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Abstract
Purpose  Ventral hernia repair has become a common procedure, but the way in which it is performed still depends on 
surgeon’s skill, experience, and habit. The initial open approach is faced with extensive dissection and a high risk of infec-
tion and prolonged hospital stay. To tackle these problems, minimally invasive procedures are gaining interest. Several new 
techniques are emerging, but laparoscopic intra-peritoneal onlay mesh (IPOM) is still the mainstay for many surgeons. We 
will discuss why laparoscopic IPOM is still a valuable approach in the treatment of primary non-complicated midline hernias 
and review the current literature.
Methods  We performed a literature search across PubMed and MEDLINE using the following search terms: “Laparoscopic 
hernia repair”, “Ventral hernia repair” and “Primary ventral hernia”. Articles corresponding to these search terms were 
individually reviewed by the primary author and selected on relevance.
Conclusion  Laparoscopic IPOM still is a good approach for the efficient treatment of primary non-complicated midline 
hernias. Several techniques are emerging, but are faced with increased costs, technical difficulties, and low study patient 
volume. Further research is warranted to show superiority and applicability of these new techniques over laparoscopic IPOM, 
but until then laparoscopic IPOM should remain the go-to technique.
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Ventral hernia: definition and epidemiology

A ventral hernia is a protrusion of fat with or without 
abdominal content through the anterior abdominal wall. 
Classification by the European Hernia Society divides ven-
tral hernias into primary or congenital and incisional. The 
first group comprises midline (epigastric and umbilical) and 
lateral hernias (lumbar and spigelian) [1]. Incisional hernias 
are categorized by their localisation on the abdomen. Finally, 
various hernias are subdivided based on the size.

Primary hernias

Umbilical hernias occur quite often in childhood as it affects 
between 10 and 25% of all newborns, with a higher fre-
quency in females. Due to a failed closure of the umbilical 
ring, a central defect in the linea alba remains, allowing pro-
trusion of abdominal contents through the umbilical canal. 
This canal is lined posteriorly by the umbilical fascia, ante-
riorly by the linea alba, and laterally by both rectus sheaths 
[2, 3]. Most umbilical hernias at birth are less than 1 cm and 
usually close spontaneously by 4 years of age. In adulthood, 
9 out of 10 umbilical hernias are not congenital and have no 
tendency to close. Females or patients with increased intra-
abdominal pressure (f.e. pregnancy, obesity) are at risk and 
most hernias occur around the age of 35.

Umbilical hernias tend to have a narrow neck, as the linea 
alba above and below shows increased resistance to strain. 
Consequently, the actual hernia orifice remains often small, 
despite the possibility of developing a large hernia sac.

Epigastric hernias originate between the xiphoid and 
the umbilicus and are all acquired defects. They are due to 
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excessive strain on the midline aponeurosis, where fibres 
from both sides cross and form the linea alba [4]. Their 
pathophysiology is still not fully understood, but a com-
bination of chronic strain on diaphragmatic fibres, vessels 
perforating the abdominal wall, defective collagen turno-
ver, and specific patient characteristics (such as obesity and 
smoking) have been proposed. We differentiate between 
a true and a false hernia, with the first containing both a 
peritoneal pouch and extra-peritoneal fat, while the latter 
only contains extra-peritoneal fat [5]. An epigastric hernia 
is a common condition, affecting up to 10% of the general 
population, although not always being symptomatic. They 
occur more frequently between 20 and 50 years of age and a 
male predominance has been described, though recent stud-
ies indicate no marked difference in gender [5].

Incisional hernias

An incisional hernia is always an acquired lesion. Up to 20% 
of patients develop an incisional hernia after major abdomi-
nal surgery. Chronic cough, prostate hypertrophy, steroid 
use, obesity, and smoking are all the risk factors predispos-
ing a patient for an incisional hernia [6]. In contrast with 
primary midline hernias, incisional hernias tend to grow rap-
idly and often involve the whole length of the incision if not 
repaired on time. Around 50% of incisional hernias manifest 
within the first 12 months after surgery [7]. An incisional 
hernia is correlated with intra-abdominal adhesions, which 
might complicate its repair [8].

Ventral hernia repair has become a common surgical pro-
cedure. Over 350,000 cases are treated every year in the US, 
by both laparoscopic and open approaches [9, 10].

Approximately 75% of these repairs are performed on 
primary ventral hernias. However, the best way of repair 
is still up for debate, where this commonly depends on the 
experience, training, and preference of the surgeon. In this 
article, we want to evaluate the literature if there is still room 
for laparoscopic intra-peritoneal onlay mesh (IPOM) in the 
treatment of primary midline ventral hernias.

Primary suturing is not an option

In general, a tension-free mesh repair is considered the 
golden standard, as it reduces the recurrence risk even with 
smaller hernias [11–13]. Several papers and surgeons still 
advocate primary ventral herniorrhaphy for small (< 2 cm 
width) hernias, as placement of mesh in small hernias often 
leads to iatrogenic enlargement of the hernia defect and car-
ries the risk of mesh-related complications (such as adhesion 
formation and mesh erosion) [11]. Ventral herniorrhaphy, 
like the technique of ‘vest-over-pants’ suturing, as devel-
oped by William Mayo in 1895 (Fig. 1), is in our experience 

insufficient as a repair and should only be used as an escape 
in selected cases. It is associated with high recurrence rates 
of up to 50%. Mesh reinforcement lowers this recurrence 
rate by three or even more [11, 14–17]. Furthermore, iatro-
genic fascial enlargement does not influence recurrence rate 
as recently shown by Ponten et al. [18]. Reluctance against 
mesh reinforcement has also been fuelled by initial reports 
showing an increased risk for surgical site infections and 
chronic pain with mesh placement. However, these results 
might not be straight forward, as several systematic reviews 
were unable to detect a significant difference in postopera-
tive complication rate or chronic pain [13–15, 19]. Moreo-
ver, a recent systematic review by Holihan et al. showed that 
the absolute risk for a surgical site infection (SSI) is small 
compared to the impact on recurrence rate (NNT for recur-
rence is 7.93, whereas NNH for SSI is 27.82) [16]. Increased 
costs associated with mesh reinforcement might also be a 
‘relative’ concept, when compared with the increased costs 
brought on by recurrence repair [14]. Specific mesh-related 
risks should only be considered when placing the mesh 
intra-peritoneally, as we will discuss later.

Taken all the above into account, it is our opinion that 
mesh reinforcement is the way to go, both in small and large 
midline primary hernias.

Mesh yes, but where?

As ventral hernia repair requires mesh reinforcement, we are 
faced with the next hurdle. Where do we place the mesh to 
allow minimal recurrence and complication rate and optimal 
abdominal wall reconstruction?

Looking at the abdominal wall, four different positioning 
layers can be identified, commonly depicted as onlay, inlay, 
sublay or retromuscular, and underlay.

During onlay repair (Fig. 2a), the mesh is sutured to the 
exposed anterior fascia. This is an easily applicable approach 
when considering an open repair. It involves creating large 
skin flaps and is often used for large complex hernias, where 
additional myofascial release is necessary for primary facial 
closure [20]. As a large subcutaneous dissection is involved, 

Fig. 1   ’Vest-over-pants’ technique
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the onlay technique is accompanied with a high risk for 
wound complications and is prone to mesh infection, due 
to its superficial position [13]. Moreover, studies show a 
higher recurrence rate compared to the sublay and underlay 
position [17, 20].

With an inlay repair (Fig. 2b), the mesh is placed within a 
defect and secured circumferentially to the edges of the fas-
cia without primary suturing the defect [20]. It is sometimes 
also called an interposition repair or bridged repair. This 
type of repair is associated with the worst outcome regard-
ing recurrence and mesh infection rate. Being uncovered, the 
mesh is often in contact with the intra-peritoneal content, 
allowing possible erosion and it is susceptible for infiltration 
of superficial SSI [17, 20]. Due to low tissue–mesh contact, 
mesh integration is decreased, contributing to a long-term 
recurrence of more than 50%. As no anatomical reconstruc-
tion of the abdominal wall is performed, this type of repair 
is prone to mesh bulging, also called pseudo-recurrence, 
decreasing patient satisfaction. Considering all the above, 
inlay repair only has a limited place in primary ventral her-
nia repair [16, 17, 20, 21].

Sublay repair (Fig. 2c) is considered the golden standard 
in open ventral hernia repair [22]. The mesh is placed in 
the retromuscular or pre-peritoneal plane, also known as the 
Rives–Stoppa plane. Dissection of the retromuscular plane 
poses a risk for damaging the muscle itself and more impor-
tantly the blood supply, as well as the innervation to the 
rectus abdominus. Overall, sublay positioning has shown to 
be the best choice, when considering recurrence rates and 
postoperative complications [17, 20]. However, due to its 
technical difficulties, its widespread usage has been limited.

During underlay repair (Fig. 2d) the mesh is placed intra-
peritoneally and secured to the anterior abdominal wall. It is 
the most common position when performing a laparoscopic 
repair, as in the laparoscopic IPOM. It is easy to perform 
and allows the placement of a larger mesh with minimal 
need for dissection.

Placing the mesh intra-peritoneally or retromuscular is 
biomechanically speaking the most advantageous position 
(Fig. 3). As stated by Pascal’s law, an increase in abdomi-
nal pressure is exerted in every direction, keeping the mesh 
firmly in place. Contrary to onlay or inlay meshes, where 

Fig. 2   Mesh locations. a Onlay 
repair, b inlay repair, c sublay/
retromuscular repair, d underlay 
repair; key: green, mesh; red, 
muscle; blue, fascia; grey, 
hernia sac/peritoneum (color 
figure online)
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an increase in pressure exerts a lifting force onto the mesh 
[23, 24]. However, placing the mesh intra-peritoneally has 
its risk which needs to be considered. Fixating the mesh to 
the abdominal wall, commonly done with tacks and/or trans-
fascial sutures, has been linked to increased postoperative 
pain [12, 25, 26] and haematoma. Furthermore, the mesh is 
exposed to intra-peritoneal contents. This poses a risk for 
development of intra-peritoneal adhesions and fistulas due to 
excessive inflammatory reaction, as seen in the initial lapa-
roscopic case reports [27, 28]. Pharmaceutical innovations 
and mesh development have been able to diminish this issue 
by changing the pore size and creating multi-layered meshes 
[29], but it is not yet fully resolved (Fig. 4).

How do we get the mesh there?

Laparoscopic vs. open

As sublay and underlay techniques are both preferred, there 
are different means of getting it there.

Both planes can be reached open and laparoscopically. 
Initially, the open approach was preferred, as it is the easiest 
way to reach both planes (e.g. open retromuscular or open 
IPOM). However, reaching this plane is often accompanied 
by an extensive dissection (Fig. 5). This carries a higher 
risk for postoperative complications, such as haematoma, 
seroma, surgical site infections, and prolonged drainage, 
especially with patients at risk (Cfr. obesity, diabetes, and 
steroid use) [30]. As postoperative complications lead to 
longer hospital stay and higher recurrence [31, 32], other 
approaches have been put forward in an attempt to reduce 
these complications. In 1993, Leblanc and Booth were the 
first to propose a laparoscopic approach, placing the mesh 
in the underlay position allowing for larger mesh placement 
with minimal cutaneous damage [33]. However, their initial 
approach had several flaws leading to early failure. Aside 
from the mesh-associated problems as mentioned before, 
they did not close the fascial gap. This leads to early true- 
and pseudo-recurrence (Fig. 6). Some studies also indicate 
an increase in seroma formation as the hernia sac remained 
untouched [17, 34, 35]. Fascial closure has a marked impact 
on pseudo-recurrence and mesh bulging [9, 36–39]. As clo-
sure also eliminates the dead space, a reduction in seroma 

Fig. 3   Pascal’s Law illustrating benefit of mesh positioning in hernia repair

Fig. 4   Postoperative view showing complete integration of IPOM 
mesh without adhesions

Fig. 5   Open retromuscular approach showing large dissection plane
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formation is expected. However, several studies show con-
flicting results [9, 17, 34, 36, 39, 40].

When using new types of meshes and an adapted tech-
nique, several studies comparing open vs. laparoscopic 
IPOM have shown that the laparoscopic approach is a 
safe and feasible alternative. As expected, a laparoscopic 
approach results in diminished amount of SSI, wound dehis-
cence, and shorter length of hospital stay [4, 23, 30, 41–49]. 
No difference in recurrence rate has been reported between 
both the approaches, moreover some studies indicate an 
even lower recurrence rate after laparoscopic repair, due 
to concomitant identification of satellite defects [43, 48]. 
Despite being minimally invasive, there has been no marked 
difference reported in postoperative pain between open and 
laparoscopic repairs. The latter might be due to the need for 
mesh fixation to the abdominal wall (e.g. tacks), which has 
been correlated with prolonged pain [44].

Although the overall complication rate is lower with a 
laparoscopic approach, intra-peritoneal bowel lesions are a 
feared complication. Studies showed similar rates of iatro-
genic bowel lesions between open and laparoscopic proce-
dures, however enterotomy in open surgery is easily recog-
nized and repaired, whereas in a laparoscopic approach the 
intestine might retract out of the field of vision and is left 
untreated [8, 41, 44, 50]. A recognised enterotomy is associ-
ated with a mortality rate of 1.7–2.8%, but an unrecognized 
enterotomy had a mortality rate of 7.7%, thus illustrating its 
risk [8, 31].

As the laparoscopic approach is preferred in non-compli-
cated cases, several techniques have been described to reach 
both preferred planes.

Laparoscopic sublay repair

Laparoscopic sublay repairs are an emerging practice, 
showing promising short-term results. Several different 
techniques such as the transabdominal sublay technique 

[51], (robotic) transabdominal retromuscular umbilical 
prosthetic hernia repair (TARUP) [52], and the extended 
totally extra-peritoneal repair (eTEP) [53] have been 
described.

eTEP was originally first described as a means to 
repair an inguinal hernia, but is now finding its way to 
ventral hernia repair. Compared to ‘conventional’ IPOM, 
it has the advantage of avoiding intra-peritoneal foreign 
body, sublay mesh position without the need for further 
fixation, faster recovery, and restoration of the abdominal 
wall anatomy and no need to access the abdominal cavity, 
eliminating the risk of iatrogenic bowel injury. However, 
this minimal invasive laparoscopic or robotic approach is 
complex and very time consuming.

In the transabdominal sublay technique, first described 
by Schroeder et al., the retromuscular plane is approached 
transabdominally. Through an incision of the lateral border 
of the posterior rectus sheath, the retromuscular plane is 
developed.

After fascial closure of the defect and mesh placement, 
the incised rectus sheath is closed by non-absorbable 
sutures. This technique allows sublay mesh positioning 
without the need for massive cutaneous dissection. Initial 
reports show promising results [51].

TARUP is a novel technique first coined by Muysoms 
et  al. [52]. It is an adaptation of the technique by 
Schroeder, to repair umbilical hernias, using the robot to 
decrease operating time.

Broad adaptation of all the above techniques has been 
limited due to increased technical difficulty, increased 
costs and operative time, low study patient volume, and the 
absence of long-term results. The robotic approach might 
provide an answer to the increased technical difficulty, but 
is correlated with excessive costs, both in purchase and 
maintenance of the robot, as in increased operative time.

A novel hybrid technique is the (e) MILOS [(endo-
scopic) minimal/less open sublay] technique published by 
Reinpold et al. [54]. By minimal incision over the hernia 
sac, the posterior rectus sheath is reached and dissected 
to create a retromuscular plane. For extensive dissection, 
an endoscopic video tower is utilized to dissect from the 
Retzius space up to the fatty triangle, away from the initial 
incision. Their initial report shows promising results, but 
further research is warranted.

Pre-peritoneal placement of the mesh, named transab-
dominal pre-peritoneal (TAPP) or pre-peritoneal onlay 
mesh (PPOM), avoids intra-peritoneal mesh placement and 
its potential risk. Furthermore, as pre-peritoneal placement 
deletes the need for fixation, lowered postoperative pain 
is expected [45, 55]. However, broad adaptation of this 
technique has been halted due to its technically demanding 
nature when dissecting the flaccid peritoneum.

Fig. 6   CT-scan showing early pseudo-recurrence
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Laparoscopic underlay repair

Laparoscopic IPOM is considered the most widespread 
adopted technique, as it is easy to perform and shows good 
short- and long-term results. However, as indicated above, 
due to the intra-peritoneal placement of the mesh, it has its 
own disadvantages, such as adhesion formation, possible 
risk of mesh erosion, and increased costs due to specific 
mesh usage. To tackle these problems, there have been adap-
tions, both at the level of mesh development [29, 45] and 
pre-peritoneal positioning of the mesh.

Laparoscopic IPOM itself has evolved as well in recent 
years to correct some frequently occuring complications. 
Nguyen et al. [12] were the first to describe primary fascial 
closure in combination with mesh reinforcement, to bridge 
the gap between interposition and underlay placement, as 
well as to reduce the amount of pseudo-recurrence, as the 
hernia sac was untouched in conventional IPOM surgery. 
This technique, described as IPOM-plus, has been shown to 
be superior to standard IPOM, in regard to recurrence rate 
and mesh bulging/pseudo-recurrence [34–36, 56], thus mak-
ing the IPOM-plus the go-to technique for many surgeons 
(Fig. 7).

The BONHEIDEN algorithm: when to choose 
laparoscopic IPOM?

When faced with a primary non-complicated ventral hernia 
in our centre (AZ, Imelda, Bonheiden, Belgium), we follow 
a specific protocol to guide the patient to, what is in our 
experience, the best type of repair.

Hernia size

The main defining characteristic is hernia size, that is the 
width of the orifice. Smaller midline hernia (< 2–3 cm) 
are repaired with an open herniorrhaphy, augmented with 

a small mesh reinforcement, with sufficient mesh overlap 
accounting for shrinkage. Mesh type depends on surgeon’s 
preference, but should be appropriate for intra-peritoneal 
placement. Several studies have compared different meshes 
(PP vs PTFE, biological vs non-biological), where none have 
been proven superior in terms of adhesions or complication 
ratio [29, 57–59]. We reported on the use of Ventralex ST 
Mesh, with good results [60], as did other centres [61, 62]. 
When faced with larger hernias (> 3 cm), we prefer placing a 
larger mesh using the laparoscopic IPOM technique (Fig. 8).

Irrespective of hernia size, patients with multiple hernias 
on clinical preoperative evaluation (Swiss cheese hernias), 
or patients facing higher abdominal strain due to their pro-
fession (builders, etc.) are always treated with a laparoscopic 
IPOM.

Additionally, some comorbidities such as obesity, dia-
betes, steroid use, and other factors influencing tissue heal-
ing and early recurrence will also guide us to an IPOM 
approach. Let us elaborate on this.

Obesity

Obese patients pose risks every step of the way. During 
preoperative screening, additional hernias might be missed 
and left untreated [63]. Peri-operatively, obesity is associ-
ated with a higher anaesthesiologic risk, both on pulmonary 
and cardiovascular level [64]. Furthermore, obese patients 
are often more difficult to operate on than normal weight 
patients. In an open approach this might interfere with 
proper suturing of the defect and need for larger incisional 
width. In laparoscopic approach, intra-abdominal obesity 
might interfere with proper visualisation of essential land-
marks, as illustrated by Mercoli et al., where a significant 
haematoma was caused due to inability to identify the epi-
gastric artery [32]. Postoperatively, obesity (BMI > 30) is an 
independent risk factor for SSI, due to compromised tissue 
healing, [65] and creates a higher intra-abdominal pressure. 
Both are factors linked to early recurrence [7, 19, 31, 32]. If 

Fig. 7   Fascial closure during lap IPOM to reduce remaining death 
space Fig. 8   Lap IPOM allows large mesh placement to allow shrinkage
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possible, weight loss is achieved before elective surgery, as 
watchful waiting is a safe alternative [11]. When consider-
ing weight-loss surgery, a staged hernia repair (preceded 
by bariatric surgery) [66], or combined procedure might 
be considered [67], but should be based on case-by-case 
assessment.

Diabetes mellitus

Diabetes interferes with microvascular circulation, thus 
interfering with proper tissue healing. This increases the risk 
of an SSI as well as early recurrence. A glycosylated haemo-
globin > 6.0–7.0% increases the risk of postoperative com-
plications by odds of 1.69–5.8 [11, 19, 32, 65]. This effect on 
postoperative complications is higher with insulin dependent 
diabetes mellitus, compared to non-insulin dependent dia-
betes mellitus [68]. A minimal invasive approach minimises 
tissue disruption and thus decreases the chance of surgery 
related postoperative complications. Preoperative counsel-
ling and optimisation of therapy is advised.

Smoking

The detrimental effect of smoking on tissue healing and 
on postoperative complications across a variety of surgi-
cal procedures is well known. In elective ventral hernia 
repair, smoking increases the risk of postoperative SSI as 
well as serious postoperative pulmonary complications 
[31, 69]. Moreover, demographic data from a recent study 
by Delancey et al. show smokers to have a higher risk of 
comorbid diabetes, COPD, and peripheral vascular disease 
compared to non-smokers, all of which increase the risk for 
early recurrence and impaired tissue healing [69]. Smoking 
cessation for at least 4 weeks before elective ventral hernia 
repair has been advised [11].

Steroid use

Steroids interfere with tissue healing and increase the risk of 
SSI drastically. The same can be commented about immuno-
suppressants. However, unlike the factors mentioned above, 
steroids in themselves are not a risk factor for early recur-
rence [70].

Discussion

How does laparoscopic IPOM compared to other techniques 
in primary midline hernia repair?

As already discussed above, the laparoscopic approach 
for ventral repair has been proven to be safe, feasible, and 
comparable in recurrence rate to open approaches. SSI is 
diminished due to minimal tissue disruption. However, these 

results might differ when selecting primary hernias only. 
Most systematic reviews pool data from both incisional and 
primary hernias to analyse the results. However, as Sub-
ramanian et  al. showed, primary and incisional hernias 
behave differently after laparoscopic repair and showed an 
increase in long-term recurrence rate and chronic pain after 
incisional hernia repair [71]. Lambrecht et al. showed the 
same increase in recurrence rate, however not statistically 
significant [40].

When selecting primary ventral hernias only, Hajiban-
deh et al. compared laparoscopic IPOM and open repair and 
confirmed the results of the other ‘combined’ reviews, show-
ing a lower risk of wound infection, wound dehiscence, and 
recurrence rate, shorter length of stay, but longer operative 
time with laparoscopic repair. These results were confirmed 
by Nguyen et al., but they raised the issue of port site her-
nias, especially at the 10 mm trocar ports [12]. However a 
recent study by Liot et al. showed that when properly clos-
ing the fascial defect, the risk for port site hernias is very 
low [72].

When comparing laparoscopic IPOM to other lapa-
roscopic techniques, the amount of relevant studies is 
small (Table 1).

Schroeder et al. compared their transabdominal approach 
to an open approach for both types of hernias. Their initial 
report showed no difference in complication or recurrence 
rate compared to an open approach. The length of stay was 
reduced compared to an open approach. Schroeder also indi-
cated the advantages of their techniques against IPOM tech-
nique, but was unable to perform a direct comparison. When 
comparing to the available literature, they were unable to 
discern any significant difference between both techniques, 
due to low patient volume [51].

Reinpold et al. compared the new eMILOS technique 
against laparoscopic IPOM. They showed a lower compli-
cation rate, lower recurrence rate, and lower postoperative 
pain rate, in favour of the eMILOS approach [54]. However, 
we should note that this comparison was made for incisional 
hernia repair and might differ significantly when applied to 
primary hernia repair. Furthermore, eMILOS has a longer 
operating time [103 min (range 40–332 min) vs 82 min] and 
is technically challenging. This will interfere with the opti-
mistic cost analysis made by Reinpold et al. in favour of the 
eMILOS technique [54]. Further studies will need to evalu-
ate its applicability.

Prassad et al. compared laparoscopic IPOM to TAPP. 
They used pooled data from both incisional and primary 
hernia repair. They found no statistically significant dif-
ference between both techniques when considering minor 
complication rate, recurrence rate or hospital stay. Statisti-
cal differences were noted in operating time (In favour of 
IPOM), hospital costs (in favour of TAPP due to the lower 
mesh-costs), and seroma formation (in favour of TAPP). 
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However, it should be noted that seroma formation and 
pseudo-recurrence are known issues with laparoscopic 
IPOM, if the hernia sac remains untouched. Recent studies 
show a marked decline in reported bulging and recurrence 
rate when the hernia sac is resected and the fascia is closed 
[34–37, 56]. A similar effect was expected on seroma forma-
tion, however studies show conflicting results.

Yang et al. were able to describe differences between the 
pre-peritoneal and intra-peritoneal technique, pros and cons, 
but was unable to present a comparative result between both 
techniques [45].

Penchev et al. were able to compare laparoscopic IPOM 
to eTEP. They showed comparable results regarding com-
plication rate and recurrence rate between both techniques. 
However, eTEP significantly reduces post-operative pain, but 
also had a significantly longer operating time. This reduction 
in pain might be due to the absence of mesh fixation, as it is 
placed in the retromuscular position. Penchev et al. are aware 
of the limitations of their techniques, as eTEP might not be 
applicable for several small concomitant hernias and large 
complex hernias. Moreover, they do recognise the issues 
of longer operating time and poor ergonomic position [73]. 
Belyansky showed superiority of eTEP compared to open 
repair, in regard to length of stay, surgical site infections, and 
early postoperative pain. No direct comparison was made 
with other conventional laparoscopic approaches [74].

A recent systematic review by Henriksen et al., evaluat-
ing the possibilities of a robotic approach, showed com-
parable results regarding recurrence and complication 
rate between laparoscopic and robotic IPOM. The robotic 

IPOM was associated with longer operating time, more 
seroma formation, and higher costs. As indicated by Hen-
riksen et al., the robotic platform should be considered 
an additional tool for the surgeon, proving its worth in 
complex ventral hernia cases and might not necessarily 
outperform the conventional laparoscopic approach in easy 
non-complicated hernia cases [75].

Conclusion

Is laparoscopic IPOM still a reasonable approach for pri-
mary non-complicated ventral hernia repair? In our opin-
ion, laparoscopic IPOM is not only a robust method of 
repair but should be considered as the go-to treatment for 
this type of hernias, especially when comorbidities such as 
obesity, diabetes, and steroid use are present. Several new 
techniques are emerging but are lagging in widespread 
implementation due to technical difficulties. Moreover, no 
study has shown absolute superiority over laparoscopic 
IPOM. Laparoscopic IPOM has shown its merit since its 
introduction in 1993 and in combination with ever evolv-
ing mesh development, it shows good results when looking 
at recurrence and complication rate. It is easy to perform 
and does not require specialised equipment. Following this 
review, we will present our experience with laparoscopic 
IPOM, discussing our technique and its short- and long-
term results.

Table 1   Overview of comparative studies comparing IPOM to other approaches

S significant, NS non-significant, NR not recorded

Patients Recurrence (%) p value Seroma 
formation 
(%)

p value LOS (days) p value Opera-
tion time 
(mins)

p value

Prassad et al. Lap IPOM 211 2.90 NS 8.5 0.05 1.4 0.35 87.4 0.001
(Pooled data) Lap TAPP 68 3.30 5.8 1.5 96.7
Schroeder et al. Open retromuscular 50 0 1 2.20 1 4 0.295 115 0.13
(Pooled data) Lap sublay 43 0 0 3.4 125
Kockerling et al. Open sublay 5797 4.2 0.783 5.12 0.0001 6.14 0.001 NR
(Incisional hernia) Lap IPOM 4110 4.1 1.94 4.35 NR
Liang et al. Open (pre-peritoneal) 79 13.90 0.8 8.9 0.1 0 0.001 NR
(Primary hernia) Lap IPOM 79 11.40 20.3 1 NR
Lomanto et al. Open sublay 50 10 6 4.7 0.044 93.3 0.796
(Pooled data) Lap IPOM 50 2 10 2.47 90.6
Penchev et al. eTEP 27 0 NS 14.80 NS 2.9 NS 186 S
(Pooled data) Lap IPOM 27 3.70 11 3.4 90
Reinpold et al. eMILOS 615 2.16 0.0001 0.55 0.001 NR 103
(Incisional hernia) Lap IPOM 5865 7.34 3.33 NR 82
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