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Abstract

Background Incisional hernias are a common complica-
tion following abdominal surgery and represent about 80%
of all ventral hernia. In uncomplicated postoperative fol-
low-up they develop in about 11% of cases and in up to
23% of cases with wound infections or other forms of
wound complications. While conventional mesh repair has
been the standard of care in the past, the use of laparo-
scopic surgery is increasing. It therefore remains uncertain
which technique should be recommended as the standard of
care.

Objectives To compare the medical effectiveness and
safety of conventional mesh and laparoscopic incisional
hernia repair.

Methods A structured literature search of databases
accessed through the German Institute of Medical Docu-
mentation and Information (DIMDI) was conducted.
English and German literature published until August 2005
was included and their methodological quality assessed.
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Results  The search identified 17 relevant publications and
included 15 studies for final assessment. Among those were
one meta-analysis, one randomized clinical trial (RCT),
and 13 cohort studies. All studies suffered from significant
methodological limitations, such as differences in baseline
characteristics between treatment groups, small case
numbers, and the lack of adjustment for relevant con-
founders. Overall, medical effectiveness and safety were
similar for both surgical approaches. However, there was a
trend towards lower recurrence rates, length of hospital
stay, and postoperative pain as well as decreased compli-
cation rates for the laparoscopic repair in the majority of
studies. The impact of the technique of mesh implantation
and mesh fixation as well as the impact of certain patien-
related factors was not systematically assessed in any of the
studies.

Conclusion No conclusive differences could be identi-
fied between the operative techniques. There was,
however, some evidence for a trend towards similar or
slightly improved outcomes associated with the laparo-
scopic procedure. There remains an urgent need for high-
quality prospective studies to evaluate this question
conclusively.

Keywords Abdominal - Hernia - Endoscopy - Incisional

Incisional hernias are defined as a visible and palpable
bulge, commonly developing as a complication of
abdominal surgical procedures. In Germany, ventral hernia
are the second most common hernia type and about 80% of
those are represented by incisional hernia [1-4]. Following
abdominal surgery, incisional hernia develop in about 11%
of cases and in up to 23% of cases with wound infections or

other forms of wound complications [5, 6]. The majority of
incisional hernia develop within the first two postsurgical
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Table 1 Level of evidence [19]

1++ High-quality meta-analyses, systematic reviews of RCTs or RCTs with a very low risk of bias

1+ Well conducted meta-analyses, systematic reviews of RCTs or RCTs with a low risk of bias

1- Meta-analyses, systematic reviews of RCTs or RCTs with a high risk of bias

2++ High-quality meta-analyses, systematic reviews of case-control or cohort studies or case-control or cohort studies with a very low risk
of confounding, bias or chance and a high probability that the relationship is causal

2+ Well conducted case-control or cohort studies with a low risk of confounding, bias or chance and a moderate probability that the

relationship is causal

2- Case-control or cohort studies with a high risk of confounding, bias or chance and a significant risk that the relationship is not causal

3 Nonanalytic studies, e.g., case reports, case series
Expert opinion

years and more than 80% within three years of surgery [2].
The localization and size of the incisional hernia can vary
according to the causal abdominal scar. While conservative
treatment options can only be used supportively, operative
procedures are the only therapeutic treatment option [7].
Operative treatment of incisional hernia should therefore
be considered timely, as an increase in hernia size is likely
and the risk of developing serious complications, involving
emergency surgery, is considerable [7, 8]. Traditionally,
open suture repair was used for incisional hernia repair but
was associated with recurrence rates as high as 50% [5, 9,
10]. Various surgical approaches have therefore been
developed to reduce these unacceptably high complication
rates. Nowadays this routinely involves the implantation of
alloplastic mesh to strengthen the abdominal wall. Only in
hernias smaller than 3 cm in diameter may a wound closure
using nonabsorbable sutures be applied [7]. While laparo-
scopic surgery routinely involves intraperitoneal mesh
implantation (IPOM), various implantation techniques for
open procedures, such as onlay, inlay, sublay, and under-
lay, have been developed. Among open repair techniques,
the retromuscular sublay technique is currently most
commonly used and is considered the standard of care due
to decreased recurrence and infection rates [7, 11-13].
Similar to its routine use in laparoscopic surgery, the
underlay (intraperitoneal) technique has recently been
proposed as an alternative to the sublay technique. How-
ever, so far there is little experience with this approach
[14].

Both in open and laparoscopic surgery,
implantation of alloplastic mesh in incisional hernia repair
leads to marked reductions in recurrence rates, as low as
0-10% [8, 13, 15]. Though recurrence rates for the open
and the laparoscopic surgical approaches have decreased,
the superiority of one mesh technique over the other
could not be established. While supporters of the lapa-
roscopic approach argue that it could be associated with
decreased wound infection rates, less postoperative pain
and shorter length of hospital stay, critics emphasize the
increased risk of serious complications, such as

routine
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unrecognized bowel perforations [8, 16, 17]. Furthermore,
while the use of metal tacks is currently recommended,
there is considerable debate about the additional use of
sutures for mesh fixation in laparoscopic surgery [10].
Uncertainty therefore remains regarding the most appro-
priate techniques or which technique might, under specific
patient-related circumstances, be associated with advan-
tages over the other.

Apart from these various approaches to incisional hernia
repair, the type of mesh, the mesh—tissue overlap and the
mesh fixation play an important role in the short- and long-
term outcome following both procedures [7, 10, 18].

The aim of this systematic review is therefore to identify
comparative studies evaluating the effectiveness of the two
mesh techniques, open compared to laparoscopic surgery
for incisional hernia repair, and to investigate the impact of
the type of mesh implantation and mesh fixation technique
on outcome.

Methods

The objectives of this systematic review were as follows:

1. Compare the medical efficacy/effectiveness and safety
of conventional and laparoscopic incisional hernia
repair.

2. Identify techniques of mesh implantation (e.g. onlay,
inlay, sublay, IPOM) that have advantages over other
techniques.

3. Identify factors (e.g. sex, age, recurrent hernia, hernia
size, adiposity) where certain techniques have advan-
tages over other techniques.

Relevant publications were identified by means of a
structured search (Table 1) of databases accessed through
the German Institute of Medical Documentation and
Information (DIMDI) as well as by a manual search. The
former included the following electronic resources:
SOMED, Cochrane Library — Central, MEDLINE
Alert, MEDLINE, CATFILEplus, ETHMED, GeroLit,
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Table 2 Characteristics of included studies

Author Study Study  Participants  Groups comparable  Follow- up OR mesh- LR mesh- fixation/
type quality OR/LR (baseline) (months) OR/LR  implantation/ overlap  overlap
Incisional hernia
vait Riet et al. CS* 2++ 76/25 Yes 19/16 Sublay, 3 cm M + partly S, 3 cm
[42]
Bencini et al. CS* 2+ 49/42 No 18/17 Sublay, - M, >3 cm
[22]
Chari et al. CS* 2— 14/14 Yes! up to 24 Sublay, - Sc, 4 cm
(28]
Park et al. CS**  2— 49/56 Yes' 53.7/24.1 Onlay, 1,5 cm M+ S, 2,5 cm
[23]
Zanghi et al. CS* 2— 15/11 No' 40/18 Sublay, - S, 3 cm
[26]
Ventral hernia
Carbajo et al. RCT 1- 30/30 Yes' overall 27 Sublay, - S (n=20),M
[24] (n=10)
Goodney et al. SR 2++ 390/322 na na na na
[16]
McGreevy et al. CS 2+ 71/65 No' up to 30 days Onlay o. Inlay, - Sc+ S
[27]
DeMaria et al. CS 2— 18/21 No 12-24 Onlay, - M+S, 2 cm
[25]
Gonzalez et al. CS* 2- 42/45 No 18/9 - -
(4]
Holzman et al. CS* 2- 16/20 No 18.8/20 Inlay M, up to 4 cm
[37]
Olmi et al. CS**  2— 50/50 No 24.5/9 Onlay o. Inlay, - M, 4-5 cm
[29]
Ramshaw et al. CS* 2— 174/79 No overall 21 Overlay, - M+S, 3-4 cm
(31
Robbins et al. CS 2— 18/36 No - Sublay, - M+S, 3-4 cm
[21]
Wright et al. CS* 2— 90/90 No - - -

[17]

OR: open repair, LR: laparoscopic repair, CS: cohort study, SR: systematic review, RCT: randomized controlled trial,

I

: incomplete presentation of baseline characteristics (considered are: age, BMI/overweight, defect size/ mesh size, recurrence hernia),

* historical cohort study, ** historical open repair group, S:suture, M: metal tacks, Sc: screws, na: not applicable

HECLINET, AMED, CAB Abstracts, GLOBAL Health,
IPA, Elsevier BIOBASE, BIOSIS Previews, EMBASE,
EMBASE Alert, SciSearch, Cochrane Library — CDSR,
NHS-CRD-DARE, NHS-CRD-HTA as well as NHS-EED.

In addition identification of grey literature was attemp-
ted through the notification of national surgical
associations.

The present report includes literature published up until
31st August 2005. The search parameters can be found in
the appendix. There were no restrictions on the target
population.

The inclusion criteria were:

— Primary studies, systematic reviews, meta-analyses and
health technology assessments

— Studies comparing conventional and laparoscopic
mesh-implantation techniques

— Surgical Indication: incisional and ventral hernia

— Published in English and German

The exclusion criteria were:

— Outcome parameters deviating from medical effective-
ness/efficacy and safety

— Narrative reviews, congress abstracts, case reports, and
case series

— Surgical indication: other hernia repair and primary
ventral hernia

In the process of study selection against the above criteria,
assessment of titles and abstracts for relevance was
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693
publications
idertified
i Review of titles and

1-3 Srtﬂ':‘fqleds > abstracts,

ltﬁrc:ulgh —» 541 publications
manual search excluded

¥
162 studies for

review of full texts

Review of full texts,

> 145 publications
excluded
A\ 4
17 studies
meeting
inclusion
criteria

o 1 HTA and 1
T systematic review
excluded

A

15 studies included:
*{ RCT
*1 systematic review
*13 cohort studies

Fig. 1 Flow chart of study selection

performed independently by two researchers before full-
text documents were assessed. The methodological quality
of the included studies was assessed applying the criteria
recommended by the Scottish intercollegiate guidelines
network grading review group (Table 1) [19]. If feasible, a
meta-analysis was planned.

Results

The literature search identified 693 medical publications
including 152 relevant to the research question. Attempts to
identify grey literature were not successful, while 10 fur-
ther publications were identified through manual search,
leaving a total of 162 reports for review of full texts. Of
those, 17 studies were identified as relevant to the partic-
ular topic, including two systematic reviews, one health
technology assessment (HTA), one RCT and 13 cohort
studies (Figure. 1).

The characteristics of the included studies are presented
in Table 2. The health technology assessment by Pham
et al. [20] and the systematic review by Cassar and Munro

@ Springer

[8] did not add any information beyond the included pri-
mary studies which had been identified through the present
literature search. They were therefore excluded from fur-
ther assessment.

The selection process left 15 studies for final assessment,
of which only five exclusively investigated incisional hernia
repair. The 10 remaining studies focused on ventral hernia
repair in general, including incisional hernia repair. The
majority of the studies followed an observational study
design, often using historical cohorts or prospective lapa-
roscopic and historical conventional control groups
(Table 2). Furthermore, marked differences in participants’
baseline characteristics, length of follow-up and assessment
of outcome measures could be observed between and within
studies. This had two important implications: comparability
across studies was decreased, and differences within studies
led to a substantial risk of bias, thereby compromising the
methodological quality of most studies.

With the exception of [21], all reports presented
parameters of medical effectiveness as an outcome mea-
sure. Safety parameters were presented by all the identified
studies. However, the precision of reporting and definition
of reported outcomes varied widely. The main outcome
measures of medical effectiveness and medical safety
identified in this review are presented in Tables 3 and 4.
None of the studies reported outcomes related to quality of
life or time to initiation of normal activities.

Effectiveness (Table 3)

A consistently shorter length of hospital stay was reported for
the laparoscopic procedure. While six studies [4, 16, 22-25]
found significantly shorter stays, the remaining studies only
observed a trend towards shorter stays in hospital for lapa-
roscopic surgery. Only four studies [22, 23, 25, 26] reported
postoperative pain or the need for postoperative pain medi-
cation. They consistently found advantages associated with
laparoscopic surgery, although only two studies observed
statistically significant differences [22, 25]. The evidence on
operative time was inconclusive. Only three studies [23, 27,
28] found significantly shorter operative times in conven-
tional surgery, while two studies [24, 29] found significant
advantages associated with the laparoscopic technique. Of
the remaining studies a trend towards shorter operative time
in conservatively operated patients was observed. Recur-
rence rates were reported in 12 studies and varied from O to
35%. While none of the studies reported statistically sig-
nificant differences between treatment groups, only one
study [29] observed (slightly) higher recurrence rates in the
laparoscopic surgery group. All the remaining studies found
slightly or markedly lower recurrence rates associated with
laparoscopic surgery.
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Safety (Table 4)

Complication rates varied from 2 to 67%, depending greatly
on definition and measurement precision. Laparoscopic
surgery was consistently associated with a trend towards
lower overall complication rates, with four studies [4, 16, 23,
27] reporting statistically significant differences in favor of
laparoscopy. Comparison of specific complications pre-
sented difficulties due to varying definitions and the lack of
statistical analysis in the majority of studies. However, rates
of wound infection and ileus were consistently reported to be
lower in laparoscopic groups while intestinal perforation
tended to occur less frequently in open surgery. The evidence
on seroma formation and reoperation was inconclusive.

Additional research questions

Data on the remaining research questions were scarce. No
study planned to compare different techniques of mesh
implantation or mesh fixation. Similarly none of the studies
investigated patient related characteristics and their impact
on the choice of operative technique.

Due to the heterogeneity in study design and study
quality, a meta-analysis was not considered appropriate and
therefore not conducted.

Discussion

Abdominal operative procedures associated with laparoto-
mies are among the most frequent surgical procedures.
Despite marked advances in areas such as operative and
anaesthetic techniques as well as the development of sup-
portive devices, this type of surgery is still associated with
substantial postoperative morbidity. A serious and frequent
complication following this kind of surgery is the devel-
opment of incisional hernias, which is in turn often
associated with recurrences. While recurrence rates fol-
lowing incisional hernia repair in the past have been as
high as 50%, improvements in their treatment have led to a
marked reduction in recurrence rates in recent years [7, 30—
32]. The development and implantation of alloplastic mesh
has been especially advantageous and, with the exception
of very small hernias, is currently considered routine
treatment in the treatment of incisional hernia, both in
conventional and laparoscopic surgery [7]. As the laparo-
scopic repair of incisional hernias has become more
common in recent years and the outcome of both have
improved substantially there is considerable uncertainty as
to the choice of the most appropriate technique.

In an attempt to answer this question, the present sys-
tematic review identified 15 relevant studies targeting these

two surgical procedures for incisional and ventral hernia
repair. Only five studies explicitly focused on the treatment
of incisional hernia, while 10 studies investigated ventral
and incisional hernia; None of these, however, reported
results separately for ventral and incisional hernias.

With recurrence rates of 0 to 35%, the results confirm
the improved outcome associated with current techniques
of incisional hernia repair. Especially studies with highest
recurrence rates [3, 23] either had long follow-up periods
or used non-mesh repairs in some of their participants.
Overall, outcomes of medical effectiveness and safety did
not provide evidence for a substantial difference between
the two surgical approaches. However, there is consider-
able heterogeneity in the reported study results and
different outcome measures.

Regarding the specific outcome measures of efficacy
and safety, it has to be acknowledged that none of the
studies alone is able to provide strong evidence for the
superiority of one surgical approach. Considering measures
of medical efficacy, such as length of hospital stay and
postoperative pain, studies consistently reported superior or
a trend towards superior outcome associated with the lap-
aroscopic approach. The evidence regarding recurrence
rates is less clear and inconsistent for operative time. In
terms of safety, the studies also consistently reported a
trend towards decreased overall complication rates, wound
infection rates, and postoperative ileus associated with
laparoscopic surgery, while there seems to be a trend
towards higher rates of intraoperative intestinal perfora-
tions associated with laparoscopy. Especially if
unrecognized, this represents a serious and potentially life-
threatening complication. Study results on postoperative
seroma formation and reoperation rates were inconsistent.
However, any conclusions drawn from these results require
caution, given the following considerations.

With only two exceptions, one RCT and one meta-
analysis, all studies followed an observational study design,
mainly involving historical cohorts or historical controls. In
most studies, this type of patient selection led to substantial
differences in the participants’ baseline characteristics
between intervention groups, such as age, BMI, hernia size,
and recurrent hernia repair. As laparoscopically operated
patients seemed to represent a more-complex case mix in
most studies, this could confound study results consider-
ably, possibly favoring the results of conventional surgical
techniques. Marked differences also occurred concerning
the length of follow-up, mainly resulting in shorter follow-
up durations for laparoscopically treated patients and
thereby probably resulting in lower recurrence rates of
participants undergoing laparoscopic repair. None of the

observational studies adjusted for these differences,
thereby compromising validity and complicating
interpretation.
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Similarly, the only RCT is of fair quality, limited by
small case numbers, missing information on allocation
procedure, outcome assessment, follow-up rates and on
participants’ BMI or overweight status. Overall, the
internal validity of included studies is relatively poor,
limiting the ability to draw reliable conclusions from
these studies.

While there are considerable limitations associated with
the identified studies, there is currently no better evidence
available when comparing these two operative procedures
in terms of their medical effectiveness and safety. Pham
et al. [20] and Cassar and Munro [8] performed previous
health technology assessments and reviews addressing
related research questions. While including not all avail-
able studies, they reached similar conclusions.

Although the evidence provided by the included studies
is weak, this review supports the concepts of incisional
hernia repair. For instance, the minimally invasive proce-
dure’s association with improved recovery and less
postoperative pain, decreased infection rates, and postop-
erative ileus due to less-extensive traumatization.
Similarly, there have been concerns of higher unrecognized
enterotomy rates associated with laparoscopy, which found
some confirmation in this review [13]. On the other hand an
increase in seroma formation associated with laparoscopic
surgery could not be found but has frequently been men-
tioned in previous reports concerned with incisional hernia
repair [13].

Recurrence rate is usually considered to be the major
outcome of interest in incisional hernia repair [7, 10]. This
review identified similar recurrence rates for both proce-
dures, at best indicating a trend toward superiority of
laparoscopic surgery. These results are consistent with
previous and more-recent reports indicating similar or
slightly reduced recurrence rates associated with laparo-
scopic surgery [8, 33—36]. While some studies included in
this review reported considerably higher rates, this could be
due to several reasons. Firstly, the identified studies are
partly outdated and do not reflect currently recommended
best practice for hernia repair. Secondly, some of the
studies performed open procedures but only in selected
participants using the mesh approach or used techniques
such as inlay or overlay mesh implantation that are known
to result in higher recurrence rates compared to the retro-
muscular sublay technique [3, 4, 27, 37, 38]. Thirdly,
recurrence rates increase with the length of follow-up [7].
Long follow-up [23] or differences in length of follow-up
could thereby explain the considerable differences in
recurrence rates between laparoscopic and conventional
surgery in some of the studies. Both Klinge et al. [7] and
LeBlanc et al. [10] recently reported overviews of open and
laparoscopic repair, respectively, including studies in their
report with recurrence rates higher than 10%. This
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indicates the heterogeneity in outcome following incisional
hernia repair, depending on many patient- and procedure-
related issues. In addition to substantial differences in the
baseline characteristics within and between the included
studies, the surgeons’ experience is of particular impor-
tance when comparing recurrence rates of these two
operative procedures. However, many studies did not give
any information in this regard.

The majority of studies identified in this review per-
formed open surgery, using the retromuscular sublay
technique and none of the studies performed a priori
comparisons of different techniques of mesh implantation.
While it was therefore not possible to compare different
techniques of mesh implantation, use of the sublay tech-
nique currently reflects the standard of care in most cases
[7, 11, 39]. Although there is no trial report available
comparing different techniques, these recommendations
are the result of very high recurrence rates associated with
the inlay technique and reports of recurrences lifting up the
mesh as well as higher infection rates associated with the
onlay technique [7, 12, 13, 40, 41]. This review tried to
address another controversial question in current incisional
hernia repair. Namely the topic of mesh fixation in lapa-
roscopic hernia repair. However, only the study by vant
Riet et al. [42] reported results on different techniques of
mesh-fixation in laparoscopic surgery. In a small sub-
sample of patients (n = 6) mesh fixation with suture and
tacks produced no recurrences, while in the remaining 16
patients with clip fixation only three (19%) recurrences
occurred. Small case numbers as well as the lack of
information on any relevant patient characteristics and
confounders prohibits any conclusions being drawn from
these observations. Similarly, there is no evidence from
prospective trials comparing different techniques of mesh
fixation in laparoscopic incisional hernia repair [10]. Le-
Blanc et al. found that the majority of authors tend to use a
combination of metal tacks and transfascial sutures in the
fixation of the alloplastic mesh to ensure low recurrence
rates. In view of limited evidence, however, they too
consider a prospective trial necessary to answer this con-
troversial question [10].

Despite the attempt to conduct a comprehensive and
systematic search strategy to gather all available scientific
knowledge, the lack of prospective high-quality studies
remains the major limitation of this systematic review.
While this greatly decreases the ability to answer specified
research questions, it must be regarded as a general lack of
appropriate studies. Additionally, publication bias as an
important source of bias in systematic reviews cannot be
entirely excluded. However, we attempted to identify fur-
ther relevant investigations by contacting the appropriate
surgical associations. This attempt did not lead to any
additional results and thereby provides some indication that
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the comprehensive search strategy used in this study suc-
cessfully identified relevant studies.

For reasons related to the contractor of this systematic
review, the German Institute of Medical Documentation
and Information, the search strategy dated back to August
2005. We therefore performed an update of this search
using Medline until November 2006, to identify more-
recent publications. Three further studies meeting the ori-
ginal inclusion criteria could thereby be retrieved [33, 43,
44]. Similar to the majority of studies, all of these followed
an observational study design and had similar methodo-
logical limitations to those described previously. While
their level of evidence has to be rated as moderate to low,
they reported results in accordance with findings of this
review. Namely indicating reduced length of hospital stay,
postoperative pain, complication rates, and an increase in
operative time associated with laparoscopic surgery. The
only study reporting recurrence rates found a trend favuring
laparoscopy but no statistical significant difference [33].

In conclusion this systematic review illustrates a sub-
stantial lack of high-quality studies comparing
conventional and laparoscopic procedures for incisional
and ventral hernia repair. It thereby confirms the urgent
need for prospective and carefully designed trials investi-
gating this topic. In this view, the results of a currently
ongoing RCT investigating these two procedures are of
major interest to answer controversial questions relating to
incisional hernia repair.

Despite the lack of high-quality comparative studies, the
present review confirms positive outcomes associated with
both mesh approaches and provides evidence for the effi-
cacy and safety of both techniques.

While study results of comparisons of both techniques
are difficult to interpret, laparoscopic incisional hernia
repair seems to be at least as efficacious and safe as con-
ventional incisional hernia repair. The results also indicate
some advantages associated with laparoscopic incisional
hernia repair, regarding length of hospital stay, postoper-
ative pain, wound infection rates and postoperative ileus.
These results, however, require confirmation by high-
quality randomized controlled trials. In the case of non-
randomized studies adjustment for possible confounders is
essential to increase the validity of these studies.
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