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Abstract
Background: The purpose of this study was to analyze
the published perioperative results and outcomes of
laparoscopic (LVHR) and open (OVHR) ventral hernia
repair focusing on complications and hernia recur-
rences.
Methods: Data were compiled from all English-language
reports of LVHR published from 1996 through January
2006. Series with fewer than 20 cases of LVHR, insuf-
ficient details of complications, or those part of a larger
series were excluded. Data were derived from 31 reports
of LVHR alone (unpaired studies) and 14 that directly
compared LVHR to OVHR (paired sudies). Chi-
squared analysis, Fisher�s exact test, and two-tailed
t-test analysis were used.
Results: Forty-five published series were included, rep-
resenting 5340 patients (4582 LVHR, 758 OVHR). In
the pooled analysis (combined paired and unpaired
studies), LVHR was associated with significantly fewer
wound complications (3.8% vs. 16.8%, p < 0.0001),
total complications (22.7% vs. 41.7%, p < 0.0001),
hernia recurrences (4.3% vs. 12.1%, p < 0.0001), and a
shorter length of stay (2.4 vs. 4.3 days, p = 0.0004).
These outcomes maintained statistical significance when
only the paired studies were analyzed. In the pooled
analysis, LVHR was associated with fewer gastrointes-
tinal (2.6% vs. 5.9%, p < 0.0001), pulmonary (0.6% vs.
1.7%, p = 0.0013), and miscellaneous (0.7% vs. 1.9%,
p = 0.0011) complications, but a higher incidence of
prolonged procedure site pain (1.96% vs. 0.92%,
p = 0.0469); none of these outcomes was significant in
the paired study analysis. No differences in cardiac,
neurologic, septic, genitourinary, or thromboembolic
complications were found. The mortality rate was 0.13%
with LVHR and 0.26% with OVHR (p = NS). Trends
toward larger hernia defects and larger mesh sizes were
observed for LVHR.

Conclusions: The published literature indicates fewer
wound-related and overall complications and a lower
rate of hernia recurrence for LVHR compared to
OVHR. Further controlled trials are necessary to sub-
stantiate these findings and to assess the health care
economic impact of this approach.
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Incisional hernia is one of the most common major
complications of abdominal surgery. In recent series
with careful followup, the rate of incisional hernia after
midline laparotomy has been 20% or higher [23, 26, 29,
33]. Because of their frequent recurrence, these hernias
are associated not only with significant morbidity, but
they also represent millions of dollars in yearly health
care expenditures [10, 11]. Over the last 15 years, mesh
repair techniques have replaced primary suture repair
for the majority of incisional hernia repairs because of
the high failure rate associated with primary repair [1, 6,
18, 19]. However, open incisional hernia repair can be a
major operation with associated risks of wound- and
mesh-related infections and hernia recurrence. As an
alternative approach, laparoscopic incisional hernia re-
pair was first reported in 1991 [16]. This technique is
now being used increasingly in the management of pa-
tients with uncomplicated and more complex incisional
hernias.

To date, close to 100 studies on laparoscopic ventral
hernia repair (LVHR) have been published, although
most represent small series of patients in uncontrolled
and nonrandomized trials from single institutions. The
aggregate data from these studies has not been carefully
analyzed on a large scale and only a single meta-analysis
involving a total of eight studies has been published [13].
To better understand the current status of LVHR and
critically compare it to more traditional open tech-Correspondence to: L. Michael Brunt
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niques, we chose to examine the published literature and
evaluate those studies that deal with either LVHR alone
or in conjunction with open ventral hernia repair
(OVHR). After surveying over 300 potential abstracts
and critically evaluating 78 published reports, we per-
formed an analysis of the pooled data from 45 studies
with a focus on outcomes, complications, and recur-
rences.

Methods

Study selection

A Medline search was performed to identify all publications involving
laparoscopic ventral hernia repair from January 1996 through January
2006. Publications containing the keywords ventral hernia, incisional
hernia, umbilical hernia, and diastasis recti were identified and pooled;
a similar search was also performed on the broad-based keyword
laparoscopy. These two large groups were then combined to isolate
those references common to both and were further limited to studies
conducted in humans and published in English. This final limitation
produced a total of 330 publications and their accompanying abstracts.
A manual review of the bibliographies of several recent publications
dealing with LVHR did not identify any additional citations within the
defined time frame that were missed. Studies were excluded from
consideration after review of the abstract if they contained fewer than
20 laparoscopic cases or if LVHR was not the primary focus of the
work. This process produced a total of 78 published series that ap-
peared to contain at least 20 subjects each and dealt primarily with
LVHR.

These 78 studies were separated into series that compared patients
who had undergone LVHR and OVHR within a given institution
(‘‘paired’’ studies) and series that described only patients who had
undergone LVHR (‘‘unpaired’’ studies). If a single group or institution
had published multiple studies, then the largest series from the group
was chosen for inclusion unless the studies involved distinct, nonov-
erlapping patient populations. If a group had published both a paired
and an unpaired study, then the paired study was chosen for analysis.
Each of the 78 studies was then independently evaluated by two of
three reviewers for topical focus and completeness. Data extracted
from each selected report included patient demographics, hernia eti-
ology characteristics, perioperative details, postoperative complica-
tions, and hernia recurrence. All studies that provided sufficient detail
regarding complications and recurrences were included in the analysis,
even if other variables (i.e., mean hernia size) were missing. Any dis-
crepancies were resolved by consensus after re-review of the primary
data. This process led to the final selection of 45 total studies—14
paired and 31 unpaired. The studies used in this analysis are listed in
Appendices 1 and 2.

Intraoperative parameters collected included operative time, her-
nia and mesh size, mesh vs. primary suture repair (for open cases),
conversion to open repair (for laparoscopic cases), and complications
such as bleeding and enterotomy. Postoperatively, data on length of
hospital stay, complications, duration of followup, hernia recurrences,
mortality, and cost of hospitalization were all examined. Information
on complications related to the surgical procedure included wound
problems, mesh infection, trocar site hernia, seroma, and need for early
reoperation. Other postoperative complications were classified into the
following categories: cardiac, pulmonary, gastrointestinal, genitouri-
nary, thromboembolic, septic, neurologic/psychiatric, prolonged pain,
and a miscellaneous category. Perioperative mortality rate was ana-
lyzed independently, but the principal cause of death was also included
as a complication.

Statistical methods

Statistical analysis was performed by an independent statistician with
two separate data sets because of the two different study types (paired
studies that compared LVHR to open VHR and unpaired studies that
involved LVHR only). Data from the paired studies were analyzed as

the primary evaluation designated the paired analysis. In addition,
data from the unpaired LVHR studies were combined with the LVHR
data from the paired studies to create a ‘‘pooled LVHR’’ group.
Pooled LVHR data were then compared to the open VHR data from
the paired studies, which is designated as the pooled analysis. In three
instances, a given group had published both a paired study and a more
recent, larger, unpaired study that appeared to incorporate the LVHR
cases from the smaller paired study. In these situations, the LVHR
cases in the paired study were included in the paired analysis but were
excluded from the combined analysis in lieu of the larger unpaired
cohort.

The strategy behind this dual analysis (paired and pooled), was
twofold: First, the paired analysis should have the greatest amount of
internal validity because the same groups of surgeons were performing
both the open and the laparoscopic cases. In addition, it is much more
likely that the patients undergoing either LVHR or OVHR in these
studies would have been drawn from the same respective patient
populations. Second, comparing the results of the paired analysis to
those derived from the tenfold larger LVHR group used for the pooled
analysis allows for external validation and extrapolation to a more
global patient population.

In several series, the patient populations were split into smaller
subpopulations and mean values were given for these subgroups. In
these instances, a conglomerate weighted mean was calculated and
used in the final analysis. Likewise, many of the studies did not report
standard deviations in their statistical analyses and thus weighted
means were used to perform the calculations. Accordingly, a two-tailed
t test was used to compare differences in these weighted means, and
any studies that had missing data points were taken into account when
performing the analysis.

Given that the raw numbers of complications, recurrences, and
deaths were available in all the studies that were evaluated, these
parameters were amenable to more thorough statistical analyses. Thus,
totals for these data points were calculated for both the LVHR and
OVHR groups and differences between them were determined using
chi-squared analysis. Alternatively, Fisher�s exact test was used in the
event that the number of data points was too small to allow for the use
of a chi-squared algorithm.

Results

A total of 45 reports met the criteria for inclusion,
including 14 paired studies (both LVHR and OVHR
included) and 31 unpaired (LVHR alone). The majority
of these studies were retrospective (n = 33, 73%), while
three of the paired and nine of the unpaired studies were
done in a prospective fashion (12 total, 27%). These
reports encompassed a total of 5340 patients, including
4582 (86%) who had undergone LVHR and 758 (14%)
who had OVHR. Of those 4582 patients who underwent
LVHR, 619 (14%) were reported in paired studies and
87% were from unpaired studies.

Demographic data from the 45 included studies are
shown in Table 1. In those studies that reported
gender distribution, 44% of the patients undergoing
LVHR in the pooled studies were male and 49% were
male in the paired studies. Fifty-one percent of the
open repairs were in males. The mean age of patients
was 55.3 years in the LVHR pooled studies group,
52.9 years in the LVHR paired studies, and 56.1 years
in the open VHR patients. (p = NS). Only 19 series
reported body mass indices (BMI) for their patients,
five of which were paired studies. In the five paired
series, the weighted mean BMI was 30.5 for laparo-
scopic cases and 29.5 for the open cases (p = NS). In
the pooled group, the LVHR patients had a somewhat
higher mean BMI of 32.6 when compared to OVHR
patients (p = 0.0026).
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Each study was also examined for the numbers of
primary vs. incisional hernias and recurrent hernias.
Few series included all three data points, however, 12 of
the 14 paired and 27 of the 31 unpaired studies docu-
mented the number of recurrent hernias that were
operated on. Among the open group, 25.2% of the
hernias were recurrent compared to 27.5% of those done
laparoscopically in only the paired studies or 28.5% of
cases from the combined laparoscopic group. Two
paired studies [12, 34] that focused solely on umbilical
hernias were included in the analysis. Both were paired
studies and all of their open repairs were done using a
mesh prosthetic. Conversely, two other paired studies
[15, 28] reported repairing some of their smaller ventral
hernias using a primary sutured technique. However,
these 24 cases of primary closure represented only 4.4%
of the total number of open repairs. All laparoscopic
repairs were done using intraperitoneal mesh.

Operative data are shown in Table 2. The average
operating time for the laparoscopic cases in the paired
studies was 119.6 min, and 100.3 min when all the lap-
aroscopic procedures are considered. The mean OR time
for open repairs falls between these two times at 104.5
min. The hernia defect size (70.8 cm2) and size of the
mesh used for repair (175.5 cm2) were smallest in the
patients undergoing open herniorraphy. The values are
somewhat larger (87.9 cm2 and 260.9 cm2) when com-
pared directly to the patients undergoing laparoscopic
repair in the same set of paired studies. However, the
larger hernia and mesh sizes become even more apparent
when all the laparoscopic cases in the pooled group are
considered: 103.4 cm2 and 295.2 cm2 (p = 0.025 and
0.009), respectively. The enterotomy rate was signifi-
cantly higher in paired LVHR cases compared to open
VHR (2.9% vs. 1.2%). Postoperative length of stay was
significantly shorter for the laparoscopic repairs, aver-
aging 2.4 days in both paired and pooled LVHR groups

compared to 4.3 days after open VHR (p = 0.015 and
0.0004, respectively).

The results of the complication analysis are shown in
Tables 3 and 4 and in Fig. 1. Total complication rates
were significantly higher with open VHR (41.6%) com-
pared to LVHR for both pooled (22.7%) and paired
(25.5%) analyses (p < 0.0001). In the analysis of com-
plications by organ system in Table 3, the pooled LVHR
studies reported significantly fewer wound, pulmonary,
and GI complications compared to the open VHR ser-
ies. Only total and wound complication rates were sig-
nificantly different in the paired study comparison. No
significant differences were noted for rates of cardiac,
thromboembolic, urologic, or neurologic complications
between any of the study groups. In the pooled LVHR
group, prolonged postoperative pain was reported in a
significantly greater percentage of patients (1.9%) com-
pared to the open VHR group (0.92%); however, pro-
longed pain rates were similar for the open and LVHR
paired series. Mortality rates were also similar between
groups.

Wound complications were analyzed in more detail
as shown in Table 4. Wound infection rates were 4.6–8-
fold higher in the open vs. LVHR series for both pooled
and paired study comparisons and accounted for most
of the wound-related complications. The number of
mesh infections was also significantly higher with open
VHR for all comparisons. Interestingly, the incidence of
postoperative seroma was similar for both open and
laparoscopic series.

The rate of hernia recurrence (Fig. 2) was signifi-
cantly lower with LVHR for both the pooled (4.3%) and
the paired (3.1%) study cohorts compared to the paired
open VHR series (12.1%, both p < 0.0001). Small
variations existed in the length of followup reported in
the three groups of studies (25.5 months for pooled
LVHR, 16.9 months for paired LVHR, 20.2 months for

Table 1. Patient demographics

Open repairs Paired laparoscopy cases p Valuea Pooled laparoscopy cases p Valueb

Number of patients (n) 758 619 4582
Percent male 49 49 44
Age (years) 56.1 52.9 0.13 55.3 0.49
Body mass index 29.5 30.5 0.57 32.6 0.003
Length of stay (days) 4.3 2.4 0.015 2.4 0.0004
Followup time (months) 20.2 16.9 0.47 25.5 0.16

a Compares open group to paired LVHR group
b Compares open group to pooled LVHR group

Table 2. Operative data

Open repairs Paired laparoscopy cases p Valuea Pooled laparoscopy cases p Valueb

Operative time (min) 104.5 115.0 0.40 100.3 0.61
Recurrent hernias (%) 25.2 27.5 28.5
Hernia size (sq cm) 70.8 87.9 0.40 103.4 0.025
Mesh size (sq cm) 170.1 260.9 0.27 295.2 0.009
Enterotomy rate (%) 1.2 2.9 0.022 2.1 0.11
Conversion rate (%) 3.9 3.5

a Compares open group to paired LVHR group
b Compares open group to pooled LVHR group
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OVHR), but these differences were not significant. The
reported incidence of trocar site hernia in the laparo-
scopic series was only 0.35%.

Discussion

Although originally first described in 1991 [16], it is only
in the last few years that laparoscopic incisional hernia
repair has been increasingly utilized in the management
of incisional hernias. Several large single and multi-
institutional series have reported excellent results with
few complications and recurrence rates generally less

than 10% [3, 4, 8, 14, 17, 22, 27, 32]. However, to date
there is only one prospective randomized controlled trial
that compares laparoscopic to open incisional hernia
repair [7] and one that looks at laparoscopic vs. open
repair of Spigelian hernias [21]. Despite the growing
body of knowledge in the field of LVHR, published
overviews of the topic are largely review papers that
have not pooled the data and critically analyzed it as a
whole [9]. To date only a single meta-analysis encom-
passing eight studies and looking at three data sets
(perioperative complications, operative time, and hos-
pital LOS) has been published [13]. The current work,

Table 3. Organ system complications

Open repairs
(%)

Paired laparoscopy
cases (%) p Valuea

Pooled laparoscopy
cases (%) p Valueb

Gastrointestinal 5.9 4.0 0.11 2.6 <0.0001
Cardiac 0.5 0 0.13 0.2 0.10
Pulmonary 1.7 0.8 0.14 0.6 0.0013
Septic 0 0 NS 0.02 1.0
Thromboembolic 0.3 0.2 1.0 0.1 0.20
Genitourinary 1.6 1.1 0.47 0.9 0.10
Neurological 0.1 0 1.0 0.02 0.26
Prolonged pain 0.9 1.0 0.93 2.0 0.047
Miscellaneous complicationsc 1.9 1.0 0.18 0.7 0.0011
Mortality 0.3 0.3 1.0 0.1 0.32

NS = not significant
a Compares open group to paired LVHR group
b Compares open group to pooled LVHR group
c Includes fever, superficial thrombophlebitis, and psychiatric complications

Table 4. Wound complications

Open repairs
(%)

Paired laparoscopy
cases (%) p Valuea

Pooled laparoscopy
cases (%) p Valueb

Wound infection 10.4 2.3 <0.0001 1.3 <0.0001
Total wound complicationsc 16.8 5.3 <0.0001 3.8 <0.0001
Mesh infection 3.2 1.5 0.039 0.9 <0.0001
Seroma 12.0 12.1 0.95 11.5 0.66
Trocar hernia 0 0.4

a Compares open group to paired LVHR group
b Compares open group to pooled LVHR group
c Includes wound hematoma/bleeding, cellulitis, dehiscence, and fat necrosis in addition to wound infection

Fig. 1 Total complications.

Fig. 2 Hernia recurrence.
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therefore, represents the first large-scale analysis of the
published data on this topic.

The most stringent statistical method for analyzing
any published data from multiple sources is a meta-
analysis, which requires the studies under review to be
complete and uniform in their data-reporting methods.
Any studies that lack a data point of interest or fail to
report standard deviations along with their means must
be excluded from analysis. Such an approach in the area
of ventral hernia repair would exclude many potentially
informative studies because of the variable reporting
methods used in these reports. We thus chose to perform
a pooled-data analysis of LVHR to encompass a broad
range of topical papers and thereby achieve a more
complete overview of the results and outcomes of this
procedure. Dividing the study population into ‘‘paired’’
and ‘‘pooled’’ groups allowed us to examine one cohort
that should have a high degree of internal consistency for
comparison with open ventral hernia repair (the paired
studies only), and a significantly larger group (the pooled
studies) that should give a broader view of the field as a
whole, as has proven useful in similar past analyses [33].

In our analysis, we found the patient populations in
both the pooled and paired laparoscopic groups, as well
as in the open surgery group, to be demographically
similar. All cohorts showed a similar gender distribution
and the mean patient ages across the groups of studies
showed little variation, with a minimum of 52.9 and a
maximum of 56.1 years. Patient BMIs also fell within a
narrow range of between 29.5 and 32.6, indicating that
the vast majority of patients in the reported series were
clinically overweight or obese. This finding is not sur-
prising given that obesity is a strong predicative factor in
hernia formation and recurrence [24, 30, 31].

The analysis of perioperative data showed that oper-
ative times were not significantly different for open or
laparoscopic approaches. However, there was consider-
able variation across studies in the laparoscopic operative
technique used, with some groups employing transfixion
sutures routinely and others using them in a limited
fashion or using only tacks. The variability in laparo-
scopic technique and the fact that most series included
cases that were a part of the institution�s early experience
limit any definite conclusions about operative time com-
parisons. The measured size of the hernia defect and the
size of mesh used were, however, greater in the laparo-
scopic reports than the open patients, although these
differences were significant for the pooled laparoscopic
studies only. Possible explanations for these findings are
that patients with larger defects are being selected for
laparoscopic repair, the laparoscopic series aremeasuring
sizes of all the combined defects whereas open reports
describe the size of the largest defect only, additional de-
fects are being detected and repaired with LVHR, or a
combination of these variables. Similarly, it is not sur-
prising that a larger mesh size was used with LVHR be-
cause of the coverage of all defects with a single piece of
mesh without the need to dissect large tissue flaps as with
open VHR. The identification of these additional defects
and the ability to cover ‘‘Swiss-cheese’’-type lesionswith a
single large piece of mesh are cited as benefits of the lap-
aroscopic approach.

Postoperative length of stay (LOS) for both the
pooled and the paired laparoscopic groups averaged
only 2.4 days compared to 4.3 days for the open group.
The reasons for the shorter hospitalization with the
laparoscopic approach are unclear but could be related
to fewer complications, as discussed below, among other
variables. A shorter hospitalization could also be a
factor in the potential economic impact of LVHR as
recently addressed by Earle et al. [11].

The primary focus of this study was on perioperative
complications and hernia recurrences. The analysis
clearly shows that laparoscopic VHR was associated
with a significantly lower overall complication rate
compared to open VHR (25.5% LVHR vs. 41.7%
OVHR in the paired analysis). This difference was pri-
marily a result of more wound complications in the open
VHR series, which were predominantly wound and/or
mesh infections. Some differences were also seen in other
organ system complications when the pooled LVHR
data were compared to open VHR for GI, pulmonary,
and miscellaneous other complications such as fever and
thrombophlebitis; however, these differences did not
reach statistical significance in the paired comparison
because of the smaller sample size. Another explanation
for the differences in other organ system complications
in the pooled analysis is that groups reporting only on
their laparoscopic experiences (i.e., studies included only
in the pooled analysis) may have accumulated a more
extensive experience and achieved better outcomes with
the laparoscopic procedure. For example, one of the
studies included in the pooled data set consisted of 850
patients from one multicenter trial of LVHR conducted
by laparoscopic experts with very low complication rates
[14]. Furthermore, the average number of patients
undergoing LVHR in the unpaired studies was 132, but
it was only 44 in the paired studies and 105 if the pooled
group is considered. These differences hold true even if
the aforementioned 850-patient study is excluded.

One of the main advantages of laparoscopic inci-
sional hernia repair touted by proponents of this pro-
cedure is the potential for reduced wound complications
and mesh infections. The results of this meta-analysis
from the published literature give strong support to this
contention. The difference in wound complications rates
between laparoscopic versus open cases is largely a
reflection of the decreased number of wound infections
seen in the former group (1.3% laparoscopic vs. 9.5%
open). There are likely two major factors contributing to
this reduction in infection rate. First, open incisional
hernia repair typically involves extensive lateral dissec-
tion of tissue planes with a large subcutaneous dead
space and potentially altered blood flow and the need to
drain the wound bed postoperatively. The mesh is often
exposed to the subcutaneous space with the potential for
increased infection risk of the mesh if a superficial
wound infection occurs. With the laparoscopic ap-
proach, there is no flap dissection and the mesh is placed
totally intraperitoneally. Second, during open repair
there is a greater likelihood of the prosthetic mesh
coming in contact with the patient�s skin with the po-
tential for seeding by residual dermal flora. In the lap-
aroscopic approach, however, the mesh is rolled up
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tightly before passing it into the abdomen, thus mini-
mizing contact with the patient�s skin. In addition, the
use of an iodine-impregnated adhesive surgical drape is
one strategy that may reduce this potential contamina-
tion and resultant wound infection. Despite these
advantages, some mesh infections were reported in the
laparoscopic series (1.45% of paired laparoscopic series
and 0.85% of pooled studies), which often resulted in
removal of the mesh. Of note is that no differences in
rate of seroma formation were found between laparo-
scopic vs. open repairs. While this could be because of
variability in reporting of seroma as a complication, it
would appear that clinically significant seroma is not a
significant disadvantage for the laparoscopic approach.

One complication that occurred somewhat more
frequently in the laparoscopic group in the paired
analysis was enterotomy (2.9% laparoscopic vs. 1.2%
open). Enterotomy during attempted ventral hernia re-
pair is a major complication with potentially life-
threatening consequences if unrecognized at the time of
injury. The enterotomies recorded in this analysis in-
cluded both those that were recognized at the time of
surgery and those discovered later as a result of a sub-
sequent complication. The occurrence of enterotomy is
likely related to multiple variables, including surgeon
experience, but the primary risk variable is the extent of
intra-abdominal adhesions. The presence of prior mesh
hernia repair may also be a factor in the risk for enter-
otomy during laparoscopic incisional hernia repair. In
one recent series, the incidence of enterotomy during
LVHR in patients with prior mesh placed was 11.4%
compared to no enterotomies in patients who had not
had previous mesh repairs [25]. Limiting use of cautery
during adhesiolysis and avoiding the placement of un-
coated macroporous meshes where they may come in
contact with the abdominal viscera are strategies that
should be undertaken to minimize this risk.

Early postoperative pain was not evaluated in this
analysis, but prolonged procedure-related pain was re-
corded in a somewhat higher percentage of patients in
the pooled laparoscopic series compared to open but not
in the paired analysis. These differences could be ac-
counted for in part by variable reporting methods of
prolonged pain as a ‘‘complication.’’ However, unlike
most other laparoscopic procedures where incisional
pain is typically minimal and relatively short lived,
laparoscopic incisional hernia repair is associated with
substantially more pain in the postoperative period be-
cause of the methods of mesh fixation. Specifically, the
use of transfixion sutures for the mesh has been associ-
ated with increased pain after laparoscopic ventral her-
nia repair but this issue was not addressed in our
analysis.

The most important measure of an effective hernia
operation is a low recurrence rate. The results of our
analysis show that for both the paired and the pooled
data sets, LVHR was associated with significantly fewer
hernia recurrences overall. In fact, the hernia recurrence
rates in the paired and the pooled laparoscopic studies
of 3.1% and 4.3%, respectively, are some of the lowest
recurrence rates for incisional hernia yet reported in the
literature. These results do not appear to be explained

on the basis of an inadequate or a short followup period,
which averaged between 17 and 25 months across the
reported series, although longer-term studies with exam
followup will ultimately be necessary to verify these
claims. Among the possible explanations for the lower
recurrence rate with LVHR are that wide areas of tissue/
prosthetic overlap can be obtained, as evidenced by the
larger mesh sizes used in these cases compared to the
open cases. This broad interface should allow for better
tissue/mesh integration and thus a stronger repair and
lower recurrence rate. LVHR may also be better at
identifying all hernia defects, some of which could be
missed with an open approach. Finally, variability in the
mesh placement and fixation for open VHR could also
be a factor in the higher recurrence rate. The low hernia
recurrence rates reported to date with LVHR, therefore,
should be taken into consideration when selecting an
operative approach for patients with uncomplicated in-
cisional hernias.

It is important to consider some of the limitations of
the data analysis reported herein. One potential short-
coming of this study is the lack of complete statistical
analysis of all data points studied. This, however, is
largely due to inconsistent reporting of these data points
across the studies evaluated. All the examined series
reported their total number of patients, greater than
95% reported mean patient age, and approximately
85%–90% gave information on gender breakdowns,
operative times, hospital length of stay, and duration of
followup. In contrast, only about one-half to two-thirds
of the studies gave information on hernia and mesh size,
and fewer than 50% reported patient BMI values. Fur-
thermore, only six reports, all of them paired studies,
gave any information on the costs associated with the
operative procedure and/or the hospital stay [2, 5, 10,
15, 20, 35]. Even in instances in which these parameters
were reported, the values were sometimes given as
means, sometimes as medians, and they often did not
include standard deviations. Lack of such detailed
information limits the statistical analyses that can be
applied and precludes any formal meta-analysis of the
data points unless a large number of studies with
incomplete data are excluded.

Because they are reported as absolute numbers ra-
ther than means or percentages, the data on complica-
tions and recurrences are more amenable to formal
statistical analysis. While we were able to identify 45
studies with complete recurrence and complication data,
an additional 33 studies that were reviewed were ex-
cluded primarily because of incomplete outcomes data.
This again highlights the importance of complete data
reporting in studies of LVHR. We feel that we have
identified a comprehensive, yet manageable list of data
points that should be reported in all studies dealing with
laparoscopic and open ventral hernia repair. Further-
more, values that are amenable to being reported as
means (such as age, BMI, operative time, and length of
stay) should be recorded as such, but standard devia-
tions must be included to allow for better pooled-data or
meta-analysis at a later point in time. Such meticulous
data reporting, along with an increase in the amount of
level 1 data, would certainly help to better define the role
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of new approaches to ventral hernia repair and should
provide meaningful data that could lead to improve-
ments in the surgical treatment of this important clinical
problem.

Conclusions

Our analysis of the published literature on laparoscopic
ventral hernia repair shows that this procedure is asso-
ciated with lower total complication rates and fewer
wound and mesh infections than seen with open mesh
repair. In addition, hernia recurrence rates as reported
in short- to medium-term followup are acceptably low
and are significantly less than that reported in paired
open ventral hernia cases. Further studies with longer-
term followup will be necessary to verify these results.
Despite the limitations of this pooled-data analysis, it
would appear that there are several distinct advantages
of laparoscopic incisional hernia repair over open ap-
proaches. Laparoscopic repair should be strongly con-
sidered by surgeons with appropriate advanced
laparoscopic expertise for most patients with noncom-
plex incisional hernias.
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