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Abstract
Background The optimal operative treatment for umbilical and epigastric hernia, i.e., primary midline ventral hernia 
(PMVH), is debatable. The most common techniques are the primary suture and open repair with mesh, while laparoscopic 
approach using intraperitoneally placed onlay mesh (IPOM) is less frequent. The aim of this study was to examine the out-
comes of IPOM in PMVH. Perioperative results, recurrence, pain, and functional status were studied.
Methods This single-center prospective cohort study included consecutive patients with PMVH operated between September 
2006 and December 2015. Systematic follow-up was conducted 6 months and 2 and 5 years postoperatively.
Results Seven hundred fifty-four patients underwent PMVH repair. Open repair without mesh, open repair with mesh, and 
IPOM were performed in 251 (34.9%), 273 (38%), and 195 (27.1%) patients, respectively. In the unmatched cohort, the 
incidence of postoperative complications was similar except postoperative seroma, which was more frequent after IPOM. 
The latter was also associated with longer length of stay. Open repair with mesh was associated with significantly lower 
recurrence compared with open repair without mesh and IPOM (5.2 vs 18.2 vs 13.8%, p=0.001, respectively). No differ-
ences were seen between the groups in terms of visual analog scale used for registering postoperative pain. These observa-
tions persisted after applying propensity score matching. In the multivariable analysis, open repair without mesh and IPOM 
significantly correlated with recurrence.
Conclusions In PMVH, open repair with mesh is associated with lower recurrence compared with open repair without mesh 
and IPOM. Pain, postoperative complications (except for seroma), and functional status are similar.
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Introduction

The European Hernia Society classifies ventral hernias into 
primary and incisional [1]. Approximately 75% of ventral 
hernia repair in the USA are performed for primary ventral 
hernia, which comprises midline (epigastric and umbilical) 
and lateral (lumbar and spigelian) hernias [1, 2]. The surgi-
cal options in primary midline ventral hernia (PMVH) are 
primary suture or mesh repair. The use of mesh has been 
shown to reduce recurrence without increasing the incidence 
of surgical site infection (SSI), seroma, hematoma, and 
chronic pain [3–5], so it was recommended in the recently 
published guidelines [6].

The mesh can be placed either by open technique or lap-
aroscopically by using intraperitoneal onlay mesh (IPOM). 
Cochrane database systematic review found that laparo-
scopic ventral repair was associated with a decreased risk 
of SSI and similar recurrence when compared with an 
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open approach [7]. Liang and co-workers reported similar 
recurrence, fewer SSI, but more clinical cases of bulging 
[8]. At the same time, these studies have included a het-
erogenous group of patients with both primary and inci-
sional hernia. In contrast, the role of IPOM in PMVH is 
less explored.

The aim of this study was to examine different repair 
techniques in patients with PMVH. The primary outcomes 
of interest were complications, recurrence, pain, and func-
tional status.

Methods

Design and patient management

Single-center prospective cohort study was conducted. The 
local research ethics committee approved the study. All 
consecutive patients undergoing PMVH repair between 
September 2006 and December 2015 at our institution were 
suggested to participate in the study. Patients signed an 
informed consent and were subject to questionnaire-based 
follow-up 6 months, 2 years, and 5 years after surgery to 
capture an event of recurrence, level of pain, and change 
in the functional status. To capture an event of recurrence, 
all patients were asked about bulging or new hernia. Those 
with positive or indeterminate answers for recurrence or pain 
were summoned to our outpatient clinic for clinical examina-
tion or computed tomography (CT) examination. The exclu-
sion criteria for this study included age under 18 years, pres-
ence of psychiatric disorders, not understanding Norwegian 
or English and rejection to participate (14 patients).

Patients were referred to our outpatient clinic and diag-
nosed by clinical examination and patient history. The indi-
cations for surgery were symptoms such as pain, discomfort, 
and impaired quality of life. Watchful waiting was applied 
if the patient had moderate symptoms or was at a significant 
risk for perioperative complications. There were no con-
traindications for surgery relative to smoking, body mass 
index (BMI), and other comorbidities. Preoperative radio-
logical investigations were not performed routinely, but in 
cases where the diagnosis was uncertain, especially in adi-
pose patients, or when several defects were suspected (Swiss 
cheese hernias) [2].

Outpatient surgery was performed, and the patients were 
discharged the same day unless they were classified as 
grades 3–4 according to the American Society of Anesthe-
siologists. Other possible reasons for longer hospital stay 
were living alone, living geographically far from the hos-
pital, admission due to surgical complications, or expected 
postoperative pain.

Surgical technique

The choice of the operative strategy was left to the surgeon 
performing or supervising the procedure. This was pre-
operatively discussed and agreed with the patient. Senior 
consultants performed most of the procedures. The rest 
were done by fellows with up to 3 years of surgical train-
ing supervised by attending surgeons.

A primary suture repair was performed using either 
resorbable or non-resorbable sutures. The defect was 
closed end-to-end or duplicated as in the Mayo technique. 
For an open repair with mesh, a mesh was placed either in 
the preperitoneal space or intraperitoneally. The type of 
mesh was either flat mesh or preformed patch. When the 
mesh was placed preperitoneally, the preperitoneal space 
was dissected with an overlap of 3 cm from the defect 
and the hernia sac mobilized. According to recent classi-
fication [9], the preperitonal plane is located between the 
transversalis fascia anteriorly and the peritoneum poste-
riorly. The mesh was sutured to the fascial defect. When 
placed intraperitoneally a patch was used, the hernia sac 
was opened and any adhesions released. The patch was 
placed underneath the peritoneum, the slips are fixed to the 
fascia. The closure of the fascial defect was at the discre-
tion of the attending surgeon.

The laparoscopic repair was performed by using IPOM. 
Three ports were placed along the lateral aspect of the 
abdomen. Once hernia was identified and the content 
was reduced, the defect was closed at the discretion of 
the attending surgeon. The hernial sac was not excised. A 
coated mesh was then placed intraperitoneally with at least 
3 cm of overlap from the margins of the defect. The mesh 
was secured by resorbable tacks with or without transfas-
cial sutures.

Different meshes have been used during the study 
period. Due to the ongoing prospective registration, we 
noticed that Physiomesh (Ethicon US, LLC, Cincinnati, 
OH, USA) had higher recurrence and complication rates 
and hence was not used after 2015 (it was withdrawn from 
the market in May 2016).

Definitions

PMVH is defined as a midline defect, i.e., either umbilical 
or epigastric hernia. The umbilical hernia is located with its 
center at the umbilicus, and the epigastric hernia is located 
with its center close to the midline above the umbilicus. Com-
plications encompassed such postoperative events as SSI 
(superficial and deep infection), seroma, hematoma, ileus, 
bowel injury, and mortality. Long-term outcomes included 
hernia recurrence, pain, and functional status. Recurrence 
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was defined as recurrence at the hernia site confirmed by 
clinical examination or radiological findings on a CT. Pain 
was recorded according to the visual analog scale (VAS), 
where the patients were asked to make a mark on a 10-cm 
straight line at a point that corresponds to the degree of pain. 
Accordingly, the VAS score was the distance in centimeters 
from the left end of the line to the patient’s mark. The value 
0 represented no pain, while 10 represented worst possible 
pain. To measure functional status before and after surgery, 
a EuroQoL-5D questionnaire [10, 11] was used. The EQ-5D 
is a general health-related quality-of-life scale consisting of 
five questions concerning usual activity, self-care, mobility, 
pain or discomfort, and anxiety and depression. Each item 
has three possible levels (1, 2, or 3). The value 15 represented 
no impairment on daily life while 0 totally impairment on 
daily life.

Statistics

Data were analyzed using R version 4.0.3. Categorical data 
were presented as percentages and were compared using 
chi-square test. Continuous data were presented as means 
and standard deviations (SDs) or medians and interquartile 
ranges (IQRs) as appropriate. An equality of mean/median 
test, analysis-of-variance (ANOVA) test, and Kruskal–Wal-
lis test, respectively, was used to compare between-group 
differences. Pairwise comparisons between groups were 
corrected for multiple comparison by Holm’s method. All 
analyses were performed in both the total cohort and the 
propensity-score matched (PSM) cohort.

PSM (1:1:1) was applied for balancing the groups in 
terms of baseline characteristics and potentially minimiz-
ing confounding. Logistic regression was performed to esti-
mate the propensity to undergo three different types of repair 
procedure regardless of the actual treatment received. Pro-
pensity scores were based on age, gender, body mass index 
(BMI), and hernia size and whether there are multiple her-
nia sites. Patients with any of these variables missing were 
excluded from the matching procedure. In order to perform 
matching with multiple treatments (N=3), vector match-
ing on generalized propensity score was employed [12]. 
Caliper size of 0.25 multiplied by the standard deviation of 
generalized propensity score was specified. The R package 
“MatchIt” was used to create and assess the final matched 
cohort. Differences between the cohorts were assessed by 
using standardized mean difference.

Results

A total number of 754 patients underwent repair of PMVH 
throughout the study period. Of these, 33 with open-assisted 
laparoscopic surgery and 2 with single-port repair were 

excluded (Fig. 1). Open repair without mesh, open repair 
with mesh, and IPOM were performed in 251 (34.9%), 273 
(38%), and 195 (27.1%) patients, respectively. Patients lost 
to follow-up (n=65) were excluded from the analysis of 
long-term outcomes and PSM.

Perioperative results

Open repair with mesh and IPOM were associated with 
older age and higher BMI compared with open repair with-
out mesh (Table 1). The latter was more frequently applied 
in women. Hernia size greater than 4cm and the presence 
of multiple hernia significantly correlated with perform-
ing IPOM (11.9 vs 1.6 vs 0.4%, p=0.001 and 7.7 vs 3.3 vs 
3.2%, p=0.039, respectively). It was associated with lower 
frequency of hernia defect closure (36.4 vs 87.2 vs 100%, 
p=0.001). After PSM, the differences in age, gender, BMI, 
and hernia characteristics became non-significant.

The incidence of postoperative complications was simi-
lar except for postoperative seroma, which was more fre-
quent after IPOM (Table 2). One case of postoperative 
mortality was observed after open repair without mesh. 
IPOM resulted in longer median length of stay compared 
with the other techniques (2 vs 1 vs 1, p<0.001). These 
differences persisted also after applying PSM.

Long‑term results

Hernia recurrence was observed in 79 (12.1%) cases. Its 
incidence did not significantly change throughout the study 
period both in the total cohort and in the 3 groups. Recur-
rence rates, as well as pain and functional score at different 
time points following surgery are presented in Table 3. In 
the unmatched cohort, open repair with mesh was associ-
ated with significantly lower recurrence compared with 
open repair without mesh and IPOM (5.2 vs 18.2 vs 13.8%, 
p=0.001, respectively). While no statistically significant 
differences were found between the groups 6 months after 
surgery, open repair without mesh resulted in higher recur-
rence at 2- and 5-year follow-up. No differences were seen 
between the groups in terms of VAS pain score. Significant 
difference in functional score was observed between open 
repair with mesh and IPOM 2 years after surgery; however, 
it was not present at 5-year follow-up.

After PSM the incidence of hernia recurrence remained 
significantly different between the open repair with and with-
out mesh (4 vs 14.5%, p=0.01, respectively). Six months 
after surgery, the recurrence rate was significantly lower for 
open repair with mesh compared with open repair without 
mesh and IPOM. Similar results were observed at 2- and 
5-year follow-up. VAS and functional score were compara-
ble between the groups.
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Preoperative function score, trainee as an operator and 
repair method were associated with PMVH recurrence in 
the univariable model (Table 4). The multivariable analyses 
demonstrated that low preoperative function score, as well 
as IPOM and open repair without mesh were associated with 
recurrence.

Subgroup analyses

Subgroup analyses focused on elderly (≥ 70 years old) 
patients, those not receiving Physiomesh (Ethicon US, LLC, 
Cincinnati, OH, USA), as well as on performances of the 
consultant surgeons.

Preoperative data were comparable in the elderly patients 
(suppl. table 1a). Hernia defect closure was least frequent 
in IPOM compared with open repair with and without 
mesh. No statistically significant differences were observed 
between the groups in terms of postoperative and long-term 
outcomes (suppl. table 1b).

After having excluded the cases where the Physiomesh 
(Ethicon US, LLC, Cincinnati, OH, USA) was used, perio-
perative outcomes from the unmatched analysis of the total 
cohort did not change (suppl. table 2a). Analysis of long-
term outcomes demonstrated that open repair with mesh 
was associated with lower incidence of hernia recurrence 
than open repair without mesh at any time point (suppl. 
table 2b). As for the IPOM, it did not result in significantly 

higher incidence of recurrence compared with open repair 
with mesh.

Finally, perioperative results of the procedures performed 
exclusively by senior consultants did not significantly differ 
from those observed in the total cohort (suppl. table 3). Total 
recurrence rate was significantly lower after open repair with 
mesh compared to IPOM and open repair without mesh. At 
5-year follow-up, the incidence of hernia recurrence was 
higher after open repair without mesh compared to the repair 
with mesh.

Discussion

In the current study, the recurrence rate after IPOM 
was higher than after open repair with mesh, but lower 
compared with open repair without mesh. Furthermore, 
open repair without mesh, IPOM, and low preoperative 
function score were associated with recurrence follow-
ing surgery for PMVH. Interestingly, these findings do 
not correlate with the literature data. A meta-analysis 
from Hajibandeh and co-workers found that laparoscopic 
repair for umbilical and paraumbilical hernia was associ-
ated with a lower risk of wound infection and recurrence, 
but the overall evidence level was low [13]. Others have 
reported similar recurrence rates for open and laparo-
scopic repair [2].

Fig. 1  Study flow chart
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There can be several reasons behind our findings. First, 
different meshes have been used during the study period. 
Physiomesh (Ethicon US, LLC, Cincinnati, OH, USA) 
was not used after 2015 due to high recurrence observed 
by our internal audit. That was in line with the literature 
reporting increased rate of complications and recurrence 
with the use of Physiomesh (Ethicon US, LLC, Cincin-
nati, OH, USA) [14]. Therefore, we performed subgroup 
analysis after having excluding cases with Physiomesh 
(Ethicon US, LLC, Cincinnati, OH, USA). However, 
it did not significantly affect higher recurrence rate 

following IPOM compared with open repair with mesh. 
Another possible reason for high recurrence after IPOM 
can be technical challenges associated with mesh fixation 
on the trocar side (narrow space, lack of angulation of the 
fixating device). As a result, the mesh can be displaced 
from its correct site. Finally, in a recently published ran-
domized trial, closure of the fascial defect in umbilical 
hernia IPOM repair was shown to significantly reduce 
long-term recurrence [15]. In the current study, closure 
of the fascial defect in the IPOM group was performed 
only in 36.4% of cases.

Table 1  Patient characteristics and intraoperative details for different surgical techniques used in primary ventral hernia repair

*p < 0.05 between “open mesh +” and “open mesh—“; ┼ p < 0.05 between “IPOM” and “open mesh—“; ╪ p < 0.05 between “IPOM” and 
“open mesh + “; ¶Incomplete data; 0propensity score matched

Parameters Unmatched PSM0 cohort

Open without 
mesh
(n=251)

Open with mesh
(n=273)

IPOM
(n=195)

p value Open without 
mesh
(n=124)

Open with mesh
(n=124)

IPOM
(n=124)

p value

Age, years, 
mean (SD)

46.1 (14.9) 50.3 (13.3) 52.4 (14.8) <0.01 *, ┼ 49.6 (13.2) 48.2 (13.3) 48.1 (13.6) 0.55

Gender (female), 
n (%)

132 (52.6%) 87 (31.9%) 82 (42.1%) <0.01*, 

┼, ╪
63 (50.8%) 56 (45.2%) 64 (51.6%) 0.54

Body mass 
index, kg/m2, 
mean (SD)

23.9 (4.5) 29.2 (25.1) 29.6 (21.1) <0.01 *, ┼ 24.3 (3.4) 24.3 (2.8) 24.5 (4.1) 0.98

Hernia size > 4 
cm, n (%)

1 (0.4%) 4 (1.5%) 20 (10.3%) <0.01 ┼, ╪ 0 (0%) 2 (1.6%) 1 (0.8%) 0.49

Multiple hernia, 
n (%)

8 (3.2%) 9 (3.3%) 15 (7.7%) 0.039 ┼, ╪ 4 (3.2%) 6 (4.8%) 8 (6.5%) 0.5

Incarcerated 
hernia, n (%)

19 (7.6%) 12 (4.4%) 6 (3.1%) 0.08 5 (4%) 4 (3.2%) 4 (3.2%) 0.92

Preoperative 
function score, 
mean (SD)

12.6 (3.3) 13.3 (2.6) 12.7 (2.8) 0.02 ¶, * 12.5 (3.4) 13.4 (2.3) 12.5 (3.1) 0.014 ╪

Mesh type, n 
(%)

- <0.01 <0.01

 Bard com-
posix

- 170 (62.3%) 3 (1.5%) - 94 (75.8%) 0 (0%)

 Proceed - 3 (1.1%) 82 (42.3%) - 0 (0%) 54 (43.5%)
 Ventralex - 68 (24.9%) 0 (0%) - 27 (21.8%) 0 (0%)
 Ventralight 0 (0%) 59 (30.4%) - 0 (0%) 26 (21%)
 Other - 32 (11.7%) 51 (25.8%) - 3 (2.4%) 44 (35.5%)
Mesh location, 
n (%)

- <0.01 <0.01

 Intraabdomi-
nal

- 149 (54.6%) 189 (96.9%) - 67 (54%) 118 (95.2%)

 Preperitoneal - 84 (30.8%) 2 (1%) - 41 (33.1%) 0 (0%)
 Other - 40 (14.7%) 4 (2.1%) - 16 (12.9%) 6 (4.8%)
Surgeon 

(trainee), n (%)
83 (33.1%) 85 (31.1%) 64 (32.8%) 0.88 39 (31.5%) 45 (36.3%) 42 (33.9%) 0.72

Defect closure, 
n (%)

251 (100%) 238 (87.2%) 71 (36.4%) <0.01 ┼, ╪ 124 (100%) 102 (82.3%) 42 (33.9%) <0.01 *, 

┼, ╪
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Although about one-third of the procedures reported 
in this study were performed by fellow surgeons with a 
few years of surgical training, surgeon experience per 
se was not associated with recurrence. This finding may 

be a result of focus on team driven surgery with suffi-
cient training and a low threshold to ask for assistance 
or an intraoperative second opinion even among the most 
experienced surgeons. We believe experienced assistance 

Table 2  Postoperative results for different surgical techniques used in primary ventral hernia repair

*p < 0.05 between “open mesh +” and “open mesh—“; †p < 0.05 between “laparoscopic” and “open mesh—“; 0p < 0.05 between “laparo-
scopic” and “open mesh + “;¶Incomplete data; 0Propensity score matched

Parameters Unmatched PSM0 cohort

Open without 
mesh (n=251)

Open 
with mesh 
(n=273)

IPOM (n=195) p value Open without 
mesh (n=124)

Open 
with mesh 
(n=124)

IPOM (n=124) p value

Postoperative complica-
tions, n (%)

25 (10%) 40 (14.7%) 21 (10.8%) 0.21 12 (9.7%) 14 (11.3%) 13 (10.6%) 0.92

Superficial infection, n 
(%)

17 (6.8%) 12 (4.4%) 6 (3.1%) 0.18 10 (8.1%) 7 (5.6%) 3 (2.4%) 0.14

Deep infection, n (%) 1 (0.4%) 5 (1.8%) 2 (1%) 0.36 0 (0%) 1 (0.8%) 0 (0%) 0.37
Seroma, n (%) 0 (0%) 3 (1.1%) 6 (3.1%) 0.011† 0 (0%) 0 (0%) 4 (3.2%) 0.02 †, 0

Hematoma, n (%) 2 (0.8%) 10 (3.7%) 2 (1%) 0.05 1 (0.8%) 3 (2.4%) 0 (0%) 0.17
Ileus, n (%) 0 (0%) 1 (0.4%) 1 (0.5%) 0.74 0 (0%) 1 (0.8%) 0 (0%) 0.37
Reoperation, n (%) 5 (2%) 6 (2.2%) 5 (2.6%) 0.95 1 (0.8%) 1 (0.8%) 0 (0%) 0.61
Mortality, n (%) 1 (0.4%) 0 (0%) 0 (0%) 0.62 0 (0%) 0 (0%) 0 (0%) 1.0
Postoperative stay, days, 

median (range)
1 (1–12) 1 (1-9) 2 (1–9) <0.01†, 0 1 (1–6) 1 (1–4) 2 (1–3) <0.01 †, 0

Postoperative pain score, 
mean (SD) ¶

1.1 (1.7) 1.4 (1.8) 1.5 (1.9) 0.22 1.1 (1.6) 1.7 (2.2) 1.3 (1.6) 0.32

Table 3  Results of the long-term follow-up after primary ventral hernia repair by using different surgical techniques

*p < 0.05 between “open mesh +” and “open mesh—“; †p < 0.05 between “laparoscopic” and “open mesh + “; ¶Incomplete data; 0Propensity 
score matched

Parameters Unmatched PSM0 cohort

Open without 
mesh (n=225)

Open 
with mesh 
(n=248)

IPOM (n=181) p value Open without 
mesh (n=124)

Open 
with mesh 
(n=124)

IPOM (n=124) p value

Recurrence, n (%) 41 (18.2%) 13 (5.2%) 25 (13.8%) <0.01*, † 18 (14.5%) 5 (4%) 14 (11.3%) 0.02 *
 Recurrence at 6 

months, n
15 6 8 0.2 8 1 9 0.03 *, †

 Recurrence at 2 years, 
n

16 5 10 0.04 * 9 4 3 0.11

 Recurrence at 5 years, 
n

10 2 7 0.01 * 1 0 2 0.32

Pain score (6 months), 
mean (SD) ¶

0.48 (1.08) 0.7 (1.43) 0.78 (1.7) 0.2 0.52 (1.19) 0.73 (1.58) 0.73 (1.47) 0.55

Pain score (2 years), 
mean (SD) ¶

0.49 (1.1) 0.49 (1.1) 0.59 (1.2) 0.69 0.55 (1.22) 0.62 (1.22) 0.42 (0.99) 0.07

Pain score (5 years), 
mean (SD) ¶

0.37 (0.96) 0.39 (0.96) 0.54 (1.3) 0.33 0.31 (0.9) 0.35 (0.63) 0.21 (0.6) 0.1

Functional score (6 
months), mean (SD) ¶

14.5 (1.8) 14.4 (1.9) 14.4 (1.6) 0.79 14.7 (0.9) 14.7 (0.8) 14.5 (0.97) 0.25

Functional score (2 
years), mean (SD) ¶

14.4 (2.1) 14.7 (0.8) 14.1 (2.5) 0.02 † 14.6 (0.91) 14.7 (0.76) 14.8 (0.59) 0.08

Functional score (5 
years), mean (SD) ¶

14.5 (1.9) 14.6 (1.6) 14.3 (1.7) 0.44 14.8 (0.55) 14.9 (0.52) 14.8 (0.62) 0.64



Langenbeck's Archives of Surgery (2023) 408:300 

1 3

Page 7 of 9 300

is crucial levelling out the outcome differences from the 
inexperienced surgeons. Køckerling et al. emphasizes the 
importance of tailored approach in hernia surgery where 
several techniques must be taught to promote a better out-
come with minimal morbidity to each patient [16].

The incidence of postoperative complications was sim-
ilar except seroma which was more frequent after IPOM. 
This is in line with the findings from Christoffersen et al. 
who reported significantly lower seroma formation rate 
in the defect closure group compared with the no closure 
[15]. Notably, one of the most feared complications of 
IPOM, namely ileus, was observed in only one patient 
(0.5%). The last years there has subsequently been an 
increasing focus on patient-centered outcomes and qual-
ity of life in hernia treatment [17, 18]. Veenendaal et al. 
reported a high percentage (53%) of persistent symptoms 
or pain 3 years after incisional hernia repair [19]. In the 
current study, the functional score at 6 months, 2 years, 
and 5 years postoperatively are significantly higher than 
the preoperative score in all 3 groups. Asencio et  al. 
reported no differences in pain or EQ5D QoL after lapa-
roscopic versus open incisional hernia repair; however, 
the follow-up was short (1 year) [11]. In the current study, 
a significant difference in functional score was observed 
between open repair with mesh and IPOM 2 years after 
surgery, but the difference became non-significant after 
applying PSM.

Fixating the mesh to the abdominal wall with tacks 
and/or transfascial sutures has been linked to increased 
postoperative pain [2, 7]. However, studies found no 

difference in pain between open and laparoscopic repair 
[11, 20]. This is in line with our findings. Køckerling 
et al. reported high incidence of postoperative pain fol-
lowing IPOM for epigastric hernia repair at 1-year follow-
up [21]. However, in the current study, pain score was 
similarly low in the three groups throughout the first 5 
years if surgery.

To the best of our knowledge, this is the first prospective 
study addressing different repair techniques for PMVH and 
including over 700 patients with a 5-year follow-up period. 
As of now, the literature on umbilical and epigastric hernias 
is limited in both quantity and quality. Furthermore, most 
systematic reviews have used pooled data from incisional 
and primary hernias in their analysis which according to 
Stabilini et al. should no longer be acceptable since primary 
ventral hernias and incisional hernias are different condi-
tions [22]. Subramanian recommends separating primary 
hernias from secondary hernias when evaluating surgical 
outcomes [23].

In the latest guidelines, it was recommended to place 
the mesh preperitonealy during ventral hernia repair to 
avoid bowel injury and mesh-related complications, as 
well as to reduce the risk of recurrence (6). This can 
also be achieved with newly emerging minimally inva-
sive techniques such as robotic surgery, e-TEP (extended 
totally extraperitoneal approach), e-MILOS (endoscopic 
minimal less open sublay repair), and totally endoscopic 
sublay repair [24, 25]. However, there is still insufficient 
data to suggest the superiority of one technique over 
another (6). At the same time, Køckerling et al. showed 

Table 4  Uni- and multivariable analysis of risk factors for recurrence following primary ventral hernia repair

*Intraperitoneal onlay mesh

Parameters Univariable analysis Multivariable analysis

Recurrence (n=79) No recurrence (n=575) p value Odds ratio (95% CI) p value

Age, years, mean (SD) 46.9 (13.4) 50.3 (14.4) 0.35
Gender (female), n (%) 34 (43%) 239 (41.6%) 0.8
Body mass index, kg/m2, mean (SD) 26.1 (4.9) 27.9 (21.6) 0.32
Hernia size > 4 cm, n (%) 5 (6.3%) 17 (2.9%) 0.17
Multiple hernia, n (%) 75 (94.9%) 549 (95.6%) 0.77
Incarcerated hernia, n (%) 4 (5.1%) 28 (4.9%) 1.0
Preoperative function score, mean (SD) 11.5 (4.2) 13.1 (2.6) < 0.01 0.88 (0.81–0.94) < 0.01
Surgeon (trainee), n (%) 33 (41.8%) 178 (31%) 0.05 1.5 (0.86–2.61) 0.15
Defect closure, n (%) 17 (21.5%) 130 (22.6%) 0.83
Repair technique, n (%) < 0.01
 Open mesh+ 13 (16.5%) 235 (40.9%) baseline
 Open mesh- 41 (51.9%) 184 (32%) 4.11 (1.94–8.72) 0.001
 IPOM* 25 (31.6%) 156 (27.1%) 3.36 (1.55–7.27) 0.002
Postoperative complications, n (%) 10 (12.7%) 65 (11.3%) 0.72
Surgical site infection, n (%) 3 (3.8%) 34 (5.9%) 0.61
Reoperation, n (%) 3 (3.8%) 13 (2.3%) 0.43



 Langenbeck's Archives of Surgery (2023) 408:300

1 3

300 Page 8 of 9

that the proportion of IPOM in epigastric hernia repair 
declined between 2013 and 2019 from 26.0 to 18.2%, 
while open mesh repair and the new innovative techniques 
increased [21].

The current study had several limitations. First, the size 
of the defect was classified as larger or smaller than 4 cm 
and with several defects or not. Even if the size of the mesh 
was prospectively registered, the lack of more detailed her-
nia defect size precludes mesh-to-hernia size ratio analysis. 
Second, surgical techniques were not standardized (closure 
or not of the defect, the use of different meshes, placement 
of the mesh). Third, 65 (9%) patients were lost to follow-
up, so their long-term results remain unknown (also 14 
patients rejected to sign the informed consent). Finally, the 
use of patient-based questionnaires to capture an event of 
recurrence remains uncertain and debated. Physical exami-
nation was performed in cases when recurrence was sus-
pected or remained uncertain upon receipt of the completed 
questionnaires.

Our findings indicate that the recurrence rate after PMVH 
is lowest following open repair with mesh, while the use 
of IPOM was associated with recurrence. VAS, complica-
tions (except for seroma), and functional status were similar. 
Further data is needed to understand if the disadvantages of 
IPOM can be overcome by the emerging new minimally-
invasive techniques.
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