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ARTICLE INFO ABSTRACT

Background: Laparoscopy is widely employed to manage primary and post incisional 
hernias. However, consensus on the best available surgical inlay mesh is still lacking.

Methods: A single-center database was used to compare the perioperative and 
long-term outcomes of laparoscopic ventral hernia repair completed between 2014 and 
2018, using different types of meshes. Of the 79 included patients, 47 (59%) underwent 
implantation with Dual Mesh™ 17 (22%) with Parietex™ and 15 (19%) with Physio 
meshTM and the patients were grouped accordingly.

Results: The baseline characteristics of the three groups were similar. Recurrent 
ventral hernias were more frequent in the Dual Mesh™ group (23.4 vs. 0 vs 0%; P=0.01). 
Perioperative complications and quality of life scores after surgery were also similar. 
Postoperative hematomas occurred in 3 (17.6%) patients in the Parietex™ group, in 1 
(2.1%) patient in the Dual Mesh™ group and in none of the patients in the Physio mesh™ 
group (P=0.02). The incidence of recurrence was comparable, although the median 
follow-up was longer in the Physio mesh™ group (57 months), P=0.001.

Conclusions: Laparoscopy is safe for treating ventral hernias. The choice of one type 
of mesh over another seems to not be correlated with most perioperative and long-term 
outcomes.
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Introduction
The proper approach for ventral hernias, including both post 

incisional and primary defects, is still under debate. Therefore, no 
standard operative technique has been accepted by the surgical 
community due to the high incidence of postoperative morbidity 
and recurrence [1,2]. Nevertheless, laparoscopic incisional and 
ventral hernia repair (LIVHR) may represent an alternative to open 
surgery, avoiding wide recissions and accelerating postoperative 
return to normal activities. Despite a large number of encouraging 
papers, reviews, international guidelines [3-9] a meta-analysis [10] 
and a Cochrane review [11] suggested that LIVHR could be superior 
to the open approach; other works have reported equivalent/
inferior results or narrow indications [12-15].

Moreover, a major concern is which type of mesh is to be 
employed. Most leading surgeons agree that an intraperitoneal  
inert material should be left in contact with the bowel and viscous,  

 
although composite meshes (absorbable and non-absorbable layers 
merged) are an alternative option [16-22]. However, in many public 
health systems, not all commercial meshes with proper sizes are 
available, while in private systems, a conflict of interest could play 
a role in the decision of which is the best product. Therefore, large 
studies comparing the different types of meshes are still lacking. 
The aim of the present study is to compare the results of LIVHR 
performed with different types of meshes in a public hospital.

Materials and Methods

Patients and Setting

A prospective database of LIVHR started in 2014 at Careggi Main 
Regional and University Hospital, Florence, Italy. All consecutive 
patients who underwent elective or urgent LIVHRs until December 
2019 were retrospectively compared, grouping them according 
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to the type of mesh employed. The indication for surgery was a 
ventral hernia (primary and post incisional) with a width greater 
than 2 centimeters in the maximum diameter. Smaller defects 
were managed under local analgesia with or without a small piece 
of mesh. No limitation was theoretically posed on the maximum 
range, but each surgeon was free to decide to use a minimally 
invasive technique, including for recurrent incisional hernias or 
urgency. All the involved surgeons had previous robust experience 
with this operation or were tutored by another surgeon who had 
experience (i.e., residents).

The preoperative workup included routine clinical examination 
and abdominal sonography or computed tomography (CT) in 
selected patients with doubtful bulging or symptoms. Procedure-
specific informed consent was obtained from all patients, including 
for conversion laparotomy. Preoperative variables included 
baseline characteristics, such as age, sex, body mass index (BMI), 
comorbidities, past abdominal surgical history, American Society 
of Anesthesiologists (ASA) classification, actual employment 
(retired, active work, sedentary work), and classification of the 
post incisional hernia according to Chevrel and Rath [23]. The 
general complications were recorded based on the Clavien-Dindo 
classification [24]. Patients were followed until discharge or 30 
days postoperatively (whichever occurred later) and were then 
contacted during the outpatient visits or by phone calls for the 
medium/long-term follow-up (time of the present study). The 
primary objective was to assess the perioperative outcomes and 
the medium- to long-term follow-up, including the incidence of 
recurrence, reoperation, and quality of life (QoL), according to a 
structured specific questionnaire (Carolinas Comfort Scale, CCS)
[25]. Patients who complained of symptoms of recurrence during 
phone interviews were also invited to the outpatient clinic for 
confirmation. In doubtful cases, further radiologic (CT scan) 
examination was also requested.

Surgical Technique

The laparoscopic technique was standardized among operating 
surgeons and published elsewhere [26], but each surgeon was free 
to choose his/her preference regarding the pneumoperitoneum, 
number and size of trocars, instruments for adhesiolysis and 
management of the hernia sac. The type of mesh was chosen 
according to the surgeons’ preference or the availability of a 
proper size. Nevertheless, the mesh was placed intraperitoneally 
and overlapped the wall defect for at least 4 cm in all directions. 
Mesh fixation was achieved with a double circular line of helicoidal 
clips (ProTack™ 5mm; AbsorbaTack™ - Medtronic Italia, Milan, 
IT), the first at the edge of the mesh and the second as an inner 
circle, avoiding clipping the sac. Definitive sutures at the cardinal 
points were not employed routinely. Direct closure of the defect 
was achieved only in selected cases. The use of drainage suction 
and compressive dressings (5-7 days until the first outpatient visit) 
was also employed sporadically.

Grouping

The whole cohort of patients was divided according to the 
type of mesh employed, excluding those patients who underwent 
conversion to laparotomy and who had a polypropylene retro 
muscular mesh according to the Rives-Stoppa technique. Patients 
who underwent implantation of a type of mesh employed less 
than 5 times were excluded. Each participating surgeon was free 
to choose his/her preferred mesh, although the availability of a 
large spectrum of commercial meshes was not guaranteed, which 
was kept constant over the study period. Three definitive groups 
were created: those who received Dual Mesh™ (Gore Newark, 
DE, USA - ePTFE, expanded-Polytetrafluoroethylene), Parietex™ 
(Covidien, New Haven, CT, USA - Polyethylene terephthalate and 
Type I collagen layer), and Physiomesh™ (Ethicon, Somerville, NJ, 
USA - Polypropylene, Polydioxanone, Polige caprone- 25 Monocryl). 
The details of the technical characteristics of each type of mesh are 
summarized in Table 1.

Table 1:  Mesh materials and fixation devices.

Mesh material Components Resorption time

Parietex Composite™ 
(Medtronic)

Polyethylene 
terephthalate

Type I collagen layer

Not biodegradable

30 d

Physiomesh™ 
(Ethicon)

Polypropylene

Polydioxanone

Poligecaprone-25 
(Monocryl)

Not biodegradable

180 d

240 d

GORE®DUALMESH® 
(W.L. Gore)

ePTFE (expanded 
Polytetrafluoroethylene) Not biodegradable

Fixation Device

Pro Tack™ 
(Medtronic) Titanium Not biodegradable

Absorba Tack™ 
(Medtronic)

Co-polymer poly-
(glycolide-co-L-lactide) 365 d

Endpoints

The main endpoints were the determination of whether different 
types of meshes were related to postoperative complications, 
medium- to long-term outcomes (including QoL), and incidence of 
recurrence.

Statistics

Statistical and descriptive analyses were performed using the 
Statistical Package for Social Science (SPSS) version 25 (SPSS Inc., 
Chicago, Illinois, USA). All data were collected prospectively and 
reviewed retrospectively. Group comparisons based on continuous 
data were performed using the nonparametric Kruskal-Wallis 
test, while discrete variables were matched using the Chi-square 
test or Fisher’s exact test when appropriate. The statistical level of 
significance was defined as a P value <0.05.
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Results
A total of 90 patients underwent an attempted LIVHR between 

January 2014 and December 2019. Of these, 8 (8.8%) underwent 
conversion to open surgery. According to the purpose of the study, 
these 8 patients were excluded from further analysis because 
the mesh employed was a polypropylene-based prosthesis in the 
retro muscular position, not to be compared with intraperitoneal 
prostheses. Three patients (3.3%) completed the planned 
laparoscopy, although they received 2 different prototypic brand-
new meshes that were no longer employed due to the hospital’s 
policy and were excluded. Therefore, the final cohort was based on 
79 patients, with 41 (51.9%) males and 38 (48.1%) females. The 

retrospective grouping included 47 (59%) patients who underwent 
implantation of a Dual Mesh™, 17 (22%) of a ParietexTM and 15 
(19%) of a Physiomesh™. There were no statistically significant 
differences in the baseline characteristics of the three groups, 
including demographics, employment, and comorbidities (Table 2). 
The distributions of ventral hernias, such as incisional or primary, 
the area of the defect, and the site subclassification according to 
Chevrel and Rath [23], were also highly comparable among the 3 
groups. Recurrent incisional hernias (at least one failed previous 
attempt of repair) were more frequent in the Dual Mesh™ group 
(23.4 vs. 0 vs 0%; P=0.01). The detailed hernia characteristics are 
provided in Table 3.

Table 2:  Demographic characteristics and comorbidities in three mesh groups.

Characteristic
Total Dual Mesh® Parietex™ Physiomesh™

p Value
N°79 (%) N°47 (59) N°17 (22) N°15 (19)

Female, (%) 38 (48.1) 21 (44.7) 10 (58.8) 7 (46.7) 0.6

Age, y, median 63 (19-90) 62 (39-81) 59 (19-90) 69 (31-74) 0.55

BMI, Kg/m2, (%)

< 30

30 - 35

> 35

49 (62.0)

23 (29.1)

7 (8.9)

25 (53.2)

16 (34)

6 (12.8)

14 (82.4)

3 (17.6)

0 (0.0)

10 (62)

4 (29.1)

1 (8.9)

0.25

ASA grade, (%)

ASA I

ASA II

ASA III

14 (17.7)

50 (63.3)

15 (19.0)

7 (14.9)

30 (63.8)

10 (21.3)

4 (23.5)

11 (64.7)

2 (11.8)

3 (20)

9 (60)

3 (20)

0.87

Comorbidities, (%)

COPD

Diabetes

Immunodepression

Hypertension

Cardiovascular

Cancer

Other

7 (8.9)

12 (15.2)

1 (1.3)

39 (49.4)

8 (10.1)

15 (19)

13 (16.5)

4 (8.5)

8 (17)

0 (0.0)

24 (30.4)

4 (8.5)

10 (21.3)

9 (19.1)

0 (0.0)

0 (0.0)

1 (5.9)

7 (8.9)

2 (11.8)

3 (17.6)

4 (23.5)

3 (20)

4 (26.7)

0 (0.0)

8 (10.1)

2 (13.3)

2 (13.3)

0 (0.0)

0.13

0.09

0.15

0.73

0.83

0.78

0.14

Current smoker, (%) 6 (7.6) 4 (8.5) 0 (0.0) 2 (13.3) 0.34

Employment, (%)

Heavy

Light

Retired/Unemployed

9 (11.4)

22 (27.8)

48 (60.8)

7 (14.9)

10 (21.3)

30 (63.8)

2 (11.8)

8 (47.1)

7 (41.2)

0 (0)

4 (26.7)

11 (73.3)

0.15

Values are expressed as events (with percentages) or median with ranges. 

BMI: Body Mass Index. 

ASA: American Society of Anesthesiologists classification.  

COPD: Chronic Obstructive Pulmonary Disease
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Table 3: Hernia characteristics in three mesh groups.

Characteristics Total

N°79 (%)

Dual Mesh®

N°47 (59)

Parietex™

N°17 (22)

Physiomesh™

N°15 (19)

p Value

Primary hernia, (%) 19 (24.1) 9 (19.1) 6 (35.3) 4 (26.7) 0.39

Incisional hernia, (%) 60 (75.9) 38 (80.9) 11 (64.7) 11 (73.3)

Incisional Hernia Classification

Midline, (%)

Subxiphoidal (M1)

Epigastric (M2)

Umbilical (M3)

Infraumbilical (M4)

Suprapubic (M5)

4 (5.1)

23 (29.1)

6 (7.6)

9 (11.4)

0 (0)

3 (6.4)

14 (29.8)

4 (8.5)

7 (14.9)

0 (0)

1 (5.9)

5 (29.4)

0 (0.0)

1 (5.9)

0 (0)

0 (0.0)

4 (26.7)

2 (13.3)

1 (6.7)

0 (0)

0.873

Lateral, (%)

Subcostal (L1)

Flank (L2)

Iliac (L3)

Lumbar (L4)

Parastomal (L5)

(L5 + M1)

(M4 + L2)

1 (1.3)

13 (16.5)

0 (0)

0 (0)

2 (2.5)

1 (1.3)

1 (1.3)

0 (0)

5 (10.6)

0 (0)

0 (0)

2 (4.3)

1 (2.1)

1 (2.1)

0 (0)

4 (23.5)

0 (0)

0 (0)

0 (0.0)

0 (0.0)

0 (0.0)

0 (0)

4 (26.7)

0 (0)

0 (0)

0 (0.0)

0 (0.0)

0 (0.0)

Recurrent hernia, % 11 (13.9) 11 (23.4) 0 (0.0) 0 (0.0) 0.01*

Area, cm2 (median) 25 (4-350) 25 (4-350) 20 (4-150) 25 (12-180) 0.15

Values are expressed as events (with percentages) or median with ranges. *P<0.05.

The Dual Mesh™ prosthesis was employed by experienced 
surgeons (>6 completed LIVHRs) more frequently than the other 
types of mesh (76.6 vs. 47.1 vs. 66.7%; P=0.02). Mortality was 
null in the present study. Overall, major morbidity (Clavien-Dindo 
3-4) occurred in 6 patients (7.6%), 5 in the Dual Mesh™ group 
and 1 in the Physiomesh™ group, without statistical significance. 
Of these, two patients (2.5%) required reintervention, one for 
intestinal occlusion and another for gastric bleeding (concomitant 
stromal tumor excision in the first operation). Both were managed 
laparoscopically without mesh removal. One patient required 
a colonic immediate suture for an iatrogenic lesion, avoiding 
cavity contamination. Two patients experienced pneumonia and 
were treated with oral antibiotics (one after 3 days in the High 
Dependency Unit, a patient in the Physiomesh™ group). One patient 
experienced anemization in the early postoperative period and was 
transfused. All these patients were discharged without further 
complications.

Hospital stay, readmissions, and QoL, calculated according to 
the CCS, were similar within groups. Postoperative hematomas 

occurred in 3 (17.6%) patients in the Parietex™ group, in 1 (2.1%) 
patient in the Dual Mesh™ group and in none of patients in the 
Physiomesh™ group (P=0.02). Other minor complications (Clavien-
Dindo 1-2) included 2 patients with prolonged abdominal pain 
(2.5%), 4 (5%) with transient fever of uncertain origin, 1 with 
transient arrhythmia, 1 with biliary vomiting and 3 with multiple 
comorbidities who required 24 h of intensive care observation. 
The details of perioperative and medium- to long-term follow-
up are reported in Table 4. The incidence of recurrence was 
comparable, such as the time between the operation and the onset 
of new bulging, although the median follow-up was longer in the 
Physiomesh™ group (57 months) than in the DualMesh™ group 
(34.5 months) and ParietexTM group (22.5 months), P=0.001. Due to 
the different durations of follow-up, a Kaplan-Meier survival curve 
was also plotted to report the cumulative incidence of recurrence 
(5.8% at 36 months) (Figure 1A). After proper calculation with the 
log-rank test, the incidence of recurrence, with the three different 
types of meshes, was not significantly different (P=0.58) (Figure 
1B).
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Table 4: Surgical outcomes after laparoscopic ventral hernia repair.

Characteristic
Total Dual Mesh® Parietex™ Physiomesh™

p Value
N°79 (%) N°47 (59) N°17 (22) N°15 (19)

Surgeon’s experience

0-3

6-Apr

> 6

15 (19)

10 (13)

54 (68)

9 (19.1)

2 (4.3)

36 (76.6)

3 (17.6)

6 (35.3)

8 (47.1)

3 (19)

2 (13.3)

10 (66.7)

0.02*

Operative time, min 75 (35-215) 80 (35-215) 75 (45-120) 75 (45-110) 0.67

Major complications, (%) (CD3-4) 5 (7.6) 5 (10.6) 0 (0) 1 (6.7) 0.36

Deaths, (%) 0 (0) 0 (0) 0 (0) 0 (0) 1

Hematoma, (%) 4 (5.1) 1 (2.1) 3 (17.6) 0 (0.0) 0.02*

Sieroma, (%) 2 (2.5) 1 (2.1) 0 (0.0) 1 (6.7) 0.47

Infection, (%) 1 (1.3) 1 (2.1) 0 (0.0) 0 (0.0) 0.7

Other complications, (%) (CD1-2) 12 (15.2) 9 (19.1) 1 (5.9) 2 (13.3) 0.41

Gas, d, median 1 (1-3) 1 (1-3) 1 (1-2) 1 (1-3) 0.62

Canalization, d, median 3 (1-5) 3 (1-5) 1.5 (1-4) 3 (2-3) 0.3

LOS, d, median 2(0-11) 2 (1-11) 1 (0-5) 2 (1-6) 0.12

Recurrence, (%) 14 (17.7) 9 (19.1) 1 (5.9) 4 (26.7) 0.28

Time to recur, mo, median 12 (2-60) 14 (12-60) 1 (1-1) 1 (1-1) 0.15

Reoperation, (%) 9 (11.4) 7 (14.9) 1 (5.9) 1 (6.7) 0.49

Follow up, mo, median 38 (1-69) 34.5 (1-69) 22.5 (1-44) 57 (42-62) 0.001*

Non-ideal QOL, CCS ≥ 2, %

CCS ≥ 2 at 1 mo

CCS ≥ 2 at 6 mo

CCS ≥ 2 at 12 mo

CCS ≥ 2 at 24 mo

16(20.3)

12(15.2)

7 (8.9)

8 (10.1)

9 (19.1)

7 (14.9)

3 (6.4)

4 (8.5)

4 (23.5)

2 (11.8)

1 (5.9)

1 (5.9)

3 (20)

3 (20)

3 (20)

3 (20)

0.92

0.8

0.24

0.35

Values are expressed as events (with percentages) or median with ranges. *P<0.05.

CD: Clavien-Dindo

LOS: Length of stay

QOL: Quality of life

CCS: Carolina Comfort Scale

Figure 1: Survival function for hernia recurrence (A) and hernia recurrence for different types of meshes (B).
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Discussion
To date, this is one of the few studies comparing different types 

of commercially available meshes for LIVHR. The main results are 
represented by the negligible differences in both the postoperative 
outcomes and the incidence of recurrence. Laparoscopic incisional 
and ventral hernia repair (LIVHR) is a good alternative to open 
surgery, although no definitive conclusions regarding this technique 
have been published, and many papers, meta-analyses and reviews 
have reported conflicting results regarding indications, technical 
details and types of meshes to be employed [3-11,15]. Many 
types of meshes have been employed, although no ‘ideal’ mesh is 
commercially available, leading to caution when comparing the 
results. The present study included a very homogeneous population 
among the three different types of meshes employed, excluding 
selection biases at this level. The only preoperative difference was 
represented by the higher incidence of recurrent incisional hernias 
in patients treated with Dual Mesh™. A possible explanation could 
be found in the preference of the more experienced operating 
surgeons, which represents a limitation of the study. However, 
no differences were found in the groups regarding the size of the 
defects or challenging locations.

Interestingly, major complications occurred mostly in patients 
who received the Dual Mesh™ prosthesis, although no statistically 
significant difference was detected. To date, the largest multicenter 
casistic published on LIVHR was that of Sanchez and coworkers 
[26], in which more than 2000 patients were treated using an ePTFE 
mesh with outcomes comparable to those achieved in the present 
study. Although bowel adhesion and subsequent obstruction should 
occur with uncoated meshes, we observed only one postoperative 
occlusion directly related to mesh adhesions [27]. All the other 
complications were related to adhesiolysis or to medical diseases, 
and no further complications were observed, such as mesh 
infection, in complicated patients (bleeding and bowel lesion) in 
the present series. In contrast with previous experience [17-23], 
our study failed to support the theoretical advantages of composite 
meshes (non-absorbable materials coated by absorbable or inert 
layers) over ePTFE (inert non-absorbable materials).

Postoperative seroma formation is a frequent event (up to 
10%), while true hematomas are also a reported occurrence [14]. 
Seroma/hematoma formation was a rare event in our casistic, 
without significant differences between groups, as reported by other 
authors for composite meshes [15]. A possible explanation could 
be found in the difference in the reporting of “seroma”: according 
to some authors, only prolonged seromas (more than 2-4 weeks) 
should be considered a true complication [6,28]. To date, only one 
randomized controlled trial comparing mesh types (titanium-
coated lightweight mesh vs. standard composite mesh) has been 
published. The authors reported only less pain in the titanium-
coated mesh group, without any other significant differences [29]. 
In addition to mild perioperative impairments, the incidence of 

recurrence should be considered a major endpoint of hernia repair. 
Our study revealed no statistically significant difference between 
the different types of meshes in terms of recurrence, even when 
performing a Kaplan-Meier survival curve to compare different 
lengths of follow-up.

Limitations
The main bias of the present study is that it is neither 

prospective nor randomized. However, the choice of one mesh 
rather than another was mainly related to each participating 
surgeon (nine staff surgeons supervising residents or colleagues), 
although the preferred mesh (or the proper size) was not always 
available, leading to some “single-day” randomization. For example, 
the Phisiomesh™ prosthesis was withdrawn from the market during 
the study period, without correlations to complications occurring 
at our hospital. Moreover, some conflicting results could be related 
to the different types of tax (i.e., absorbable or titanium) employed 
to secure the mesh, rather than the mesh itself [30,31]. This aspect 
was not taken into consideration in the present study, although 
most of the operations were completed by titanium tacks or a mix 
of titanium and absorbable tacks. Again, the same differences in the 
surgical technique, such as the occasional closure of the defect or 
the adjunct of trans fascial sutures, could also have played a role 
in determining the incidence of recurrence and outcome [32-34].

Conclusions
LIVHR is a safe and feasible technique for managing both 

primary and postincisional hernias. Despite the theoretical 
advantages of composite meshes, very few significant differences 
could be detected when compared to ePTFE in the present study. 
Large multicenter randomized controlled studies without market 
or personal influences should be designed to choose the best 
product.
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