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Abstract
Introduction  There is an increasingly controversial debate about the best possible incisional hernia repair technique. Despite 
the good outcomes of laparoscopic IPOM, concerns about the intraperitoneal mesh placement and its potential intraabdominal 
complications have risen. Against that background, this paper now analyzes changes and trends in incisional hernia repair 
techniques in the recent decade.
Methods  Between 2010 and 2019 a total of 61,627 patients with primary elective incisional hernia repair were enrolled 
in the Herniamed Registry. The outcome results were assigned to the year of repair and summarized as curves to visualize 
trends. The explorative Fisher’s exact test was used for statistical calculation of significant differences. Since the number of 
cases entered into the Herniamed Registry for the years 2010–2012 was still relatively small, the years 2013 and 2019 were 
compared for statistical analysis.
Results  In the analyzed time period, the proportion of incisional hernias repaired in open suture technique remained 
unchanged at about 10%. The proportion of laparoscopic IPOM repairs decreased significantly from 33.8% in 2013 to 21.0% 
(p < 0.001) in 2019. Conversely, the proportion of open sublay repairs increased significantly from 32.1% in 2013 to 41.4% 
(p < 0.001) in 2019. Starting in 2015, there has also been the introduction and increasing use (4.5% in 2013 vs. 10.0% in 
2019; p < 0.001) of new minimally-invasive techniques with placement of a mesh into the sublay/retromuscular/preperitoneal 
abdominal wall layer (E/MILOS, eTEP, preperitoneal mesh technique).
Conclusion  Analysis of data from the Herniamed Registry shows a significant trend to the disadvantage of the laparoscopic 
IPOM and to the advantage of the open sublay operation and the new minimally-invasive techniques (E/MILOS, eTEP, 
preperitoneal mesh technique). Despite all the recommendations in the guidelines, 10% of incisional hernias continue to be 
treated by means of a suture technique.
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Introduction

The incidence of incisional hernias three years after abdomi-
nal surgery is as high as 22.4% [1–3], with equal distribution 
between men and women [4]. In Germany around 50,000 
[5] and in the USA 100,000 [6] incisional hernia repairs are 
carried out each year. In the USA the costs incurred in 2011 

for hospital treatment of an incisional hernia were $60,968, 
amounting to annual costs of $7.3 billion for the healthcare 
system [6].

Several guidelines for ventral hernia repair have been 
published in recent years [8–15], indicating that the laparo-
scopic intraperitoneal onlay mesh (IPOM) and open sublay 
mesh repair techniques are currently the most widely used 
procedures for the treatment of abdominal wall hernias [16]. 
It has also been shown that there is a significant difference 
in the outcome of primary ventral hernia repair (umbilical, 
epigastric) compared to incisional hernia repair, underlining 
that merging of both patient populations in studies should be 
omitted [17–22]. Especially for incisional hernia repair, sur-
gical site occurrences are the ‘Achilles heel’ [7] with a strong 
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economic burden. Therefore, strict adherence to standard-
ized guidelines is of utmost importance to keep the postop-
erative complication rate to a minimum [7]. With respect 
to wound complications, lower rates have been shown for 
the laparoscopic intraperitoneal onlay mesh (IPOM) tech-
nique compared to open mesh repair [23–27]. As regards 
recurrence rates following primary elective incisional hernia 
repair, a Danish Ventral Hernia Database study was unable 
to demonstrate any difference on comparing laparoscopic 
IPOM and open mesh procedures (10.6% vs. 12.3%) with a 
mean follow-up of 59 months. However, in the same popu-
lation mesh-related complications requiring reoperation 
occurred less frequently in laparoscopic IPOM repairs than 
in open mesh repair (2.4% vs. 5.2%) [28].

Interestingly, over the last decade laparoscopic IPOM was 
deemed to cause more intraperitoneal complications since 
it has been shown to carry an increased risk of intraopera-
tive bowel injuries [16]. Concerns have been raised about 
potential visceral adhesions, bowel obstruction, fistulation, 
mesh migration and impaired durability of bridging repairs, 
thus challenging the role of laparoscopic IPOM repair as the 
gold standard in ventral hernia repair [29]. At the same time 
this discussion has propelled the development of alternative 
techniques with mesh placement outside the abdominal cav-
ity under perpetuation of the minimally-invasive approach 
[29]. Accordingly, these new minimally-invasive extraperito-
neal techniques, such as E/MILOS (Mini Less Open Sublay 
repair) or eTEP (Extended totally extraperitoneal repair), 
have been introduced [15], showing promising results com-
pared to the laparoscopic IPOM and conventional open tech-
niques [16].

Since laparoscopic IPOM is now being challenged by the 
new minimally-invasive extraperitoneal techniques as the 
gold standard in ventral hernia repair, it remains unclear 
to what extent everyday surgical techniques have changed 
over the last decade. Therefore, this study aims to analyze 
incisional hernia repair techniques and their outcomes over 
the past 10 years based on data from the Herniamed registry 
[30, 31].

Methods

Herniamed is an internet-based hernia registry with voluntary 
participating hospitals and surgeons from Germany, Austria 
and Switzerland [4, 27, 30, 31]. In Herniamed the participat-
ing institutions can enter prospective data on all routine hernia 
repairs performed. The number of participating institutions 
by December 31, 2019 was 737. All patients have signed a 
consent form agreeing to their data being processed by Her-
niamed. As part of the informed consent declaration regarding 
participation in the Herniamed Registry, patients are informed 
that the hospital or surgeon providing treatment would like 

to be informed about any problem occurring after the hernia 
operation and that the patient may at any time contact the treat-
ing institution or surgeon to arrange for clinical examination.

Initially, the postoperative complications are registered for 
up to postoperative day 30 [31]. For the postoperative surgical 
complications a distinction is made between bleeding, wound 
healing disorder, deep infection, seroma and hematoma [31]. 
Complication-related reoperations are also recorded [31]. 
Here seroma is defined as serous fluid collection in the wound 
area, wound healing disorder as superficial wound dehis-
cence and deep infection as deep wound infection with mesh 
involvement.

After 1, 5 and 10 years patients and their general practi-
tioner are sent a questionnaire by the treating institution, 
enquiring once again about any subsequent postoperative 
complications [31].

The questionnaire also asks patients and the general 
practitioner about any pain at rest, pain on exertion or pain 
requiring treatment. Patients are also asked whether they have 
experienced any protrusion suggestive of hernia recurrence. 
If the patient or general practitioner reports such a finding, the 
patient is contacted by the treating institution and requested to 
attend clinical examination [27, 30, 31].

In the current analysis, prospective data of patients who 
underwent primary elective incisional hernia repair with the 
laparoscopic intraperitoneal onlay mesh (IPOM) technique or 
open suture, sublay, onlay, IPOM or other procedures were 
evaluated to determine the perioperative and one-year follow-
up outcomes. All infrequently used alternative techniques and 
new procedures can only be documented in the Herniamed 
registry in the group of “other techniques”. Under “other tech-
niques” the surgical technique can be entered as free text and 
later evaluated.

The explorative Fisher’s exact test was used for statistical 
calculation of significant differences with an alpha = 5%. For 
post-hoc tests of single categories, a Bonferroni adjustment for 
multiple testing was implemented. Since the annual number of 
cases in the Herniamed Registry for the years 2010–2012 was 
still relatively low and there was thus considerable fluctuation 
in the analysis result, the years 2013 and 2019 exhibiting a 
more stable trend were compared. That applies for comparison 
of the surgical techniques used and of the postoperative com-
plications. Since only the results for the years 2010–2018 were 
available for one-year follow-up, testing for significant differ-
ences in the recurrence and pain rates is based on comparison 
of the results obtained for the years 2013 and 2018.

Results

Between 2010 and 2019 a total of 61,627 patients with pri-
mary elective incisional hernia repair were enrolled in the 
Herniamed Registry (Fig. 1). The increase in the number of 
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cases each year is due to the growing number of hospitals 
participating in the Herniamed Registry (Table 1). Follow-
up is available for 40,169 of 51,517 (78%) of patients for the 
years 2010–2018.

Surgical procedures

Open sublay and laparoscopic IPOM techniques were the 
most frequently used surgical procedures (Table 2) in the 
study population. Statistical analysis of the use of the various 
surgical techniques for 2013 versus 2019 reveals a signifi-
cant decline in the use of the laparoscopic IPOM technique 

from 33.8% to 21.0% (p < 0.001) (Fig. 2). During the same 
period, the rate of open sublay repairs rose significantly from 
32.1% in 2013 to 41.4% (p < 0.001) in 2019. The propor-
tion of incisional hernias repaired in open suture technique 
remained unchanged at about 10%.

The use of open IPOM and open onlay remained rela-
tively constant at a low level during the investigated time 
period. Component separation technique was used signifi-
cantly more often (1.9% in 2013 vs. 3.1% in 2019; p < 0.001) 
but with a low frequency. The continuing use of the suture 
technique to treat around 10% of incisional hernias is 
surprising.

Fig. 1   Flowchart of patient 
inclusion
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Noteworthy is then the significant rise (4.5% in 2013 vs. 
10.0% in 2019; p < 0.001) in the “other techniques” start-
ing in 2015. Further analysis of this subgroup revealed that 
this group contained 955 E/MILOS, 878 laparo-endoscopic 
procedures with mesh placement in the sublay/retromuscular 
space (eTEP) and 681 open preperitoneal mesh techniques.

Hence, a significant trend is seen in favor of the new 
techniques as well as in favor of the open sublay over the 
laparoscopic IPOM technique.

Hernia size

The European Hernia Society (EHS) width classification 
was used to assess whether the patient collective oper-
ated on over the observation period had changed [32–34]. 
Analysis of EHS width classification showed a marked rise 
in smaller defects (EHS W1: < 4 cm) from 34.3% in 2013 
to 39.7% in 2019 (p < 0.001) and a decline in the medium 
defect sizes (EHS W2: ≥ 4–10 cm) from 47.1% in 2013 to 
43.7% in 2019 (p < 0.001). The proportion of large defects 
(EHS W3: > 10 cm) decreased from 18.6% in 2013 to 16.6% 
in 2019 (p = 0.0063).

The proportion of patients with incisional hernia and pre-
vious laparoscopic gallbladder removal, appendectomy and 
inguinal hernia repair increased significantly over the 7-year 
period (Fig. 3). The proportion of medial localizations in 

primary elective incisional hernia repairs also increased 
significantly (71.6% in 2013 vs. 77.4% in 2019; p < 0.0001) 
and the lateral and combined defect localizations decreased.

Complications, recurrence and pain

Comparison of the postoperative surgical complication 
rates and rates of complication-related reoperations (Fig. 4) 
showed that in the case of sublay repair these declined sig-
nificantly from 11.8% in 2013 to 9.0% in 2019 (p = 0.0013). 
The complication-related reoperation rate dropped slightly, 
but not significantly, from 5.3% in 2013 to 4.5% in 2019. 
That was also true for the laparoscopic IPOM, where the 
postoperative surgical complication rate decreased signif-
icantly from 5.3% in 2013 to 3.0% in 2019 (p = 0.0004). 
Similarly, the complication-related reoperation rate dropped 
significantly from 2.2% to 1.3% (p = 0.0449). Of importance 
for the decline in the postoperative complication rate was 
the significantly decreased seroma rate from 4.2% in 2013 
to 2.5% in 2019 (p < 0.0001) (Fig. 5).

Based on one-year follow-up of the n = 40,169/51,517 
(78.0%) patients for the years 2010–2018, it was also possi-
ble to identify the pain rates and hernia recurrence rates. The 
recurrence rate significantly decreased from 5.6% in 2013 
to 4.7% in 2018 (p = 0.0385). Whereas the rate of chronic 
pain requiring treatment at about 8% did not change between 
2013 and 2018, the rate of pain on exertion declined signifi-
cantly from 19.5% in 2013 to 16.7% in 2018 (p = 0.0006) 
(Fig. 6).

Discussion

This is the first prospective study investigating the trends 
in the application of different surgical techniques for inci-
sional hernia repair over a full decade (2010–2019) based 
on the validated large-scale database Herniamed. Several 
important trends have been identified, such as the significant 
decline in the application of laparoscopic IPOM repair, chal-
lenging its perceived role as the gold standard in incisional 
hernia repair. By contrast, new minimally invasive and open 
techniques with extraperitoneal mesh placement, such as E/
MILOS, eTEP and laparo-endoscopic preperitoneal mesh 
placement, have been used more frequently with every year. 
This is also true for open sublay repair, although its dis-
advantages regarding wound complications are undisputed. 
The quality of hernia repair has significantly increased, as 
indicated by the decreasing rates of postoperative compli-
cations for open sublay and laparoscopic IPOM, complica-
tion-related reoperations for laparoscopic IPOM and seroma 
formation, recurrence rate and rate of pain on exertion for 
the total collective. However, it has also been demonstrated 
that some outcomes such as wound healing disorder, deep 

Table 1   Increasing number 
of primary incisional hernia 
repairs per year in the 
Herniamed Registry

Year n

2010 761
2011 1.593
2012 2.949
2013 5.034
2014 6.501
2015 7.129
2016 8.320
2017 9.147
2018 10.083
2019 10.110
Total 61.627

Table 2   Procedures used for primary elective incisional hernia repair

Procedure n %

Open sublay 22.728 36.9%
Laparoscopic IPOM 16.736 27.2%
Open Ipom 7.664 12.4%
Open suture 6.097 9.9%
Open Onlay 2.947 4.8%
Component separation 1.422 2.3%
Other techniques 4.033 6.5%
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infection and rates of pain at rest and chronic pain requiring 
treatment have not changed over the last decade, underlining 
the need for further optimization of the quality of incisional 
hernia repair.

One of the most important findings of our study is the 
significant decline in the use of the laparoscopic IPOM tech-
nique in incisional hernia repair. After reaching its peak in 
2013 with a proportion of 33.8%, it continued to drop to 
21.0% in 2019. These numbers are reflected by data from 
French [21] and USA [35] databases, where laparoscopic 
IPOM techniques were used for incisional hernia repair in 
26% and 31%, respectively. However, the central issue is 
not the proportion alone but the dramatic decline over time. 
This steeply sloping trend may be explained by the increas-
ing apprehensions associated with potential intraoperative 
complications and the intraperitoneal mesh position [15, 16, 
29]. Our data suggest that surgeons have therefore either 
switched back to standard open sublay repair or applied new 
techniques, such as E/MILOS, eTEP or laparo-endoscopic 
preperitoneal mesh placement, while striving to assure a 
low risk of surgical site occurrences and infections using 
minimally-invasive approaches for incisional hernia repair. 

Another explanation may be that as per the current guideline 
recommendations the laparoscopic IPOM approach is suit-
able only for defects of less than 8–10 cm [8–15]. But con-
sidering that in our study the proportion of defects > 10 cm 
remained unchanged and defects of 4–10 cm even decreased 
over the 10-year time period, the incremental growth in open 
sublay repair seems worrisome in view of the associated 
risks of wound complications. The current proportion of 
open sublay repairs of 41.4% by 2019 in our study popula-
tion exceeds, for example, that in the French registry (30% in 
the period of 2011–2016) [21, 33]. The trend towards apply-
ing new minimally-invasive techniques, as recorded in our 
registry, may be the solution to this problem. This develop-
ment seems a logical step driven by the dilemma presented 
by the laparoscopic IPOM, while moving the mesh out of 
the abdominal cavity into the retromuscular space, without 
abdicating the minimally-invasive approach. Although the 
initial study results comparing these techniques with laparo-
scopic IPOM and open sublay provided excellent outcomes 
[15, 16], more long-term data are needed to underscore their 
claim to being the new standard for minimally-invasive inci-
sional hernia repair. Furthermore, there is an urgent need to 

Fig. 2   Primary elective incisional hernia repairs (n = 61.627) with different techniques (2010–2019). *Bonferroni-adjusted (Faktor 7) for multi-
ple testing
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Fig. 3   Percentage of patients of previous laparoscopic cholecystectomy, appendectomy and inguinal hernia operation before primary elective 
incisional hernia repair (2010–2019; n = 61.627)

Fig. 4   Rates of postoperative complications and complication-related reoperations for laparoscopic IPOM and open sublay in primary elective 
incisional hernia repair (2010–2019; n = 61.627)
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clearly name each new minimally-invasive extraperitoneal 
technique in the registry to be able to differentiate between 
such new techniques and effectively link them with their 
respective outcomes.

There are also changing trends in surgical techniques 
apart from laparoscopic IPOM and open sublay repair. The 
proportion of open intraperitoneal onlay mesh (IPOM) repair 
slightly declined from 12.0% to 10.8% in the last 7 years in 

Fig. 5   Surgical side occurrences following primary elective incisional hernia repair (2010–2019; n = 61.627)

Fig. 6   Pain at rest, pain on exertion and chronic pain requiring treatment at 1-year follow-up after primary elective incisional hernia repair 
(2010–2018; n = 51.517)
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our study, which contradicts the unchanged high proportion 
of 31.1% in the French registry [21]. Open onlay repairs, 
although indicated in certain circumstances and experienc-
ing a revival especially in the USA, decreased from 5.1% to 
3.8% (p = 0.0042) during our 7-year study period, reflecting 
proportions in the French registry (3%) [21]. The propor-
tion of surgical procedures using component separation tech-
niques increased significantly from 1.9% in 2013 to 3.1% in 
2019 (p < 0.001),but in general remained low, reflecting their 
main indication to facilitate tension-free closure of complex 
incisional hernias.

Another interesting finding of our study was that 10% of 
patients are still undergoing simple suture repair, despite all 
guidelines recommending the use of meshes for incisional 
hernia repair [8–15]. This trend has not changed over the last 
decade, indicating that there seem to be legitimate reasons 
justifying the violation of the guidelines. This is reflected 
by Danish, British and French database analyses, where the 
portion of primary suture repairs was similar or even higher 
ranging from 10 to 18% [21, 36, 37]. One explanation for 
this discrepancy may be the fear of mesh-related complica-
tions or mesh refusal by the patient, although the use of 
mesh repair even in smaller incisional trocar hernias has 
been proven to be advantageous.

Obviously, the practicability of mesh implantation in 
small hernias seems to be questioned by some surgeons, 
tending towards simple suture repair in cases of smaller inci-
sional hernias, such as trocar hernias. In our study popula-
tion the proportion of small incisional hernias (EHS defect 
width W I, < 4 cm) increased from 30 to 40% in the last 
10 years, with a simultaneous decline in larger incisional 
hernias (EHS defect width II and III). The overall rate of 
trocar hernias was reported in a systematic review [38] to 
have increased from 5.2% to 26% in a three-year follow-up 
after laparoscopic cholecystectomy [39]. Most trocar hernias 
occur around the umbilicus [38], which may be explained 
by the fact that this trocar site is frequently used for the 
larger camera port or for specimen extraction. Considering 
the constant rise in laparoscopic procedures, in general, and 
in visceral surgery since its implementation in the 1990s, 
it is not surprising that the proportion of incisional hernias 
following such procedures (e.g., laparoscopic cholecystec-
tomy, appendectomy or inguinal hernia repair) increased in 
our study period. The increase was especially noticeable in 
the patient subgroup with EHS defect width W I (< 4 cm) 
and predominantly medial defect localizations, serving as 
a surrogate marker for trocar hernias. This underlines the 
importance of keeping the trocar diameter to the small-
est possible size, using 5 mm optics when applicable and 
extracting specimens through lateral port sites.

As a result of the promotion of quality-guided hernia 
surgery, the postoperative complication rates and complica-
tion-related reoperation rates for both the open sublay and 

laparoscopic IPOM techniques improved over the last dec-
ade in our study population. In the case of the laparoscopic 
IPOM, this is thought to be due to the continuously updated 
guideline restricting this technique to defects measuring at 
most 8–10 cm [9–15]. With strict compliance with these 
guidelines, the positive impact of these evidence-based rec-
ommendations on the outcome quality of surgical proce-
dures is clearly visible in our study population. Since post-
operative surgical site occurrences are considered to be the 
“Achilles heel” [7] in open sublay repair, the improvement 
in these events in our study population was essentially due 
to reduction of the seroma rate. In a systematic review the 
adjuncts to reduce seroma in open incisional hernia repair 
were identified [40]. However, the clear role of drains, 
abdominal binders, fibrin glue and other agents must be 
investigated further. Another explanation for this trend may 
be that surgeons are increasingly avoiding the use of wide 
tissue dissection with creation of large flaps [41]. Also, the 
increasing proportion of smaller incisional hernias < 4 cm 
has helped to improve the rates of wound complications for 
both the laparoscopic IPOM and open sublay repair tech-
niques in our study population, underlining the strong cor-
relation between the defect width and risk of postoperative 
complication [33, 34]. The rate of recurrences and pain on 
exertion showed only a slight improvement over the 7-year 
period. Since the outcome parameters are of multifactorial 
genesis, these minor changes are thought to be linked to 
the composition of the patient collectives and to the strong 
adherence to the available evidence-based guidelines, for 
example avoidance of the laparoscopic IPOM approach for 
hernias > 10 cm.

Registry studies have certain limitations. Since participa-
tion in the Herniamed Registry is voluntary, thus making it 
attractive to hernia-interested surgeons, bias cannot be ruled 
out here. To achieve as far as possible complete and correct 
data entry, all surgeons participating in the Herniamed Reg-
istry sign a contract committing to complete and correct data 
entry. Missing data are highlighted by the software. Data 
entry can be verified at the time of auditing certification 
or recertification of hernia centers. Since follow-up in the 
Herniamed Registry is based on questionnaires with patient 
and general practitioner reported outcomes, which has been 
proven to be effective by Baucom et al. [42], follow-up is 
not available for a relevant proportion of patients. In other 
analyses of data from the Herniamed Registry it has been 
possible to reliably detect only negligible selection bias by 
calculating the standardized differences for all patient- and 
operation-related variables as well as the post- and periop-
erative outcome variables [34]. Furthermore, concordance 
between these findings and those in the literature is always 
verified.

In summary, we have shown that over the last dec-
ade there has been a significant change in the operation 
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techniques used, with a growth in open sublay repair and 
new minimally-invasive extraperitoneal techniques to 
the previous level of the laparoscopic IPOM, which now 
decreased dramatically. Some trends remained unchanged, 
such as the number of suture repairs. An increase in smaller 
incisional hernia repairs, mostly composed of trocar hernias, 
has been detected. Last but not least, the quality of incisional 
hernia repair has improved, as measured by a decline in post-
operative surgical complications and complication-related 
reoperations in open sublay and laparoscopic IPOM repair, 
complication-related reoperation rate in laparoscopic IPOM 
as well as a slightly improved rate of recurrence and pain 
on exertion. This real-world study therefore contributes to 
the important outcome research in the field of incisional 
hernia surgery.
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