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64.1	 �Introduction

Even though the laparoscopic approach to gen-
eral surgery started in the early 1990s to mini-
mize trauma to the abdominal wall and pain, we 
have to consider that actually today a high per-
centage of surgery is still done in an open 
approach. The risk of development of incisional 
hernia, especially after midline laparotomies, is 
found to be up to 44% in the literature. Though 
new techniques for closure of the midline like 
the “small bite technique” seem very promising 
[1, 2], the percentage of incisional hernias after 
1-year follow-up with 21% are quite high. After 
2 years of surgery, the rate of incisional hernia 
is only about 50% and 75% within 3 years. Not 
surprisingly, the increase of the hernia inci-

dence from 1  year to 3  years of follow-up is 
about 60% [3].

The complications associated with incisional 
hernias are most likely chronic pain and discom-
fort but can lead also to incarceration and life-
threatening strangulation.

Whereas all laparoscopic incisional hernia 
repairs are performed with the use of a mesh 
mostly in a bridging technique, predominantly 
the mesh provides a reinforcement of the direct 
closure of the defect in open repair. Mesh-
associated complication like infections, shrink-
age, and pain as well as complications due to 
mesh fixation and finally the recurrence rate have 
to be analyzed and compared to the different 
techniques of open and laparoscopic approach 
especially in terms of the long-term results.

64.2	 �Material

To address the current issues of complications in 
open and laparoscopic incisional hernia repair, two 
meta-analyses [4, 5] focusing the comparison of 
the outcome in both techniques based on RCTs and 
data of the Herniamed registry were analyzed in 
this chapter. The aim of merging the analysis of 
clinical studies and the daily practice was to repre-
sent the genuine rate of complication rates in open 
and laparoscopic incisional hernia repair. The anal-
ysis of the different variables of outcome mainly 
focused on the intra- and postoperative complica-
tions, as well as chronic pain and recurrence.
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64.3	 �Results

In the meta-analysis of Awaiz et al. [4], six RCTs 
comparing laparoscopic versus open mesh repair 
for elective incisional hernia were included 
[6–11].

The overall complication rate in the laparo-
scopic group (LG) was 38.9% compared to 
41.53% in the open group (OG) without any sig-
nificant difference (OR 1.07, 95% CI 0.33, 3.42, 
p = 0.91). Concerning the bowel complication, a 
significant less percentage was found in OG 
with 2.11% compared to 5.89% in the LG (OR 
2.56, 95% CI 1.15, 5.72, p = 0.02). The infec-
tion rate of 2.41% detected in the LG a signifi-
cant lower percentage compared to 12.16% in 
the OG (OR 0.21, 95% CI 0.07, 0.64, p = 0.01), 
which was corrected after a comment by Jensen 
et  al. [12] in the final analysis of Awaiz et  al. 
[13].

The incidence of wound hematoma or seroma 
with 15.28% in the LG versus 12.69% in the OG 
(OR 1.54, 95% CI 0.58, 4.09, p = 0.38), as well as 
the reoperation rate with 0.48% in the LG versus 
3.41% in the OG (OR 0.32, 95% CI 0.07, 1.43, 
p = 0.14), was analyzed without any significant 
difference (Table 64.1). Regarding the variables 
of length of hospital stay (SMD −0.83, 95% CI 
−2.22, 0.56, p  =  0.24) and time back to work 
(SMD −3.14, 95% CI −8.92, 2.64, p = 0.29), also 
no significant differences were found (Table 64.2). 
The analysis of postoperative pain obtained no 

significant difference between both groups (OR 
1.41, 95% CI 0.81, 2.46, p = 0.23). Finally also 
rate of recurrence in the LG with 8.74% com-
pared to 6.92% of OG was without any signifi-
cance (OR 1.41, 95% CI 0.81, 2.46, p  =  0.23) 
(Table 64.1).

In summary, the results of the analysis of both 
techniques seem to be comparable in terms of 
complication rates except wound infection, 
which was in favor of the laparoscopic repair.

Albeit the results of this review seem to reflect 
the evidence, some basic limitation has to be 
taken into account. For most of the outcomes in 
the included studies except for bowel complica-
tions, recurrence rate, reoperation, and neuralgia, 
a high degree of heterogeneity has to be 
considered.

Another meta-analysis published by Al 
Chalabi et al. [14] included four RCTs compar-
ing open versus laparoscopic repair of incisional 
hernias [8–11] and one RCT [5] with ventral 
hernias. A total number of 611 patients, 306 
patients in the laparoscopic group and 305 
patients in the open repair group, were enrolled 
in the final analysis. The range of follow-up in 
the studies was from 2  months to 35  months. 
The recurrence rate was similar (p  =  0.30), 
wound infection was higher in the open repair 
group (p < 0.001), length of hospital stay was 
not statistically different (p = 0.92), and finally 
the operation time was longer in the laparo-
scopic group but did not reach statistical signifi-
cance. The drawback of this systematic review 
may be the inclusion of one study in ventral her-
nias (Pring et  al.; [5]), which could bias the 
results of the meta-analysis due to the fact of 
crucial difference in the results of repair in pri-
mary and incisional hernias.

Table 64.1  Results of the review of Awaiz et al. [4, 13] 
concerning distribution of laparoscopic and open repair in 
incisional hernia and number and percentage of complica-
tions (bowel injuries, wound infection, hematoma/seroma, 
reoperation, and recurrence)

Laparoscopic % Open %
Patients 373 378
Bowel 
complications

22 5.9 8 2.1

Complications 145 38.9 157 41.5
Wound 
infection

8 2.1 46 12.2

Hematoma/
seroma

57 15.3 48 12.7

Reoperation 1 (206) 0.5 7 (205) 3.4
Recurrence 32 (366) 8.7 24 (374) 6.4

Table 64.2  Comparison of laparoscopic and open repair 
regarding hernia size, OP time, oral intake of painkiller, 
and hospital stay of the Herniamed registry

Mean (SD) Laparoscopic Open
Hernia size (cm2) 31.6 (42) 20.9 (27.8)
Op time (min) 87.3 (28.8) 99.1 (24.5)
Oral intake 39.2 (13.7) 49.2 (13.8)
Hospital stay (d) 3.5 (1.4) 5.4 (1.8)
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In the Herniamed registry, which was founded 
in 2009 by Köckerling [15], 47,580 data of inci-
sional hernia repairs out of 417,147 hernia cases 
enrolled between 01 September 2009 and 24 
April 2017 were analyzed concerning the differ-
ent methods of repair as well as associated 
complications.

The distribution of the different repair tech-
niques is shown in Table  64.3. The highest per-
centage of operation method was found in the 
sublay mesh repair with 10.5% followed by lapa-
roscopic IPOM (29.9%), open IPOM (13.7%), 
suture repair (10.5%), and component separation 
(2.1%). Regarding the operation time, the suture 
repair was the fastest (49 min) and the component 
separation the longest (143 min). The median time 
for the laparoscopic IPOM with 78 min was nearly 
the same as for the onlay repair (80 min) and the 
open IPOM (84 min) compared to the sublay mesh 
repair lasting 99 min. The median hospital stay for 
open IPOM, sublay, and onlay was 8 days whereas 
21 days for the component separation.

The intraoperative complication rate ranged 
between 1% and 3% (onlay 1.5%, sublay 1.6%, 
suture 2.2%, open IPOM 2.4%, laparoscopic 
IPOM 2.7%, CS 2.8%).

The postoperative rate of complication on the 
contrary differed significantly between the different 
procedures. The lowest rates were found after suture 
repair and laparoscopic IPOM with 4.8% and 4.3%, 
respectively, whereas 9.8% and 11.4% after onlay 
and sublay were detected. After component separa-
tion, the highest rate of 23.4% was described.

Similar distribution of the reoperation rates 
due to complications was seen: 2% in the group 
after suture repair and laparoscopic IPOM fol-
lowed by open IPOM (4.3%), onlay (4.4%), and 
sublay (5.3%). Again the component separation 
was found to be associated with the highest reop-
eration rate (13.3%).

Following the reviews of Awaiz [4] and Al 
Chalabi [14], the comparison of open sublay ver-
sus laparoscopic IPOM was also analyzed for the 
data of Herniamed registry.

Looking at the size of defect (W1, W2, and 
W3, EHS classification) comparing laparo-
scopic IPOM and open sublay, the distribution 
is quite different, 38%, 49%, and 13% versus 
25%,54%, and 21%, respectively (Table 64.4). 
The interpretation of these analyses detects the 
tailored approach concerning the chosen proce-
dure in association with the defect size. 
Therefore, the results have to be seen very care-
fully and can be valued only in case of multi-
variable analysis or after propensity score 
matching.

The rate of wound infection in laparoscopic 
IPOM with 1.9% was significantly lower in com-
parison to the sublay with 4.7%. These results 
confirm the analysis of the reviews [4, 14]. 
Chronic pain and pain at rest or during exercise 
after 1 year of follow-up are without any differ-
ence between laparoscopic IPOM and sublay. 
The recurrence rate after laparoscopic IPOM 
after 1  year was 7.2% and after sublay 7.8% 
(Table 64.4).

Table 64.3  Distribution of the different OP methods (number and percentage) and results: OP time, hospital stay, 
intraop and post-op complication, and reoperation of the Herniamed registry

OP method
Open 
IPOM Sublay Onlay Sutures

Component 
separation

Laparoscopic 
IPOM

Patients 5989 
(13.7%)

14,584 
(33.4%)

2282 
(5.2%)

4598 
(10.5%)

913 (2.1%) 13.058 (29.9%)

Operative time 
(min)

84 99 80 49 143 78

Hospital stay (d) 8 8 8 6 12 6
Complications 
intraop

2.40% 1.60% 1.50% 2.20% 2.80% 2.70%

Complications 
post-op

9.50% 11.40% 9.30% 4.80% 23.40% 4.30%

Reoperation 4.30% 5.30% 4.40% 2% 13.30% 2%
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64.4	 �Conclusions

In summary, the analysis of Herniamed registry 
data confirms the results of the reviews of Awaiz 
[4, 13] and Al Chalabi [14] in terms of the higher 
risk of wound complications in open repair of 
incisional hernias compared to the laparoscopic 
technique. Furthermore, the analysis of the regis-
try data detected lower rates of overall complica-
tions and reoperations in favor of the laparoscopic 
method. Since the tailoring of the surgical method 
in association with the size of the defect in the 
registry data could be seen, obviously, the mem-
bers of the Herniamed registry are following the 
guidelines for laparoscopic treatment of ventral 
and incisional abdominal wall hernias of the 
International Endoscopic Hernia Society (IEHS) 
[16–18] in terms of limitation for laparoscopic 
repair up to a defect size of 8–10 cm. With respect 
to the defect size, the laparoscopic IPOM repair 
seems to obtain excellent results.

64.5	 �Discussion

The laparoscopic technique of repair of ventral 
and incisional hernia first described by Le Blanc 
developed not only in terms of technical equip-
ment but also in mesh technologies. The everlast-

ing discussion of the size of mesh overlap started 
with the first recommendation of Le Blanc in 
2003 [19] and leads to the recent published 
review by Le Blanc [20]. In this review, an analy-
sis was performed to determine the relationship 
between hernia recurrence rate and area of mesh 
overlap in open and laparoscopic repair including 
45 prospective studies and 50 retrospective stud-
ies, enrolling 8864 patients in total. In laparo-
scopic procedures, the pooled estimation of risk 
for each group based on the extent of mesh over-
lap obtained incidence rates of 8.6%, 4.6%, and 
1.4% for <3, 3–5, and >5  cm mesh overlap, 
respectively, whereas in open repair, no trend 
between hernia recurrence rate and mesh overlap 
could be seen (6.5%, 7.0%, and 6.0% for <3, 3–5, 
and >5  cm mesh overlap). These results reflect 
the importance of mesh overlap in laparoscopic 
repair especially in respect of the bridging 
technique.

According to the recommendation of the 
IEHS guidelines, “the mesh used for laparo-
scopic repair of a ventral hernia should overlap 
the hernia defect by at least 3 to 4 cm in all direc-
tions” (Grade B—Level of Evidence) and “a 
large overlap of the defect by mesh is necessary, 
with a minimum of 5  cm if the mesh is fixed 
without transfascial sutures. A larger overlap is 
recommended for larger hernias than the overlap 
used for small hernias” (Grade C). Another main 
issue of recurrence in the repair of incisional 
hernia is the relationship between mesh and fixa-
tion. In the guidelines of the IEHS [16], the rec-
ommendations are stated: “Suture fixation alone 
or a combination with tacks should be per-
formed” (Grade B) and “The tacks-only fixation 
can be considered the technique of choice, tak-
ing into account the increased risk of postopera-
tive pain due to the number of devices and the 
need for an additional overlap of mesh (at least 
5  cm) to prevent recurrence caused by shrink-
age” (Grade C). All these recommendations are 
predominantly based on the studies of Le Blanc 
[19] and could be extended to the results of the 
experimental studies of Kallinowsky et  al. [21, 
22], which revealed a direct association of mesh-
type, overlap, and fixation according to the 
defect size.

Table 64.4  Distribution of defect size (EHS classifica-
tion) and OP method (sublay versus laparoscopic IPOM) 
and rate of complications, reoperation, and recurrence, as 
well as pain at rest or during exercise and chronic pain 
after 1 year of the Herniamed registry

Sublay (%)
Laparoscopic 
IPOM (%)

W1 (<4 cm)a 25 38
W2 (4–10 cm)a 54 49
W3 (>10 cm)a 21 13
Wound infection 4.7 1.9
Complications post-op 11.4 4.3
Reoperation 5.3 2
1a follow-up
Recurrences 4.4 5.8
Pain at rest 11 10
Pain during exercise 20 20
Chronic pain 7.8 7.2

aDefect size (EHS-classification)
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Berler et  al. [23] published an overview of 
new technologies of fixation models like push-
pins, screws, or barbs associated with different 
mechanisms of fixation aiming the prevention of 
mesh migration and at the end a potential recur-
rence. The trend of minimizing the trauma of 
fixation, as already seen in the laparo−/endo-
scopic repair in inguinal hernias, seems to follow 
the use of glue and self-adhering meshes to 
achieve less chronic pain and better long-term 
outcome.

Another discussion is arising by the imple-
mentation of new laparo−/endoscopic techniques 
with the purpose to place the mesh in a retromus-
cular position to prevent any kind of complica-
tion associated with mesh or fixation. The mini/
less open sublay (MILOS) and endoscopic 
MILOS (eMILOS) technique developed by 
Reinpold and Bittner et  al. [24], endoscopic-
assisted linea alba reconstruction (ELAR) by 
Köckerling [25, 26], stapled Rives-Stoppa by 
Costa et al. and Moore et al. [27, 28], and finally 
robotic approaches by Carbonell et al. [29] pro-
vide the advantages of minimally invasive 
approach in combination with the safest place of 
mesh implantation.

The reports of these brand-new hybrid tech-
niques are very promising, but have to be proved 
in the long-term results.

Including all the developments and progress 
in incisional hernia repair, the old two main 
opposing techniques of open and laparoscopic 
repair will be replaced by tailoring each inci-
sional hernia case with the best available tech-
nique including all new operation methods.
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