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Abstract
Introduction  The proportion of epigastric hernias in the total collective of all operated abdominal wall hernias is 3.6–6.9%. 
The recently published guidelines for treatment of epigastric hernias of the European Hernia Society and the Americas Hernia 
Society recommend the use of a mesh for defect size of ≥ 1 cm, i.e., a preperitoneal flat mesh technique for sizes 1–4 cm, 
and laparoscopic IPOM technique for defects > 4 cm and/or obesity. Against that background, this analysis of data from the 
Herniamed Registry now aims to explore trends in epigastric hernia repair.
Methods  To detect trends, the perioperative outcome was calculated separately for the years 2010 to 2019 and the 1-year 
follow-up for the years 2010 to 2018 and significant differences were identified. Analysis was based on 25,518 primary 
elective epigastric hernia repairs. The rates of postoperative surgical complications, pain at rest, pain on exertion, chronic 
pain requiring treatment and recurrence associated with the various surgical techniques were calculated separately for each 
year. Fisher’s exact test for unadjusted analysis between years was applied with Bonferroni adjustment for multiple testing.
Results  The proportion of laparoscopic IPOM repairs declined from 26.0% in 2013 to 18.2% in 2019 (p < 0.001). Instead, the 
proportion of open sublay repairs rose from 16.5% to 21.8% (p < 0.001). That was also true for innovative techniques such 
as the EMILOS, MILOS, eTEP and preperitoneal flat mesh technique (8.3% vs 15.3%; p < 0.001). This change in indication 
for the various surgical techniques led to a significant improvement in the postoperative surgical complication rate (3.8% 
vs 1.9%; p < 0.001).
Conclusion  The trend is for epigastric hernia repair to be performed less often in laparoscopic IPOM technique and instead 
more often in open sublay technique or the new innovative techniques.
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Introduction

An epigastric hernia is defined as a defect in the linea alba 
between the xiphoid process and the umbilicus [1]. The 
prevalence of epigastric hernia is reported to be 3–5% [2]. 
The proportion of epigastric hernias in the total collective of 
all operated abdominal wall hernias is 3.6–6.9% [3, 4]. The 
percentage of emergency procedures due to incarceration 
and/or strangulation for epigastric hernias is 6.5% [5]. With 
a male to female ratio of 3:1, epigastric hernia is observed 
more commonly in men [1]. The main risk factors for epigas-
tric hernia are extensive physical training, extensive cough-
ing in lung disease and overweight and obesity [6]. Other 
potential influencing factors are smoking, chronic corticos-
teroid use, diabetes, old age and male gender [6].

A systematic review of epigastric hernia repair published 
in 2019 included only one randomized controlled trial (RCT) 
and seven retrospective studies [7]. That systematic review 
identified a lower recurrence rate for mesh use and less 
postoperative pain following laparoscopic repair [7]. The 
authors concluded that further studies of epigastric hernia 
repair were urgently needed.

In the meantime, two other RCTs have been published 
on umbilical and epigastric hernia repair [8–10]. In the 
MORPHEUS trial the preperitoneal flat mesh technique 
was compared with the open IPOM technique [8, 9]. Here, 
a significantly higher rate of early complication-related reop-
erations was observed for the open IPOM technique [8, 9]. 
No difference was seen in the recurrence rate [8, 9].

The other RCT identified improvements in the quality of 
life following closure of the epigastric hernia defect in lapa-
roscopic IPOM technique [10]. No differences were found 
in the surgical site occurrences or the recurrence rates [10].

The recently published guidelines for treatment of epigas-
tric hernias of the European Hernia Society and the Ameri-
cas Hernia Society recommend the use of a mesh for defect 
size of ≥ 1 cm [11]. For defects of 1–4 cm the guidelines rec-
ommend a preperitoneal mesh technique with a 3-cm mesh 
overlap [11]. The laparoscopic intraperitoneal onlay mesh 
(IPOM) technique should only be used for defects > 4 cm 
and if there is a higher risk of wound complications, e.g., 
in obesity [11].

Against that background, this analysis of data from the 
Herniamed Registry now aims to present the reality in epi-
gastric hernia repair and show trends in repair [12–14].

Methods

Herniamed is an internet-based hernia registry in which hos-
pitals and independent surgeons in Germany, Austria and 
Switzerland can voluntarily document their routine hernia 
operations. A contract is made with every responsible sur-
geon where the latter commits to ensuring that data on the 
hernia operations carried out in the hospital/surgical clinics 
are completely and correctly entered into the Herniamed 
Registry. As a prerequisite for documentation in the Her-
niamed Registry, all patients must sign a separate consent 
form agreeing to their data being processed in the Hernia-
med Registry and indicating their acceptance of the follow-
up procedure. As part of the information provided to patients 
regarding participation in the Herniamed Registry, they are 
told to inform the treating hospital or the treating clinic 
about any problem occurring after hernia repair. If problems 
occur after the hernia operation, the patient should attend the 
treating hospital or surgical clinic for examination [12–14].

All perioperative complications (bleeding, hematoma, 
wound-healing disorder, deep/mesh infection, and seroma) 
as well as complication-related reoperations are recorded for 
up to 30 days after surgery [12–14].

After 1, 5 and 10 years patients and their general practi-
tioner are sent a questionnaire asking them about any pain 
at rest, pain on exertion, chronic pain requiring treatment 
or any protrusion in the surgical area or recurrence. If the 
patient or general practitioner reports a relevant finding, the 
patient may be requested by the treating hospital or clinic to 
attend for clinical examination [12–14].

In the current retrospective analysis, the prospectively 
documented data of patients who underwent routine primary 
elective epigastric hernia repair with the laparoscopic IPOM 
technique or open suture, IPOM, onlay, sublay, component 
separation, or “other techniques” were evaluated to deter-
mine the postoperative surgical complications, the compli-
cation related reoperations and 1-year follow-up outcomes 
[12–14].

All infrequently used alternative techniques and new pro-
cedures (EMILOS, MILOS, eTEP, preperitoneal flat mesh 
technique) can only be documented in the Herniamed Reg-
istry as “other techniques” [12–14].

To detect trends in treatment and outcome, evaluations 
were performed separately for the years 2010 to 2019. Since 
the annual number of cases in the Herniamed Registry for 
the years 2010 to 2012 was still relatively low, thus showing 
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substantial variance in the results, for the postoperative out-
comes the years 2013 and 2019 were compared. Similarly, 
for the 1-year follow-up only the years 2013 and 2018 were 
compared [12–14].

Fisher’s exact test was applied for unadjusted analysis 
between years using a significance level of alpha = 5%. For 
post hoc tests of single categories, a Bonferroni adjustment 
for multiple testing was implemented.

Results

In total, 737 participating hospitals/surgical clinics entered 
data into the Herniamed Registry on 737,795 routine hernia 
repairs they had carried out between 1 January 2010 and 31 
December 2019 (Fig. 1).

Fig. 1   Flowchart of patient 
inclusion

Table 1   Increasing number 
of primary epigastric hernia 
repairs in the Herniamed 
Registry

Year n

2010 298
2011 599
2012 1230
2013 1878
2014 2473
2015 2806
2016 3526
2017 3913
2018 4298
2019 4497
Total 25,518
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The proportion of epigastric hernias in the total collec-
tive of all hernias was 3.9% (n = 28,463/737,795) (Fig. 1). 
The gender distribution was 52% men and 48% women. 
5.8% (n = 1652 / 28,463) of epigastric hernias required 
emergency operation (Fig. 1). 4.8% of all elective repairs 

(n = 1293/26,811) were reported as recurrence, although 
these should be considered incisional hernias.

Further analysis was undertaken with 25,518 primary 
elective epigastric hernia repairs (Fig. 1).

The number of epigastric hernia repairs recorded each 
year in the Herniamed Registry continued to rise because of 
the increase in the number of participating hospitals/surgi-
cal clinics (Table 1). In the total collective of all epigastric 
hernia repairs for the years 2010–2019, the proportion of 
open suture techniques was 33.4%, laparoscopic IPOM was 
22.6%, open sublay 20.4%, open IPOM 9.7%, open onlay 
2.8%, component separation technique 1.4%, and the propor-
tion of “other techniques” was 9.7% (Table 2).

The distribution of the defect size based on the Euro-
pean Hernia Society classification [15] into small (< 2 cm), 
medium (≥ 2–4 cm) and large (> 4 cm) remained stable dur-
ing the observation period (Fig. 2). The most recent propor-
tion with defect size small was 45.4%, medium 38.3% and 
large 16.3% (Fig. 2).

The surgical techniques used in epigastric hernia repair 
changed highly significantly when comparing 2013 with 

Table 2   Procedures used for primary elective epigastric hernia 
repairs in the Herniamed Registry

Procedure n %

Open Suture 8515 33.4
Open Sublay 5207 20.4
Open IPOM 2473 9.7
Laparoscopic IPOM 5762 22.6
Open Onlay 712 2.8
Component separation 361 1.4
Other procedures (EMILOS, MILOS, eTEP, 

Preperitoneal Flat Mesh Technique, etc.)
2488 9.7

Fig. 2   Primary elective epigastric hernia repairs (n = 25,518) and the European Hernia Society defect size classification (2010–2019) *Bonfer-
roni-adjusted (factor 3) for multiple testing
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2019 (p < 0.0001) (Fig. 3). This is due to a significant 
reduction in the proportion of laparoscopic IPOM repairs 
from 26.0% in 2013 to 18.2% in 2019 (p < 0.0001) (Fig. 3). 
By contrast, the open sublay technique (16.5% vs 21.8%; 
p < 0.001) and the “other techniques”, with EMILOS, 
MILOS, eTEP, preperitoneal flat mesh technique, etc. 
(8.3% vs 15.3%; p < 0.001), were used significantly more 
often.

The relatively large proportion of open suture techniques 
remained unchanged between 2013 and 2019 (Fig. 3). That 
was also true for the open IPOM technique (Fig. 3).

Encouragingly, changes in indication for the various sur-
gical techniques also led to a reduction in the postoperative 

surgical complication rate (3.8% vs 1.9%; p < 0.0001) 
(Fig. 4). That was really due to a corresponding drop in the 
postoperative surgical complication rates associated with 
the laparoscopic IPOM and open sublay technique (Fig. 4). 
However, no change was seen in the complication-related 
reoperation rates (Fig. 5). Changes in the surgical techniques 
used for epigastric hernia repair did not significantly impact 
outcomes at 1-year follow-up (Figs. 6, 7, 8, 9).

Relevant pain rates were identified for the total collective 
(Figs. 6, 7, 8). Between 2013 and 2019, the rates for pain at 
rest were 4.2–4.3%, for pain on exertion 9.0–9.6% and for 
chronic pain requiring treatment 3.1–3.7% (Figs. 6, 7, 8). 
The pain rates for laparoscopic IPOM reached values higher 

Fig. 3   Techniques used for repair of primary elective epigastric hernias (n = 25,518; 2010–2019). * Bonferroni-adjusted (factor 7) for multiple 
testing
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than the mean value calculated for the total collective for the 
years 2013 and 2018 (Figs. 6, 7, 8).

With mean values of 2.8–3.4%, the recurrence rates at 
1-year follow-up reached particularly high values for the 
open onlay technique at 7.5% in 2013 and 9.1% in 2018 
(Fig. 9). Likewise, for the open suture technique, rates of 
5.1% in 2013 and 3.5% in 2018 were above those seen for 
the mesh techniques with the exception of the open onlay 
technique (Fig. 9).

Discussion

In concordance with the literature, the proportion of epi-
gastric hernias among all hernia repairs in the Herniamed 
Registry is 3.9% [3, 4]. The male to female ratio for operated 
epigastric hernias is 52–48%. This is in contradiction to the 
literature data showing a preponderance of men with a ratio 
of 3:1 [1]. A male to female ratio of 1:1 was identified in 
other clinical series, too [16].

As in the literature, a relatively high proportion of emer-
gency epigastric hernia repairs was also detected in the Her-
niamed Registry at 5.8% [5].

Fig. 4   Rates of postoperative surgical complications for laparoscopic 
IPOM, open IPOM, open sublay, open onlay, component separation, 
suture techniques and other techniques for repair of primary elective 

epigastric hernias (2010–2019; n = 25,518) * Bonferroni-adjusted 
(factor 7) for multiple testing
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This trend analysis of the surgical techniques demon-
strates a highly significant change between 2013 and 2019. 
During the same period there was no `significant difference 
in the distribution of defect sizes as defined by the European 
Hernia Society classification.

The proportion of laparoscopic IPOM in epigastric her-
nia repair declined between 2013 and 2019 from 26.0% to 
18.2% (p < 0.001). Instead, the open sublay operation and 
the “other techniques”, including the new innovative tech-
niques such as EMILOS, MILOS, eTEP, preperitoneal flat 
mesh technique, were indicated more often. A similar trend 
away from laparoscopic IPOM to the open sublay technique 

and “other techniques” was observed for incisional hernia 
[17]. This can be explained by the increasing reservations 
expressed by experienced hernia surgeons about intraperito-
neal mesh placement, which can potentially result in severe 
complications [18, 19].

Indeed, this change in the surgical techniques used for 
epigastric hernia repair led to a reduction in the postop-
erative surgical complications, but without changing the 
complication-related reoperation rates. Hence, this change 
in indication for the laparoscopic IPOM and open sublay 
techniques appears to have helped improve the perioperative 

Fig. 5   Complication-related reoperation rates of primary elective epigastric hernia repair (n = 25,518; 2010–2019). * Bonferroni-adjusted (factor 
7) for multiple testing
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outcome. This confirms a critical indication for use of the 
laparoscopic IPOM technique [18, 19].

Another critical aspect of using laparoscopic IPOM for 
epigastric hernia repair is the relatively high rates of pain at 
rest, pain on exertion and chronic pain requiring treatment. 
The pain rates identified in the years 2013 and 2018 for the 
laparoscopic IPOM reached values higher than the mean 
value recorded for all epigastric hernia repairs in this regis-
try analysis. Unfortunately, no comparable data are reported 
in the literature [7]. One RCT that compared laparoscopic 

ventral hernia repair with and without defect closure also 
identified high rates of chronic pain [10].

The highest recurrence rates at 1-year follow-up were 
identified for the open onlay technique. Accordingly, the 
guidelines do not recommend the open onlay technique for 
epigastric hernia repair [11].

Several analyses from the Danish Ventral Hernia Data-
base demonstrated that the suture technique was associated 
with significantly higher recurrence rates compared with 
the mesh techniques [20, 21]. Similarly, in this present Her-
niamed Registry analysis, the recurrence rates for the years 

Fig. 6   Rates of pain at rest at 1-year follow-up for primary elective epigastric hernia repairs (2010–2018; n = 16,490) *Bonferroni-adjusted (fac-
tor 6) for multiple testing
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2013 and 2018 for suture repair are above the mean values 
obtained for the total collective and concord with the find-
ings of the Danish Ventral Hernia Database (20/21).

The limitations of this analysis of trends in epigastric 
hernia repair derive from the inability to take account of 
potential influencing factors, apart from the surgical tech-
niques, on the outcome. Another limitation is the loss to 

follow-up for around one-fifth of all patients. Furthermore, it 
was possible to summarize rarely performed and innovative 
new techniques only as a single group denominated as “other 
techniques”. Despite this, the present analysis does provide 
important insights into the reality in epigastric hernia repair.

In summary, this trend analysis demonstrates that the 
proportion of laparoscopic IPOM techniques in epigastric 

Fig. 7   Rates of pain on exertion at 1-year follow-up for primary elective epigastric hernia repairs (2010–2018; n = 16,490) * Bonferroni-adjusted 
(factor 6) for multiple testing
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hernia repair has declined highly significantly. Instead, 
open sublay repairs and other techniques as well as new, 
innovative techniques are being increasingly used in recent 
times. This changeover has led to a significant reduction 

in the postoperative surgical complications. Relatively high 
chronic pain rates have been identified for the laparoscopic 
IPOM. The open onlay technique has a very high recur-
rence rate. Mesh procedures have lower recurrence rates than 
suture repair.

Fig. 8   Rates of chronic pain requiring treatment at 1-year follow-up for primary elective epigastric hernia repairs (2010–2018; n = 16,490) *Bon-
ferroni-adjusted (factor 6) for multiple testing
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