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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
An P Jairam*, Lucas Timmermans*, Hasan H Eker, Robert E G J M Pierik, David van Klaveren, Ewout W Steyerberg, Reinier Timman, 
Arie C van der Ham, Imro Dawson, Jan A Charbon, Christoph Schuhmacher, André Mihaljevic, Jakob R Izbicki, Panagiotis Fikatas, Philip Knebel, 
René H Fortelny, Gert-Jan Kleinrensink, Johan F Lange, Hans J Jeekel, for the PRIMA Trialist Group†

Summary
Background Incisional hernia is a frequent long-term complication after abdominal surgery, with a prevalence greater 
than 30% in high-risk groups. The aim of the PRIMA trial was to evaluate the effectiveness of mesh reinforcement in 
high-risk patients, to prevent incisional hernia.

Methods We did a multicentre, double-blind, randomised controlled trial at 11 hospitals in Austria, Germany, and 
the Netherlands. We included patients aged 18 years or older who were undergoing elective midline laparotomy and 
had either an abdominal aortic aneurysm or a body-mass index (BMI) of 27 kg/m² or higher. We randomly assigned 
participants using a computer-generated randomisation sequence to one of three treatment groups: primary suture; 
onlay mesh reinforcement; or sublay mesh reinforcement. The primary endpoint was incidence of incisional hernia 
during 2 years of follow-up, analysed by intention to treat. Adjusted odds ratios (ORs) were estimated by logistic 
regression. This trial is registered at ClinicalTrials.gov, number NCT00761475.

Findings Between March, 2009, and December, 2012, 498 patients were enrolled to the study, of whom 18 were 
excluded before randomisation. Therefore, we included 480 patients in the primary analysis: 107 were assigned 
primary suture only, 188 were allocated onlay mesh reinforcement, and 185 were assigned sublay mesh reinforcement. 
92 patients were identified with an incisional hernia, 33 (30%) who were allocated primary suture only, 25 (13%) who 
were assigned onlay mesh reinforcement, and 34 (18%) who were assigned sublay mesh reinforcement (onlay mesh 
reinforcement vs primary suture, OR 0·37, 95% CI 0·20–0·69; p=0·0016; sublay mesh reinforcement vs primary 
suture, 0·55, 0·30–1·00; p=0·05). Seromas were more frequent in patients allocated onlay mesh reinforcement 
(34 of 188) than in those assigned primary suture (five of 107; p=0·002) or sublay mesh reinforcement (13 of 185; 
p=0·002). The incidence of wound infection did not differ between treatment groups (14 of 107 primary suture; 
25 of 188 onlay mesh reinforcement; and 19 of 185 sublay mesh reinforcement).

Interpretation A significant reduction in incidence of incisional hernia was achieved with onlay mesh reinforcement 
compared with sublay mesh reinforcement and primary suture only. Onlay mesh reinforcement has the potential to 
become the standard treatment for high-risk patients undergoing midline laparotomy.

Funding Baxter; B Braun Surgical SA.

Introduction
Incisional hernia is one of the most frequent long-term 
complications after abdominal surgery, with an incidence 
of 5–20% in the general patient population. However, in 
high-risk patients, the incidence of incisional hernia can 
increase to more than 30%.1–3 Obese individuals (ie, those 
with a body-mass index [BMI] ≥30 kg/m²) and people with 
abdominal aortic aneurysm are especially high-risk groups. 
Patients with abdominal aortic aneurysm are at risk 
because of an underlying connective tissue disorder, caused 
partly by dysregulation of collagen type 1 and 3; this 
impairment probably has an important role in the 
pathogenesis of distension of the aorta and in formation of 
incisional hernia in patients after median laparotomy.4 

Individuals with obesity or a BMI equal to or higher than 

27 kg/m² have a more than 30% chance of developing 
incisional hernia after median laparotomy.5 This group of 
patients are believed to have a higher intra-abdominal 
pressure, which can cause higher tension on abdominal 
wall sutures. However, this pressure might not be the only 
contributing factor: obesity is also associated with wound-
healing complications due to decreased vascularity of 
adipose tissue, leading to local hypoxia. In hypoxic wounds, 
the synthesis of mature collagen is impaired, resulting in 
weaker tissue and a deficiency in the overall healing 
process. In wound healing, other known risk factors play 
an important part—eg, malignant disease, parastomal 
hernia, wound infection, and smoking.6–10

Incisional hernia can cause morbidity (eg, pain) and 
can have a negative effect on patients’ quality of life and 
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body image.11–13 Furthermore, there is a risk of obstruction 
and strangulation of the bowel with perforation and 
possible mortality as a result. For these reasons, repair of 
incisional hernia is a surgical procedure that is done 
frequently. However, even though repair with mesh 
reinforcement has lower risk of recurrence compared 
with primary suture, the cumulative 10-year incidence is 
32%, which is still too high.14,15 Use of laparoscopic 
techniques has not yielded better results with respect to 
recurrence of incisional hernia.16–18 Incisional hernia not 
only has a large effect in medicine but also has a great 
socioeconomic effect. Therefore, prevention of incisional 
hernia is of paramount importance: it will lead to 
reduction of disease and is, thus, cost-effective.

Many studies have evaluated different types of incision, 
suture materials, and closure techniques to reduce the 
incidence of incisional hernia.19–21 Horizontal incisions 
and laparoscopy, or endovascular aneurysm repair 
(EVAR), in patients with abdominal aortic aneurysm are 
well-known surgical techniques that minimise the risk of 
incisional hernia. In each patient undergoing surgery, 
the best available technique should be considered. 
However, for several individuals, conventional laparo-
tomy is unavoidable. Until now, no adequate method or 
gold standard to prevent incisional hernia has been 
reported for people undergoing midline laparotomy. 
Patients at particular high risk of incisional hernia, 
including those with abdominal aortic aneurysm and 
high BMI, might benefit most from prevention.22–25 
In 1995, Pans and colleagues26 did a prospective study to 

compare patients undergoing surgery for morbid obesity 
with or without intraperitoneal polyglactin mesh. No 
difference in incidence of incisional hernia was noted 
between the two groups.26 Several randomised and non-
randomised prospective studies have been done to 
investigate how incisional hernia can be prevented. 
Currently, no level 1 evidence is available. The quality of 
published randomised studies is low and there is no 
consensus about the mesh position in the abdominal 
wall that should be used.27,28

We initiated the PRIMA trial (PRImary Mesh closure 
of Abdominal midline wounds) in 2009 with the aim to 
investigate prophylactic mesh reinforcement in high-risk 
groups (ie, patients with abdominal aortic aneurysm or a 
BMI ≥27 kg/m²).29,30 We also aimed to assess which mesh 
position in the abdominal wall should be used to prevent 
incisional hernia. The primary aim of the PRIMA trial 
was to study the effectiveness of prophylactic mesh 
reinforcement to prevent incisional hernia.

Methods
Study design and patients
The PRIMA trial is an international, multicentre, double-
blind, randomised controlled trial. The study methods 
and initial (short-term) results of the PRIMA trial have 
been described previously,29 and the trial protocol has been 
published elsewhere.30 The medical ethics committee of 
the Erasmus University Medical Centre in Rotterdam 
approved the trial; we also obtained approval from the 
local ethics committees of the participating hospitals.

Research in context

Evidence before this study
The European Hernia Society has developed guidelines on 
closure of abdominal wall incisions. Although prophylactic 
mesh reinforcement is suggested for an elective midline 
laparotomy in high-risk patients (ie, those with an aneurysm of 
the abdominal aorta or who are obese [body-mass index 
≥30 kg/m²), to reduce incisional hernias, evidence for this 
approach is weak. The Guidelines Development Group has 
suggested larger trials are needed to make a strong 
recommendation for this strategy. However, it is unclear which 
mesh position (onlay or sublay) leads to a lower occurrence of 
incisional hernias. We did a systematic literature search up to 
July, 2016, with the keywords “incisional hernia”, “prophylactic”, 
“prevention”, “onlay”, “sublay”, and “mesh”. We did not restrict 
our search by language. Three researchers reviewed all records 
independently. We included prospective randomised controlled 
trials that enrolled patients aged 18 years or older undergoing 
midline laparotomy for all indications, with any type of mesh 
and mesh position. We evaluated 12 randomised controlled 
trials, with high heterogeneity among studies. Incisional hernia 
arose less frequently when a prophylactic mesh was placed 
during midline laparotomy. Occurrence of seromas was highest 
in patients who underwent mesh reinforcement. Individuals in 

whom a mesh was placed during laparotomy seemed to have a 
higher risk of developing a surgical-site infection compared 
with those without a mesh.

Added value of this study
Compared with previous studies, the PRIMA randomised 
controlled trial had three arms to compare onlay mesh 
reinforcement, sublay mesh reinforcement, and primary suture. 
Onlay mesh reinforcement had a stronger and more significant 
effect on prevention of incisional hernia than did sublay mesh 
reinforcement. Moreover, the frequency of surgical-site 
infections was not increased with onlay mesh reinforcement.

Implications of all the available evidence
The PRIMA trial provides strong evidence in favour of onlay 
mesh reinforcement for prevention of incisional hernia in 
high-risk patients undergoing midline laparotomy. This finding 
is important because onlay placement of a mesh is an easier 
surgical technique than is sublay mesh reinforcement. 
Therefore, this approach could be adapted readily, not only by 
surgeons but also by urologists and gynaecologists, who also 
perform midline laparotomies. Closure of laparotomy with 
onlay mesh reinforcement has the potential to become the 
standard treatment in high-risk groups.
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We selected patients from 11 hospitals in Austria, 
Germany, and the Netherlands. We included adults aged 
18 years or older who underwent elective midline 
laparotomy and had either an abdominal aortic aneurysm 
or a BMI equal to or higher than 27 kg/m². We excluded 
individuals who underwent an emergency procedure, 
had incisional hernia in the medical history, were 
included in other trials, or had a life expectancy less than 
24 months. Furthermore, we excluded pregnant women, 
those who received immune suppression therapy within 
2 weeks before surgery, and people with bovine allergy. 
All participants gave written informed consent.

Initially, we included patients with a BMI of 30 kg/m² 
or greater. However, 9 months after the start of the study, 
Seiler and colleagues5 on the INSECT trial showed that 
patients with a BMI of 27 kg/m² or greater have a 
20% chance of developing an incisional hernia within 
1 year after the initial operation. Therefore, we reduced 
the BMI threshold of 30 kg/m² to 27 kg/m². The medical 
ethics committee of the Erasmus University Medical 
Centre approved this amendment.

Randomisation and masking
After obtaining informed consent we registered patients 
via the trial’s online process system, in which data were 
stored securely, and every patient received a unique trial 
code. We randomly allocated participants at the end of 
the elective midline laparotomy procedure, before closing 
the abdomen, securing optimum allocation concealment. 
We used a computer-generated randomisation sequence 
to allocate patients to one of three groups: closure of the 
abdomen with primary sutures; closure with onlay mesh 
reinforcement; or closure with sublay mesh reinforce-
ment. We stratified randomisation by centre and 
operation indication.

Trial researchers who followed up participants were 
unaware of the procedure until the endpoint of the trial. 
To avoid bias, the surgeons who did the laparotomy and 
closure did not follow-up patients. The safety monitoring 
board had access to all data.

Procedures
The trial researcher attended the first operation of each 
surgeon, urologist, or gynaecologist to give instructions 
if needed. The operating (vascular or gastrointestinal) 
surgeon, urologist, or gynaecologist closed the abdomen, 
not a specialised abdominal wall surgeon. We assessed 
whether a learning curve occurred by comparing early 
versus later procedures per surgeon.

For the primary suture procedure, the midline fascia 
was closed with running, slowly absorbable sutures 
(MonoPlus, suture size USP 1, needle HRT 48, 150 cm 
loop; B Braun Surgical SA, Rubi, Spain), preferably with 
a loop technique. We advised a suture length-to-wound 
length ratio of 4:1 in all centres, which we did not 
measure. Subcutaneous tissue and skin were closed with 
sutures preferred by the surgeon.

For onlay mesh reinforcement, the midline fascia was 
closed with running, slowly absorbable sutures 
(MonoPlus), with a recommended suture length-to-
wound length ratio of 4:1. An anterior plane with a width 
of about 8 cm was created between the anterior rectus 
fascia and the subcutis. A lightweight polypropylene 
mesh (Optilene mesh LP, 6 × 35 cm; B Braun Surgical 
SA) was used and placed on the anterior rectus fascia 
with an overlap of 3 cm. The mesh size was made 
particularly for the PRIMA trial by cutting an Optilene 
mesh LP to size. In case of an incision longer than 35 cm, 
two meshes were tied to each other to obtain an overlap 
of 3 cm. After the mesh was fitted in the dissected space 
it was fixed with 4·0 mL of fibrin sealant (Tisseel; Baxter 
Healthcare, Deerfield, IL, USA), which was done by 
glueing the edges and the centre of the mesh to the tissue 
and fixing it with the back of a pair of forceps on the 
entire surface. The subcutaneous tissue and skin were 
closed with sutures preferred by the surgeon.

For sublay mesh reinforcement, a posterior plane was 
created between both the posterior rectus sheath and the 
rectus muscle, and caudally to the arcuate line between 
the peritoneum and rectus muscle. The posterior plane 
(fascia and peritoneum) was closed with running, slowly 
absorbable sutures (MonoPlus), with a recommended 
suture length-to-wound length ratio of 4:1. A lightweight 
polypropylene mesh (Optilene) was used and placed on 
the posterior rectus fascia, with an overlap of 3 cm. Mesh 
adjustments were made as described for onlay placement, 
and the mesh was fixed as described for onlay mesh 
reinforcement. The subcutaneous tissue and skin were 
closed with sutures preferred by the surgeon.

Outcomes
The primary endpoint of the PRIMA study was the 
presence of incisional hernia during 2 years of follow-up. 
We defined incisional hernia as any abdominal wall gap 
with or without bulge in the area of a postoperative scar 
perceptible or palpable by clinical examination or 
imaging, as determined by the European Hernia Society.28 

We measured this outcome variable by inviting patients 
for follow-up at the outpatient clinic of the 11 hospitals 
1 year and 2 years after the operation. During the visit at 
the outpatient clinic, we undertook a physical exam in-
ation of the abdomen. Furthermore, a radiological 
examination (ultrasound or CT) was done by an 
independent radiologist, 6 months and 2 years after 
surgery; the radiologist was not aware of the specific 
closure procedure. If disagreement was noted between 
the observations of the doctor who did the clinical 
examination and the radiologist who undertook the 
radiological examination, we deemed the outcome of 
the radiological examination decisive.

Secondary endpoints were postoperative complications 
(assessed clinically), quality of life (self-reported), and 
postoperative pain (self-reported). Short-term post oper-
ative complications (up to 1 month) have been described 
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elsewhere.29 Here, we report long-term postoperative 
complications (up to 2 years). The surgeon and trial 
researcher gathered data for postoperative compli cations—
ie, intensive-care admission, ventilation, blood transfusion, 
admission days, surgical-site infection, seroma, 
haematoma, fascial dehiscence, mesh removal, ileus, re-
interventions, re-admissions, and death. We obtained data 
for short-term and long-term outcomes at outpatient clinic 
visits at 1 month, 1 year, and 2 years after surgery. We 
defined surgical-site infection according to guidelines 
proposed by Mangram.31 The trial researcher and surgeon 
also obtained preoperative data for sex, age, height, weight, 
BMI, current smoking status, diabetes mellitus, chronic 
obstructive pulmonary disease (COPD), American Society 
of Anaesthesiologists (ASA) score, previous midline 
incision, and other hernia; and intraoperative data for type 
of operation, use of antibiotics, length of incision, subcutis 
suture, wound drain, operation time, blood loss, intestinal 
lesion, bleeding, and whether mesh placement was not 
possible. Intraoperative outcomes have been reported 
elsewhere.29 We sent questionnaires to patients at fixed 
timepoints (pre operatively, 1 month after surgery, and at 
3 months, 6 months, 1 year, and 2 years after surgery) to 
gather data for quality of life (measured with the 36-item 
short form health survey [SF-36] and EuroQol 
five dimensions [EQ-5D]) and postoperative pain 
(measured on a visual analogue scale). 

Statistical analysis
We made three comparisons, leading to a pairwise 
comparison at an alpha of 0·017 (0·05/3) according to 
Bonferroni’s correction for multiple testing. We based the 
sample size calculation on the results of the INSECT trial,5 
which suggested that patients with a BMI of 27 kg/m² or 
higher have a 20% risk of developing incisional hernia 
within the first year after initial surgery. After taking into 
account that only 50% of patients with incisional hernia 
will be detectable in the first year after surgery, the total 
risk will be more than 30% after 2 years. Patients with 
abdominal aortic aneurysm were included also, since they 
have a high risk of developing incisional hernia.

We assumed the risk of incisional hernia after 2 years 
was 30% for primary suture and 10% for both onlay and 
sublay mesh reinforcement. Primary suture versus onlay 
or sublay mesh reinforcement was a superiority 
comparison with a power of 90%, whereas onlay versus 
sublay mesh reinforcement was an equivalence 
comparison with a power of 80%. We accounted for 
10% dropouts. In total, we needed 100 patients in the 
primary suture group and 180 patients each in the 
primary mesh reinforcement groups; thus, 460 patients 
were needed to detect a significant difference in incidence 
of incisional hernia. However, during the trial, more 
dropouts occurred than initially expected and, therefore, 
we aimed to recruit an additional 20 patients.

For the comparison of both experimental groups (onlay 
and sublay mesh reinforcement) with the control group 

(primary suture), we analysed incisional hernia as a 
binary outcome. We used mixed-effects logistic 
regression with two group levels to account for clustering 
of patients in hospitals and according to operation type. 
We did not apply a time-to-event analysis as stated in the 
protocol, since patients were seen at the outpatient clinic 
at specific timepoints (1 year and 2 years after surgery) 
and, therefore, the exact time to event (incisional hernia) 
was unclear. However, as a sensitivity analysis, we 
checked if a mixed-effects Cox regression analysis led to 
different results. We adjusted outcomes for the following 
covariates: age, sex, smoking, BMI, abdominal aortic 
aneurysm, COPD, cardiovascular diseases, ASA 
classification, and steroids. We analysed data according 
to the intention-to-treat principle. In addition to 
intention-to-treat analyses, we also did a per-protocol 
analysis of the primary outcome for the comparison of 
onlay versus sublay mesh reinforcement.30 We assessed 
quality of life and pain by the intention-to-treat principle.

For the comparison of the two experimental groups 
(onlay and sublay mesh reinforcement), we calculated a 
two-sided 98·3% CI for the difference in the probability 
of incisional hernia. Thus, we used an equivalence test 
for the comparison of onlay versus sublay mesh 
reinforcement instead of a non-inferiority test of onlay 
versus sublay mesh reinforcement (which was incorrectly 
suggested in the protocol), since we postulated that both 
techniques would have a similar risk of incisional hernia. 
We defined equivalence between the two experimental 
groups as the absolute difference in the probability of 
incisional hernia being below an equivalence margin of 
10%. A rejection of the null hypothesis of non-
equivalence—ie, the 98·3% CI of the absolute difference 
in the probability of incisional hernia is fully between 
–10% and 10%, is evidence in favour of equivalence. If 
the evidence in favour of equivalence is not strong 
enough, non-equivalence cannot be ruled out.

We did not account for dropouts in our analyses: we 
calculated numbers and percentages for all included 
patients (in that specific treatment group). Therefore, we 
assessed not only the baseline characteristics of all 
participants but also those of remaining participants, 
since differential loss to follow-up could bias comparisons 
between treatment groups.32 To analyse the effect of 
potential differences in baseline characteristics on the 
comparisons between treatment groups, we repeated the 
mixed-effect regression analysis with adjustment for 
baseline characteristics.

We analysed quality of life with multilevel regression 
models. We judged incisional hernia a time-varying 
covariate, indicating whether the incisional hernia had 
taken place in the period preceding follow-up. We 
determined the covariance structures with the deviance 
test on the restricted maximum likelihood function. For 
the difference in quality-of-life measurements between 
treatment groups, we entered dummy variables 
indicating onlay or sublay mesh reinforcement as 
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covariates, with primary suture as the reference group. 
We estimated contrasts at 24 months. We analysed 
postoperative pain with linear logistic regression. We 
used mixed modelling for the quality-of-life analysis to 
handle data efficiently with missing and unbalanced 
timepoints.33

We did the statistical analysis with IBM SPSS 
version 20.0 and R version 3.1.0.

This trial is registered at ClinicalTrials.gov, number 
NCT00761475.

Role of the funding source
The funders had no role in study design, data collection, 
data analysis, data interpretation, or writing of the report. 
The corresponding author had full access to all the data 
in the study and had final responsibility for the decision 
to submit for publication.

Results
Between March, 2009, and December, 2012, 498 patients 
were enrolled to the study (figure). 18 individuals were 
excluded because they either withdrew informed consent 
(n=3), did not have midline incision (n=8), had already 
presented with incisional hernia (n=3), or for other 
reasons (n=4). Of the 480 included patients, 150 (31%) 
patients had an abdominal aortic aneurysm and 
330 (69%) individuals had a BMI of 27 kg/m² or greater. 
At randomisation, 107 patients were assigned closure by 
primary suture, 188 were allocated closure by onlay mesh 
reinforcement, and 185 were assigned closure by sublay 
mesh reinforcement. Primary mesh reinforcement was 
not done in 18 (10%) patients assigned onlay mesh 
reinforcement and in 27 (15%) allocated sublay mesh 
reinforcement (figure). Baseline characteristics were 
similar between groups (table 1).

Median follow-up was 23 months (IQR 12–25), and 
376 (78%) of 480 patients completed follow-up. 104 patients 
were lost to follow-up during the study, 21 who were 
assigned closure by primary suture, 45 allocated onlay 
mesh reinforcement, and 38 assigned sublay mesh 
reinforcement. The main reasons for loss to follow-up 
were death and patient’s decision to withdraw from the 
study. Baseline characteristics of remaining participants 
are shown in the appendix. 

Besides the physical examinations at 1 year and 2 years, 
283 (59%) of 480 patients also underwent radiological 
examinations at 6 months and 2 years, 60 in the primary 
suture group, 115 in the onlay mesh reinforcement group, 
and 108 in the sublay mesh reinforcement group. Of the 
376 patients who completed follow-up, 265 (70%) 
underwent radiological examination, 58 in the primary 
suture group, 105 in the onlay mesh reinforcement group, 
and 102 in the sublay mesh reinforcement group.

92 (19%) of 480 patients developed incisional hernia 
during the 2 years of follow-up, 33 (31%) of 107 in the 
primary suture group, 25 (13%) of 188 in the onlay mesh 
reinforcement group, and 34 (18%) of 185 in the sublay 

mesh reinforcement group. The incidence of incisional 
hernia differed significantly between onlay mesh 
reinforcement and primary suture (OR 0·37, 95% CI 
0·20–0·69; p=0·0016), but did not differ for the 

Figure: Trial profile
AAA=abdominal aortic aneurysm. BMI=body-mass index. *Surgeon’s decision (n=1), laparoscopy done rather than 
laparotomy (n=1), and no operation done (n=2).

498 patients enrolled

480 randomised
 150 AAA
 330 BMI ≥27 kg/m2

107 primary suture
 37 AAA
 70 BMI ≥27 kg/m2

18 excluded
 8 no midline incision
 3 withdrew informed consent
 3 already incisional hernia present
 4 other*

188 onlay mesh reinforcement
 (18 no mesh) 
 61 AAA
 127 BMI ≥27 kg/m2

185 sublay mesh reinforcement
 (27 no mesh)
 52 AAA
 133 BMI ≥27 kg/m2

Total (n=480) Primary suture 
(n=107)

Onlay mesh 
reinforcement 
(n=188)

Sublay mesh 
reinforcement 
(n=185)

Men 292 (61%) 68 (64%) 116 (62%) 108 (58%)

Women 188 (39%) 39 (36%) 72 (38%) 77 (42%)

Age (years) 64·5 (11·2) 65·2 (10·5) 64·2 (12·3) 64·4 (10·4)

BMI (kg/m²) 30·6 (5·3) 29·8 (4·4) 30·8 (5·9) 30·8 (5·2)

Smoking 102 (21%) 17 (16%) 41 (22%) 44 (24%)

Diabetes mellitus 94 (20%) 19 (18%) 36 (19%) 39 (21%)

COPD 52 (11%) 9 (8%) 24 (13%) 19 (10%)

ASA

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 21 (4%) 3 (3%) 10 (5%) 8 (4%)

Other hernia 50 (10%) 13 (12%) 19 (10%) 18 (10%)

Type of operation

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%)

Hepatobiliary and pancreatic 21 (4%) 3 (3%) 8 (4%) 10 (5%)

Gynaecological 66 (14%) 15 (14%) 24 (13%) 27 (15%)

Urological 7 (1%) 3 (3%) 3 (2%) 1 (<1%)

Data are number of patients (%) or mean (SD). BMI=body-mass index. COPD=chronic obstructive pulmonary disease. 
ASA=American Society of Anesthesiologists. 

Table 1: Baseline characteristics

See Online for appendix 
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comparisons of sublay mesh reinforcement versus 
primary suture (0·55, 0·30–1·00; p=0·05) or onlay 
versus sublay mesh reinforcement (1·39, 0·73–2·65; 
p=0·31; table 2). The 98·3% CI for the difference in 
probability of incisional hernia between sublay and 
onlay mesh reinforcement was –6·8 to 15·2. This 
confidence interval included the equivalence margin of 
10%; therefore, non-equivalence of the experimental 
treatments cannot be ruled out. The sensitivity analysis 
using mixed-effects Cox regression led to very similar 
results, and adjustment for covariates did not had any 
effect on these findings either.

Among the subgroup of 150 patients with abdominal 
aortic aneurysm, incisional hernia occurred in 36 (24%), 
16 who were assigned closure by primary suture, 
ten allocated onlay mesh reinforcement, and ten 
assigned sublay mesh reinforcement. Among the 
subgroup of 330 patients with a BMI of 27 kg/m² or 
higher, incisional hernia occurred in 54 (16%), 16 who 
were allocated closure by primary suture, 15 assigned 
onlay mesh reinforcement, and 23 allocated sublay 
mesh reinfor ce ment. Subgroup analysis showed that 
treatment effects were consistent in both subgroups 
(table 2).

Primary suture (n=107) Onlay mesh reinforcement (n=188) Sublay mesh reinforcement (n=185)

Baseline 24 months Baseline 24 months p value* Baseline 24 months p value†

SF-36 domain

Pain 69·03 (3·12) 80·38 (3·43) 69·16 (2·31) 78·90 (2·60) 0·73 68·95 (2·18) 78·90 (2·53) 0·73

Physical functioning 69·55 (3·25) 66·61 (3·63) 60·74 (2·43) 64·00 (2·69) 0·56 60·40 (2·29) 64·78 (2·65) 0·68

Physical health 52·42 (5·19) 65·79 (5·75) 47·66 (3·82) 65·13 (4·36) 0·93 36·31 (3·60) 61·81 (4·29) 0·58

Emotional problems 74·36 (4·84) 83·92 (5·36) 72·82 (3·59) 77·34 (4·11) 0·33 63·30 (3·39) 69·97 (4·00) 0·04

Energy or fatigue 62·30 (2·64) 61·10 (2·90) 58·20 (1·98) 62·60 (2·20) 0·68 51·70 (1·86) 60·40 (2·14) 0·85

Emotional wellbeing 74·90 (2·16) 79·60 (2·34) 74·00 (1·63) 76·30 (1·79) 0·26 69·00 (1·53) 74·80 (1·74) 0·10

Social functioning 79·00 (3·02) 82·10 (3·40) 70·70 (2·28) 79·20 (2·54) 0·50 65·30 (2·13) 78·40 (2·49) 0·38

General health 62·90 (2·40) 58·10 (2·61) 57·60 (1·81) 57·50 (1·99) 0·84 57·50 (1·71) 57·20 (1·94) 0·77

Mental component 49·20 (1·32) 52·20 (1·42) 48·80 (0·97) 50·20 (1·09) 0·27 45·10 (0·91) 48·90 (1·08) 0·06

Physical component 43·80 (1·31) 44·90 (1·42) 42·00 (0·97) 45·40 (1·08) 0·76 41·70 (0·91) 45·10 (1·07) 0·90

EQ-5D 0·81 (0·02) 0·93 (0·02) 0·82 (0·019) 0·90 (0·01) 0·33 0·77 (0·02) 0·91 (0·02) 0·63

Postoperative pain‡ 1·12 (0·25) 1·27 (0·31) 1·16 (0·19) 0·71 (0·25) 0·17 1·04 (0·20) 1·06 (0·26) 0·61

Data are mean (SE). SF-36 scores range from 0 to 100. EQ-5D scores range from –0·329 to 1·000. EQ-5D=EuroQol five dimensions. SF-36=36-item short form health survey. 
*Difference at 24 months between primary suture and onlay mesh reinforcement. †Difference at 24 months between primary suture and sublay mesh reinforcement. 
‡Measured on a visual analogue scale (range 0–10). 

Table 3: Quality-of-life scores

Incidence (%) Odds ratio (95% CI) p value

All patients with follow-up to 2 years (n=480)

Primary mesh reinforcement vs primary suture* 59/373 (16%) vs 33/107 (30%) 0·45 (0·27–0·77) 0·003

Onlay mesh reinforcement vs primary suture* 25/188 (13%) vs 33/107 (30%) 0·37 (0·20–0·69) 0·0016

Sublay mesh reinforcement vs primary suture* 34/185(18%) vs 33/107 (30%) 0·55 (0·30–1·00) 0·05

Onlay mesh reinforcement vs sublay mesh reinforcement† 25/188 (13%) vs 34/185 (18%) 1·39 (0·73–2·65) 0·31

Abdominal aortic aneurysm (n=150)

Primary mesh reinforcement vs primary suture* 20/113 (17%) vs 16/37 (43%) 0·29 (0·12–0·67) 0·004

Onlay mesh reinforcement vs primary suture* 10/61 (16%) vs 16/37 (43%) 0·27 (0·10–0·71) 0·008

Sublay mesh reinforcement vs primary suture* 10/52 (19%) vs 16/37 (43%) 0·36 (0·13–0·93) 0·03

Onlay mesh reinforcement vs sublay mesh reinforcement† 10/61 (16%) vs 10/52 (19%) 1·04 (0·32–3·39) 0·95

BMI ≥27 kg/m² (n=330)

Primary mesh reinforcement vs primary suture* 38/260 (15%) vs 16/70 (23%) 0·58 (0·29–1·19) 0·14

Onlay mesh reinforcement vs primary suture* 15/127 (12%) vs 16/70 (23%) 0·47 (0·21–1·06) 0·07

Sublay mesh reinforcement vs primary suture* 23/133 (17%) vs 16/70 (23%) 0·72 (0·32–1·60) 0·42

Onlay mesh reinforcement vs sublay mesh reinforcement† 15/127 (12%) vs 23/133 (17%) 1·62 (0·73–3·63) 0·24

Primary mesh reinforcement comprises both onlay and sublay mesh reinforcement. *Intention-to-treat analysis. †Per-protocol analysis.

Table 2: Incidence of incisional hernia in all patients with 2-year follow-up and by subgroups
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Almost a quarter of patients had a postoperative 
complication after 2 years of follow-up. Seromas were seen 
most frequently in individuals assigned onlay mesh 
reinforcement at 1-month follow-up; however, this 
outcome had no further adverse outcomes for the patient—
ie, the frequency of surgical-site infections, re-interventions, 
or re-admissions with onlay mesh reinforcement was not 
different when compared with primary suture or sublay 
mesh reinforcement. With respect to long-term 
complications at 2-year follow-up, there were three 
pulmonary infections (two with onlay mesh reinforcement, 
one with sublay mesh reinforcement), one urinary 
infection (with primary suture), one seroma (with sublay 
mesh reinforcement), one deep surgical-site infection with 
an abscess (with primary suture), seven re-interventions 
(four with onlay mesh reinforcement, three with sublay 
mesh reinforcement), and six re-admissions (two with 
primary suture, one with onlay mesh reinforcement, 
three with sublay mesh reinforcement). The risk of 
re-intervention (p=0·343) and re-admission (p=0·508) did 
not differ between groups. None of the re-interventions or 
re-admissions was related to the mesh used or the fibrin 
sealant. 

73 (15%) of 480 patients died, 15 (14%) of 107 assigned 
primary suture, 34 (18%) of 188 allocated onlay mesh 
reinforcement, and 24 (13%) of 185 assigned sublay mesh 
reinforcement. The most common cause of death was 
malignant disease or tumour progression. None of the 
deaths was related to development of an (incarcerated) 
incisional hernia, the mesh used, or the fibrin sealant.

At baseline, 245 (51%) of 480 patients completed SF-36 
and 342 (71%) of 480 submitted the EQ-5D questionnaire. 
After 2 years of follow-up, 188 and 333 patients, 
respectively, completed these questionnaires. No 
differences were recorded between the three treatment 
groups in SF-36 domains or the mental component 
summary score and physical component summary score 
(table 3). Moreover, no differences were noted between 
treatment groups with respect to EQ-5D scores and 
postoperative pain (measured with the visual analogue 
scale). Further analysis of the quality-of-life measures for 
patients with and without an incisional hernia showed 
no differences in scores on the SF-36 or EQ-5D 
questionnaires (table 4). However, patients with an 
incisional hernia had a higher score on the visual 
analogue scale for postoperative pain (mean estimate 
1·94 [SE 0·39]) compared with patients who did not 
develop an incisional hernia (0·96 [0·15]; p=0·01).

Discussion
The findings of the PRIMA trial show that onlay mesh 
reinforcement significantly reduced the incidence of 
incisional hernia after midline laparotomy in patients at 
high risk for incisional hernia (ie, those with abdominal 
aortic aneurysm or a BMI ≥27 kg/m²). Sublay mesh 
reinforcement did not have a significant effect on the 
incidence of incisional hernia compared with primary 

suture. Although the absolute difference in incidence of 
incisional hernia between onlay and sublay mesh 
reinforcement was less than the equivalence margin of 
10%, the 98·3% CI for the difference did not provide 
strong evidence in favour of equivalence.

Postoperative complications were analysed after 
1 month (short-term)29 and after 2 years. With respect to 
the short-term complications, only seromas were more 
frequently seen in patients allocated onlay mesh 
reinforcement, compared with those assigned primary 
suture and sublay mesh reinforcement. However, this 
increased incidence did not have any adverse outcomes 
for the patient, because the frequency of surgical-
site infections, mesh infections, re-interventions, or 
re-admissions did not differ between treatment groups. 
No other differences in short-term postoperative compli-
cations were seen between the groups and no further 
postoperative complications were recorded after 
follow-up of 2 years. Furthermore, 15% of the included 
population died. Most deaths were due to malignant 
disease and no death was associated with either the fibrin 
sealant or the mesh used. Therefore, use of primary 
mesh reinforcement to reduce the incidence of incisional 
hernia is a safe procedure.

Incisional hernia is one of the most common 
complications after abdominal wall surgery. In high-risk 
groups, the frequency of incisional hernia is 30–40%. 
Incisional hernia can create a social burden for the 
patient and a financial burden for public health. 
Furthermore, it can lead to worse quality of life. In the 
PRIMA trial, we noted that patients with incisional 
hernia had a higher pain score compared with those 
without an incisional hernia. Thus, prevention is of 
paramount importance. Until now, several trials have 

No incisional 
hernia 
(n=388)

Incisional 
hernia 
(n=92)

p value

SF-36 domain

Pain 79·49 (1·68) 77·79 (3·15) 0·60

Physical functioning 65·89 (1·72) 58·98 (3·14) 0·03

Physical health 64·84 (2·85) 58·34 (5·57) 0·26

Emotional problems 75·93 (2·67) 75·35 (5·25) 0·92

Energy or fatigue 61·97 (1·42) 58·17 (2·57) 0·14

Emotional wellbeing 76·24 (1·15) 77·08 (2·03) 0·67

Social functioning 79·70 (1·67) 78·23 (3·18) 0·65

General health 57·54 (1·27) 57·07 (2·23) 0·83

Mental component score 49·96 (0·71) 51·04 (1·34) 0·42

Physical component score 45·44 (0·70) 43·47 (1·35) 0·14

EQ-5D 0·91 (0·01) 0·91 (0·02) ··

Postoperative pain* 0·96 (0·15) 1·94 (0·39) 0·01

Data are mean (SE). SF-36 scores range from 0 to 100. EQ-5D scores range from 
–0·329 to 1·000. EQ-5D=EuroQol five dimensions. SF-36=36-item short form 
health survey. *Measured on a visual analogue scale (range 0–10).

Table 4: Quality-of-life scores for patients with and without incisional 
hernia
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been done to investigate whether primary mesh 
reinforcement can reduce the incidence of incisional 
hernia. Most study findings showed that use of 
prophylactic mesh in patients with abdominal aortic 
aneurysm reduced the risk of incisional hernia to almost 
zero. For example, in a study by Muysoms and colleagues 
(PRIMAAT trial),34 in which patients with abdominal 
aortic aneurysm were included, the cumulative incidence 
of incisional hernia was 28% in the non-mesh group 
compared with 0% in the mesh group, after follow-up of 
2 years. Our data also provide strong evidence that use of 
prophylactic mesh in patients with abdominal aortic 
aneurysm—and in those with a high BMI (≥27 kg/m²)—
significantly reduces the incidence of incisional hernia 
(30% incidence with primary suture vs 13% with onlay 
mesh reinforcement and 18% with sublay mesh 
reinforcement).

The reasons for the discrepancy in incidence between 
our study and other studies, including the PRIMAAT 
trial, could be explained by several factors. First, 
radiological examination was done in 59% of patients in 
our study, which is a more accurate procedure to diagnose 
hernia. In most other studies, radiological examination 
was not done,1,34,35 and incisional hernia was diagnosed 
clinically in the PRIMAAT trial.34

Second, follow-up of patients in our trial was for 
2 years, whereas follow-up in other studies1,36,37 was 
usually shorter. A higher incidence of incisional hernia is 
typically seen with a longer duration of follow-up.2,35 In a 
study by Fink and colleagues,2 the incidence of incisional 
hernia was 12·6% in the first year, which increased 
significantly to 22·4% at 3 years after midline laparotomy, 
representing a relative increase of 60%. Thus, length of 
follow-up seems to affect the incidence of incisional 
hernia after midline laparotomy.

Third, different clinician specialties played a part in our 
study, not solely an abdominal closing team, as was the 
case in the PRIMAAT trial.34 In the PRIMA trial, we 
included not only surgical patients but also those from 
the departments of urology and gynaecology. Thus, 
general surgeons and those from these different 
specialties operated on patients. This difference is 
exceptional because—as far as we know—no other study 
has included this variety of surgical specialties, patients, 
and surgical indications. Even though several specialists 
participated in the PRIMA trial, it is unlikely that this 
variety might have affected the results, considering the 
few gynaecological and urological patients.

Finally, we included different groups of high-risk 
patients in our trial, not only those with abdominal aortic 
aneurysm but also individuals with a BMI of 27 kg/m² or 
higher. Published work is contradictory with respect to 
primary mesh reinforcement in obese patients. For 
example, findings of a randomised controlled trial in 
obese individuals (BMI ≥40 kg/m²) did not show 
significant results;35 however, this trial used an absorbable 
mesh. Findings of several other trials of a non-absorbable 

mesh did show a significant effect of prophylactic mesh 
placement in patients with morbid obesity (BMI 
≥45 kg/m²).23,24 In another trial,25 a non-crosslinked 
biological mesh was placed in patients with a BMI greater 
than 40 kg/m² (or BMI >35 kg/m² with weight-related 
comorbidity), which did not reduce the incidence of 
incisional hernia substantially.

Participation of surgeons from different specialties 
might have led to a learning curve in our trial, but this 
possibility is also a strong advantage of the PRIMA trial: 
the results of our study are applicable to every patient 
undergoing midline laparotomy, operated on by different 
types of specialists. It is remarkable that placement of a 
mesh in an onlay position led to our significant results, 
because the sublay technique has always been assumed 
superior.38 Placement of a mesh in an onlay position is a 
less complex surgical technique, which might have 
contributed to our results. The participation of different 
specialties might also have been a contributing factor to 
our findings: urologists and gynaecologists were not 
familiar with both onlay and sublay mesh reinforcement. 
However, sublay mesh reinforcement in particular is a 
complex technique. This factor makes onlay placement 
of a mesh with glue even more interesting, particularly 
because the onlay position did not lead to complications 
that had any adverse outcomes for patients.

In the PRIMA trial, we included patients not only with 
abdominal aortic aneurysm but also with a BMI of 
27 kg/m² or higher. The possibility exists that these 
different risk factors affect each other in a synergistic 
way, which might lead to biased results. Therefore, we 
analysed mean BMI in both subgroups; this variable was 
similar among the three treatment groups of both 
subgroups, and the distribution was not skewed. Median 
BMI in the abdominal aortic aneurysm subgroup was 
lower than 27 kg/m² (26·6, IQR 24·3–29·3), whereas in 
the high BMI subgroup it was higher than this value 
(median 30·9, IQR 28·7–34·1). Thus, abdominal aortic 
aneurysm and BMI act as independent risk factors, and 
our results are not biased.

Findings of previous studies have shown that the 
combination of mesh and sealant we used in our study is 
effective.39,40 As noted by us previously,29 use of fibrin 
sealant in clinical practice, in combination with 
prophylactic mesh reinforcement, has not been 
investigated before. In our trial, no great complications 
or adverse events can be attributed with certainty to the 
sealant or the mesh. Application of the sealant aimed to 
reduce the anterior subcutaneous dissected space during 
onlay mesh reinforcement, which is prone to formation 
of seromas. Our results for postoperative complications 
did not confirm this expectation. This outcome can be 
explained by the timing of the application of the sealant, 
which is essential. There will be no reduction of the 
dissected space if polymerisation occurs before the 
ventral layer is closed.41 Furthermore, other techniques 
that could diminish seroma formation were not applied, 



Articles

www.thelancet.com   Vol 390   August 5, 2017 575

such as placement of a wound drain and suturing of the 
subcutaneous tissue plane. Even though the expectation 
of fewer seromas could not be confirmed during this 
trial, the incidence of seroma without glue is unknown in 
these particular groups of patients.

We applied Bonferroni correction for multiple testing 
(α=0·017) in our analysis. Opinions on multiple-testing 
correction for multiarm trials are conflicting,42 because 
controlling the overall probability of a false-positive 
treatment effect comes at the price of rejecting prematurely 
potentially effective treatments. In our study, the 
Bonferroni correction affected the interpretation of the 
difference between sublay mesh reinforcement versus 
primary suture (borderline significance vs non-
significant).

We did not take into account the dropout rate in our 
statistical analysis. If the frequency of dropouts is equal 
in each arm of a trial, odds ratios should not be affected, 
assuming that the treatment effect in patients with 
complete follow-up and in those who dropped out is 
equal. In our trial, this assumption was plausible: the 
frequency of dropouts was very similar in the three 
treatment groups, so dropout of patients probably does 
not bias the odds ratios. Furthermore, we assessed 
whether differences in baseline characteristics between 
treatment groups were similar in remaining participants 
(appendix), which was the case. To correct for imbalance 
between the three treatment groups, an adjusted 
analysis for covariates was done, which led to a similar 
treatment effect.

One of the main limitations of the PRIMA study is the 
fact that not all included patients underwent radiological 
examination: 59% had radiological examination, and 
70% of all individuals who completed follow-up 
underwent imaging. This procedure might have led to 
underestimation of the number of patients with 
incisional hernia, because radiological examination is 
more sensitive than physical examination alone. 
Therefore, we assessed incidence of incisional hernia in 
two subgroups: in individuals who underwent 
radiological examination (additional to physical 
examination); and in patients who did not receive 
radiological examination (data available on request). This 
analysis showed consistent treatment effects in both 
subgroups. Even though our study was not powered on 
these (small) subgroups, we believe our results are 
generalisable in daily practice. The fact that only 59% of 
participants had radiological assessment makes our 
study more comparable with daily practice but limits 
confidence of the study to some extent.

The PRIMA trial provides level one evidence for the 
prevention of incisional hernia after midline laparotomy 
in patients at risk for incisional hernia. Closure of 
laparotomy with onlay mesh reinforcement has the 
potential to become the standard treatment in high-risk 
groups, which will reduce the socioeconomic burden of 
incisional hernia. The results of the PRIMA trial also 

offer future perspectives. The next step will be a trial in 
which onlay mesh reinforcement is combined with the 
small bites suture technique to lower the incidence of 
incisional hernia even further, because the small bite 
technique has been shown to be superior in closing 
midline laparotomy.
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