.9 kg/m2 asymptomatic versus 29.5 kg/m2 
symptomatic, p<0.001). Additionally, those patients who presented with a symptomatic 
incisional hernia more often had a recurrent hernia (31.1% asymptomatic versus 40.1% 
symptomatic, p=0.012). Factors related to an increased intra-abdominal pressure such as 
chronic cough and constipation were more frequently reported by symptomatic patients, 
compared to asymptomatic patients (chronic cough: 7.9% asymptomatic versus 15.3% 
symptomatic, p<0.001; constipation: 4.2% asymptomatic versus 7.8% symptomatic, p=0.06).

Table 1. Patient baseline characteristics for asymptomatic and symptomatic patients with an incisional hernia.

 Overall patients Asymptomatic Symptomatic P N missing
N 1312 221 1091
Age (years) 65 SD 13.6 65.8 SD 13.5 64.9 SD 13.6 0.369 3
Sex   0
Male 626 (47.7) 133 (60.2) 493 (45.2) < 0.001
Female 686 (52.3) 88 (39.8) 598 (54.8) < 0.001
BMI (kg/m2) 29.2 SD 6.2 27.9 SD 6.1 29.5 SD 6.1 < 0.001 24
Current smoking 215 (17.7) 31 (15.6) 184 (18.1) 0.39 97
Diabetes mellitus 224 (17.3) 36 (16.4) 188 (17.5) 0.69 17
Corticosteroids 52 (4) 8 (3.6) 44 (4.1) 0.75 17
Radiotherapy 28 (2.2) 8 (3.6) 20 (1.9) 0.10 17
Chemotherapy 138 (10.7) 24 (10.9) 114 (10.6) 0.89 17
History of AAA 9 (0.7) 2 (0.9) 7 (0.6) 0.66 7
Connective tissue 
disorder

2 (0.2) 0 (0) 2 (0.2) 0.53 7

Anticoagulant use or 
coagulopathy

207 (16) 34 (15.5) 173 (16.1) 0.81 17

History of ventral 
hernia

503 (38.5) 68 (31.1) 435 (40.1) 0.01 7

Family history of 
hernia

11 (0.8) 3 (1.4) 8 (0.7) 0.35 7
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 Overall patients Asymptomatic Symptomatic P N missing
ASA classification 9

 I-II 952 (73.1) 167 (75.6) 785 (72.6) 0.36
 III-IV 351 (26.9) 54 (24.4) 297 (27.4) 0.36
Ascites 5 (0.4) 0 (0) 5 (0.5) 0.32 18
Chronic cough 182 (14.1) 17 (7.9) 165 (15.3) < 0.001 18
Constipation 93 (7.2) 9 (4.2) 84 (7.8) 0.06 18
Heavy lifting 90 (7) 11 (5.1) 79 (7.3) 0.24 18

BMI: body mass index; AAA abdominal aortic aneurysm; ASA American Society of Anesthesiologists. 
Continuous variables are presented a mean and SD, discrete variables are presented as absolute number 
and (percentage). P for student T-test, fishers exact test or X2test as appropriate.  

Hernia characteristics 
Hernia characteristics are presented in Table 2. Patients who presented with a symptomatic 
incisional hernia and who had received mesh surgery, slightly more often had received 
an intraperitoneal mesh (9.5% asymptomatic versus 16.7% symptomatic, p = 0.01). The 
proportion of patients who presented with a symptomatic hernia and who had received mesh 
surgery was equal for all other mesh locations, compared to the asymptomatic patients. With 
reference to hernia location the distribution of patients who presented with a symptomatic or 
asymptomatic incisional hernia appeared relatively equal. Slightly more symptomatic patients 
presented with a suprapubic hernia and slightly less with a epigastric hernia, compared to 
asymptomatic patients (suprapubic hernia: 3.8% asymptomatic versus 8.9% symptomatic, 
p = 0.01; epigastric hernia: 20.8% asymptomatic versus 14% symptomatic, p = 0.01). Of 
those patients who had a lateral hernia, patients with a subcostal lateral hernia more often 
reported pain or discomfort and patients with a iliac lateral hernia less often reported pain or 
discomfort at baseline (subcostal hernia: 2.8% asymptomatic versus 6.2% symptomatic, p = 
0.05; iliac hernia: 15.7% asymptomatic versus 10.7% symptomatic, p = 0.03). With reference 
to the EHS width classification, slightly more symptomatic patients presented with a grade W3 
hernia (≥10 centimeters), and slightly less with a grade W1 hernia (<4 centimeters), compared 
to asymptomatic patients (W1 hernia: 54.9% asymptomatic versus 43.8% symptomatic, p = 
0.004; W3 hernia: 9.3% asymptomatic versus 15.8% symptomatic, p = 0.02).  
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Table 2. Hernia characteristics for asymptomatic and symptomatic patients with an incisional hernia.

 Overall 
patients 

Asymptomatic Symptomatic P N missing

N 1312 221 1091

Recurrent hernia 318 (24.8) 41 (19) 277 (26) 0.03 29

Previous surgery with 
mesh*

14

No mesh  867 (66.8) 159 (71.9) 708 (65.7) 0.07

Prefascial (onlay) 19 (1.5) 3 (1.4) 16 (1.5) 0.89

At the bangs (inlay) 13 (1) 3 (1.4) 10 (0.9) 0.56

Retromuscular (sublay) 120 (9.2) 19 (8.6) 101 (9.4) 0.72

Preperitoneal (sublay) 58 (4.5) 10 (4.5) 48 (4.5) 0.96

Intraperitoneal (onlay) 201 (15.5) 21 (9.5) 180 (16.7) 0.01

Not specified 20 (1.5) 6 (2.7) 14 (1.3) 0.12

Defect location midline 17

Subxiphoid 46 (3.6) 7 (3.2) 39 (3.6) 0.79

Epigastric 196 (15.1) 45 (20.8) 151 (14) 0.01

Peri-umbilical 474 (36.6) 88 (40.7) 386 (35.8) 0.17

Infra-umbilical     239 (18.5) 31 (14.4) 208 (19.3) 0.09

Suprapubic 104 (8) 8 (3.7) 96 (8.9) 0.01

Only lateral location 236 (18.2) 37 (17.1) 199 (18.4) 0.65

Defect location lateral 17

Subcostal 73 (5.6) 6 (2.8) 67 (6.2) 0.05

Flank 77 (5.9) 8 (3.7) 69 (6.4) 0.13

Iliac 149 (11.5) 34 (15.7) 115 (10.7) 0.03

Lumbar 18 (1.4) 0 (0) 18 (1.7) 0.06

Only medial 978 (75.5) 168 (77.8) 810 (75.1) 0.40

EHS width 
classification

51

W1: < 4 cm 575 (45.6) 112 (54.9) 463 (43.8) 0.004

W2: ≥ 4-10 cm 500 (39.7) 73 (35.8) 427 (40.4) 0.22

W3: > 10 cm 186 (14.8) 19 (9.3) 167 (15.8) 0.02

EHS: European Hernia Society. Continuous variables are presented a mean and SD, discrete variables 
are presented as absolute number and (percentage). P for student T-test, fishers exact test or X2test as 
appropriate. 
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Surgical characteristics
Surgical characteristics are presented in Table 3. Almost all patients who received an 
emergency procedure were symptomatic incisional hernia patients. By definition, patients 
with a non-reducible incarceration were considered symptomatic, this occurred in 30 
(2.3%) patients. In general, different surgical treatments, were evenly distributed among 
symptomatic and asymptomatic patients. In symptomatic patients undergoing mesh repair, 
suture fixation appeared to be used slightly more often, compared to asymptomatic patients 
(54% asymptomatic versus 65.6% symptomatic, p = 0.002).

Table 3. Surgical characteristics for asymptomatic and symptomatic patients with an incisional hernia.

 Overall 
patients 

Asymptomatic Symptomatic P N missing

N 1312 221 1091

Emergency procedure 55 (4.2) 2 (0.9) 53 (4.9) 0.01 8
Incarceration 30 (2.3) 0 (0) 30 (2.8) 0.01 10
Open procedure 1134 (87.4) 190 (87.2) 944 (87.5) 0.89 15
Laparoscopic 
procedure

163 (12.6) 28 (12.8) 135 (12.5) 0.89 15

Mesh position 19
Prefascial onlay 33 (2.6) 2 (0.9) 31 (2.9) 0.10
Sublay (retro-muscular/
pre-peritoneal)

596 (46.1) 113 (52.1) 483 (44.9) 0.05

Intraperitoneal onlay 548 (42.4) 81 (37.3) 467 (43.4) 0.09
No mesh 110 (8.5) 21 (9.7) 89 (8.3) 0.5
Mesh fixation 134
Suture 749 (63.6) 109 (54) 640 (65.6) 0.002
Tacker/stapler 278 (23.6) 55 (27.2) 223 (22.8) 0.18
Self-adhesive 59 (5) 13 (6.4) 46 (4.7) 0.30
No mesh 110 (9.3) 21 (10.4) 89 (9.2) 0.57
Duration of surgery, min 94 SD 60 102 SD 77 93SD 55 0.09 49
Altemeier wound 
classification

7

Clean 1161 (89) 188 (85.8) 973 (89.6) 0.11
Clean contaminated 91 (7) 17 (7.8) 74 (6.8) 0.62
Contaminated 37 (2.8) 12 (5.5) 25 (2.3) 0.01
Dirty 16 (1.2) 2 (0.9) 14 (1.3) 0.64
Antibiotic treatment 15
None 140 (10.8) 39 (18.1) 101 (9.3) <0.001
Prophylactic 1023 (78.9) 166 (76.9) 857 (79.3) 0.43
Therapeutic 134 (10.3) 11 (5.1) 123 (11.4) 0.01

IPOM: Intraperitoneal Onlay Mesh. Continuous variables are presented a mean and SD, discrete 
variables are presented as absolute number and (percentage). P for student T-test, fishers exact test or 
X2test as appropriate.  



Functional outcomes in symptomatic versus asymptomatic patients undergoing incisional hernia repair

177   

9

Long-term postoperative pain and discomfort
The incidence of postoperative pain in relation to pre-operative symptoms is graphically 
summarized in Figure 1. Detailed data on long-term postoperative pain and discomfort 
are presented in Table 4. Data on postoperative pain and discomfort was recorded after a 
mean of 11.1 ± 4.5 months. In initially asymptomatic patients who had received hernia repair 
surgery, 44 patients (20%, total n = 221) reported pain or discomfort after a mean of 10.5 ± 
4.0 months. In initially symptomatic patients who had received hernia repair surgery 961 
patients, (72%, total n = 1091) reported no pain or discomfort after a mean of 11.3 ± 4.5 
months. When considering the severity of postoperative symptoms, the majority of patients 
reported only minor complaints. Mild pain was reported by 22 out of 44 patients (50%) of 
initially asymptomatic patients and by 160 out of 307 patients (52%) of initially symptomatic 
patients. Moderate pain or severe pain was reported in 14 out of 44 patients (30%) of initially 
asymptomatic patients and in 80 out of 307 (26%) of initially symptomatic patients. Only 
sensitive complaints (dysesthesia, hyperesthesia, or hypoesthesia) were reported in a minority 
of patients with postoperative pain or discomfort 30 out of 351 patients (8.5%).

Table 4. Discomfort between 3 and 12 months after surgery.

 Overall 
patients 

Asymptomatic Symptomatic P N missing

N 1312 221 1091

Follow-up (months) 11.1 SD 4.5 10.5 SD 4.0 11.3 SD 4.5 0.016 62

Any discomfort 351 (26.8) 44 (19.9) 307 (28.1) 0.01 0

Discomfort specified 0.05

Sensitive scar only 32 (2.4) 4 (1.8) 28 (2.6)

VRS mild pain/discomfort 182 (13.9) 22 (10) 160 (14.7)

VRS moderate pain 78 (5.9) 12 (5.4) 66 (6)

VRS severe pain 16 (1.2) 2 (0.9) 14 (1.3)

Less sensitivity only 30 (2.3) 1 (0.5) 29 (2.7)

Other discomfort 13 (1) 3 (1.4) 10 (0.9)

VRS: Verbal Rating Scale; Continuous variables are presented a mean and SD, discrete variables are 
presented as absolute number and (percentage). P for student T-test, fishers exact test or X2test as 
appropriate.
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Figure 1. Flowchart representing initially asymptomatic and symptomatic patients undergoing hernia 
repair.

Long-term follow-up questionnaire 
A total of 814 patients completed a follow-up questionnaire by telephone or by mail after a 
mean follow-up of 24.7 ± 11.4 months. Results of this questionnaire are summarized in Table 
5. Overall, the incidence of patients experiencing any postoperative complaints including pain 
or discomfort was lower as compared to 12 months follow-up. 196 out of 841 patients (23.7%) 
of patients who returned the questionnaire experienced any complaints. Only 144 patients 
(17.1%) experienced pain or discomfort. Of those patients experiencing pain or discomfort, 
the initially symptomatic patients (n = 706) appeared to experience more severe symptoms, 
as compared to the initially asymptomatic (n = 135) patients (discomfort: 9.2% asymptomatic 
versus 18.7% symptomatic, p = 0.01). The initially asymptomatic patients who experienced 
pain or discomfort (n = 12), reported mild pain in 66.7% of cases. In comparison, those patients 
who were initially symptomatic and who were still experiencing pain or discomfort (n = 132), 
reported moderate pain in 25.8% of cases, and severe pain in 11.4% of cases. Additionally, 
those patients who were initially symptomatic reported more limitations in daily life due 
to their symptoms, this was only rarely reported in the initially symptomatic patients who 
experienced pain or discomfort (Table 5).
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Table 5. Questionnaire results in incisional hernia patients after hernia repair.

 Overall 
patients 

Asymptomatic Symptomatic P N 
missing

N 841 135 706

Written questionnaire 484 (57.6) 91 (67.4) 393 (55.7) 0.01 0

Phone questionnaire 357 (42.4) 44 (32.6) 313 (44.3) 0.01 0

Follow-up (months after 
surgery)

24.7 SD 11.4 24.1 SD 11.9 24.8 SD 11.3 0.513  0

Any complaints 196 (23.7) 21 (16.3) 175 (25.1) 0.03 15

Bulging 108 (12.9) 12 (9.2) 96 (13.6) 0.17 14

Sensation of non-solid scar 88 (10.7) 11 (8.7) 77 (11.1) 0.42 20

Discomfort 144 (17.1) 12 (9.2) 132 (18.7) 0.01 15

Discomfort specified (n) 144 12 132 0.006 0

Sensitive scar only 6 (4.2) 0 (0) 6 (4.5)

VRS mild pain/discomfort 68 (47.2) 8 (66.7) 60 (45.5)

VRS moderate pain 37 (25.7) 3 (25) 34 (25.8)

VRS severe pain 15 (10.4) 0 (0) 15 (11.4)

Less sensitivity 14 (9.7) 1 (8.3) 13 (9.8)

Other discomfort 7 (4.9) 0 (0) 7 (5.3)

Frequency of discomfort (n) 144 12 132 0.057 23

Rarely 32 (22.2) 6 (50) 26 (19.7)

Weekly 37 (25.7) 1 (8.3) 36 (27.3)

Daily 52 (36.1) 2 (16.7) 50 (37.9)

Not specified 23 (16.0) 3 (25) 20 (15.2)

Functional limitations due to 
discomfort (n)

144 12 132 0.052 23

No limitations of general activities 63 (44.4) 8 (66.7) 55 (42.3)

Some limitations of general 
activities  

30 (21.1) 1 (8.3) 29 (22.3)

Severe limitations of general 
activities

26 (18.3) 0 (0) 26 (20)

Not specified 23 (16.0) 3 (25) 20 (15.2)

VRS: Verbal Rating Scale; Continuous variables are presented a mean and SD, discrete variables are 
presented as absolute number and (percentage). P for student T-test, fishers exact test or X2test as 
appropriate.  
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Factors associated with postoperative pain and discomfort 
Results of multivariable logistic regression are summarized in Table 6. Results of univariable 
logistic regression are summarized in the Supplement. Current data only provided very 
limited predictive potential with reference to long-term pain and discomfort (R2: 0.06). 
Factors that appeared associated with an increased odds for long-term postoperative pain and 
discomfort included presence of pre-operative pain and discomfort (OR: 1.74, 95%CI:1.19-
2.54), constipation, (OR: 1.61, 95%CI: 1.02-2.55), mesh fixation with use of tackers or staplers 
(OR: 1.79, 95%CI: 1.28-2.5), and use of a self-adhesive mesh (OR: 2.07, 95%CI: 1.14-3.15).

Table 6. Multivariable logistic regression, factors associated with long-term postoperative pain and 
discomfort.

N = 1298 OR (95%CI) P N missing
Age 3
1st quartile reference
2nd quartile 1.14 (0.8-1.62) 0.47
3rd quartile 0.77 (0.53-1.11) 0.16
4th quartile 0.77 (0.53-1.11) 0.16
Smoking 96
Never reference
Ex-smoker >1 year 0.86 (0.61-1.2) 0.36
Incidental 0.71 (0.3-1.65) 0.42
Daily 1.46 (1.01-2.1) 0.04
Constipation 1.61 (1.02-2.55) 0.04
EHS width 50
<4 cm Reference
4 – 9 cm 1.22 (0.92-1.16) 0.17
≥10 cm 1.22 (0.83-1.81) 0.31
Any pre-operative discomfort 1.74 (1.19-2.54) <0.001 0
Mesh position 19
Sublay (retro-muscular/pre-peritoneal) reference
Prefascial onlay 0.51 (0.21-1.25) 0.14
Intraperitoneal onlay 0.85 (0.63-1.16) 0.30
No mesh 1.77 (0.54-5.85) 0.34
Mesh fixation 108
Suture reference
Tacker/stapler 1.79 (1.28-2.5) <0.001
Self-adhesive 2.07 (1.14-3.77) 0.02
No mesh 0.96 (0.29-3.15) 0.94

EHS: European Hernia Society. Cases with glue fixation (n=9) and inlay mesh placement (n=5) were 
excluded from multivariable analysis.
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Discussion
Today, it is almost unthinkable to repair an incisional hernia without using a mesh. The mesh 
is necessary to reinforce the abdominal wall and, subsequently, to prevent incisional hernia 
recurrence. In spite of the inevitability of mesh reinforcement, resistance against surgical 
meshes is also present among patients due to potential complications including pain and 
discomfort. However, considering current literature, there is a lack of evidence concerning 
the incidences of induced, reduced or maintained pain or discomfort after incisional hernia 
repair. Additionally, according to several hernia guidelines no recommendation can be made 
with respect to mesh placement and mesh fixation in reducing postoperative chronic pain (17, 
20).

To the best of our knowledge, this is the first study based on prospectively collected data 
primary investigating these issues in a large sample of patients undergoing various surgical 
treatments for incisional hernia. Based on the data of the present study, initially asymptomatic 
incisional hernia patients who undergo surgical repair may develop pain or discomfort in up 
to 20% of cases. Additionally, pain and discomfort may not always be resolved by incisional 
hernia repair in initially symptomatic patients. Up to 28% of the latter may continue to 
experience complaints. Moreover, the initially symptomatic patients experience more severe 
symptoms after hernia repair compared to the initially asymptomatic patients.  

Although the absence of pain or discomfort is considered a relative or even absolute contra-
indication for surgical hernia repair, for some patients, the cosmetic appearance of the 
abdominal wall hernia is a more prominent reason to undergo hernia repair than pain (5). 
Nevertheless, in this patient group with no or limited hernia complaints, the risk of inducing  
pain or discomfort due to surgical repair should be considered when deciding to operate or 
not. Similarly, in initially symptomatic patients, one should consider that surgical repair will 
resolve complaints in the majority, but not in all treated patients.

Baseline patient characteristics in this cohort showed some interesting differences between 
pre-operative symptomatic and asymptomatic patients. Patients with a symptomatic 
incisional hernia were more likely to be female and were more likely to have a slightly higher 
BMI. Factors related to an increased intra-abdominal pressure, such as chronic cough and 
constipation, were also more frequently reported in symptomatic patients (Table 1). These 
differences in sex and comorbidities with regard to pre-operative pain were previously 
reported and warrant further investigation (21). 
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Another interesting finding is the relationship between pre-operative pain complaints 
and hernia location. Subcostal or suprapubic located incisional hernias more often caused 
complaints compared to the other hernia sites. An explanation could be found in the distribution 
of sensory nerve fibers in relation to the length of the incisions. Another hypothesis could be 
that the edges of the costal and pubic bones might provoke more pain complaints, especially 
when exercising, due to the more static nature of the bone in contrast to the high mobility of 
the abdominal wall muscles.

Considering severity of reported symptoms in the present cohort, the absence of pain or 
discomfort may be considered a relative but probably not an absolute contra-indication for 
surgical hernia repair. For example, if during conservative management a continuous increase 
of the diameter of the incisional hernia is noted, repair may be considered. Although, pain 
and discomfort, may be induced in approximately 10-20% of asymptomatic patients, reported 
complaints were usually minor, i.e. mild pain in 66.7% of patients (n = 12) after a mean follow-
up of 24.1 months postoperatively. Aesthetic complaints, leading to functional limitations 
may very well outweigh this risk in selected patients. 

Another reason to repair a ventral hernia is the risk for incarceration. Previous studies reported 
prevalence rates of incarceration between approximately 3 and 10% (22-24). Mostly defects 
of approximately 3 to 4 cm in width appeared prone for incarceration (25). In this respect, 
for asymptomatic patients with multiple potential risk factors for incarceration, elective 
hernia repair could be beneficial as a preventive measure. In other non-complex ventral 
hernia patients, watchful waiting is mostly considered a safe strategy (26-28). However, 
one previous study reported high crossover rates with significantly greater incidences of 
intraoperative perforations, fistulas, emergency surgery, and mortality due to watchful 
waiting (29). Nevertheless, according to the Guidelines for laparoscopic treatment of primary 
ventral and incisional abdominal wall hernias, watchful waiting is recommended in patients 
with modifiable risk factors (20). 

Hitherto, no recommendations in surgical technique or surgical accessory as suture, tacker, glue 
or mesh type could be made regarding the incidence of chronic pain (20). Considering our current 
results, predicting the occurrence of chronic pain based on patient and surgical characteristics 
appears difficult indeed. Although detailed information was available concerning patient and 
surgical characteristics, it was not possible to construct a model with sufficient predictive power, 
to substantiate any meaningful recommendations. Considering the observational design of 
current study, these associations must be interpreted with great caution.
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Based on the sample at hand, mesh repair was not significantly associated with long-term pain 
or discomfort, as compared to suture repair. Additionally, the position of the surgical mesh 
appeared not associated with long-term pain either. However, patients with an incisional 
hernia, who received an intraperitoneal onlay mesh (IPOM), appeared to present slightly 
more often with a symptomatic incisional hernia (Table 2). 

In contrast, the method of mesh fixation appeared associated with long-term pain and 
discomfort. According to the data presented in this study, both the use of tackers and self-
adhesive meshes were associated with increased odds for long-term postoperative pain and 
discomfort. These observations have been previously hypothesized and reported.  

From performing abdominal surgery under local anesthesia in the late 19th and begin 20th 
century, the parietal peritoneum is known to be intensively sensitive to pain (30). New 
studies confirmed these early observations. Additionally, the parietal peritoneum is sensitive 
to pressure, touch, friction, cutting and temperature through innervation by the phrenic 
and sensitive spinal (lower thoracic) viscero-somatic nerves (31). Attaching a mesh to the 
peritoneum with tackers, might stimulate these nerve fibers leading to pain sensation. 

The mesh must be fixated on the abdominal wall to prevent migration and to maintain 
good contact between abdominal wall and mesh. Bansal et al. (32) compared suture mesh 
fixation versus tacker mesh fixation for laparoscopic repair of ventral hernias in a prospective 
randomized study. This study found, similar to the current observational report, that 
the use of suture fixation was more beneficial with respect to postoperative pain (32). The 
authors hypothesized that tackers may cause increased incidence of pain due to the screwing 
mechanism of the sharp tips penetrating the tissue and thereby causing compression and 
twisting of nerve fibers (32). Additionally, tackers are approximately seven times more costly 
compared to conventional suture fixation (33).

Until now, no pathophysiologic mechanism of self-adhesive meshes inducing postoperative 
chronic pain is known. Possibly, self-adhesive meshes may cause a peritoneal tissue reaction 
(34). Self-adhesive meshes are relatively new and not studied thoroughly for ventral hernia 
repair. One retrospective single-arm cohort study of Kroese et al. (35) found that 9 out of 39 
patients (23%) reported pain complaints (mean VAS = 1.7) after open complex abdominal wall 
hernia repair with the self-adhesive ProGrip™ mesh after a median follow-up of 25 months. 
However, no pain was reported by Bueno-Lledó et al. (36) six months after using self-adhesive 
ProGrip™ mesh in Rives-Stoppa repair.  
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Considering current outcomes, incisional hernia research should emphasize more on 
functional outcomes, in addition to treatment success in terms of recurrence rates. Pain and 
discomfort after prophylactic mesh reinforcement warrants further evaluation.

Limitations
This cohort study has several limitations. Pain and discomfort, although collected by 
standardized scores and questionnaires, remain subjective measurements and probably differ 
over time. Additionally, data on functional limitations as a result of pain and discomfort were 
only available in a subset of patients. Although data was collected in a prospective manner, this 
study remains observational, therefore causality of found associations cannot be confirmed. 
Therefore, current data should be interpreted with caution. Nevertheless, the sample at hand 
may represent the general patient population undergoing surgical incisional hernia repair, as 
seen in every day clinical practice. Although this introduces some heterogeneity, this sample is 
not limited to one technique or a certain subset of complex patients. However, it is important 
to realize that all surgical procedures were performed by dedicated abdominal wall surgeons. 
This introduces some selection bias as the sample may consist partly of secondarily referred 
patients. Therefore, these results mostly translate to the practice of a dedicated hernia surgeon.

Conclusion
Incisional hernia complaints may be resolved in the majority of cases after surgical repair. 
However, in asymptomatic incisional hernia patients, pain or discomfort may be induced 
in a considerable number of patients due to surgical repair and one should be aware if this 
postoperative complication. Symptomatic hernia patients should be informed that surgical 
repair may resolve pain or discomfort in the majority, but not all patients. 
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Supplemental table 1. Univariable logistic regression, factors associated with long-term postoperative 
pain and discomfort.

N = 1297 OR (95%CI) P N missing
Age 3
1st quartile reference
2nd quartile 1.16 (0.82-1.63) 0.40  
3rd quartile 0.75 (0.52-1.06) 0.10  
4th quartile 0.74 (0.52-1.05) 0.09  
Female sex 1.06 (0.82-1.35) 0.65  
BMI (kg/m2), per one increase 0.99 (0.97-1.01) 0.41 24
Smoking 0 (0-0) <0.001 96
Never reference   
Ex-smoker >1 year 0.85 (0.62-1.17) 0.31  
Incidental 0.68 (0.29-1.57) 0.36  
Daily 1.67 (1.18-2.36) <0.001  
Constipation 1.63 (1.04-2.54) <0.001 18
Corticosteroids 0.5 (0.23-1.07) 0.08 16
Diabetes mellitus 0.79 (0.56-1.11) 0.17 16
Chemotherapy 0.69 (0.45-1.07) 0.10 16
Previous mesh surgery 1.06 (0.8-1.36) 0.75 16
ASA III-IV 0.88 (0.67-1.17) 0.39 9
Hernia location 17
Subxiphoid reference   
Epigastric 0.63 (0.31-1.25) 0.18  
(peri)Umbilical 0.63 (0.33-1.2) 0.16  
Infra-umbilical 0.67 (0.34-1.32) 0.25  
Suprapubic 0.78 (0.37-1.64) 0.51  
Only lateral 0.6 (0.3-1.18) 0.13  
EHS width   50
<4 cm reference   
4 – 9 cm 1.24 (0.94-1.63) 0.12  
≥10 cm 1.23 (0.85-1.79) 0.27  
Incarceration (non-reducible) 1.24 (0.56-2.75) 0.59 10
Synchronous repair of multiple defects 1.21 (0.86-1.7) 0.27 18
Any pre-operative discomfort 1.67 (1.16-2.41) 0.01 0
Emergency surgery 1.66 (0.94-2.93) 0.08 8
Mesh position   19
Sublay (retro-muscular/pre-peritoneal)  reference   
Prefascial onlay 0.77 (0.33-1.8) 0.54  
Intraperitoneal onlay 0.95 (0.73-1.24) 0.72  
No mesh 1.39 (0.89-2.15) 0.14  
Mesh fixation   108
Suture  reference   
Tacker/stapler 1.57 (1.16-2.14) 0.00
Self-adhesive 1.88 (1.07-3.29) 0.03  
No mesh 1.65 (1.07-2.55) 0.02  
Laparoscopic surgery 1.21 (0.84-1.75) 0.30 15

BMI: body mass index; ASA American Society of Anesthesiologists; EHS: European Hernia Society.
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Abstract
Background
Patients with a re-recurrent hernia may account for up to 20% of all incisional hernia (IH) 
patients. IH repair in this population may be complex due to an altered anatomical and 
biological situation as a result of previous procedures and outcomes of IH repair in this 
population have not been thoroughly assessed. This study aims to assess outcomes of IH repair 
by dedicated hernia surgeons in patients who have already had two or more re-recurrences.

Methods
A propensity score matched analysis was performed using a registry-based, prospective 
cohort. Patients who underwent IH repair after ≥ 2 re-recurrences operated between 2011-
2018 and who fulfilled 1 year follow-up visit were included. Patients with similar follow-up 
who underwent primary IH repair were propensity score matched (1:3) and served as control 
group. Patient baseline characteristics, surgical and functional outcomes were analyzed and 
compared between both groups.

Results
Seventy-three patients operated on after ≥ 2 IH re-recurrences were matched to 219 patients 
undergoing primary IH repair. After propensity score matching, no significant differences in 
patient baseline characteristics were present between groups. The incidence of re-recurrence 
was similar between groups (≥2 re-recurrences: 25% versus control 24%, p = 0.811). The 
incidence of complications, as well as long-term pain was similar between both groups.

Conclusion 
IH repair in patients who have experienced multiple re-recurrences results in outcomes 
comparable to patients operated for a primary IH with a similar risk profile. Further surgery 
in patients who have already experienced multiple hernia re-recurrences is justifiable when 
performed by a dedicated hernia surgeon.
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Introduction
Incisional hernia (IH) remains a frequent complication after open abdominal surgery (1). 
Results of IH repair have improved due to standardized use of a mesh, nevertheless, recurrence 
rates remain high up to 20% (2, 3). The overall risk of re-recurrence after ventral and IH 
repair after a median follow-up time of 41 months is estimated between 8% and 37% (4).

When left untreated, IH may cause pain or discomfort, as well as aesthetic complaints, which 
negatively affect quality of life (5). Additionally, in rare cases (3-15%) IH may incarcerate (6). 
Incarceration is associated with increased morbidity and mortality and requires emergency 
surgery (7).

Although techniques and results of abdominal wall reconstruction are improving, hernia 
surgeons continue to be faced with patients presenting after multiple IH re-recurrences (2). 
Repair of IH after multiple recurrences can be technically challenging due to previous use 
of different techniques, which may result in damaged anatomical planes and altered tissue 
quality, and therefore more limited reconstructive options leading to unfavorable surgical 
outcomes. Outcomes after IH repair have been studied thoroughly. However, outcomes and 
utility of IH repair in patients who present after two or more re-recurrences remain unknown.

This study aims to assess outcomes of IH repair by dedicated hernia surgeons in patients 
who have had two or more previous recurrences. Utility of repair in this population will be 
assessed, considering postoperative complications, relief of pre-operative symptoms, and IH 
re-recurrence.

Materials and methods
This prospective cohort study was conducted following the STROCSS, STROBE statements, 
and the recommendations of the European Registry of Abdominal Wall Hernias (EuraHS) 
(8-10).

Study design
A prospective, registry-based study was conducted. Adult patients who underwent IH repair 
after two or more re-recurrences operated between 2011 and 2018, were selected from the 
French Hernia-Club registry. Only patients who fulfilled their 1-year follow-up visit were 
included. Subsequently, control patients with similar follow-up who underwent primary 
IH repair were selected. IH recurrence was defined as: ‘A protrusion of the contents of the 
abdominal cavity or preperitoneal fat through a defect in the abdominal wall at the site of a 
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previous repair of an abdominal wall hernia’ as described by Muysoms et al. (10). Patients 
operated after two or more IH recurrences were compared to a 1:3 propensity score matched 
control group.

Hernia-Club registry
This study was conducted within the French Hernia-Club registry, which is a collaborative, 
prospective, anonymized online database of all surgical procedures for abdominal wall 
hernias. The French Hernia-Club registry complies to the General Data Protection Regulation 
and is approved by the French ‘Commission Nationale de l’Informatique et des Libertés’ 
(CNIL registration number: 1993959v0). Because this study is registry-based and guarantees 
completely anonymized data, additional participant approval and consent was not required 
according to the French and Dutch national ethical standards.

Surgeons specialized in abdominal wall surgery performed all operations. Each dedicated 
hernia surgeon must perform at least 100 inguinal and 50 ventral hernia repairs annually. 
Furthermore, each surgeon must accept and sign the Charter of Quality, which states that: 
‘all input must be registered in a consecutive, unselected and exhaustive manner and in real 
time.’ A total of 191 parameters were collected by the operating surgeon and the blinded, 
independent, clinical research associates, using online forms. Parameters comprise data from 
screening, pre-, peri-, and postoperative periods. Participants consent to random peer review 
of original medical charts to ensure high-quality data. The medical records were checked in 
the case of any discrepancies. All collected parameters in this database were fully compatible 
with the EuraHS international online platform, and the European Hernia Society (EHS) 
classification of abdominal wall hernias (10, 11).

Data extraction
Relevant baseline, surgical, and functional outcome variables were extracted from the 
Hernia-Club database. Extracted baseline variables comprised: age, sex, body mass index 
(BMI), American Society of Anesthesiology (ASA) classification, diabetes mellitus, number of 
previous hernia re-recurrences, smoking status, IH location (medial vs. lateral), EHS width 
classification, mesh location (IPOM, sublay, onlay, no mesh), emergency surgery, synchronous 
repair of multiple defects, wound classification (clean, clean-contaminated, contaminated, 
dirty), and follow-up time. Surgical outcomes were categorized as: IH re-recurrence, IH 
repair surgery, radiological re-recurrence only, postoperative complications (surgical and 
medical) and Clavien-Dindo classification grade. Functional outcomes were assessed with 
a follow-up survey after approximately one year post surgery. Extracted data of this survey 
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comprised the sensation of a non-solid scar, subjective presence of bulging, presence of pain 
or discomfort, and the presence of daily life limitations related to the IH repair (no limitations, 
some limitations, or severe limitations).

Statistical analysis
Statistical analysis was performed with R-studio (Version 1.2.5042, © 2009-2020 RStudio). 
Discrete variables were presented as absolute numbers with percentages. Continuous 
variables were presented as median and interquartile range. Discrete variables were 
statistically compared with the chi-square test and continuous variables were compared either 
with the Student-T test or Mann-Whitney U test as appropriate (i.e., normality was assessed 
graphically in quantile-quantile plot). Two groups were defined: the study group consisting 
of patients operated on IH after two or more re-recurrences and the control group who 
underwent primary IH repair. The proportion of missing data was assessed and is presented 
in the supplement for each variable. Missing data was primarily caused by missing data-
entries and was assumed to be mostly missing at random (i.e., not related to the outcomes 
or study groups). Multiple imputation was performed to allow use of all available data. 
The following variables were included in the imputation model: age, sex, BMI, ASA-class, 
hernia location, EHS width classification, mesh location, emergency surgery, synchronous 
repair of multiple defects, diabetes mellitus, wound class, smoking status, previous hernia 
re-recurrence, IH re-recurrence at 1 year follow-up (predictor only), any complications 
(predictor only). Continuous variables were imputed according to the predictive mean 
matching method, discrete variables with use of logistic regression. In total, ten imputations 
for each missing value were performed. Propensity scores were calculated for each imputed 
dataset. The following variables were included in the propensity score model: age, sex, BMI, 
ASA classification, hernia location, EHS width classification, mesh location, emergency 
surgery, synchronous repair of multiple defects, diabetes mellitus, wound class, and smoking 
status. The propensity scores of the imputed datasets were pooled. Subsequently, cases 
(patients operated after two or more previous re-recurrences) were matched 1:3 to control 
patients. Cases were matched according to the nearest neighbour method, matching from the 
lowest to highest propensity scores. Cases and controls with propensity scores outside the 
region of common support were discarded. For all variables included in the propensity model, 
the performance of the matching model was assessed visually by plotting the mean of each 
covariate against the propensity score (supplement). Additionally the balance was assessed 
with use of the chi-square, Student-T test or Mann-Whitney U test as appropriate. Finally, 
the outcomes were assessed with simple univariable analysis in the raw and matched study 
sample. A p-value below 0.05 was considered statistically significant.



Chapter 10

194

Results
Patient characteristics
Seventy-six patients operated after two or more IH re-recurrences were available in the 
Hernia-Club registry dataset, 763 control patients who underwent primary IH repair with 
similar follow-up data were available (Table 1). In the raw, unmatched sample significant 
differences were present between the control and study group. BMI was higher among the 
re-recurrence group (control: 27.8 kg/m^2 vs. ≥ 2 re-recurrences: 31 kg/m^2, p < 0.001). 
Slightly more patients were operated for a laterally (around linea semilunaris) located IH in 
the control group (control: n = 129, 18% vs. ≥2 recurrences n = 6, 8%, p = 0.010) and slightly 
more for a combined lateral and medial hernia among the re-recurrence group (control: n 
= 45, 6% vs. ≥ 2 re-recurrences: n = 10, 13%, p = 0.01). Patients in the re-recurrence group 
presented with larger IHs more often (control: EHSII n = 249, 34%; EHSIII n = 5, 15% vs. 
≥ 2 re-recurrences: EHSII n = 34, 47%, EHSIII n = 18, 25%, p < 0.001). More patients in 
the control group had received mesh repair with IPOM mesh reinforcement, whereas more 
patients in the re-recurrence group had received no new mesh reinforcement (control: IPOM: 
n = 299, 40%; no mesh n = 66, 9% vs. ≥ 2 re-recurrences: IPOM: n = 24, 32%, no mesh: n 
= 12, 16%, p = 0.010). The prevalence of a contaminated surgical site was higher in the re-
recurrence group compared to the control group (control: n = 73, 10% vs. ≥ 2 re-recurrences: n 
= 14, 18%, p = 0.002). After propensity score matching, adequate balance between the control 
group (n = 219) and re-recurrence group (n = 73) was obtained on all covariates (supplement), 
no more significant differences were present on baseline covariates between the two groups 
(Table 1). Three patients in the re-recurrence group could not be matched to a control patient, 
since the propensity scores were outside the region of common support (supplement).

Table 1. Patient characteristics.

Unadjusted sample Propensity score matched sample

control ≥ 2 
recurrences 

P control ≥ 2 
recurrences 

P

N 763 76 219 73
Sex (male) 378 (50) 33 (43) 0.309 94 (43) 32 (44) 0.891
Age 66 (56-74) 66 (57-71) 0.392 64 (55-73) 66 (57.5-71) 0.854
BMI 27.8 (25-32) 31 (28-34) <0.001 28.8 (25.6-34.5) 30.9 (28.3-34.01) 0.079
ASA
I-II 561 (74) 52 (68) 0.266 152 (69) 50 (68) 0.911
III-IV 194 (26) 24 (32) 64 (29) 23 (32)
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Unadjusted sample Propensity score matched sample

control ≥ 2 
recurrences 

P control ≥ 2 
recurrences 

P

Diabetes mellitus 133 (17.8) 19 (25.3) 0.108 55 (26) 18 (25) 0.874
Number of 
previous 
recurrences 

NA NA

2nd recurrence NA 47 (62) NA 45 (62)
3 or more recurrences NA 29 (38) NA 28 (38)
Smoking
Never smoked 406 (59) 35 (52) 0.279 102 (51) 34 (53) 0.972
Former smoker > 1 year 158 (23) 22 (33) 63 (32) 20 (31)
Incidental smoker 25 (3.6) 1 (1.5) 5 (2.5) 1 (1.6)
Daily smoker 100 (15) 9 (13.4) 29 (15) 9 (14)
Hernia location 
Medial 560 (76) 59 (79) 0.010 168 (79) 58 (81) 0.887
Lateral 129 (18) 6 (8) 16 (7.5) 6 (8.3)
Median and lateral 45 (6.1) 10 (13.3) 28 (13.2) 8 (11.1)
EHS width 
classification
< 4cm 372 (51) 21 (28) <0.001 61 (29) 21 (30) 0.927
4-10cm 249 (34) 34 (47) 102 (48) 32 (46)
>10cm 105 (15) 18 (25) 48 (23) 17 (24)
Mesh location 
IPOM 299 (40) 24 (32) 0.010 65 (30) 24 (33) 0.912
Sublay 372 (49) 35 (47) 111 (52) 35 (49)
Onlay 16 (2.1) 4 (5.3) 7 (3.2) 2 (2.8)
No mesh 66 (8.8) 12 (16) 32 (15) 11 (15)
Emergency surgery 29 (3.8) 6 (7.9) 0.090 19 (8.7) 5 (6.8) 0.622
Synchronous 
repair of multiple 
defects 

110 (14.6) 9 (12.2) 0.567 32 (15) 9 (13) 0.655

Wound 
classification 
Clean 685 (90) 62 (82) 0.002 183 (84) 60 (892) 0.981
Clean contaminated 45 (5.9) 10 (13.2) 29 (13) 10 (14)
Contaminated 23 (3.0) 1 (1.3) 2 (1) 1 (1.4)
Dirty 5 (0.7) 3 (3.9) 5 (2.3) 2 (2.7)
Follow-up (years) 1.05 (0.97-1.19) 1.03 (1.0-1.16) 0.632 1.03 (0.96-1.18) 1.03 (0.99-1.16) 0.923

Continuous variables are presented as median and interquartile range, discrete variables are presented 
as absolute number and percentage. BMI: body mass index, ASA: American society of anesthesiology, 
EHS: European hernia society, IPOM: intraperitoneal onlay mesh, NA: not applicable. 
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Surgical outcomes
After a median follow-up of 12.4 months, 121 (16%) control patients and 18 (25%) patients 
operated after two or more re-recurrences had been diagnosed with a recurrent IH in the 
unmatched sample (p = 0.04, Table 2). In the propensity score matched sample the re-
recurrence rates among the recurrence group and control group were equal (control: n = 51, 
23% vs. ≥ 2 re-recurrences: n = 18, 25%, p = 0.811, Table 2). Postoperative complications 
occurred less frequently among the re-recurrence group (n = 9, 13%) as compared to the 
control group (n = 44, 21%) (p = 0.123). Additionally, no complications among the recurrence 
group were of higher severity according to the Clavien-Dindo classification (12) as compared 
to the control group.

Table 2. Surgical outcomes.

Unadjusted sample Propensity score matched 
sample

control ≥ 2 
recurrences 

P control ≥ 2 
recurrences 

P

N 763 76 219 73
IH recurrence 121 (16) 19 (25) 0.04 51 (23.3) 18 (24.7) 0.811
Operated recurrence 28 (3.7) 4 (5.3) 0.121 14 (6.4) 4 (5.5)
Purely radiological 
recurrence 

25 (3.4) 4 (5.5) 0.361 11 (5.2) 4 (5.7)

Any postoperative 
complication (30 days)

173 (23.1) 10 (13.7) 0.065 44 (21) 9 (13) 0.123

Clavien-Dindo score* 
(n)

744 73 197 64

I-IIIa 130 (17.5) 10 (13.7) 0.175 24 (11) 8 (12.5) 0.61
IIIb 9 (1.2) 0 5 (2.5) 0
≥ IV 29 (3.9) 0 3 (1.5) 0
Type of complication* (n) 740 71 210 71
Surgical complication 122 (16.5) 6 (8.5) 0.076 36 (17.4) 6 (8.7) 0.081
Medical complication 69 (9.3) 3 (4.1) 0.138 13 (6.2) 2 (2.8) 0.274

Outcomes are presented as absolute numbers and percentage. * Outcome was not available in all 
patients. IH: incisional hernia. 

Functional outcomes
A total of 696 included patients had filled in a follow-up survey after approximately one 
year. In the unmatched sample, more patients in the re-recurrence group reported frequent 
complaints of moderate to severe pain (control: n = 40, 6% vs. ≥2 re-recurrences: n = 10, 
16%, p = 0.043, Table 3). However, in the propensity score matched sample the prevalence of 
moderate to severe pain was not significantly different among both groups (control: n = 14, 
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8% vs. ≥2 re-recurrences: n = 8, 15%, p = 0.59, Table 3). The prevalence of bulging and the 
sensation of a non-solid scar was equal among both groups (Table 3). No significant difference 
was present in the number of patients who experienced limitations in daily life as a result of a 
re-recurrent IH or repair procedure.

Table 3. Functional outcomes.

Unadjusted sample Propensity score matched 
sample

control ≥ 2 
recurrences 

P control ≥ 2 
recurrences 

P

N 634 62 172 59
Sensation of non-solid 
scar 

69 (11) 11 (18) 0.102 24 (14) 10 (17) 0.51

Bulging 92 (14.4) 13 (21) 0.164 29 (16) 12 (20) 0.38
Any pain or discomfort 147 (22.9) 20 (32.3) 0.097 44 (24) 18 (30.5) 0.344
Moderate pain VAS: 3-6 33 (5.1) 7 (11.3) 0.046 11 (6.1) 7 (12) 0.143
Severe pain VAS ≥ 6 7 (1.1) 3 (4.8) 0.017 3 (1.7) 2 (3.4) 0.419
Limitation of general 
activities* (n)

631 62 179 59

Moderate limitations 37 (5.9) 3 (4.8) 0.484 11 (6.1) 3 (5.1) 0.803
Severe limitations 22 (3.5) 4 (6.4) 6 (3.4) 3 (5.1)

Outcomes are presented as absolute numbers and percentage. * Outcome was not available in all 
patients. VAS: visual analogue scale. Moderate limitations: difficulties in several daily activities. Severe 
limitations: some daily activities not possible.

Discussion
This study explored the utility of IH repair in patients who have had multiple (≥ 2) previous 
re-recurrences. The one year prevalence of IH re-recurrence in this population of patients was 
relatively high (25%). However, outcomes of these patients appeared very similar to control 
patients with a similar risk profile. Moreover, the rate of severe complications was not higher 
in the studied population with multiple previous hernia re-recurrences as compared to the 
control patients. Additionally, adequate functional outcomes with reference to complaints of 
bulging, discomfort and daily life limitations were obtained, which were again very similar to 
control patients.

To our knowledge, no previous data on the currently studied population of patients, with 
multiple previous re-recurrences of IH, is available in literature. However, a hernia re-
recurrence is generally considered an important risk factor for an unfavorable outcome after IH 
repair, both with reference to complications and risk for re-recurrence (7). Especially patients 
with multiple previous re-recurrences are considered as complex IH patients given the fact 
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that anatomical planes and tissue quality may have been altered by previous repair surgery, 
which may limit reconstructive options. These assumptions can influence the operating 
surgeon and the patient to refrain from a third or even fourth hernia repair procedure.

Nevertheless, based on current data, the outcomes after IH repair in patients who were 
operated after multiple re-recurrences appear similar to those patients with a comparable 
risk profile operated primarily. Patients experienced little postoperative complications and 
functional outcomes were comparable to previous reports (13-16). Therefore, when performed 
by a dedicated hernia surgeon, a third or fourth hernia repair appears far from a futile 
procedure. Consequently, the operating surgeon should not directly refrain from operating 
upon a patient with multiple previous hernia re-recurrences, and consult a dedicated hernia 
surgeon, if present, who may operate recurrence. The results of this study also encourage for 
centralized treatment of complex IHs and possibly reflect similarly to other subspecialties 
who frequently encounter and operate patients with multiple previous hernia re-recurrences.

When interpreting results of this study, the clinical work-up of patients must be taken into 
account. It is likely that only a minority of patients with multiple re-recurrences undergo 
further surgery, either due to comorbidity, technical concerns, or the wish of the patient. 
Current, relatively favourable results will in part reflect the clinical decision-making process 
of operating surgeons. However, results in similar patients undergoing a first IH repair 
appear similar. Therefore, we may argue that an IH re-recurrence by itself is not an important 
independent risk factor for an unfavourable outcome after hernia repair. Rather, the patient 
population with multiple IH re-recurrences consists, by definition, of patients with an 
unfavorable risk profile resulting in these observations.

Based on a previous inquiry by Helgstrand et al. (4) on reasons not to undergo further 
surgery after IH re-recurrence main reported reasons were the absence of symptoms (58%) 
and recommendations against surgery by the general practitioner or surgeon (34%) (n = 56). 
However, in symptomatic patients who are reasonably fit for surgery one may still expect a 
satisfactory result in the majority of patients and further surgery may very well be justifiable.

It remains unclear why some patients will develop multiple IH re-recurrences despite many 
improvements in surgical technique, mesh reinforcement and specialization of surgeons. 
As reflected by the unadjusted baseline characteristics, the patients with multiple re-
recurrences usually have an unfavorable risk profile. The latter group presents with higher 
rates of comorbidity, higher BMI, larger defects, and surgical site related (wound) problems. 
However, likely other, less frequently recorded factors, may play a role. Collagen remodeling, 
for example, may not be equally sufficient in all patients (17-20).
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Based on current and available published data no recommendation can be made on the 
preferable technique for re-recurrent IH repair. It has been previously suggested to use 
laparoscopic methods when possible (2). The technique used may be dependent on the quality 
of available anatomical planes, possibly disturbed by in situ meshes and not every technique 
may be possible in every patient. Usually, it is preferred to use a different anatomical plane 
compared to the previous procedure. In case of large defects, additional component separation 
techniques if not already performed could be considered to ensure tension free closure (21-
23).

Limitations
The presented data is observational and results may be influenced by pre-inclusion selection 
bias, and reflect good clinical decision-making by the participating surgeons. Although the 
matched study design assured to an extent compatibility of groups, pre-inclusion selection 
bias likely occurred and may cause exclusion of patients with an unfavorable risk profile. Since 
all data is observational, causality of associations found cannot be confirmed and should be 
interpreted with caution. Due to the limited available data and the matched study design, a 
multivariable approach to identify risk factors for an unfavourable outcome is not possible. 
However, given the more extensive clinical work-up present in re-recurrent IH patients, 
estimates obtained in multivariable models will inherently be influenced by selection bias. 
Therefore, to study outcomes, a matched approach is probably preferred. Propensity score 
matching will help to balance covariates across groups, but will not necessarily result in 
individually matched pairs. Therefore, on a per case basis differences could still be present 
between the studied populations. Also, unknown risk factors, or factors not included in the 
propensity score model may still be unbalanced. 

Conclusions
IH repair surgery in patients who experienced multiple (≥ 2) re-recurrences results in outcomes 
comparable to patients operated on a first IH with a similar risk profile. Re-recurrence rates 
were 24.7% in the group of patients who experienced multiple re-recurrences and 23.3% in 
in comparable controls undergoing their first IH repair. If performed by a dedicated hernia 
surgeon, further surgery in patients who already experienced multiple IH re-recurrences 
results in good outcomes and is a justifiable treatment.
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Supplement 

Supplemental table. Overview of missing data 

Unadjusted sample        Propensity score matched sample

N 839 292

Sex (male) 0 0

Age 3 (0.4) 3 (1)

BMI 18 (2.1) 7 (2.4)

ASA 9 (1.1) 3 (1)

Diabetes mellitus 17 (2) 8 (2.7)

Number of previous 
recurrences 

0 0

Smoking 93 (11.1) 29 (9.9)

Hernia location 33 (3.9) 8 (2.7)

EHS width classification 42 (5) 11 (3.8)

Mesh location 11 (1.3) 5 (1.7)

Emergency surgery 5 (0.6) 0

Wound classification 5 (0.6) 7 (2.4)

Follow-up (years) 57 (6.8) 15 (5.1)

Missing data are presented as absolute numbers and percentage. BMI: body mass index, ASA: American 
society of anesthesiology, EHS: European hernia society.
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Supplemental figure. Balance of covariates after propensity score matching
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Supplemental figure. Overview of propensity scores in matched and unmatched subjects

Supplemental figure. Balance of covariates after propensity score matching 
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Abstract 
Objective 
To assess prevalence of hernia recurrence, surgical site infection (SSI), seroma, serious 
complications, and mortality after retro-rectus repair.

Summary Background Data 
Ventral abdominal wall hernia is a common problem, tied to increasing frailty and obesity 
of patients undergoing surgery. For non-complex ventral hernia, retro-rectus (Rives-Stoppa) 
repair is considered the gold standard treatment. Level-1 evidence confirming this presumed 
superiority is lacking.

Methods
Five databases were searched for studies reporting on retro-rectus repair. Single-armed and 
comparative randomized and non-randomized studies were included. Outcomes were pooled 
with mixed-effects, inverse variance or random-effects models.  

Results  
Ninety-three studies representing 12440 patients undergoing retro-rectus repair were 
included. Pooled hernia recurrence was estimated at 3.2% (95%CI: 2.2-4.2%, n=11049) after 
minimally 12 months and 4.1%, (95%CI: 2.9-5.5%, n=3830) after minimally 24 months. 
Incidences of SSI and seroma were estimated at respectively 5.2% (95%CI: 4.2-6.4%, 
n=4891) and 5.5% (95%CI: 4.4-6.8%, n=3650). Retro-rectus repair was associated with lower 
recurrence rates compared to onlay repair (OR: 0.27, 95%CI: 0.15-0.51, p<0.001) and equal 
recurrence rates compared to intraperitoneal onlay (IPOM) repair (OR: 0.92, 95%CI: 0.75-
1.12, p=0.400). Retro-rectus repair was associated with more SSI than IPOM repair (OR: 1.8, 
95%CI: 1.03-3.14, p=0.038). Minimally invasive retro-rectus repair displayed low rates of 
recurrence (1.3%, 95%CI: 0.7-2.3%, n=849) and SSI (1.5%, 95%CI: 0.8-2.8%, n=982), albeit 
based on non-randomized studies.

Conclusions
Retro-rectus (Rives-Stoppa) repair results in excellent outcomes, superior or similar to other 
techniques for all outcomes except surgical site infection. The latter rarely occurred, yet less 
frequently after IPOM repair, which is usually performed by laparoscopy.



Favorable outcomes after retro-rectus (rives-stoppa) mesh repair as treatment for non-complex ventral abdominal wall hernia

209   

11

Introduction
Incisional and primary ventral abdominal wall hernia are common diseases, which accounts 
for over 348.000 surgical procedures each year in the United States. Moreover, despite 
increased use of minimally invasive surgery, numbers of ventral hernia repair procedures 
both in elective and emergency setting have not decreased (1).

Although the natural development of ventral abdominal wall hernia has not been well 
elucidated, ventral abdominal wall hernia is known to progress and may result in acute 
complications and mortality in case of incarceration (2-4). Additionally, ventral abdominal 
wall hernia is associated with pain, discomfort, impaired cosmesis, and quality of life (5). 
Correctly performed elective treatment ameliorates these complaints and may prevent more 
rare sequelae of ventral abdominal wall hernia.

For all but the smallest ventral hernia, closure with mesh implantation is the gold standard (6). 
Mesh repair can be performed with multiple techniques, usually defined based on the position 
of the mesh (Figure 1). Incisional hernia research is hampered by the unsystematic use of 
different techniques, mesh types, fixation techniques, and the use of open or laparoscopic 
surgery. This results in heterogeneous results, making interpretation difficult. Moreover, 
benchmark outcomes for recurrence, infections, and complications are lacking. 

Nearly all medical specialists and generalists encounter patients with ventral hernia at some 
point in their practice. Since the implementation of mesh repair, many misconceptions 
circulate concerning risks, complications and expected outcomes associated with mesh 
prostheses. Therefore, providing the broader medical community, not just (hernia) surgeons, 
with the accurate and comprehensive information required to inform patients and provide 
proper referral is imperative. 

For medium sized (EHS Classification W2, >4-10cm), non-complex ventral abdominal wall 
hernia, retro-rectus repair, as described by Rives and Stoppa, is one of the most widely applied 
techniques (7-12). This technique is thought to be superior. However, accurate summary 
estimates of expected outcomes after retro-rectus repair concerning large and consecutive 
patient samples are lacking. Moreover, level-1 evidence, based on pooled estimates of 
randomized studies, confirming the presumed superiority of this technique is unavailable. 

This systematic review and meta-analysis aims to assess the pooled outcomes of specifically 
retro-rectus repair in terms of recurrence, infections and incidence of severe complications. 
Additionally, outcomes after retro-rectus repair will be compared to other available techniques.
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Methods
This systematic review and meta-analysis was conducted according to the PRISMA guidelines 
(13). The study protocol was prospectively registered in the PROSPERO database with 
registration identifi er CRD42018088247.

Search strategy
The Embase, Medline Ovid, Cochrane, Web of Science and Google Scholar databases were 
searched for studies reporting specifi cally on retro-rectus (Rives-Stoppa) repair (Figure 1) 
(14). Published records were identifi ed through June 2021. Conference abstracts, reviews, 
case reports, letters and editorials, paediatric studies, and studies not written in English were 
excluded. Articles published in journals not registered by both Web of Science and Scopus were 
excluded. Single armed and comparative studies (retrospective and prospective) were both 
eligible for inclusion, in case studies presented data on a similar cohort of patients (duplicate 
cases), the most recent outcomes were considered. Initial study selection was performed 
based on title and abstract by two independent reviewers, disagreement was resolved by 
consensus. Subsequently, selected abstracts were evaluated based on the full text. Articles 
not clearly describing the retro-rectus dissection, describing a preperitoneal technique only, 
combining retro-rectus dissection with component separation techniques or not presenting 
results separately for the retro-rectus technique were excluded. Case series presenting fewer 
than 10 patients were excluded. 

Figure 1 . International classifi cation of abdominal wall planes 

Reused with permission (14).
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Risk of bias assessment
A risk of bias assessment was performed for comparative studies by two independent 
reviewers, diff erences were resolved by consensus. Risk of bias was assessed with the RoB2 
tool for randomized trials (15) and with the ROBINS-I tool for non-randomized comparative 
studies (16). Risk of bias was assessed separately for diff erent outcomes, since the risk of bias 
may not be equal for all outcomes. Risk of bias was presented as separate columns in forest 
plots for individual studies and as stacked bar charts as an overview. 

Data extraction 
Extracted baseline characteristics comprised age, body mass index (BMI), sex, etiological 
hernia type (primary or incisional), whether the hernia was recurrent, hernia size (as 
reported, width, diameter, or area). Surgical characteristics comprised the type of mesh used 
and whether open or minimally invasive surgery was performed. Outcomes included: follow-
up length, hernia recurrence (after a minimum of 12 and 24 months follow-up), diagnostic 
modality used, surgical site infection, seroma formation, serious complications (Clavien-

Dindo > 3) and 30-day mortality (17).

Statistical analysis
Statistical analysis was performed with R-statistics (version 4.01) (18). Aggregated continuous 
baseline characteristics were summarized through calculating the median of provided 
summary measures in included studies. Categorical baseline characteristics were summarised 
in absolute numbers and percentages. Pooled proportions of outcomes were calculated with 
mixed eff ects models, using a random intercept logistic regression model for all outcomes 
except for surgical site infection, for which the inverse variance method was used because 
the logistic regression model did not converge for that outcome. Heterogeneity in outcomes 
was quantifi ed with the I2 statistic using the DerSimonian-Laird method. Pooled proportions 
were presented with a corresponding 95% confi dence interval (95%CI) and a prediction 
interval. The prediction interval represents the estimate of an interval in which a single future 
observation will fall, given what has already been observed. Diff erent outcomes of comparative 
studies were pooled with use of random eff ects models. Compared outcomes were presented 
as odds ratios (OR) with corresponding 95% confi dence intervals. A pooled OR was presented 
separately for randomized, non-randomized prospective, non-randomized retrospective, and 
all studies combined. Potential publication bias was assessed with funnel plots. 
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Results
Literature search results 
The PRISMA fl ow-chart is presented in Figure 2. Out of 3335 unique records, 93 studies were 
included. These included 15 randomized trials, 36 prospective studies and 42 retrospective 
studies. Of these 93 studies, 43 studies were single-armed, non-comparative studies and 50 
studies were comparative.

Figure 2. PRISMA fl ow-chart
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Baseline characteristics 
Baseline characteristics are presented in the Supplements, Table 1 and Table 2. In total, 18572 
patients were included with a male to female ratio of approximately 1 to 3. Median or mean 
age (as reported) ranged from 25 to 88 years (aggregated median 55.15 years). Median or 
mean BMI (as reported) ranged from 17.7 to 52 kg/m2 (aggregated median 29.7 kg/m2). For 
patients undergoing retro-rectus repair, median or mean hernia diameter ranged from 3.9 to 
31.4 cm (aggregated median 7.2 cm) and mean or median hernia area ranged from 2.6 to 1690 
cm2 (aggregated median 67.15 cm2). Median or mean follow-up duration (as reported) ranged 
from 1 to 112 months (aggregated median 17 months). Surgery for recurrent incisional hernia 
occurred in 1807 patients (9.7%) across 44 studies (19-62). Results after minimally invasive 
(laparoscopic, robotic, or hybrid) retro-rectus repair were reported by 17 studies (n=1516) (22, 
24, 28, 40, 47, 53, 54, 58, 63-71) and results after open retro-rectus repair were reported by 
78 studies (n=10924) (19-21, 23, 25-27, 29-39, 41-46, 48-52, 54-62, 71-110). Recurrence was 
generally diagnosed by physical examination. Radiological modalities (ultrasound, CT-scan or 
MRI-scan), if used, were only used in case of uncertainty. Systematic radiological evaluation 
was only performed in two studies (93, 110).

Risk of bias assessment
Results of the risk of bias assessment are presented in Supplemental Figure 1 and in all 
individual forest plots. For randomized studies, two studies (14%) had a serious risk of bias 
arising from the randomization process. One study inadequately described the randomization 
sequence used (merely stating ‘the lottery method’) and did not mention any blinding 
procedure (97). Another study did not report the specific randomization methodology and 
blinding procedures (73). For the non-randomized studies, the majority of studies were at risk 
for confounding (moderate risk: 71%, critical risk: 21%) or selection bias (moderate risk 61%, 
critical risk: 32%). Additionally, most studies (89%) had a moderate risk of bias due to their 
aforementioned lack of systematic use of radiological diagnostic modalities. To assess the 
risk for publication bias, funnel plots are presented for all comparative outcomes including 
more than five studies in Supplemental Figure 2. Asymmetry in the funnel plots, suggesting 
a potential risk for publication bias was present in the comparison of retro-rectus repair to 
onlay repair on the incidence of surgical site infection and seroma. 

Overall outcomes after retro-rectus mesh repair
Outcomes after retro-rectus mesh repair are summarized in Figure 3, the recurrence rate 
after a minimum of 12 months was 3.2% (95%CI: 2.4-4.2%, 71 studies, n=10787) and after 
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24 months 4.1% (95%CI: 3.0-5.6%, 36 studies, n=3770). Serious complications and 30-day 
mortality respectively occurred in 2.7% (95%CI: 1.9-4.0%, 42 studies, n=4844) and 0.2% 
(95%CI: 0.1-0.8%, 38 studies, n=3650). Less severe complications including surgical site 
infection and seroma respectively occurred in 5.2% (95%CI: 4.2-6.5%, 71 studies, n=7030) 
and 5.5% (95%CI: 4.4-7.0%, 67 studies, n=10695). As is demonstrated in patients as well as 
patients operated on a first hernia, the recurrence rate after a minimum of 12 months was 
3.7% (95% CI: 2.6-5.2%, 41 studies, n=4003). The rates of surgical site infection and seroma 
were estimated at 5.2% (95% CI: 3.4-7.7%, 29 studies, n=2864) and at 6.1% (95% CI: 4.0-
9.1%, 29 studies, n=2864).

Retro-rectus mesh repair versus onlay mesh repair
Retro-rectus repair was compared to onlay mesh repair by 15 studies. Considering randomized 
studies only, retro-rectus repair was associated with a lower risk for hernia recurrence (OR: 
0.33, 95%CI: 0.13-0.80, p=0.016, 6 studies, n=556), considering all studies this effect 
remained similar (OR: 0.27, 95%CI: 0.15-0.51, p<0.001, 11 studies, n=1217) (Figure 4) (33, 
72, 73, 78, 84, 87, 89, 90, 103, 105, 107). Considering randomized studies only, retro-rectus 
repair was associated with a lower risk for surgical site infection (OR: 0.41, 95%CI: 0.25-0.68, 
p<0.001, 8 studies, n=906), considering all studies this effect remained similar (OR: 0.40, 
95%CI: 0.26-0.60, p<0.001, 13 studies, n=1632) (Figure 5) (33, 72, 73, 78, 79, 84, 87, 89, 
97, 104-107). Considering randomized studies only, retro-rectus repair was associated with a 
lower risk for seroma (OR: 0.29, 95%CI: 0.18-0.45, p<0.001, 8 studies, n=866), considering 
all studies this effect remained similar (OR: 0.36, 95%CI: 0.23-0.56, p<0.001, 13 studies, 
n=1592) (Figure 5) (33, 72, 73, 78, 79, 84, 87, 89, 97, 104-107). 
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Figure 3. Overall outcomes after retro-rectus mesh repair (A) and minimally invasive retro-rectus mesh 
repair (B)
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Retro-rectus mesh repair versus intraperitoneal onlay repair 
Retro-rectus repair was compared to intraperitoneal onlay mesh repair by 19 studies. 
Considering randomized studies only, retro-rectus repair was associated with an equal risk 
for hernia recurrence (OR: 0.80, 95%CI: 0.39-1.64, p=0.540, 3 studies, n=297), considering 
all studies this effect remained similar (OR: 0.92, 95%CI: 0.75-1.12, p=0.400, 13 studies, 
n=8216) (Figure 5) (30, 39, 44, 45, 57, 64, 74-76, 86, 92, 101). Considering randomized 
studies only, retro-rectus repair was associated with an increased incidence of surgical site 
infection (OR: 4.6, 95%CI: 1.14-18.54, p=0.032, 4 studies, n=415), considering all studies this 
effect remained significant (OR: 1.8, 95%CI: 1.03-3.14, p=0.038, 15 studies, n=1634) (Figure 
5) (30, 31, 39, 44, 45, 56, 57, 63, 64, 69, 74, 81, 86, 96, 102). Considering randomized studies 
only, retro-rectus repair was associated with an equal risk for seroma (OR: 0.53, 95%CI: 0.25-
1.16, p<0.111, 4 studies, n=415), considering all studies this effect remained similar (OR: 0.90, 
95%CI: 0.52-1.58, p=0.718, 17 studies, n=9680) (Figure 5) (30, 31, 39, 44, 45, 56, 57, 63, 64, 
69, 74, 76, 81, 86, 92, 96, 102). 

Retro-rectus versus preperitoneal repair 
One study compared retro-rectus (n=68) to preperitoneal repair (n=92) (85). In this study, 
propensity score matching was used in order to match patients who underwent retro-rectus 
repair to patients who underwent preperitoneal repair. Nine patients in the retro-rectus 
group (13%) had a recurrence after a mean follow-up of 42.6 months. Eleven patients in the 
preperitoneal group (12%) had a recurrence after a mean follow-up of 35.9 months. This 
difference was not statistically significant (p=0.33), and neither were differences in surgical 
site infection or seroma formation.

Minimally invasive versus open retro-rectus repair 
Minimally invasive retro-rectus repair was associated with a lower incidence of recurrence 
compared to open retro-rectus repair (OR 0.35, 95%CI: 0.18-0.70, p=0.003, 3 studies, n=1317) 
(58, 71, 92). No studies compared the incidence of surgical site infection, seroma, or serious 
complications. Overall non-comparative results of minimally invasive retro-rectus repair are 
summarised in Figure 3. The recurrence rate after 12 months was 1.3% (95%CI: 0.7-2.3%, 
8 studies, n=849) (28, 53, 54, 58, 64, 68, 70, 71). Serious complications occurred in 2.9% 
(95%CI: 2.1-3.9%, 13 studies, n=1366) (24, 54, 92, 103, 111-113), data on mortality was not 
reported. Less severe complications including surgical site infection and seroma respectively 
occurred in 1.5% (95%CI: 0.8-2.8%, 10 studies, n=982) (22, 28, 53, 54, 63-67, 69) and 5% 
(95%CI: 2.7-9.1%, 11 studies, n=1269) (22, 28, 40, 47, 53, 54, 63, 64, 66, 67, 69). 
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Figure 4. Recurrence after retro-rectus mesh repair versus onlay mesh repair (top) and retro-rectus 
mesh repair versus intraperitoneal onlay mesh repair (bottom)

IPOM: intraperitoneal onlay mesh. OR: odds ratio. D1 – D5/D7: risk of bias domains.
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Figure 5. All comparative outcomes

IPOM: intraperitoneal onlay mesh. Complete forest plots for all of the above outcomes are available in 
the Supplements, Figures 3-13. 
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Outcomes after retro-rectus repair with different mesh 
types or fixation techniques 
No significant difference was present on the risk for recurrence between heavyweight and 
lightweight mesh (OR 1.09, 95%CI: 0.43-2.74, p=0.14, 4 studies, n=827) (Figure 5) (27, 77, 93, 
110). Additionally, no significant difference was present concerning surgical site infection (OR 
0.94, 95%CI: 0.40-2.21, p=0.888, 3 studies, n=803) or seroma (OR 0.83, 95%CI: 0.48-1.43, 
p=0.500, 3 studies, n=803) (Figure 5) (27, 77, 110). No significant difference was present in the 
incidence of hernia recurrence between synthetic and biological mesh (OR 0.5, 95%CI: 0.168-
1.460, p=0.203, 2 studies, n=184) (Figure 5) (44, 109). Additionally, no significant difference 
was present for surgical site infection (OR 0.63, 95%CI: 0.144-2.76, p=0.802, 1 study, n=127), 
but a lower rate of seroma was reported in the synthetic group (OR 0.221, 95%CI: 0.077-0.64, 
p=0.006, 1 study, n=127) (44). Hernia recurrence after retro-rectus repair with a mesh fixed 
with sutures versus self-adhering mesh was compared in two studies, however no recurrent 
hernia was reported in either group (25, 91). Additionally, no significant difference was present 
concerning surgical site infection (OR: 0.37, 95%CI: 0.032-4.346, p=0.430, 2 studies, n=76) 
or seroma (OR: 1.49, 95%CI: 0.271-8.147, p=0.649, 2 studies, n=76) (Figure 5). 

Discussion
Based on pooled estimates of reported outcomes, retro-rectus repair according to the Rives-
Stoppa technique was usually associated with favourable outcomes. Recurrence rates after a 
minimum follow-up of 24 months were low and would likely facilitate a clear treatment benefit 
for most patients. Surgical site infection and seroma formation occur infrequently. Moreover, 
severe complications were rarely reported and 30-days mortality rates did not exceed risks 
which are generally associated with surgical procedures under general anaesthesia (114, 115).

Retro-rectus repair was associated with a substantial benefit when compared to onlay mesh 
repair. Onlay mesh repair was associated with both a 3.7 fold increase in hernia recurrence 
and an increased incidence of surgical site infection and seroma. Compared to intraperitoneal 
onlay repair, recurrence rates were comparable. However, intraperitoneal onlay repair 
was associated with a lower incidence of surgical site infection. The latter effect is likely 
explained by the fact that intraperitoneal onlay repair is usually performed by laparoscopic 
or robotic surgery, leading to fewer wound related complications (116). Unfortunately, data 
on the relatively novel minimally invasive retro-rectus repair techniques are still limited. 
Based on available data, minimally invasive retro-rectus repair is associated with equally 
low rates of surgical site infection compared to intraperitoneal onlay repair. Based on three 
non-randomized studies, minimally invasive retro-rectus repair showed significant and 
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clinically relevant reduction in recurrence rate compared to open retro-rectus repair (58, 71, 
92). However, these findings have yet to be validated in randomized studies. Preperitoneal 
repair was only compared to retro-rectus repair in one study, therefore superiority of either 
technique cannot be confirmed (85). 

Different mesh types and mesh fixation techniques used for retro-rectus repair are infrequently 
studied. No superiority of a specific mesh type or fixation technique was identified. The use of 
a biological mesh was assessed in one randomized study which was ended prematurely due to 
a high rate of recurrence in the biological mesh group (44). Although this difference did not 
reach statistical significance for the retro-rectus repair subgroup, a near two-fold increased 
recurrence rate was reported after retro-rectus repair with a biological mesh, after a follow-
up of up to 36 months. Additionally, biological meshes are associated with much higher costs 
compared to conventional prosthesis (117). 

State of the art hernia research often focuses on technical developments, novel mesh types, 
fixation techniques, and pre-operative conditioning. However, as identified by the present 
study one of the most important factors determining results is the applied surgical technique. 
Technical developments should be assessed for one specific surgical technique. 

An infrequently identified factor which has a major effect on recurrence rate is the diagnostic 
modality used (118). Although systematic radiological follow-up with use of ultrasound is 
recommended to assess the incidence of hernia recurrence, these follow-up schemes are only 
rarely performed, likely due to associated costs and patient burden. The majority of studies 
only used radiological assessment in case of inconclusive physical examination. Based on prior 
research, this could result in up to approximately two times lower observed hernia recurrence 
rates (118). Based on present data this would constitute to actual average recurrence rates of 
up to approximately 6% and 8% after respectively 12 and 24 months follow-up, which would 
still be acceptable. Moreover, one previous study suggested that a hernia detected solely by 
radiology is often asymptomatic and thus clinically irrelevant (119). 

Although the average risks of complications and recurrence after retro-rectus repair are low, 
this does not necessarily apply to all patient groups. This is demonstrated by large prediction 
intervals and heterogeneity present in pooled analyses. Patients with known patient related 
risk factors such as obesity and smoking, patients who developed infection post-surgery 
or who underwent surgery in an emergency setting have a higher associated risk of up to 
approximately 20% for recurrence. These patients should be counselled appropriately (120-
123). Unfortunately, accurately validated models to quantify these risks are unavailable to 
date (124). 



Favorable outcomes after retro-rectus (rives-stoppa) mesh repair as treatment for non-complex ventral abdominal wall hernia

221   

11

Intraperitoneal onlay mesh repair was associated with fewer surgical site infections and equal 
hernia recurrence risk compared to retro-rectus repair, therefore potential advantages of this 
technique are not to be excluded, especially when a minimally invasive technique is preferred. 
Based on present data, intraperitoneal mesh placement was not associated with increased 
occurrence of serious complications. Nevertheless, some controversy remains concerning 
placement of foreign material within the abdominal cavity, rare adverse events which could 
influence clinical decision making will potentially not be captured well by interventional 
studies with predominantly smaller sample sizes and relatively short follow-up. In theory, 
intra-abdominal mesh placement could lead to increased formation of adhesions which could 
in turn lead to problems such as an obstructive ileus or fistulation. However, data on these 
complications is unfortunately limited.  In some observational studies, intraperitoneal mesh 
placement was associated with substantial adhesion formation, however, no standardized 
metric exists to measure adhesions and in these same studies, measured adhesions appeared 
not to result in major clinical consequences in the majority of patients (125-132). Additionally, 
induction of adhesions is not limited to intraperitoneal mesh placement, but may also be of 
concern for retro-rectus repair.

Based on current data, preference for either technique cannot be definitively established, the 
retro-rectus technique provides a protected plane, and will provide some medialization of the 
rectus sheath, which constitutes some theoretical advantages. However, the intraperitoneal 
technique may provide a technically less demanding minimally invasive approach, which may 
be desired in specific patients and results in less surgical site infections. Regardless of the 
technique used, placement of any prosthetic foreign material requires continuous monitoring 
to identify potential rare adverse events. Increased risk for surgical site infection associated 
with retro-rectus repair as compared to intraperitoneal onlay repair may be considered 
acceptable, when preferring a protected anatomical plane, when an open approach is required, 
when requiring medialization or when additional component separation may be necessary. In 
absolute terms, the incidence of surgical site infection after retro-rectus repair was estimated 
to be relatively low, occurring in approximately one in every twenty patients. Moreover, in the 
majority of cases, these infectious complications may be of relatively mild nature, treatable 
during the postoperative course without surgical intervention (133). Unexpectedly, the higher 
incidence of postoperative infection did not lead to more recurrences and/or mesh infections 
compared to intraperitoneal onlay mesh repair. 

The marked increase in surgical site infection associated with retro-rectus repair as compared 
to intraperitoneal onlay repair is likely caused by the open nature of retro-rectus repair. 
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Minimally invasive retro-rectus repair techniques are novel, but have shown promising results 
in recent observational series, seeming to reduce both the complication and recurrence risk 
(22, 24, 28, 40, 47, 53, 54, 58, 63-71). Minimally invasive retro-rectus repair may therefore be 
the next step forward for (incisional) hernia repair. However, evaluation in large adequately 
powered randomized trials is warranted. 

Considering the present results, retro-rectus repair may be considered the optimal open 
treatment for medium-sized, non-complex ventral abdominal wall hernia, associated with 
low recurrence rates and low risks for adverse events. It should be noted that complex ventral 
hernia repair (contaminated environment or giant hernias) may benefit from using different 
techniques, allowing for a technically less demanding laparoscopic approach or including 
additional component separation. From a technical perspective, retro-rectus repair will provide 
medialization of the rectus sheath, and may be extended with either anterior or posterior 
component separation when tension free closure is not possible (134, 135). Therefore, open 
ventral hernia repair should preferably be performed with retro-rectus mesh (Rives-Stoppa) 
repair, while other techniques may be reserved as salvage techniques in case of recurrence or 
in case retro-rectus repair is not possible due to anatomical or patient related concerns. 

Limitations 
The present meta-analysis has several limitations, methodological concerns in included 
studies were frequently identified. A risk for publication bias was identified on two compared 
outcomes. Due to a lack of systematic radiological evaluation, absolute recurrence rates 
are underestimated. Event rates in observational studies may be lower as compared to 
prospective or randomized studies, including systematic follow-up procedures as opposed to 
clinical follow-up. This was confirmed by sensitivity analyses (Supplemental Figure 14 and 
Supplemental Figure 15). Most included studies did not adequately report on mortality. When 
not reported, absence of mortality could not be assumed, therefore, the risk for associated 
mortality might have been overestimated. A risk for selection bias was identified in part of 
the comparative cohorts. Clinical selection of patients may have played a role in the obtained 
results of observational cohorts, potentially resulting in lower event rates. No sensitivity 
analysis was performed based on results of the risk of bias analysis. Most studies showed 
a risk of bias in the same quality domain (predominantly related to the use of radiological 
examination and patient selection). Therefore, it is difficult to provide a meaningful stratified 
analysis with sufficient numbers of patients included. Functional outcomes after ventral hernia 
repair, for example those related to cosmesis, daily activities, pain, and quality of life, are 
increasingly important parameters to assess treatment effectivity. These outcomes were not 
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captured by the present study. Due to analysis of aggregated data, identification of treatment 
effects of specific subgroups or of additional risk factors was not possible. 

A potential complication specific to the retro-rectus technique is posterior sheath breakdown. 
Rectus denervation resulting in lateral bulge and violation of the semilunar line resulting in a 
lateral hernia are more often observed after the TAR-technique. Indeed theseadverse events 
were rarely (i.e. in virtually no study) specifically reported. As such, we are unable to estimate 
their incidence or further consequences. We may assume that either these complications occur 
rarely, or are rarely captured in current clinical follow-up, due to losses or follow-up of failure 
to recognize and document these problems adequately. Overall rates of major complications 
leading to re-intervention were included in the analysis and occurred infrequently. 

There is some heterogeneity in how retro-rectus mesh repair is performed, for example in 
the size of the cranio-caudal and medio-lateral dissections, mesh fixation techniques, types of 
mesh, mesh overlap (i.e. magnitude of lateral dissection), closure technique (small bites, large 
bites), and dissection and/or use of the hernia sac, may differ. Despite this heterogeneity, 
which will be present across all included studies, the primary anatomical principle of using the 
retro-rectus plane shows favorable long-term and short-term outcomes.

Conclusion 
Considering pooled estimates, retro-rectus repair according to the Rives-Stoppa technique 
for ventral hernia was associated with favourable postoperative and long-term outcomes. 
Retro-rectus repair was superior to onlay mesh repair regarding all objectified outcomes. 
Intraperitoneal onlay mesh repair showed fewer surgical site infections but a comparable 
hernia recurrence rate, likely due to its minimally invasive nature. Minimally invasive retro-
rectus repair might be the next major step forward in ventral hernia repair. Adequately 
powered randomized trials comparing open to minimally-invasive retro-rectus repair are 
required in order to demonstrate its potential superiority. Initial, open ventral hernia repair 
should preferably be performed with use of the retro-rectus technique, while other techniques 
may be reserved as salvage techniques in case of recurrence or for patients for whom retro-
rectus repair is not possible.
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Supplement

S upplemental Figure 1. Risk of bias assessment for randomized studies (RoB2, top) and non-
randomized comparative studies (ROBINS-I, bottom)
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Supplemental Figure 2. Funnel plots

IPOM: intraperitoneal onlay mesh
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Supplemental Figure 3. Surgical site infection after retro-rectus mesh repair versus onlay mesh repair
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Supplemental Figure 4. Seroma after retro-rectus mesh repair versus onlay mesh repair
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Supplemental Figure 5. Surgical site infection after retro-rectus mesh repair versus intraperitoneal 
onlay mesh repair
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Supplemental Figure 6. Seroma after retro-rectus mesh repair versus intraperitoneal onlay mesh 
repair

Study

Random effects model
Heterogeneity: I2 = 67%, τ2 = 0.7640, p < 0.01
Test for overall effect: z = −0.36 (p = 0.718)

1. Randomized controlled trial

2. Prospective cohort
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Test for effect in subgroup: z = 0.20 (p = 0.843)
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Supplemental Figure 7. Recurrence after minimally invasive versus open surgery

Study

Random effects model
Heterogeneity: I2 = 0%, τ2 = 0, p = 0.41
Test for overall effect: z = −2.95 (p = 0.003)

2. Prospective cohort

3. Retrospective cohort

Random effects model

Random effects model

Heterogeneity: I2 = 0%, τ2 = 0, p = 0.59

Heterogeneity: not applicable

Test for effect in subgroup: z = −2.43 (p = 0.015)

Test for effect in subgroup: z = −2.07 (p = 0.038)
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Supplemental Figure 8. Recurrence after lightweight versus heavyweight mesh

Study

Random effects model
Heterogeneity: I2 = 46%, τ2 = 0.3807, p = 0.14
Test for overall effect: z = 0.18 (p = 0.854)

1. Randomized controlled trial
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3. Retrospective cohort
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Heterogeneity: not applicable
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Supplemental Figure 9. Surgical site infection after lightweight versus heavyweight mesh

Study

Random effects model
Heterogeneity: I2 = 60%, τ2 = 0.3374, p = 0.08
Test for overall effect: z = −0.14 (p = 0.888)
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Supplemental Figure 10. Seroma after lightweight versus heavyweight mesh

Study

Random effects model
Heterogeneity: I2 = 19%, τ2 = 0.0457, p = 0.29
Test for overall effect: z = −0.67 (p = 0.500)

1. Randomized controlled trial
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Random effects model

Random effects model

Heterogeneity: not applicable
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Test for effect in subgroup: z = 0.62 (p = 0.537)
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Supplemental Figure 11. Recurrence after synthetic versus biological mesh

Study

Random effects model
Heterogeneity: I2 = 0%, τ2 = 0, p = 0.52
Test for overall effect: z = −1.27 (p = 0.203)
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Supplemental Figure 12. Surgical site infection after sutured versus self-adhering mesh

Study

Random effects model
Heterogeneity: I2 = 0%, τ2 = 0, p = 0.53
Test for overall effect: z = −0.79 (p = 0.430)
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Supplemental Figure 13. Seroma after sutured versus self-adhering mesh

Study

Random effects model
Heterogeneity: I2 = 0%, τ2 = 0, p = 0.89
Test for overall effect: z = 0.45 (p = 0.649)

2. Prospective cohort

3. Retrospective cohort

Random effects model
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Supplemental Figure 14. Overall outcomes after retro-rectus mesh repair, randomized controlled 
trials and prospective cohort studies only
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Supplemental Figure 15. Overall outcomes after retro-rectus mesh repair, randomized controlled 
trials only
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Table 1. Baseline characteristics for all included comparative studies

Study / subgroup N N 
male

Age BMI Tech-
nique

Hernia 
type

Defect size

Randomized controlled trial (n = 15)

Afzal 2016 
Retro-rectus

32 10 49.37 (IQR 22 - 68) NA O B 6.87 cm (range 4 - 10)

Onlay 32 9 48.03 (range 20 - 66) NA O B 6.31 cm (range 3 - 10)
Bessa 2015
Retro-rectus

40 5 37.9 ± 7.5 30.4 ± 2.3 (range 
25 - 36)

O P 5.4 cm ± 1 (range 4 - 7.5)

Onlay 40 6 38.5 ± 8.1 (range 
26 - 57)

31 ± 2.7 (range 
25 - 37)

O P 5.7 cm ± 1.1 (range 4 - 8)

Conze 2005
Lightweight mesh

83 39 58.2 ± 12.7 30.1 ± 5.1 O I 13.6 cm ± 7.8 × 7.6 cm 
± 3.8

Heavyweight mesh 82 46 57.7 ± 11.7 29.3 ± 4.9 O I 13.6 cm ± 7.8 × 7.6 cm ± 3.8
Demetrashvili 2017
Retro-rectus

77 36 59.6 ± 13.1 29.4 ± 4.7 O I 100.4 cm2 ± 81.8

Onlay 78 32 61.2 ± 16.7 28.8 ± 3.9 O I 92.7  cm2 ± 72.4
Eker 2013
Retro-rectus

100 59 56.7 ± 12.8 29.3 ± 4.6 O I 5 cm (IQR 4 - 10)

IPOM 94 56 59.1 ± 12.8 28.3 ± 4.7 L I 5 cm (IQR 4 - 8)
Misra 2006
Retro-rectus

33 7 45.20 (IQR 25 - 65) 25.43 (IQR 18 - 49.3)O B 42.12 cm2 (range 1 - 670)

IPOM 33 11 45.96 (range 24 
- 70)

26.28 (IQR 17.48 
- 41.1)

L B 65.55 cm2 (range 1 - 875)

Navarra 2007
Retro-rectus

12 3 64.1 (IQR 40 - 78) NA O I 45.2 cm2 (range 16 - 100)

IPOM 12 5 59.3 (range 34 - 73) NA L I 37.2 cm2 (range 20 - 81)

Jameel 2020
Retro-rectus

30 18 37 ± 10.32 27.17 ± 6.38 O I NA

Onlay 30 15 41.93 ± 11.75 (range 
22 - 60)

25.84 ± 5.3 O I NA

Rogmark 2017
Retro-rectus

17 6 62 ± 10 29.1 ± 4.6 O I 7.6 cm ± 5.8 × 4.6 cm ± 2.4

IPOM 20 9 62 ± 15 28.2 ± 3.9 L I 9.0 cm ± 5.4 × 6.1 cm ± 2.8

Rogmark 2013
Retro-rectus

67 28 58 ± 11.1 29.3 ± 4.7 O I 5 cm (range 3 - 6)

IPOM 64 27 58 ± 13.6 29.3 ± 4 L I 5 cm (range 3 - 7)

Venclauskas 2010
Retro-rectus

50 23 53 ± 11.6 28 ± 6 O I 110 cm2 ± 83.3

Onlay 57 22 56.9 ± 11.5 30.5 ± 7.4 O I 114.5 cm2 ± 90.9
Shehryar 2018
Retro-rectus

100 36 51.4 ± 9.8 NA O B NA

Onlay 100 40 52.3 ± 10.1 NA O B NA
Naz 2018
Retro-rectus

50 23 39.12 ± 4.58 NA O P NA

Onlay 50 22 40.3 ± 4.52 NA O P NA
Sevinc 2018
Retro-rectus

50 14 55.9 ± 12.1 26.4 ± 3.3 O I 61.6 cm2 ± 58.3

Onlay 50 22 55.9 ± 11.8 25.5 ± 3.5 O I 61.6 cm2 ± 58.3
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Study / subgroup N N 
male

Age BMI Tech-
nique

Hernia 
type

Defect size

Saber 2015
Retro-rectus

50 50 47.16 ± 10.4 NA O I NA

Onlay 50 48 46.38 ± 10.58 NA O I NA
Miserez 2021*
Synthetic, open

61 29 57 ± 15.4 29.4 ± 4.8 O B 6.3 cm ± 2.9 x 5.0 cm ± 1.8

Biological, open 61 36 53 ± 13.2 29.4 ± 4.9 O B 6.6 cm ± 2.9 x 5.4 cm ± 2.4
Synthetic, laparosc. 64 35 60 ± 12.1 29.2 ± 4.3 L B 6.0 cm ± 2.4 x 4.9 cm ± 1.8
Biological, laparosc. 62 29 57 ± 11.3 29.9 ± 5.1 L B 6.3 cm ± 3.3 x 5.1 cm ± 2.1
Prospective cohort (n = 17)
Ammaturo 2005
Retro-rectus

13 7 54 (range 36 - 78) 31 O I 1690 cm2 ± 207

IPOM 10 7 54 (range 36 - 78) 33 L I 1551 cm2 ± 387
Berrevoet 2011
Retro-rectus

56 27 54.8 ± 16 28.2 ± 3.1 O P 2.6 cm2

IPOM 60 25 48.1 ± 14.8 29.4 ± 2.4 O P 2.3 cm2

Berrevoet 2010
Heavyweight mesh

205 NA 66.9 ± 10.2 29.9 ± 3.1 O I 56 cm2 ± 34

Lightweight mesh 235 NA 63.4 ± 17.4 27.2 ± 2.1 O I 56 cm2 ± 34
Bueno-Lledó 2017
Sutured mesh

25 12 55.3 ± 21.6 NA O I 85 cm2 ± 22

Self-adhering mesh 25 11 53.6 ± 25.5 NA O I 85 cm2 ± 22
Gleysteen 2009 
Retro-rectus

50 NA 55 ± 11 NA O I 10 cm ± 5

Onlay 75 NA 57 ± 11 NA O I 10 cm ± 5
Lomanto 2006 
Retro-rectus

50 10 54.94 ± 12.7 NA O B 55.88 cm2 ± NA

IPOM 50 8 55.56 ± 10.9 NA L B 93.96 cm2 ± NA
Reinpold 2018
Retro-rectus

576 322 60.4 ± 13 29.7 ± 6.1 L I NA

Retro-rectus 576 328 60 ± 13.4 29.8 ± 6.3 O I NA 

Roth 2017 
Retro-rectus

41 46 54.7 ± 12 32.2 ± 4.5 O B 115.7 cm2 ± 80.6

Onlay 24 46 54.7 ± 12 32.2 ± 4.5 O B 115.7 cm2 ± 80.6
Welty 2001
Heavyweight mesh A

115 79 58 ± 12 27.2 ± 4.2 O I NA

Heavyweight mesh B 36 22 57 ± 11 28 ± 4.1 O I NA
Low-weight mesh 83 56 63 ± 10 28 ± 3.4 O I NA
Kumar 2020 
Retro-rectus

46 29 44.24 ± 7.45 28.6 ± 4.15 L B 3.89 cm ± 0.85

IPOM 46 29 45.7 ± 7.64 30.57 ± 4.22 L B 4 cm ± 0.76
Iljin 2019 
Retro-rectus

20 8 38 ± NA (range 
25 - 53)

30 ± 3.27 O I 13.2 cm ± NA (range 
10 - 15)

Onlay 20 4 43.2 ± NA (range 
27 - 55)

29.56 ± 4.64 O I 15.6 cm ± NA (range 
12 - 18)

Alizai 2019 
Retro-rectus

71 36 63.2 ± 12.3 28.3 ± 6 O I NA

IPOM 31 20 62.1 ± 13.9 32.1 ± 7.2 L I NA
Bellido Luque 2021
Retro-rectus

40 NA 60.1 ± 12.3 27.2 ± 5 L B 62.9 cm2 ± 23.4

IPOM 39 NA 54.9 ± 17.1 26.8 ± 4.7 L B 57.3 cm2 ± 24
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Study / subgroup N N 
male

Age BMI Tech-
nique

Hernia 
type

Defect size

Schroeder 2013
Retro-rectus

43 27 54.7 ± 12 32.2 ± 4.5 L B 23.8 cm2 (range 4 - 100)

Retro-rectus 50 19 54.7 ± 12 32.2 ± 4.5 O B 24.5 cm2 (range 4 - 132)
Gokcal 2019 
eTEP with TAR

54 24 59.1 ± 12.2 32.5 ± 6.7 L B 35.3 cm2 (IQR 19.4 - 87.9)

eTEP no TAR 47 24 55.1 ± 13.6 30 ± 6.1 L B 15.7 cm2 (IQR 7 - 39.2)
Vix 1997 
Contaminated

47 17 62.4 ± 11.9 (range 
29 - 88)

30.4 ± 6.5 (range 
18 - 48)

O B NA

Non-contaminated 47 19 61 ± 9.8 (range 
44 - 88)

30.1 ± 5.2 (range 
22 - 46)

O B NA

Retrospective cohort (n = 18)
Abdollahi 2010 
Retro-rectus

312 265 52 ± NA (range 
2 - 85)

NA O I NA

Onlay 33 265 52 (range 2 - 85) NA O I NA
Fischer 2014 
Retro-rectus

45 26 52.6 ± 12 32 ± 7.5 O B NA

IPOM 27 14 54.2 ± 11.2 37.2 ± 13.8 O B NA
Forte 2011 
Retro-rectus

207 158 62 ± NA (range 
34 - 85)

NA O I NA

IPOM 30 158 62 ± NA (range 
34 - 87)

NA O I NA

Gurrado 2014 
Retro-rectus

23 NA NA NA O NA NA

Onlay 53 NA NA NA O NA NA
Holihan 2016
Underlay

308 146 51 ± 14 33.8 ± 8.1 O I NA

Retro-rectus 139 76 52 ± 12 33 ± 6.8 O I NA
Khansa 2016
Sutured mesh

12 4 NA NA O I 7.9 cm ± NA

Self-adhering mesh 14 9 NA NA O I 7.9 cm ± NA
Ladurner 2011
Lightweight mesh

12 9 58.3 ± 11.1 28.7 ± 3.5 O I 226 cm2 ± 301.5

Heavyweight mesh 12 8 57.3 ± 11.8 29.8 ± 3.7 O I 226 cm2 ± 301.5
Rosen 2009 
Retro-rectus

30 12 59 (range 40 - 88) 31 (IQR 18 - 51) O B 116 cm2 (range 6 - 420)

IPOM 79 34 57 (range 28 - 80) 34 (IQR 20 - 50) L B 116 cm2 (6 - 420)
Rosen 2013 
Retro-rectus

23 13 58.6 ± 13.5 30.8 ± 5.7 O B 183.2 cm2 ± 125

IPOM 26 16 58.2 ± 13.4 31.1 ± 4.8 O B 183.2 cm2 ± 125
Bui 2021 
Retro-rectus

29 16 57 (range 48 - 69) 30.5 (range 27.3 
- 32.8)

O B 11.8 cm2 ± 18.9

IPOM 43 22 57 (range 49.5 - 67) 30.5 (range 27.3 
- 34.3)

L B 11.8 cm2 ± 18.9

Bhellar 2020 
Retro-rectus

70 33 47.95 ± 9.75 NA O P NA

Onlay 70 31 46.85 ± 8.42 NA O P NA
Köckerling 2019 
Retro-rectus

3965 NA 63.8 ± 12.7 29 ± 5.6 O B NA

IPOM 3965 NA 63.2 ± 12.8 29.7 ± 5.7 L B NA
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Study / subgroup N N 
male

Age BMI Tech-
nique

Hernia 
type

Defect size

Raftopolous 2003
Lap. Retro-rectus

50 17 47.8 32.62 L B 124.6 cm2

Open Retro-rectus 22 8 59.4 33.65 O B 201.6 cm 2

Warwick 2017
Synthetic retro-rect.

28 17 64 NA O B NA

Biological retro-rect. 29 16 64 NA O B NA
Penchev 2019
Retro-rectus

27 15 58.7 ± 11.7 25.1 ± 3.9 L B 71.4 cm2 ± 47.1 

IPOM 27 16 55.6 ± 14.1 27.1 ± 3.2 L B 76 cm2 ± 53.2
Morrell 2020
eTEP primary

31 14 48 (range 23 - 76) 27.6 (range 21.3 - 37)L P NA

eTEP incisional 43 21 53.4 (range 28 - 75) 30.3 (range 22 - 48) L I NA
Lu 2020
eTEP laparoscopic

120 74 53.2 ± 14.6 31.3 ± 5.7 L B NA

eTEP robotic 86 41 50.8 ± 12.8 29 ± 5.6 L B NA
Dougaz 2020
Retro-rectus

68 21 51.15 ± 13.47 NA O B 27.13 cm2 ± 12.7

Pre-peritoneal 92 56 48.53 ± 12.49 NA O B 18.59 cm2 ± 9.84

Table 2. Baseline characteristics for all included non-comparative studies

Study Study type Surgical 
technique

N N 
Male

Age BMI Hernia 
type

Defect 
size 

Follow-up 
(months)

Andreuccetti, 
2021

Prospective 
cohort

laparoscopic 19 8 58.9 (range 46-72) 26.6 SD 2.8 both 21 cm2 16

Bauer, 2002 Prospective 
cohort

open 57 29 58, (range 33-79) NA incisional NA 34,9

Belyansky, 
2018

Prospective 
cohort

laparoscopic 29 13 54.1 SD 12.9 35.5 SD 8.3 both 16.7 cm2 31

Bittner, 2017 Prospective 
cohort

hybrid 41 35 57 range 31-76 30.4 (range 
22.4-37.5)

both 32.5 cm2 NA

Canziani, 2009 Prospective 
cohort

open 40 26 56.5 (range 38-75) NA incisional NA 60

Costa, 2016 Prospective 
cohort

laparoscopic 15 4 51.2 range 39-65 29.5 (range 
23-31.6)

incisional NA 17

Hicks, 2014 Prospective 
cohort

open 10 7 53.4 SE 3.4 30.3 SE 2.2 incisional 469 cm2 13,5

Köhler, 2020 Prospective 
cohort

laparoscopic 31 14 61.6 range 25.3-86.7 28.6 (range 
20.4-36.7)

both 34.5 cm2 8

Kurzer, 2008 Prospective 
cohort

open 125 53 55.75 mean (range 
18-78)

mean 33.5, 
(range 22-39)

incisional NA 84

Lasheen, 2008 Prospective 
cohort

open 60 15 mean 37.3 (range 
23-50)

NA primary NA 36

Martín-Duce, 
2001

Prospective 
cohort

open 152 74 mean 55.9 (range 
23-78)

NA incisional NA 72

McLanahan, 
1997

Prospective 
cohort

open 106 43 median 56, (range 
33-89)

NA both NA 24
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Study Study type Surgical 
technique

N N 
Male

Age BMI Hernia 
type

Defect 
size 

Follow-up 
(months)

Memon, 2010 Prospective 
cohort

open 200 50 mean 43.7, (range 
23-65), median 45

NA both NA 15

Ngo, 2021 Prospective 
cohort

laparoscopic 112 76 55.8 (range 23-92) 27.4 (range 
17.7-37.8)

both 9 cm2 1

Oprea, 2013 Prospective 
cohort

open 275 98 58.75 median (range 
21-78)

med 33.5 
(range 
22-41)

incisional NA 2

Paajanen, 2004 Prospective 
cohort

open 84 30 mean 62 SD 13 (range 
25-84)

mean 31 
SD 6 (range 
22-52

incisional 130 cm2 36

Petersen, 2004 Prospective 
cohort

open 125 62 61.2 SD 12.2 29 SD 4.3 incisional 8.5 cm 20

Plymale, 2017 Prospective 
cohort

open 31 14 median 52 (IQR 
44-62)

med 33 (IQR 
28.6-38.4)

incisional 105 cm2 13,8

Radu, 2019 Prospective 
cohort

laparoscopic 63 NA NA NA NA NA 12

Arer, 2017 Retrospective 
cohort

open 132 47 57.9 SD 11.8 30.6 SD 
5.6, range 
17.5-54

incisional 112 cm2 91

Bara, 2020 Retrospective 
cohort

open 139 56 med 62.4, IQR 16.6 med 32.4 
IQR 7.6

incisional 23.5 cm 36

Berry, 2007 Retrospective 
cohort

open 47 13 54.8 SD 1.6 range 
37-76

34.3 SD 1.2 
range 20-60

incisional 31.4 cm 20

Bueno-Lledó, 
2019

Retrospective 
cohort

open 213 108 51.6 SD 23.2 65 obese, 
148 non-
obese

incisional NA 57,6

Cheesborough, 
2015

Retrospective 
cohort

open 32 3 mean 53 mean 26 primary 6.7 cm 15,7

Christopher, 
2021

Retrospective 
cohort

open 56 29 med 61.2, IQR 50.5-
68.5

med 31, IQR 
25.8-38.8

both NA 36

Duce, 1997 Retrospective 
cohort

open 63 36 mean 55 range 23-65 NA incisional NA 38

Eid, 2003 Retrospective 
cohort

laparoscopic 79 37 mean 55.8 range 
28-81

mean 31.4 
range 18-74

both 103 cm2 34

Gangura, 2014 Retrospective 
cohort

open 77 14 62, range 24-81 26 obese incisional NA 60

Hameed, 2009 Retrospective 
cohort

open 50 10 NA NA NA NA 12

Lanier, 2016 Retrospective 
cohort

open 100 34 55.7 SD 10 29.1 SD 6.2 both NA 25,8

Larson, 1996 Retrospective 
cohort

open 50 24 mean 52, range 32-77 NA both 6 cm 24

Maman, 2012 Retrospective 
cohort

open 59 28 mean 58.7 (range 
24-86)

NA incisional NA 40

Muse, 2018 Retrospective 
cohort

open 66 32 51 33,5 both NA 13,9

Notash, 2007 Retrospective 
cohort

open 86 20 51.21, range 30-91 incisional 45.03 cm2 67,6

Pearson, 2016 Retrospective 
cohort

open 90 45 58.8 mean, 61.5 
median

mean 32.4, 
median 31.5

both NA 35
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Study Study type Surgical 
technique

N N 
Male

Age BMI Hernia 
type

Defect 
size 

Follow-up 
(months)

Petersen, 2001 Retrospective 
cohort

open 121 65 62 SD 12 29 SD 5 incisional NA 23

Petro, 2015 Retrospective 
cohort

open 36 22 56.8 SD 10.8 32.4 SD 7.1 incisional 374 cm2 13,3

Quezada, 2021 Retrospective 
cohort

laparoscopic 43 30 58.5 SD 12 30.4 SD 4.5 both 24.7 cm2 22

Rogmark,  2017 Retrospective 
cohort

open 217 95 61 SD 13 NA incisional NA 87

Strambu, 2013 Retrospective 
cohort

open 45 22 52 range 27-76 23 obese both NA 7

Toniato, 2002 Retrospective 
cohort

open 77 41 56.6 (range 42-72) NA incisional 15.8 cm 38,3

Verhelst, 2015 Retrospective 
cohort

open 28 10 median 48, iqr 40-64 med 26.8 
IQR 24.8-
29.3

both NA 12

Wheeler, 2009 Retrospective 
cohort

open 90 40 53 SD 14 33 SD 9 both 5 cm 46

BMI: Body Mass Index. IQR: interquartile range. O: open technique. L: laparoscopic technique. I: 
incisional hernia. P: primary hernia. B: both. IPOM: intraperitoneal onlay mesh. eTEP: (Laparoscopic) 
enhanced-view totally extraperitoneal procedure. TAR: transversus abdominis release. Age and 
BMI are listed as median (IQR), median (range), mean ± SD (range) or range, depending on how it 
was reported. BMI is listed in kg/m2. Defect size is listed in centimeters (cm) in case hernia width or 
diameter was reported or as square centimeters (cm2) in case hernia area was reported. *: this study 
was analyzed as a prospective cohort study in the retro-rectus versus IPOM comparison, as it was only 
randomized for synthetic versus biological mesh and not for surgical technique.
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Abstract 
Background 
Prophylactic mesh reinforcement has proven to reduce the incidence of incisional hernia 
(IH). Fear for infectious complications may withhold the widespread implementation of 
prophylactic mesh reinforcement, particularly in the onlay position. 

Study design
Patients scheduled for elective midline surgery were randomly assigned to a suture closure 
group, onlay mesh group, or sublay mesh group. The incidence, treatment and outcomes of 
patients with infectious complications were assessed through examining the adverse event 
forms. Data was collected prospectively for two years after the index procedure.

Results
Overall infectious complications occurred in 14/107 (13.3%) in the suture group and in 52/373 
(13.9%) with prophylactic mesh reinforcement (p=0.821). Overall infectious complications 
occurred in 17.6 % in the onlay and 10.3 % in the sublay group (p=0.042). Excluding 
anastomotic leakage as a cause, these incidences were 16% (onlay) and 9.7% (sublay), p=0.073. 
The mesh could remain in-situ in 40/52 (77%) cases with an infectious complication. The 
two-year IH incidence after onlay mesh reinforcement was 10/33 (30.3%) with infectious 
complications and 15/140 (9.7%) without infectious complications (p=0.003). This difference 
was not statistically significant for the sublay group. 

Conclusion 
Prophylactic mesh placement was not associated with increased incidence, severity, or need 
for invasive treatment of infectious complications compared to suture closure. Patients with 
onlay mesh reinforcement and an infectious complication had a significantly higher risk of 
developing an incisional hernia, compared to the sublay group.
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Introduction
Incisional hernia (IH) remains one of the most frequent complications after open abdominal 
surgery. Incidences of incisional hernia after midline laparotomy may be well over 30% in high 
risk patients (i.e. obesity or an abdominal aortic aneurysm) (1). Given this high prevalence of 
incisional hernia in high risk patients, measures to prevent this complication are essential to 
improve patient care. 

Two main techniques may substantially reduce the incidence of incisional hernia after open 
abdominal surgery. These include use of the small bites closure technique in the general 
patient population and prophylactic mesh reinforcement in patients with an increased risk for 
the development of incisional hernia (1, 2)

Prosthetic meshes have proven to substantially reduce the occurrence of incisional hernia 
in a therapeutic setting and may reduce the incidence of incisional hernia when applied 
prophylactically (1). However, fear of increased risks of infectious complications, associated 
with the use of foreign body material in general, may withhold the widespread implementation 
of prophylactic mesh reinforcement, particularly in the onlay position.

A disadvantage of prosthetic meshes is that if the operation field is contaminated, a surgical 
site infection (SSI) may occur in combination with a mesh infection. This is one of the most 
devastating complications that can occur after hernia surgery (3). Proven mesh infections may 
require removal of the mesh, and SSI’s are known to raise the risk of the development of an IH 
by negatively affecting the remodelling of the linea alba. (4, 5). 

Many previous studies have assessed the effect of mesh reinforcement with reference to 
infectious complications in a therapeutic setting (3, 6-10). However, little is known on the 
effects of prophylactic mesh reinforcement with reference to SSI’s. Therefore, we aim to 
reassess data of the three-armed randomized PRIMA-trial in which high risk patients were 
treated with either suture closure, or prophylactic onlay or sublay mesh reinforcement. 
Objective of current additional analysis was to assess the incidence, treatment and outcomes 
of patients with infectious complications 



Chapter 12

254

Methods
The medical ethics board of the Erasmus MC university medical centre approved the 
conduction of the PRIMA-trial. A waiver for ethical approval was obtained for additional 
analyses. This retrospective observational study was conducted according to the STROBE 
(Strengthening the Reporting of Observational studies in Epidemiology) (11).

Study design 
The methods and study design used for the PRIMA trial have been described earlier (1). In 
brief: after informed consent, patients included from three different countries and 11 medical 
centres were scheduled for an elective midline laparotomy. Before surgery, patients were 
randomly assigned to a primary suture group, onlay mesh reinforcement group, and sublay 
mesh reinforcement group for closing of the midline incision. Only adult patients (aged 18 
years or older) with an increased risk for the development of an IH were included. Patients 
who were considered were either previously diagnosed with an abdominal aortic aneurysm 
(AAA) or had a body-mass index (BMI) of 27 kg/m2 or higher. The primary outcomes of the 
trial have been published earlier (1).

Mesh reinforcement
For the onlay mesh reinforcement group, a lightweight polypropylene mesh (Optilene mesh 
LP, 6×35 cm; B Braun Surgical SA) was fixated to the anterior rectus fascia with an overlap 
of 3 cm. Fixation was accomplished with 4·0 mL of fibrin sealant (Tisseel; Baxter Healthcare, 
Deerfield, IL, USA). The edges and the centre of the mesh were glued to the tissue and fixated 
with the back of a pair of forceps on the entire surface. The subcutaneous tissue and skin were 
closed by suture preference of the surgeon (1, 12).

For the sublay mesh reinforcement group, a posterior plane was established between the 
rectus muscle and posterior rectus sheath, and caudally to the arcuate line between the rectus 
muscle and peritoneum. The mesh that was used was a lightweight polypropylene mesh 
(Optilene) and placed on the posterior rectus fascia, with a 3 cm overlap. The mesh was fixated 
as described for onlay mesh reinforcement, as well as adjustments made to the mesh. The 
subcutaneous tissue and skin were closed by suture preference of the surgeon (1, 12).

Data extraction 
In the current study the available study data and adverse event forms were retrospectively 
assessed. The severity, treatment, and outcomes of patients with infectious complications 
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were specifically extracted. Infectious complications were classified as either superficial 
surgical site infections (SSI) (with involvement of subcutaneous tissue), deep SSI (if fascia and 
muscle tissue was involved), or intra-abdominal abscesses. Primary treatment of infectious 
complications was classified in five categories: conservative (if no invasive intervention 
was performed), debridement, drainage and lavage, mesh removal (if this was the primary 
treatment), or re-laparotomy. For patients receiving sublay and onlay mesh reinforcement 
who developed an infectious complication, the incidence of IH within two years after the 
index procedure was assessed. Additionally, in all patients in whom during the two years of 
initial follow-up, the mesh was removed, the reason for mesh removal was assessed. These 
were classified in to four categories: fascial dehiscence, relaparotomy unrelated to mesh, IH 
repair, or infectious complications, the latter includes preventative mesh removal if an intra-
abdominal infectious focus was present. 

Primary and secondary objectives
The primary objective was to assess whether prophylactic mesh reinforcement was associated 
with more infectious complications or an increased severity (i.e. the need for invasive 
treatment) of these complications. Secondary objectives were to assess the two-year IH 
incidence in patients with prophylactic mesh reinforcement who were diagnosed with an 
infectious complication. Outcomes were compared to the suture group and between the onlay 
and sublay mesh reinforcement groups. 

Statistical analysis
Discrete variables were reported as absolute numbers and percentage, continuous variables 
were reported as mean and standard deviation (SD). Baseline characteristics of the three 
study arms were reported without formal statistical testing. Discrete outcomes were compared 
with a chi-square test or Fisher’s exact test as appropriate. The frequency of infectious 
complications was compared within the three treatment arms, additionally the frequency 
of in infectious complications after sublay and onlay mesh reinforcement was compared. 
The two-year incidence of IH was compared between patients with and without infectious 
complications, for patients with onlay or sublay mesh reinforcement. A p-value < 0.05 was 
considered statistically significant. 
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Results 
Baseline characteristics 
Baseline characteristics of included patients were previously described by Jairam et al. (1). 
For illustration purposes, baseline characteristics of the three treatment arms are depicted in 
Table 1. The three randomized groups were well balanced based on collected data.

Table 1. Baseline Characteristic

Characteristic Total Primary suture Onlay mesh Sublay mesh
Sex, n (%)
Male 288 (61) 68 (64) 116 (62) 108 (58)
Female 188 (39) 39 (36) 72 (38) 77 (42)
Age, y, mean (SD) 64.5 (11.2) 65.2 (10.5) 64.2 (12.3) 64.4 (10.4)
BMI, kg/m2, mean (SD) 30.6 (5.3) 29.8 (4.4) 30.8 (5.9) 30.8 (5.2)
Smoking, n (%) 102 (21) 17 (16) 41 (22) 44 (24)
Diabetes mellitus, n (%) 94 (20) 19 (18) 36 (19) 39 (21)
COPD, n (%) 52 (11) 9 (8) 24 (13) 19 (10)
ASA class, n (%)
I 44 (9) 10 (9) 21 (11) 13 (7)
II 234 (49) 55 (51) 90 (48) 89 (48)
III 150 (31) 35 (33) 54 (29) 61 (33)
IV 6 (1) 1 (1) 3 (2) 2 (1)
Unspecified 46 (10) 6 (6) 20 (11) 20 (11)
Previous midline 
incision, n (%)

21 (40) 3 (3) 10 (5) 8 (4)

Other hernia, n (%) 50 (10) 13 (12) 19 (10) 18 (10)
Type of operation, n (%)
Vascular 159 (33) 39 (36) 64 (34) 56 (30)
Upper gastrointestinal  65 (14) 18 (17) 22 (12) 25 (14)
Lower gastrointestinal 162 (34) 29 (27) 67 (36) 66 (36)
HPB 21 (4) 3 (3) 8 (4) 10 (5)
Gynecological 66 (14) 15 (14) 24 (13) 27 (15)
Urological 7 (1) 3 (3) 3 (2) 1 (<1)

ASA, American Society of Anesthesiologists; HPB, hepato-pancreato-biliary surgery. 

Frequency of infectious complications
Frequencies of postoperative infectious complications are summarized in Table 2. Overall 
infectious complications occurred in 14 (13.3%) of patients in the suture closure group, and 
in 52 (13.9%) of patients who had received prophylactic mesh reinforcement (p=0.821). 
Superficial surgical site infections occurred in 4 (3.7%) of patients in the suture closure group, 
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and in 23 (6.2%) of patients who had received prophylactic mesh reinforcement (p=0.337). 
Deep surgical site infectious, including the subcutaneous tissue, occurred in 2 (1.9%) of 
patients in the suture closure group and in 20 (5.4%) patients who had received prophylactic 
mesh reinforcement (p=0.108). Intra-abdominal abscesses occurred slightly more frequently 
in the suture group (n=8, 7.5%), as compared to patients who had received prophylactic 
mesh reinforcement (n=11, 2.9%, p=0.021). A confirmed mesh infection was only reported 
in 6 (1.6%) of cases treated with prophylactic mesh reinforcement. When comparing onlay 
to sublay mesh reinforcement, onlay mesh reinforcement was associated with a statistically 
significant increased incidence of patients with overall infectious complications (onlay mesh: 
n=33, 17.6% versus sublay mesh: n=19, 10.3%, p=0.042). No significant differences were 
present on the subtypes of infectious complications (Table 2). Additionally, when excluding 
anastomotic leakage as a cause for intra-abdominal infections, the incidence of overall 
infectious complications was not significantly different between onlay and sublay mesh 
reinforcement (onlay mesh: n=30, 16.0% versus sublay mesh: n=18, 9.7%, p=0.073).

Table 2. Infectious Complication 

Complication Suture
(n = 107)

Mesh
(n = 373)

p value Onlay mesh
(n = 188)

Sublay mesh
(n = 185)

p value

n % n % n % n %
Overall infectious 
complication* 

14 13.3 52 13.9 0.821 33* 17.6 19 10.3 0.042†

Excluding anastomotic 
leakage*

11 10.2 48 12.9 0.472 30 16.0 18 9.7 0.0725

Superficial SSI 4 3.7 23 6.2 0.337 14 7.4 9 4.9 0.300
Deep SSI 2 1.9 20 5.4 0.108 13 6.9 7 3.8 0.125
Intra-abdominal abscess 8 7.5 11 2.9 0.021† 8 4.3 3 1.6 0.209
Confirmed mesh infection - - 6 1.6 - 5 2.7 1 0.5 0.215

P-values for chi square test. *Patients could present with multiple types of infection. SSI, surgical site 
infection.

Primary treatment of infectious complications in patients 
with prophylactic mesh reinforcement
The primary treatment of postoperative infectious complications is summarized in Table 3. 
In patients who received prophylactic mesh placement, treatment of infectious complications 
was not complicated by the mesh in the majority of cases. The mesh could remain in-situ in 
40/52 (77%) cases with an infectious complication. 

In the cases where the mesh was removed, this concerned an onlay mesh in 10 cases (5.3%) 
and a sublay mesh 2 cases (1.1%), p=0.172. Mesh removal was only reported as primary 
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treatment in 7/52 (13%) cases with an infectious complication. In another 5/52 (9.6%) cases, 
the mesh was removed as a preventive measure to avoid possible infection of the prosthesis. 

Patients with a surgical site infection were treated conservatively (n=22), received a debridement 
(n=13), underwent surgical mesh removal (n=6), had received relaparotomy and debridement 
(n=2), or no treatment as palliative care was initiated, for unrelated causes (n=2). Patients with 
an intra-abdominal abscess were treated conservatively (n=3), received relaparotomy for an 
anastomotic leakage (n=4), or received abscess drainage and lavage (n=3). 

Outcomes of cases with infectious complications and 
prophylactic mesh placement 
The two-year IH incidence was 13/52 (25%) for cases with an infectious complication versus 
45/276 (16%) for patients without an infectious complication (p=0.115) (Table 4). For onlay 
mesh reinforcement significantly more patients who had an infectious complication developed 
an IH as compared to patients without an infectious complication (infectious complications: 
10/33 (30.3%) versus no infectious complication: 15/140 (9.7%), p=0.003). Out of the ten 
patients who had an infectious complication and IH in the onlay group, four had undergone 
previous mesh removal and two mesh replacement (Figure 1). This difference in IH incidence 
was not present for sublay mesh reinforcement (infectious complications: 3/19 (16%) versus 
no infectious complication: 20/136 (22%), p=0.532). Out of the three patients who had 
an infectious complication and IH in the sublay group, one had undergone previous mesh 
removal and one mesh replacement (Figure 1). 

Figure 1. Flowchart representing incisional hernia occurrence after infectious complications in patients 
with prophylactic mesh placement 
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Other reasons for mesh removal
Throughout the follow-up period, the mesh was removed in 38/373 (10.2%) patients, and 
28/38 (73.6%) patients underwent removal of the prophylactic mesh for other reasons than 
infection. Reasons other than infectious complications included burst abdomen (n=9), 
unrelated redo surgery with concomitant removal of the mesh (n=11), and IH occurrence 
(n=8).

Table 4. Incisional Hernia Incidence after Infectious Complication

Onlay mesh Sublay mesh Total
No infectious complication, n 140 136 276
IH, n (%) 15 (12) 30 (22) 45 (16)
Patients with infectious complication, n 33 19 52
IH, n (%) 10 (30) 3 (16) 13 (25)
p Value 0.003 0.532 0.132

P-value for chi square test. IH: incisional hernia. 

Discussion 
Based on the PRIMA-trial data, prophylactic mesh placement was not associated with an 
increased incidence of infectious complications as compared to suture closure. Onlay mesh 
reinforcement was associated with increased incidence of overall infectious complications 
compared to sublay mesh reinforcement. However, this difference did not reach statistical 
significance when excluding infections due to anastomotic leakage. In patients who developed 
infectious complications (n=52), regardless of mesh location, the mesh could remain in-situ 
in the majority (n=40, 77%) of cases. In 23% of patients with an infectious complication, 
invasive treatment to treat the infection was necessary. However, this translates to only 3.2% 
of the total study population. Infection, requiring mesh removal, appears to be a relatively rare 
complication in a prophylactic setting, occurring in 5.3% and 1.1% of cases with respectively 
onlay or sublay prophylactic mesh reinforcement. Removal of the mesh does not solely occur 
after infectious complications, in fact, evacuation of the mesh was most often performed for 
other reasons, including burst abdomen, unrelated re-laparotomy or IH.

Mesh infection is one of the most feared complications in hernia surgery, which may result 
in re- interventions and the possible removal of the mesh. After IH repair surgery relatively 
high incidences of mesh infections have been reported in several studies (13-16). However, 
based on the present data, these high incidences of infections complications do not occur after 
prophylactic mesh reinforcement. Placing a mesh in a prophylactic setting may differ from 
IH repair surgery. This difference could be due to poor prior cicatrisation of the linea alba 
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after developing an IH. Furthermore, SSIs are more likely to occur in case of prior abdominal 
surgery (17).

Even though in the PRIMA trial 52% of included patients had undergone procedures related 
to the gastro-intestinal tract, prophylactic mesh placement appeared not to be associated with 
increased rate of infectious complications or a more complicated course of these complications. 
Based on current data, infectious complications may usually be treated regardless of the 
prophylactic mesh, and without the necessity to remove the mesh. Therefore, prophylactic 
mesh reinforcement may compare better to primary ventral hernia repair.  The mesh infection 
rates after primary ventral hernia repair are similar to the rates found in this study (18, 19).

In current series, the occurrence of an infectious complication was usually not an argument 
for mesh evacuation. Nevertheless, in theory, any infection of subcutaneous tissue could be a 
mesh infection. However, these infectious complications were usually treated with the mesh 
in-situ, while obtaining satisfactory results. Moreover, if the mesh was removed this was 
often as a preventative measure, with no sign of infection of the prosthesis itself. Only in 6 
out of 52 patients with an infectious complication mesh removal was the primary treatment. 
Furthermore, when assessing all patients in whom the mesh was removed or replaced (n=38), 
this was due to non-infectious complications in the majority (73.7%) of cases. Therefore, 
it appears that prophylactic mesh placement was not associated with increased severity of 
infectious complications, or the necessity for a more invasive treatment. 

The onlay mesh position was not associated with significant increase in infectious 
complications when excluding anastomotic leakage. However, given the present study was 
not powered to assess this relation, we cannot confirm any absence of this association. In fact, 
infectious complications occurred 1.5-fold more often after onlay mesh reinforcement. Given 
data having been sampled from randomization, this result cannot be discarded. Potentially, 
when including more patients, significant differences become apparent.

Position of the prophylactic mesh in the PRIMA trial was either in the onlay or sublay 
position. Based on current data, patients who received onlay mesh reinforcement and 
developed an infectious complication had a significantly higher incidence of IH compared to 
patients without an infectious complication. After sublay mesh reinforcement incidence of IH 
was not statistically different in patients with and without an infectious complication. Some 
operations have higher incidences of SSI then others. We do not yet know which prophylactic 
mesh reinforcement position is best for which type of surgery. However, based on this data, 
the sublay position could be preferred in patients with a high postoperative infection risk. 
In general, based on previous studies of randomized trials both onlay and sublay mesh 
reinforcement are considered effective for preventing the development of IH (20-22). 
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Causes for the difference in IH incidence in sublay versus onlay mesh reinforcement 
after infectious complications remain unclear. In addition to the majority of infectious 
complications involving the subcutaneous space, it could also be hypothesized that infection 
of the subcutaneous tissue may decrease the contact of an onlay mesh prosthesis against 
the abdominal wall. Additionally, the fibrin sealant used to fixate the mesh in the anterior 
plane could be prone to dissolvement after infection. This may subsequently diminish the 
supportive effect on collagen remodelling and reinforcement. However, the majority of IH 
occurrences among patients with an infectious complication occurred among patients who 
had undergone mesh removal or replacement. Therefore, it appears that IH formation after 
prophylactic mesh placement in patients who developed infectious complications is in part, 
but not solely, caused by prior mesh removal related to the infection, but not necessarily due 
to the infection itself. Potentially, the surgeon is prone to prematurely evacuate the onlay 
mesh, if a superficial infection is present. The onlay position makes it facile to remove the 
mesh, while the sublay position would require a more invasive procedure. This subsequently 
could be the reason why more onlay meshes have been removed, without increasing the level 
of proven mesh infections, and increased IH occurence rates for the onlay position in patients 
with infectious complications.

In the original PRIMA trial, preference was given to the onlay mesh position. However, 
based on a recent meta-analysis both onlay and sublay prophylactic mesh reinforcement are 
considered equally effective for the prevention of IH (23). Potentially, the sublay position may 
be advantageous in patients with a high postoperative infection risk, whereas the technically 
less challenging onlay position is sufficient for the general population. The prophylactic mesh 
position in relation to the postoperative infection risk may warrant further exploration in 
future trials or additional re-assessment of previous trials. 

Limitations
This study has several limitations. The initial study was not powered to assess the incidence 
of individual types of infectious complications between the three study arms; therefore, a 
composite outcome was used. Differences between infectious complications after onlay and 
sublay mesh reinforcements could be apparent when including more patients and attaining 
sufficient study power. However, incidences were low in both mesh reinforcement groups. 
Another limitation is that infectious parameters including leukocytes, C-Reactive Protein, 
fever, and bacterial cultures were not collected and not retrievable. However, the severity 
of infectious complications could be estimated based on the treatment regiments required. 
Additionally, pre-inclusion selection bias may have occurred, potentially patients with 
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unfavourable risk profile for infectious complications were not included in the original study. 
This may cause for underestimation of the number and severity of infectious complications. 
However, obese patients are considered to be at an increased risk for infectious complications. 
Moreover, the majority of included patients received gastro-intestinal surgery similarly 
associated with higher infection risk. Therefore, the effect of pre-inclusion selection would 
likely be relatively minor. 

Conclusions
Prophylactic mesh placement was not associated with increased incidence of infection 
compared to suture closure. In the majority of cases infectious complications may be treated 
regardless of the in-situ mesh. Furthermore, prophylactic mesh placement appeared not to be 
associated with more severe infectious complications, a complicated treatment of infections 
or high rates of mesh removal. Patients with onlay mesh reinforcement and an infectious 
complication had a statistically higher risk of developing an incisional hernia compared to 
patients with onlay mesh reinforcement without an infectious complication, while this was 
not the case in the sublay group.

Acknowledgements
We would like to thank the PRIMA trialist group for making the PRIMA trial possible, and 
there for the making of this study.



Infectious complication in relation to the prophylactic mesh position: the PRIMA trial revisited

263   

12

References
1. Jairam AP, Timmermans L, Eker HH et al. Prevention of incisional hernia with prophylactic onlay 

and sublay mesh reinforcement versus primary suture only in midline laparotomies (PRIMA): 2-year 
follow-up of a multicentre, double-blind, randomised controlled trial. Lancet 2017; 390: 567-576.

2. Deerenberg EB, Harlaar JJ, Steyerberg EW et al. Small bites versus large bites for closure of 
abdominal midline incisions (STITCH): a double-blind, multicentre, randomised controlled trial. 
Lancet 2015; 386: 1254-1260.

3. Cobb WS, Carbonell AM, Kalbaugh CL et al. Infection risk of open placement of intraperitoneal 
composite mesh. Am Surg 2009; 75: 762-767; discussion 767-768.

4. Tubre DJ, Schroeder AD, Estes J et al. Surgical site infection: the "Achilles Heel" of all types of 
abdominal wall hernia reconstruction. Hernia 2018; 22: 1003-1013.

5. Perez-Kohler B, Bayon Y, Bellon JM. Mesh Infection and Hernia Repair: A Review. Surg Infect 
(Larchmt) 2016; 17: 124-137.

6. Cobb WS, Harris JB, Lokey JS et al. Incisional herniorrhaphy with intraperitoneal composite mesh: 
a report of 95 cases. Am Surg 2003; 69: 784-787.

7. Kelly ME, Behrman SW. The safety and efficacy of prosthetic hernia repair in clean-contaminated 
and contaminated wounds. Am Surg 2002; 68: 524-528; discussion 528-529.

8. Pandey H, Thakur DS, Somashekar U, et al. Use of polypropylene mesh in contaminated and dirty 
strangulated hernias: short-term results. Hernia 2018; 22: 1045-1050.

9. Sahoo S, Haskins IN, Huang LC et al. Early Wound Morbidity after Open Ventral Hernia Repair with 
Biosynthetic or Polypropylene Mesh. J Am Coll Surg 2017; 225: 472-480 e471.

10. Carbonell AM, Cobb WS. Safety of prosthetic mesh hernia repair in contaminated fields. Surg Clin 
North Am 2013; 93: 1227-1239.

11. von Elm E, Altman DG, Egger M et al. The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) Statement: guidelines for reporting observational studies. Int J Surg 2014; 
12: 1495-1499.

12. Timmermans L, Eker HH, Steyerberg EW et al. Short-term results of a randomized controlled trial 
comparing primary suture with primary glued mesh augmentation to prevent incisional hernia. Ann 
Surg 2015; 261: 276-281.

13. Brown RH, Subramanian A, Hwang CS et al. Comparison of infectious complications with synthetic 
mesh in ventral hernia repair. Am J Surg 2013; 205: 182-187.

14. Cobb WS, Warren JA, Ewing JA et al. Open retromuscular mesh repair of complex incisional hernia: 
predictors of wound events and recurrence. J Am Coll Surg 2015; 220: 606-613.

15. Petersen S, Henke G, Freitag M et al. Deep prosthesis infection in incisional hernia repair: predictive 
factors and clinical outcome. Eur J Surg 2001; 167: 453-457.

16. Sanchez VM, Abi-Haidar YE, Itani KM. Mesh infection in ventral incisional hernia repair: incidence, 
contributing factors, and treatment. Surg Infect (Larchmt) 2011; 12: 205-210.

17. Wong J, Ho C, Scott G et al. Getting It Right First Time: the national survey of surgical site infection 
rates in NHS trusts in England. Ann R Coll Surg Engl 2019; 101: 463-471.

18. Hanna EM, Byrd JF, Moskowitz M et al. Outcomes of a prospective multi-center trial of a second-
generation composite mesh for open ventral hernia repair. Hernia 2014; 18: 81-89.

19. Abdel-Baki NA, Bessa SS, Abdel-Razek AH. Comparison of prosthetic mesh repair and tissue repair 
in the emergency management of incarcerated para-umbilical hernia: a prospective randomized 
study. Hernia 2007; 11: 163-167.



Chapter 12

264

20. Burger JW, Luijendijk RW, Hop WC et al. Long-term follow-up of a randomized controlled trial of 
suture versus mesh repair of incisional hernia. Ann Surg 2004; 240: 578-583; discussion 583-575.

21. Christoffersen MW, Helgstrand F, Rosenberg J et al. Lower reoperation rate for recurrence after 
mesh versus sutured elective repair in small umbilical and epigastric hernias. A nationwide register 
study. World J Surg 2013; 37: 2548-2552.

22. Nieuwenhuizen J, Eker HH, Timmermans L et al. A double blind randomized controlled trial 
comparing primary suture closure with mesh augmented closure to reduce incisional hernia 
incidence. BMC Surg 2013; 13: 48.

23. Jairam AP, Lopez-Cano M, Garcia-Alamino JM et al. Prevention of incisional hernia after midline 
laparotomy with prophylactic mesh reinforcement: a meta-analysis and trial sequential analysis. 
BJS Open 2020; 4: 357-368.



Infectious complication in relation to the prophylactic mesh position: the PRIMA trial revisited

265   

12





Chapter 13

General discussion and  
future perspectives 



Chapter 13

268

General discussion 
Incisional an primary ventral abdominal wall hernias are benign diseases, which however 
occur frequently (1, 2). From a societal perspective incisional hernias are associated with 
a considerable use of health care resources and high costs (3). Even though surgery is 
increasingly becoming minimally invasive, the number of abdominal wall hernia repair 
surgeries in elective and emergency setting has been rising over the past decades (1, 2). 
Therefore improving prevention of incisional hernia and decreasing recurrence rates after 
repair surgery still have great potential to reduce health care costs and use of scarce resources. 

From the perspective of the patient, primary ventral and incisional hernias are often associated 
with discomfort and pain and have been proven to impact perceived quality of life (4, 5). 
Less frequently patients may be affected by a complex or giant incisional hernia which will 
limit patients severely in daily life (6). Additionally due to incarceration and/or strangulation, 
emergency surgery may be necessary in a small proportion of patients which is associated with 
severely impaired results and mortality (1, 7). 

This thesis aimed to provide new perspectives on the diagnosis, treatment and prevention of 
abdominal wall hernia. 

Diagnosis of abdominal wall hernia 
The diagnosis of incisional hernia appears straightforward and is usually performed by simple 
physical examination. Multiple modalities being available to aid in the diagnosis of abdominal 
wall hernia these comprise of ultrasound, CT-scan, and MRI-scan. Although the diagnosis 
of ventral abdominal wall hernia is perceived as straightforward, substantial discrepancies 
do exist between diagnostic rates of different modalities and observers (8). Therefore, in a 
clinical setting it is advisable to use imaging when considering surgical repair. Due to inter-
observer variation and different accuracy of diagnostic modalities, the modality used and 
number of observers present may result in biased results in a research setting. In abdominal 
wall hernia research, diagnosis is predominantly confirmed with physical examination only, 
due to related costs of sequential use of imaging. This results in a substantial underestimation 
of abdominal wall hernia prevalence. However, most symptomatic abdominal wall hernias 
will be found by physical examination alone. Another challenge in abdominal wall hernia 
research is related to follow-up of patients. To aid in long term follow-up, a patient reported 
diagnostic questionnaire was developed, however this did not result in reliable results (9). A 
substantial number of incisional hernias were missed, while false-positive rates were high. 
In contrast, long term functional outcomes can be assessed reliably through patient reported 
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outcome measurements (10). For adequate follow-up a combination of functional assessment 
through patient reported outcome measurements and technical evaluation through clinical 
follow-up would result in most accurate results. 

Repair of complex or giant incisional hernia 
In contrast to non-complex abdominal wall hernia, a less frequently occurring complex and 
giant incisional hernia can severely impact patients. Due to increasing worldwide obesity 
rates most accentuated in the western world, incidences of complex or giant incisional 
hernia are unlikely to decrease (11). When faced with the surgical repair of a giant incisional 
hernia, few therapeutic options are available. These may be categorised in pre-operative 
therapeutic options, and technical adaptations during surgery (6, 12, 13). Since the use of a 
bridging or inlay mesh repair has been associated with unfavourable results, closing both the 
anterior and posterior rectus sheath is thought to be essential. This should be additionally 
reinforced by a surgical mesh. Aside from studies reported in this thesis the use of progressive 
pneumoperitoneum and botulin toxin injections may be used prior to surgery to facilitate 
closure (12, 13). Intra-operatively two main technical options are available, anterior and 
posterior component separation (14, 15). From a technical perspective anterior component 
separation will provide slightly more advancement of the anterior rectus sheath, while 
posterior component separation provides substantially more advancement of the posterior 
rectus sheath (15). However, considering the anterior rectus sheath is the strongest fascial 
layer, obtaining enough medialization of the anterior rectus sheath may be most important. 
Potentially, (tension-free) closure of the anterior rectus sheath will not always be possible 
after posterior component separation. However, posterior component separation has other 
advantages, it does not require subcutaneous dissection, and allows for placement of a very 
large mesh prosthesis. Moreover, in a recent cohort study, excellent results were obtained 
after posterior component separation in terms of recurrence and complications (16). 

When closure after anterior or posterior component separation alone cannot be obtained 
(extreme diameter hernia), one might consider to combine the two techniques, as was 
performed in one case series (17). However, based on an experimental evaluation, combining 
the two techniques does only result in marginally more medialization, while associated with 
substantial surgical dissection, and destruction of both the external oblique and transverse 
abdominis muscle. This technique may only be feasible in selected patients who are not 
physically active. 
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Treatment of abdominal wall hernia and pre-operative 
clinical decision making  
Randomized trials are the study design of choice for most therapeutic questions. However, 
for many other questions in the field of abdominal wall hernia surgery, randomized studies 
are not feasible. To improve understanding of incisional and primary abdominal wall hernias 
as well as to improve patients tailored care, and for quality monitoring, many countries 
have initiated registries. Although an inherent disadvantage of registries is that data is 
observational and influenced by clinical decisions (selection bias), registries do allow for the 
evaluation of endpoints (functional outcomes) or subgroups of patients which are challenging 
to capture in randomized trials. Especially for safety and long term quality monitoring in the 
setting of mesh reinforcement, registries are valuable tools. In the present thesis registry data 
was studied for multiple purposes, regarding treatment of recurrent hernia, asymptomatic 
patients and the risk for incarceration.

Results after surgical repair of primary ventral hernia was often conceived as better in terms 
of complications and recurrence when compared to incisional hernia. Although the latter 
effect is true, this may not necessarily be related to biological differences. In fact, the biggest 
difference in outcomes is caused by differences in the size distribution of primary ventral 
hernias (18). The more rarely occurring large primary ventral hernia is equally related to an 
increased complication risk compared to incisional hernia.  

Although abdominal wall hernia is usually a relatively benign disease, incarceration and/
or strangulation of intra-abdominal contents  may lead to an acute situation requiring 
emergency surgery (7, 19). Early elective surgery may reduce this risk. Nevertheless, watchful 
waiting is a frequently used strategy, especially in patients without pain or discomfort (20, 
21). Ideally early elective surgery would be performed on patients with an increased risk for 
acute presentation with incarceration and/or strangulation (1, 22). Multiple factors were 
associated with incarceration and/or strangulation including, hernia size (3-4cm), location 
and comorbidity. Patients with multiple risk factors constituting to an increased risk for 
incarceration and/or strangulation may benefit from early elective surgery. However, based 
on current data sufficient predicative power to make accurate statements on which patients 
may benefit from early elective surgery is still lacking. Diseases develop over time. However, 
collected data was static, providing information at the moment of surgery only, not considering 
the time at risk of conservatively treated patients. Therefore the absolute risk for incarceration 
quantified in patient-years could not be calculated. 
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Another factor of concern regarding the treatment of incisional hernia relates to pre-operative 
symptoms. Surgery is a treatment which is not completely without risk. Based on registry 
data it was possible to identify that surgery in asymptomatic patients may induce pain and 
discomfort in approximately 20% of patients, while at the same time abdominal wall hernia 
repair in symptomatic patients will not always resolve all discomfort (5). Both are important 
factors to take into account and should be used to improve shared decision making regarding 
surgical repair. Additionally, one should be careful with the treatment of asymptomatic 
incisional hernia due to the potential of inducing pain and discomfort. Nevertheless early 
repair may prevent progression of the incisional hernia. Data on the normal development of 
incisional hernia through time is limited, therefore an adequate trade-off of different risks is 
difficult, especially in asymptomatic patients (20, 21, 23). 

Patients presenting after multiple previous recurrences may be considered complex patients 
due to previous repair surgery and destruction of anatomical planes. Especially after multiple 
previous recurrences the utility of further surgery may be questioned. However, based on a 
propensity score matched analysis surgical repair in these patients appears to be no futile 
procedure (24). When performed by a dedicated surgeon acceptable results will still be 
obtained in the majority of patients. Additionally results in these patients are comparable to 
results of patients with a similar risk profile undergoing a first abdominal wall hernia repair. 

For non-complex ventral hernia repair, the retro-rectus repair as described by Rives and 
Stoppa, is associated with low recurrence and a low risk for adverse events. This procedure 
is vastly superior to onlay repair and will likely result in a treatment benefit for the majority 
of patients. Intra-peritoneal onlay repair results in comparable recurrence rates as compared 
to retro-rectus repair, but has been associated with substantial formation of adhesion due to 
placement of a mesh in the intra-abdominal cavity. Therefore, initial open hernia repair (for 
non-complex hernias) should be performed with the retro-rectus technique, other techniques 
may be used as salvage technique in case of recurrence or when the retro-rectus technique 
is not possible due to patient related or anatomical concerns. Based on preliminary data 
minimally invasive retro-rectus repair could further improve results and might be the next 
step forward for hernia repair. 

Prevention of incisional hernia 
Prevention of incisional hernia in high risk groups through prophylactic mesh reinforcement 
has great potential to reduce the incisional hernia related cost and use of clinical resources. 
However, fear of mesh related complications and in particular infection may still withhold 
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widespread implementation. Nevertheless based on available data mesh prophylaxis is not 
associated with unacceptable complication rates or high incidences of severe infections (25-
28). Therefore, further implementation of this technique harbours great potential to reduce 
incisional hernia incidence and sequelae, and should be recommended for patients with an 
increased incisional hernia risk. 

Future perspectives 
Is incisional hernia a preventable end of life disease?
Even though with advancements in laparoscopic and robotic surgery, minimally invasive 
procedures have become the norm, the incidence of incisional hernia still did not decrease 
over the past decades (2, 29). Moreover, based on data from the USA, the number of 
abdominal wall hernia repair procedures in an acute setting has even increased (1). The fact 
that the incisional hernia incidence is not declining even though more surgical procedures 
are performed minimally invasive is attributable to a number of reasons. Firstly the total 
number of performed operative procedures is increasing, also leading to more incisional 
hernias related to laparoscopy (30). Apart from more surgical procedures in general, the age 
of patients undergoing surgery has been rising more rapidly than the already ageing western 
population (31, 32). Moreover, the incidence of obesity and morbid obesity is increasing in the 
general population as well as in patients undergoing surgery (11). Given aforementioned factors 
patients undergoing surgery are increasingly frail, older, and overweight, this may cause for a 
paradoxal effect, in which incidences of incisional hernia and incisional hernia recurrence are 
remaining stable or even increase despite measures to prevent incisional hernia and improved 
hernia repair procedures. In short, the population of patients suffering from incisional hernia 
has been changing (i.e. growing) to an increasingly comorbid and frail patient population and 
incisional hernia may be considered to an extent, an end-of life disease.  

There is an enormous potential for improving outcomes through the prevention of incisional 
hernia and the reduction of incisional hernia recurrence (2, 3). Implementing preventative 
strategies should be a priority in all surgical specialties. From a societal perspective incisional 
hernias are associated with high costs and a high burden on health care resources (2, 3). 
But even more important, from the perspective of incisional hernia as end of life disease, 
prevention of incisional hernia is important to mitigate the need for further surgery, or even 
more so prevent this complication in patients who are not fit to undergo further surgery. 

Nevertheless, implementation of available preventive strategies for those patients at high 
risk for incisional hernia may still be withheld by fear for adverse effects (25). It is however 
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questionable if these reservations are still justified based on available evidence. Recent 
meta-analyses reported a substantial reduction in incisional hernia incidence of over 50% 
due to prophylactic mesh reinforcement, while no increased incidences in adverse events are 
reported (28). Still, mesh placement in rare cases can be associated with severe complications 
such as infection of the mesh itself (25, 33-35). Nevertheless, from the population perspective 
mesh prophylaxis has the potential to improve outcomes for a substantial number of patients. 

Another factor which may withhold implementation is the lack of evidence on ‘very’ long term 
outcomes of mesh placement. One of the reasons for the lack of these data is related to losses 
in follow-up. Life expectancy of many patients with incisional hernia, for example after prior 
oncologic surgery is limited. Therefore, in many patients a solution which will last for decades 
is not required. For young patients on the other hand, for whom activity and function of the 
abdominal wall may be far more important, it is likely justified to be conservative with mesh 
placement. 

For the next step in incisional hernia prevention, slowly resorbable mesh placement may 
lead to far more widespread implementation of this technique. Many adverse events making 
non-resorbable mesh placement an unattractive treatment, especially in young patients, may 
be resolved by these materials. However, it remains unclear if slowly resorbable meshes in 
a prophylactic setting, will result in equally protective effects compared to non-resorbable 
meshes (36). Large non-inferiority trials are required to assess these techniques. Another 
strategy avoiding a permanent mesh for prevention of incisional hernia might be the 
application of a small bites closure technique combined with botulin infiltration of the lateral 
abdominal muscle group. Although these techniques have been sparsely investigated, and 
were not evaluated in a prophylactic setting, botulin toxin injections in the lateral abdominal 
muscles may, in theory, temporarily reduce stress on the abdominal midline during the initial 
healing process. 

Registries and longitudinal data 
Systematic data collection through registries can help to evaluate safety and quality control as 
well as answer questions less suitable for randomized trials. However, one major limitation 
of current registries on abdominal wall hernia is that patients not undergoing surgery are not 
included and sufficient longitudinal data is lacking. Within the field of abdominal wall hernia 
research some basic aspects on the normal progression of an abdominal wall hernia are still 
largely unknown. Therefore probabilities of asymptomatic patients becoming symptomatic, 
for small defects to grow larger, and/or for a patient to present with incarceration and/or 
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strangulation requiring acute surgery remain unknown (20, 21, 23, 37). The latter information 
would aid in making adequate risk trade-offs and provide better patient-tailored care. However, 
these seemingly quite simple questions prove difficult to answer, due to difficulties in following 
a large cohort of patients for a longer period of time with the use of proper diagnostic tools. 
Including conservatively treated patients in longitudinal registries may provide new data on 
these basic matters, which would improve our fundamental understanding of this disease and 
improve clinical decision making. 

Treatment of complex incisional hernia 
Many novel developments in the treatment of giant incisional hernia are available nowadays. 
Posterior component separation or transverse abdominis release has been widely implemented 
and additional options for surgical repair and pre-operative strategies such as botulin toxin 
injections and progressive pneumoperitoneum are a developing field. Data on these topics are 
unfortunately still hampered by low methodologic quality, consisting mostly of case series or 
single armed cohort studies (12, 13). Another problem is that techniques are usually applied 
in a combined manner including, progressive pneumopertoneum, botulin toxin injections, 
and component separation in one patient. Therefore, it remains difficult to ascertain effects 
attributable to the individual aspects of the complete treatment. Randomized trials to evaluate 
the effect of botulin toxin injections or even compare anterior and posterior component 
separation would be a logical, however challenging next step to further evaluate individual 
effectiveness of these techniques. 

Experimental evaluation of new techniques 
Evaluation of new techniques in a pre-clinical ex-vivo setting (e.g. in Anatomy Labs), based on 
strain patterns may prove to be a valuable technique to further optimize current preventative 
strategies. New closure techniques, suture materials, or measures to fixate the mesh could 
be evaluated pre-clinically by visualizing strain patterns trough digital image correlation 
techniques to quickly assess multiple potential methods and compare them with each other 
(38, 39). These techniques may minimise requirements of animal research and provide 
fundamental information to further optimize abdominal wall hernia prevention and repair. 
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Part 1 of this thesis concerns the diagnosis of incisional hernia. 

Chapter 2 concerns a systematic review on available diagnostic modalities for the diagnosis 
of primary ventral and incisional hernias. In total fifteen studies covering 2986 patients 
were included. Inter-observer variation for CT-scan ranged from 11.2 to 69% (n = 678). 
Disagreement between ultrasound and CT-scan ranged between 6.6 and 17% (n = 221). Ten 
studies compared physical examination to CT-scan or ultrasound. Disagreement between 
physical examination and imaging ranged between 7.6 and 39% (n = 1602). Between 15 and 
58% of incisional hernias were solely detected by imaging (n = 483). Relative increase in 
incisional hernia prevalence for imaging compared to physical examination ranged from 0.92 
to 2.4 (n = 1922). Based on these results imaging will lead to substantially more incisional 
hernia diagnoses. Both the observer and diagnostic modality used could be additional factors 
explaining for the variability in incisional hernia prevalence.

Chapter 3 concerns a patient reported diagnostic questionnaire. This study addresses validity of self-

reported diagnosis of incisional hernia for research or clinical purposes. In total, 241 patients were 

included. Fifty-four (22%) patients were diagnosed with incisional hernia during physical examination. 

The area under the receiver operating characteristic curve of the diagnostic questionnaire was 0.82. 

Sensitivity and specificity were respectively 81.5% and 77.5%. The positive and negative predictive 

values were 51.2% and 94%, respectively. Ten (19%) patients with incisional hernia were missed by the 

questionnaire. The patient-reported diagnostic questionnaire as currently proposed cannot be used to 

diagnose incisional hernia. However, given the high negative predictive value, the questionnaire might 

be used to rule out incisional hernia. Long-term follow-up for the diagnosis of incisional hernia should 

preferably be by clinical examination.

Part 2 of this thesis focusses on anatomical and biomechanical studies for the repair of 
complex incisional hernia and treatment of diastasis recti. 

Chapter 4 concerns an anatomical study in which the potential medialization of three 
different closure techniques is compared in post-mortem human specimens. Medialization 
is systematically compared after retro-rectus dissection, anterior, and posterior component 
separation. In total 13 post-mortem human specimens were included. Based on obtained 
measurements posterior component separation yielded significantly more medialization of 
the posterior rectus sheath compared to Rives-Stoppa and anterior component separation. In 
contrast, anterior component separation may provide marginally more medialization of the 
anterior rectus sheath. 

Chapter 5 concerns an anatomical study in which the potential effect of combining posterior 
and anterior component separation is explored in post mortem human specimens. Secondarily 
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the contribution of each surgical step in anterior and posterior component separation on final 
obtained medialization is compared. After combined component separation total median 
medialization ranged between 5.8 and 9.2 cm for the anterior rectus sheath, and between 
10.1 and 14.2 cm for the posterior rectus sheath. For the anterior rectus sheath, additional 
posterior component separation after anterior component separation provided 15% to 16%, 
and additional anterior component separation after posterior component separation provided 
32% to 38% of the total medialization after combined component separation. Retro-rectus 
dissection alone contributed up to 41% of maximum obtainable medialization. Combined 
component separation provides only marginal additional medialization, clinical use of this 
technique should be carefully balanced against additional risks.

Chapter 6 concerns an anatomical study exploring the elastic behaviour of the anterior 
and posterior rectus sheaths. Findings of this study may provide insights for non-invasive 
treatment of diastasis recti and surgical mesh placement. The posterior rectus sheath is 
functionally more related to the transverse abdominis muscle than to the rectus abdominis 
muscle. From this connection, in combination with the specific stiffness of the posterior fascia 
in the lateral direction, it is assumed that the transverse abdominis muscles may play an 
important role in the non-invasive treatment of diastasis recti. The transverse abdominis and 
rectus abdominis muscles collaborate in support of the abdominal wall.

Part 3 of this thesis focusses on treatment and clinical decision making in patients with 
ventral abdominal wall hernia.

Chapter 7 concerns an epidemiological study explaining differences in obtained results in 
patients who undergo surgery for primary ventral versus incisional hernia repair. Results of 
patients who were operated for incisional and primary hernia were compared. After correction 
for hernia width, the incidence of complications, re-interventions and readmissions did not 
significantly differ between patients with a primary ventral or incisional hernia. Indicating 
that not abdominal wall hernia type, but hernia width is an important factor contributing to 
observed differences between outcomes after primary ventral and incisional hernia repair. 

Chapter 8 concerns a registry based study exploring factors related to an increased risk for 
incarceration and/or strangulation of incisional and primary ventral hernia. For primary 
and incisional hernia, mainly defects of 3-4 cm were associated with incarceration and/or 
strangulation. For primary abdominal wall hernia, mainly defects located in the peri- and infra-
umbilical region were associated with incarceration and/or stranghulation. Additionally, for 
primary abdominal wall hernia age, BMI, and constipation were associated with incarceration 
and/or strangulation. For incisional hernia age, BMI, female sex, diabetes mellitus and ASA 
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classification were associated with incarceration and/or strangulation. Based on patient and 
addominal wall hernia characteristics, patients with increased odds for incarceration and/or 
strangulation may be selected and these patients may benefit from elective surgical treatment.

Chapter 9 concerns a registry based study exploring functional outcomes after incisional 
hernia repair. The study assess probability of a favourable outcome in patients who were 
initially asymptomatic versus those who presented with a symptomatic incisional hernia. A 
total of 1312 patients were included. Pre-operatively, 1091 (83%) patients reported pain or 
discomfort. After incisional hernia repair, 961 (73%) patients did not report pain or discomfort 
(mean follow-up = 11.1 months). Of the pre-operative asymptomatic patients (n = 221), 44 
(20%) reported pain or discomfort after mean follow-up of 10.5 months. In symptomatic 
incisional hernia patients, hernia related complaints may be resolved in the majority of cases 
undergoing surgical repair. In asymptomatic incisional hernia patients, pain or discomfort 
may be induced in a considerable number of patients due to surgical repair and one should be 
aware of this postoperative complication.

Chapter 10 concerns a propensity matched study exploring the effectivity of incisional hernia 
repair surgery in patients who have had multiple previous recurrences. Seventy-three patients 
operated on after ≥ 2 incisional hernia re-recurrences were matched to 219 patients undergoing 
first incisional hernia repair. The incidence of re-recurrence was similar between groups (≥ 2 
re-recurrences: 25% versus control 24%, p = 0.811). The incidence of complications, as well 
as long-term pain, was similar between both groups. Therefore, incisional hernia repair in 
patients who have experienced multiple re-recurrences results in outcomes comparable to 
patients operated for a first incisional hernia with a similar risk profile.

Chapter 11 concerns a systematic review and meta-analysis assessing results after primary 
ventral or incisional hernia repair with the retro-rectus (Rives-Stoppa) technique. Based on 
these results retro-rectus repair was superior to onlay mesh repair regarding all objectified 
outcomes. Intraperitoneal mesh repair showed less surgical site infections but a comparable 
hernia recurrence rate, likely due to its minimally invasive nature. Minimally-invasive retro-
rectus repair showed a further improvement of results. Minimally-invasive retro-rectus repair 
may be the next major step forward in ventral hernia repair. Initial open ventral hernia repair 
should be preferably with use of the retro-rectus technique, while other techniques may be 
reserved as salvage techniques in case of recurrence or for patients in whom retro-rectus 
repair is not possible due to anatomical or patient related concerns. 
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Part 4 of this thesis focusses on the prevention of incisional hernia after midline laparotomy 

Chapter 12 concerns a randomized study exploring the prevalence of infectious complications 
after prophylactic mesh placement in either onlay or retro-rectus position. Based on obtained 
results prophylactic mesh placement was not associated with increased incidence, severity, 
or need for invasive treatment of infectious complications compared with suture closure. 
Patients with onlay mesh reinforcement and an infectious complication had a significantly 
higher risk of developing an incisional hernia, compared with those in the retro-rectus group. 
Therefore, patients with a high a priori chance for infectious complications may benefit from 
prophylactic mesh placement in the retro-rectus position. 
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Deel 1 van dit proefschrift focust op de diagnose van de ventrale buikwandbreuk.  

Hoofdstuk 2 betreft systematisch literatuur onderzoek naar de verschillende technieken 
voor de diagnostiek van de buikwandbreuk. De resultaten van 15 studies over in totaal 2986 
patiënten werden geëvalueerd. Op basis van deze resultaten konden een aantal conclusies 
worden getrokken. De variabiliteit tussen twee verschillende beoordelaars voor de diagnose 
van een buikwandbreuk bleek relatief hoog. Daarnaast bleek de diagnose door middel van een 
CT-scan niet een op een overeen te komen met echografie, tot 17% van de diagnosen kwamen 
niet overeen. Wanneer het lichamelijk onderzoek werd vergeleken met diagnose door middel 
van beeldvorming, bleek tussen de 15% en 58% van de buikwandbreuken alleen detecteerbaar 
door middel van beeldvorming. Beeldvorming leidde maximaal tot een factor 2.4 meer 
diagnosen. Zowel de beoordelaar als de gebruikte diagnostische techniek zijn dus belangrijke 
factoren, die variabiliteit in onderzoeksresultaten kunnen verklaren. 

Hoofdstuk 3 betreft de validatie van een diagnostische vragenlijst voor de zelfdiagnose 
van een littekenbreuk. Deze vragenlijst zou zowel voor klinische als onderzoeks- doeleinden 
gebruikt kunnen worden. Voor dit onderzoek werden 241 patiënten geïncludeerd die eerder een 
laparotomie hadden ondergaan, bij 54 (22%) patiënten was sprake van een buikwandbreuk. 
De oppervlakte onder de receiver operator characteristic curve was 0,82. Echter, de 
sensitiviteit en specificiteit waren respectievelijk 81,5% en 77,5%, hetgeen resulteerde in 
10 (19%) patiënten met een buikwandbreuk die werden gemist. De positief en negatief 
voorspellende waarden waren respectievelijk 51,2% en 94%. Deze gegevens in acht nemend, 
kan de vragenlijst niet worden gebruikt voor een valide diagnose van een littekenbreuk voor 
klinische of onderzoeksdoeleinden. Bij voorkeur zal de follow-up plaats moeten vinden door 
middel van lichamelijk onderzoek, dan wel door beeldvorming. 

Deel 2 van dit proefschrift richt zich op anatomische en biomechanische studies voor het 
herstel van een complexe littekenbreuk en de behandeling van diastase recti.

Hoofdstuk 4 betreft een anatomische studie waarin de medialisatie van de anterieure en 
posterieure rectusschede na verschillende reconstructieve technieken wordt geëvalueerd. Voor 
het sluiten van een grote littekenbreuk is vaak retro-rectus dissectie gevolgd door posterieure 
of anterieure component separatie nodig. Uit deze studie bleek dat de retro-rectus dissectie 
alleen een belangrijke bijdrage levert aan de maximale medialisatie. Wanneer anterieure en 
posterieure component separatie worden vergeleken blijkt anterieure component separatie 
in marginaal meer medialisatie van de anterieure rectusschede te resulteren. De posterieure 
component separatie resulteert in aanzienlijk meer medialisatie van de posterieure 
rectusschede. 
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Hoofdstuk 5 betreft een anatomische studie waarin de potentiele medialisatie na 
gecombineerde anterieure en posterieure component separatie wordt onderzocht. Daarnaast 
wordt in deze studie de bijdrage van de verschillende chirurgische stappen op de totale 
medialisatie geëvalueerd. Gecombineerde component separatie resulteerde in een maximaal 
unilaterale medialisatie van 9,2 cm (mediaan) voor de voorste rectusschede en 14,2 cm 
(mediaan) voor de achterste rectusschede. Voor de anterieure rectusschede leverde posterieure 
component separatie na anterieure component separatie tot 16% additionele medialisatie op, 
anterieure component separatie gevolgd door posterieure component separatie resulteerde in 
maximaal 38% additionele medialisatie. De retro-rectus dissectie alleen droeg tot 41% bij aan 
de maximaal haalbare medialisatie. Gegeven deze resultaten leidt gecombineerde component 
separatie slechts tot marginaal meer medialisatie. Klinisch gebruik van deze techniek moet 
daarom zorgvuldig tegen de additionele risico's worden afgewogen.

Hoofdstuk 6 betreft een anatomisch onderzoek naar de elastische eigenschappen van de 
anterieure en posterior rectusschede. Uit deze studie blijkt dat de achterste rectusschede 
functioneel meer gerelateerd is aan de m. transversus abdominis dan aan de m. rectus 
abdominis. Dit gegeven in combinatie met de specifieke elasticiteit (stijfheid) van de 
posterieure rectusschede in laterale richting, suggereert dat de transversale buikspieren een 
belangrijke rol kunnen spelen bij de niet-invasieve behandeling van diastasis recti. 

Deel 3 van dit proefschrift richt zich op de behandeling en klinische besluitvorming bij 
patiënten met een ventrale buikwandbreuk.

Hoofdstuk 7 betreft een epidemiologische studie naar de verschillen tussen patiënten met 
een primair ventrale versus een littekenbreuk. Uitkomsten na herstel van een primair ventrale 
buikwanbreuk zijn doorgaans beter, echter is onduidelijk welke oorzaken hieraan ten grondslag 
liggen. De verschillen in uitkomsten bleken vrijwel volledig te verklaren door de verschillen 
in breedte distributie van een primair ventrale breuk ten opzichte van een littekenbreuk. 
Wanneer voor breedte werd gecorrigeerd waren de resultaten nagenoeg gelijk. Daardoor lijkt 
met name de omvang van de breukpoort en niet het etiologische type, een belangrijke factor 
die verschillen in uitkomst tussen primair ventrale- en littekenbreuken verklaart. 

Hoofdstuk 8 betreft een studie naar factoren die het risico op incarceratie al dan niet 
met strangulatie van een primair ventrale- dan wel een littekenbreuk kunnen verhogen. 
Incarceratie al dan niet met strangulatie van een buikwandbreuk leidt in de meeste gevallen 
tot een spoedoperatie en is geassocieerd met verhoogde mortaliteit en morbiditeit. Het is dus 
van belang te voorspellen welke patiënten mogelijk een verhoogd risico op deze complicatie 
hebben. Met name breuken met een breedte van 3-4 cm bleken geassocieerd met incarceratie. 
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Wat de primaire ventrale buikwandbreuk betreft waren voornamelijk breuken in de peri- 
en infra-umbilicale regio geassocieerd met incarceratie. Daarnaast waren leeftijd, BMI en 
obstipatie bij een primaire buikwandbreuk geassocieerd met incarceratie. Wat de cicatricale 
buikwandbreuk betreft waren leeftijd, BMI, het vrouwelijk geslacht, diabetes mellitus en ASA-
classificatie geassocieerd met incarceratie. Patiënten met een verhoogde kans op incarceratie 
kunnen baat hebben bij vroeg electief herstel van een buikwandbreuk. 

Hoofdstuk 9 betreft een onderzoek naar de functionele uitkomsten na het chirurgische 
herstel van een littekenbreuk. Het herstel van een buikwandbreuk bij een patiënt zonder 
functionele klachten wat betreft pijn of ongemak is controversieel, gezien het feit dat een 
operatie niet zonder risico is. Tegelijkertijd is het onduidelijk in hoeverre operatief herstel 
bij symptomatische patiënten alle klachten verhelpt. Uit deze studie bleek dat 20% van 
de patiënten geopereerd aan een asymptomatische breuk na de operatie toch klachten 
ontwikkelde (n=221). Bij patiënten geopereerd aan een symptomatische littekenbreuk was 
er bij 73% van de patiënten verbetering van deze klachten (n=1091). Operatief herstel van 
een littekenbreuk bij asymptomatische patiënten kan dus bij een aanzienlijk aantal patiënten 
klachten induceren. Het is belangrijk om rekening te houden met deze complicatie.  

Hoofdstuk 10 betreft een door propensity scoren gematchte studie naar de uitkomsten 
van chirurgisch herstel van een littekenbreuk in patiënten die minimaal twee maal eerder 
een recidief littekenbreuk hadden ontwikkeld. Patiënten met twee maal eerder een recidief 
littekenbreuk (n=73) werden vergeleken met controlepatiënten die een eerste hersteloperatie 
ondergingen, maar verder een vergelijkbaar risicoprofiel hadden (n=219). De recidief kans 
bleek niet significant verschillend bij deze twee groepen (≥ 2 recidieven: 25%, controle: 
24%, p = 0,811).  Ook de incidentie van complicaties en pijn was gelijk in beide groepen. De 
uitkomsten van operatief herstel van een littekenbreuk na twee of meer eerdere recidieven zijn 
vergelijkbaar met een eerste hersteloperatie bij patiënten met een vergelijkbaar risicoprofiel. 

Hoofdstuk 11 betreft een meta-analyse naar de resultaten van de retro-rectus (ook wel 
Rives-Stoppa) hersteloperatie voor ventrale buikwandbreuken. Op basis van deze resultaten 
blijkt de retro-rectus techniek geassocieerd met goede resultaten waarbij zowel het risico op 
een recidief als op complicaties laag wordt ingeschat. Daarnaast is de retro-rectus techniek 
superieur ten opzichte van de zogenaamde onlay techniek. De intra-peritoneale onlay techniek 
was geassocieerd met minder infectieuze complicaties, gezien deze techniek vaak minimaal 
invasief wordt uitgevoerd. Echter is deze techniek vaak geassocieerd met intra-abdominale 
adhesies, hetgeen deze techniek minder aantrekkelijk maakt. Minimaal invasieve retro-rectus 
techniek lijkt op basis van observationele data tot een verdere verbetering van de resultaten 
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te leiden en zou goed de volgende grote stap binnen de hernia chirurgie kunnen omvatten. 
Gezien deze resultaten zou een initiële open hernia herstel operatie volgens de retro-rectus 
techniek uitgevoerd moeten worden. Bij een recidief of anatomische redenen die de retro-
rectus techniek niet mogelijk maakt kan afgeweken worden van dit advies. 

Deel 4 van dit proefschrift richt zich op de preventie van een littekenbreuk na mediane 
laparotomie.

Hoofdstuk 12 betreft een gerandomiseerde studie naar de incidentie van infectieuze 
complicaties na profylactische plaatsing van een mat in de onlay of retro-rectus positie. Het 
plaatsen van een profylactische mat bleek niet geassocieerd met een verhoogde incidentie, 
ernst of noodzaak van invasieve behandeling van infectieuze complicaties. Indien bij patiënten 
met een profylactische mat in de onlay positie postoperatief een infectie optrad bleek het risico 
op een littekenbreuk wel verhoogd ten opzichte van patiënten bij wie een mat in de retro-
rectus positie was geplaatst. Patiënten met een a priori hoge kans op infectieuze complicaties 
hebben dus mogelijk baat bij plaatsing van de profylactische mat in de retro rectus positie. 
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