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Abstract
Background  The primary aim of this prospective study is to report bulging and recurrence rates and to analyze the risk 
factors responsible for failure, after laparoscopic ventral hernia repair (LVHR) with primary closure of defect (PCD) using 
a running suture and intraperitoneal mesh placement, at 5-year follow-up. The secondary endpoint is to evaluate 30-day 
postoperative complications, seroma, and pain.
Methods  PCD failure was defined as the presence of postoperative bulging and/or recurrence. Pain was evaluated using a 
visual analogue scale (VAS). After surgery, fifty-eight patients underwent clinical examination and computed tomography 
scan to diagnose bulging, recurrence, and seroma (classified according to the Morales-Conde classification).
Results  At 60 months follow-up, recurrence was observed in five patients (8.6%), while bulging, not needing a surgical treat-
ment, occurred in fifteen patients (25.9%). Chronic obstructive pulmonary disease (COPD) is the only risk factor responsible 
for both outcomes together, bulging and recurrences (p = 0.029), while other considered risk factors as gender, age, body 
mass index, diabetes, smoke habits, primary or incisional hernia and the ratio defect width/transverse abdominal axis did 
not achieve the statistically significance. Clinical seroma was diagnosed at one month in eight patients (13.8%). Seromas 
were observed at one year of follow-up. During the follow-up, pain reduction occurred.
Conclusion  LVHR has evolved toward more anatomical concepts, with the current trend being the abdominal wall anatomi-
cal reconstruction to improve its functionality, reducing seroma rates. Based on results obtained, PCD is a reliable technique 
with excellent recurrence rate at 5 years follow-up, even when the defect closure may generate tension at the midline. On 
the other hand, this tension could be related with high bulging rate at long-term, particular in case of patients with COPD.

Keywords  Primary closure of defect (PCD) · Laparoscopic ventral hernia repair (LVHR) · Intraperitoneal onlay mesh 
(IPOM) plus · Bulging · Recurrence

Laparoscopic ventral hernia repair (LVHR) is reported as 
a safe, reliable, and reproducible minimally invasive tech-
nique with low postoperative complication rate, since it 
was described by Leblanc et al. [1, 2]. However, debate has 
emerged due to the use of an intra-abdominal mesh as bridge 
of the defect, which has a negative impact on the abdomi-
nal wall functionality, due to it does not allow to restore 
the abdominal wall midline, and on seroma development, 
achieving up 100% of cases in some series [3, 4].

The new trend in LVHR is based on the abdominal 
wall reconstruction concept associated to new techniques 
related to primary closure of the defect (PCD), which was 
first described in a large series by Chelala et al. [5]. This 
approach, named IPOM (intraperitoneal onlay mesh) plus, 
proved that the midline closure improves the abdominal wall 
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function and patients’ quality of life [6], reducing bulging 
and seroma rate in comparison to conventional LVHR with 
standard IPOM technique, at short-term follow-up [7]. How-
ever, PCD could be related to an increase of postoperative 
pain and recurrences, due to tension created from the mid-
line closure [8].

The primary aim of the present study is to analyze the 
postoperative outcomes after PCD, in terms of recurrences 
at long-term follow-up, adding the concept of failure of the 
repair also including the rate of bulging at 5 years, and to 
report the risk factors related to the failure; the secondary 
aim is to report the postoperative complications, seroma and 
pain at one and 5 years after surgery.

Materials and methods

This is a prospective study performed from December 2013 
to January 2016, including 60 patients with midline primary 
or incisional ventral hernia who underwent LVHR with PCD 
and IPOM.

Institutional review board approval (number: 1002-N-15) 
and informed consent from all participants were obtained.

Inclusion criteria

Patients over 18 years, with primary or incisional midline 
ventral hernia (classified according to the European Hernia 
Society—EHS classification [9]) greater than 3 cm in width 
and away from bone margins, American Society of Anes-
thesiologists (ASA) class I, II, or III and after signing the 
informed consent were included in this study.

Exclusion criteria

Patients with abdominal wall defect width less than 3 cm, 
with history of previous intraperitoneal mesh placement, 
ASA IV and/or with contraindications for general anesthesia 
and with lateral defects were excluded.

Surgical technique

The technique was standardized before the beginning of the 
study by the two surgeons who performed all cases (J.G.M. 
and S.M.C). All patients underwent surgery under general 
anesthesia. Pneumoperitoneum was created at 15 mmHg 
pressure with a Veress needle in the left upper quadrant. 
One 12 mm trocar for the 30° optic, and two 5 mm operat-
ing trocars were placed in line at the left midclavicular line. 
After adhesiolysis by blunt dissection and cold scissor, the 
abdominal wall defect width and length were measured with 
an intraabdominal ruler after reducing the pneumoperito-
neum pressure to 8–9 mmHg.

The hernia sac was not resected in any case. Closure of 
the hernia defect was performed using a fully intracorporeal 
continuous suture with a long-term absorbable double-loop 
suture in polyglyconate 0 (Maxon™, monofilament absorb-
able suture, Medtronic, Minneapolis, Minnesota, USA) start-
ing 1–2 cm caudal to the defect and ending 1–2 cm cranially 
to the defect. The running suture was finished cranially to the 
defect, and both ends of the double-loop suture were knotted 
together in the subcutaneous tissue, after reducing the pneu-
moperitoneum to 6–8 mmHg. The two threads were exterior-
ized from the abdominal cavity through the same small skin 
incision, but from different fascia incision, using a trocar site 
closure device (Endo CloseTM, Auto SutureTM, Covidien, 
Mansfield, Massachusetts, USA) or a suture passer.

In all cases, an intraperitoneal mesh was placed with 5 cm 
overlap over the original defect and fixed according to the 
double crown (DC) technique using titanium helical tacks 
(ProTack fixation device 5 mm; Covidien, Mansfield, Mas-
sachusetts, USA) every 2–3 cm. The gap among tacks was 
sealed with fibrin sealant (Tissucol Duo®, Baxter, Deer-
field, Illinois, USA) [10, 11]. Based on the availability in 
the operative room, type of mesh used was the expanded 
polytetrafluoroethylene (ePTFE) mesh (DualMesh®, W. 
L. Gore & Associates, Inc., Newark, Delaware, USA), the 
polyvinylidene fluoride (PVDF) mesh (DynaMesh®-IPOM, 
FEG Textiltechnik, Aachen, Germany), and the polypropyl-
ene mesh (Ventralight™ Mesh, Bard, Warwick, Rode Island, 
USA).

After the first 15 patients, the 12 mm trocar closure was 
performed using the Weck EFx Endo Fascial Closure Sys-
tem (Teleflex Incorporated, Wayne, Pennsylvania, USA) to 
guarantee a full thickness closure of trocar site and avoiding 
risk of trocar site hernia.

Study design

Demographic variables [including gender, age, body mass 
index—BMI, comorbidities, smoke habitus, ASA class, her-
nia type, distance between rectus muscles (diastasis recti)], 
intraoperative variables (including defect size, mesh size, 
number of tacks used, type of mesh, conversion to open sur-
gery and surgical time) and postoperative outcomes were 
recorded and analyzed.

Those postoperative outcomes include recurrence and 
bulging rates (both considered as failure of PCD), compli-
cations (according to Clavien–Dindo classification [12]), 
seroma (classified according to the Morales-Conde clas-
sification [13]), distance between rectus muscles [diastasis 
recti] and postoperative pain.

PCD failure was defined when bulging or recurrence 
occurred. Recurrence was defined when an abdominal 
wall defect with hernia sac occurred. While bulging 
was defined as clinical and/or radiological return to the 
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original distance between rectus muscles without the 
presence of an abdominal wall hernia defect and without 
requiring surgical treatment.

Postoperative pain was evaluated using the visual ana-
logue scale (VAS) score up to one year after surgery.

A computed tomography (CT) scan was performed 
preoperatively in all patients to evaluate the hernia con-
tent, to identify defects not diagnosed during physical 
examination, and to measure width and length defect and 
distance between the rectus muscles.

All patients were scheduled for postoperative physi-
cal examination at day 1, day 7, 1  month, 3, 12, and 
60 months after surgery. Abdominal CT scan was per-
formed at 1 and 12 months after surgery to evaluate the 
abdominal wall closure integrity, the presence of diastasis 
recti, seroma, or recurrence. 60 months after surgery, CT 
scan was performed in case of suspicion for recurrence 
or bulging at physical examination.

Statistical analysis

Continuous variables are expressed as mean ± standard 
deviation and categorical variables as frequencies and 
percentages. Risk factors responsible for PCD failure are 
identified by comparing subsamples with and without 
PCD failure. The non-parametric Mann–Whitney test was 
used for the comparison between quantitative variables, 
and the Fisher’s exact test for the qualitative variables. 
A p value lower than 0.05 was considered statistically 
significant. Statistical analysis was carried out using the 
SPSS software (SPSS Inc., Chicago, Illinois, USA).

Results

Two out of 60 patients were excluded from the study, one 
because it was not possible to close the abdominal wall 
defect intraoperatively, and one due to intraoperative prob-
lem related to general anesthesia. In both cases conventional 
LVHR with IPOM was performed.

Tables 1, 2, and 3 report demographic and intraoperative 
variables. All patients’ comorbidities were stable and con-
trolled at the time of surgery. Overall, ePTFE mesh was used 
in 43 patients (74.1%) since it was the mesh available in our 
center at the time of surgery. Mean mesh overlap over the 
defect (mesh size to defect size ratio) was 4.63 ± 1.28 cm.

Five years after surgery, five recurrences (8.6%) and 
fifteen bulging (25.9%) occurred (Table 4). In all these 
patients, ePTFE mesh was used. In two patients both bulg-
ing, and recurrence occurred. Overall patients with PCD 
failure at five years follow-up were 18 (31%).

Before surgery, the mean abdominal wall defect area in 
patients without bulging and/or recurrence at five year after 
surgery was 61.48 ± 68.39 cm2, while in patients with bulg-
ing and/or recurrence was 78.38 ± 77.61 cm2 (p = 0.153) 
(Table 3). After surgery, in patients with postoperative PCD 
failure, the mean distance between rectus muscles at CT scan 
at 1 and 12 months was 2.49 ± 1.32 cm (range of 0.5–5.5) 
and 5.64 ± 2.75 cm (range of 1.36–10.46), respectively 
(Table 4). Most of the PCD failures occurred 12 months 
after surgery (12 bulgings and 4 recurrences), not increas-
ing significantly at five years follow-up (15 bulgings and 5 
recurrences) (p = 0.547) (Table 4).

A statistical analysis was performed to identify the risk 
factors responsible for PCD failure, five years after surgery. 
Chronic obstructive pulmonary disease (COPD) was the 
only risk factor related to the failure (p = 0.029), while the 
others considered risk factors such as gender (p = 0.396), 

Table 1   Patients’ demographics

W women, M men, SD standard deviation, BMI body mass index, ASA American Society of Anesthesiologists

Entire series N = 58 Non-failure group n = 40 Failure group n = 18

Sex ratio, W (%): M (%) 33 (56.9): 25 (43.1) 21 (52.5): 19 (47.5) 12 (66.7): 6 (33.3)
Mean age ± SD, years (range) 58.72 ± 12.82 (33–82) 56.88 ± 12.48 (33–79) 62.83 ± 12.96 (38–82)
Mean BMI ± SD, Kg/m2 (range) 32.3 ± 6.45 (23–49) 31.87 ± 6.34 (23–48.9) 33.23 ± 6.78 (27.3–49)
Diabetes, n (%) 12 (20.7) 9 (22.5) 3 (16.7)
Chronic obstructive pulmonary disease, n (%) 5 (8.6) 1 (2.5) 4 (22.2)
Smoke habitus, n (%) 10 (17.2) 5 (12.5) 5 (27.8)
ASA class, n (%)
 I 3 (5.2) 3 (7.5) –
 II 29 (50) 21 (52.5) 8 (44.4)
 III 26 (44.8) 16 (40) 10 (55.6)

Mean distance between rectus muscles ± SD, cm (range) 5.71 ± 2.13 (2–12) 5.3 ± 1.7 (2–9.7) 6.49 ± 2.65 (2.2–12)
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age (p = 0.112), BMI (p = 0.373), diabetes (p = 0.736), 
smoke habits (p = 0.483), primary or incisional hernia (p 
= 1.000), and the ratio defect width/transverse abdominal 
axis (p = 0.670) did not achieve a statistically significance 
difference.

After surgery, two abdominal wall hematomas (3.4%) 
treated conservatively (Clavien–Dindo I), and two acute 
incarceration of an interstitial hernia (3.4%), at the 12 mm 
trocar site, treated surgically (Clavien–Dindo III-b), 
occurred (Table 4). The interstitial hernias occurred in the 
first 15 cases, and for this reason Weck EFx Endo Fascial 
Closure System (Teleflex Incorporated, Wayne, Pennsylva-
nia, USA) for the closure of all the abdominal wall layers 
was adopted. One month after surgery, clinical seroma, type 
II or more, occurred in eight patients (13.8%). Seroma did 
not occur at five years follow-up (Table 4).

In five patients with COPD, two seroma type 0a, one type 
1, one type 2a, and one type 2b occurred. Only in patient 
with seroma type 1, PCD failure was not observed.

1 month after surgery, a reduction of the number of 
patients with pain and of the mean VAS score was observed 
(Table 4, Fig. 1). At 5 years, four patients (6.9%) with 
chronic pain related to specific movement were treated with 
conventional analgesics.

Discussion

This study was conducted to report postoperative out-
comes after LVHR with PCD (IPOM plus) in terms of 
bulging and recurrence rates up to 5 years follow-up and 
to report postoperative complications and seroma. We 
hypothesized that the defect closure could create midline 
tension and consequently increase postoperative pain, and 
for this reason we added pain evaluation.

According to our protocol, patients with abdominal 
wall defect width less than 3 cm underwent open repair 
and therefore they were excluded from the study. Patients 
with lateral hernias were excluded to obtain a homogene-
ous sample of patients. Most of the bulgings or recur-
rences were observed one year after surgery, suggesting 
that the risk of failure after PCD could be related to the 
midline tension created during surgery. Even if not statisti-
cally significant, mean defect width, length, and area were 
greater in patients with bulging or recurrence after surgery 
in comparison to patients without PCD failure. The out-
comes obtained are similar, although slightly worse, to 
those obtained with IPOM plus in literature [7, 8, 14–17].

Table 2   Abdominal wall defect classified according to the European Hernia Society (EHS) classification [9]

Two patients had M3 and M4 hernia W2 respectively. Three patients had M2 and M3 W2 hernia. One patient had primary epigastric large and 
an incisional M3W2 hernia

Primary hernia, n = 16 (27.6%)

Location Small (< 2 cm) Medium (≥ 2–4 cm) Large (≥ 4 cm)

Epigastric, n % – 2 (12.5) 2 (12.5)
Umbilical, n % – 1 (6.2) 11 (68.8)

Incisional hernia, n = 42 (72.4%)
Location W1 (2–4 cm) W2 (4–10 cm) W3 (> 10 cm)
M1, n % – – –
M2, n % 2 (4.8) 14 (33.3) 1 (2.4)
M3, n % – 18 (42.9) 5 (11.9)
M4, n % – 2 (4.8) –

Table 3   Intraoperative data

SD standard deviation

Entire series N = 58 Non-failure group n = 40 Failure group n = 18

Mean defect size ± SD, cm2 (range) 66.72 ± 71.13 (9–360) 61.48 ± 68.39 (12–360) 78.38 ± 77.61 (9–350)
Mean width ± SD, cm (range) 6.59 ± 2.83 (3–15) 6.27 ± 2.91 (3–15) 6.88 ± 2.77 (3–14)
Mean length ± SD, cm (range) 8.83 ± 5.19 (4–25) 8.08 ± 4.56 (4–24) 10.22 ± 6.42 (4–25)
Mean mesh size ± SD, cm2 (range) 309.57 ± 91.44 (180–684) 297.48 ± 73.41 (180–500) 336.44 ± 120.66 (210–684)
Mean number of used tackers ± SD (range) 25.4 ± 7.9 (15–53) 24.32 ± 6.47 (16–44) 27.72 ± 10.11 (15–53)
Conversion to open surgery, n (%) – – –
Mean operating time ± SD, minutes (range) 53.05 ± 24.98 (25–180) 53.76 ± 26.9 (25–180) 51.47 ± 20.69 (26–107)
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Several studies analyze the risk factors related to recur-
rence, concluding that smoke habits, COPD, BMI, or 
incisional hernia are involved in developing of failure 
after ventral hernia repair [18]. Baker et al. reported that 
the recurrence rate after the closure of defect is related to 
mesh overlap and the fixation type, being less frequent with 
permanent fixation [19]. It is also reported an increase of 
recurrence rate with absorbable tacks in case of conventional 

IPOM [4, 20]. Hauters et al. concluded that the only factor 
with a statistically significant impact on recurrence is the 
mesh-defect size ratio, being important mesh overlap in case 
of PCD [21]. In our series, nevertheless, an adequate mesh 
overlap over the PCD was always achieved and meshes were 
fixed with permanent tackers.

Seroma is responsible for discomfort and/or pain in up to 
35% of patients and reoperation for infection or recurrence 

Table 4   Postoperative outcomes

VAS visual analogue scale, SD standard deviation
*Two patients had both bulging and recurrence

Entire series N = 58 Non-failure group n = 40 Failure group n = 18

Bulging 12 months after surgery, n (%) 12 (20.7)* – 12 (66.7)*
Bulging 60 months after surgery, n (%) 15 (25.9)* – 15 (83.3)*
Recurrence 12 months after surgery, n (%) 4 (6.9)* – 4 (22.2)*
Recurrence 60 months after surgery, n (%) 5 (8.6)* – 5 (27.8)*
Mean distance between rectus muscles 1 month after 

surgery ± SD, cm (range)
1.89 ± 1.01 (0.5–5.5) 1.6 ± 0.7 (0.5–3.5) 2.49 ± 1.32 (0.5–5.5)

Mean distance between rectus muscles 12 months after 
surgery ± SD, cm (range)

4.09 ± 2.44 (0.5–10.46) 3.06 ± 1.55 (0.5–6.9) 5.64 ± 2.75 (1.36–10.46)

Complications, n (%, Clavien classification, grade) 4 (6.9, 2 I, 2 III-b) 3 (7.5, 2 I, 1 III-b) 1 (5.5, III-b)
 Abdominal wall hematoma 2 (3.4, I) 2 (5, I) –
 Interstitial hernia on trocar site 2 (3.4, III-b) 1 (2.5, III-b) 1 (5.5, III-b)

Seroma, n (%, Morales-Conde classification, type)
 0a 21 (36.2) 13 (32.5) 8 (44.4)
 0b 19 (32.8) 17 (42.5) 2 (11.1)
 I 10 (17.2) 7 (17.5) 3 (16.7)
 IIa 3 (5.2) 2 (5) 1 (5.6)
 IIb 4 (6.9) 1 (2.5) 3 (16.7)
 IIIa 1 (1.7) – 1 (5.6)

Preoperative pain
 Patients with pain, n (%) 32 (55.2) 19 (47.5) 13 (72.2)
 Mean VAS score ± SD (range) 1.98 ± 1.99 (0–7) 1.58 ± 1.8 (0–5) 2.83 ± 2.14 (0–7)

1st postoperative day—pain
 Patients with pain, n (%) 55 (94.8) 38 (95) 17 (94)
 Mean VAS score ± SD (range) 5.5 ± 2.5 (0–9) 5.3 ± 2.49 (0–9) 6 ± 2.51 (0–9)

7th postoperative day—pain
 Patients with pain, n (%) 40 (69) 30 (75) 10 (55.6)
 Mean VAS score ± SD (range) 2.2 ± 2.2 (0–7) 2.47 ± 2.25 (0–7) 1.72 ± 2.29 (0–7)

30th postoperative day—pain
 Patients with pain, n (%) 14 (24.1) 9 (22.5) 5 (27.8)
 Mean VAS score ± SD (range) 0.6 ± 1.4 (0–7) 0.46 ± 1.08 (0–4) 0.91 ± 1.97 (0–7)

3rd postoperative month—pain
 Patients with pain, n (%) 4 (6.9) 3 (7.5) 1 (5.6)
 Mean VAS score ± SD (range) 0.1 ± 0.4 (0–2) 0.12 ± 0.46 (0–2) 0.11 ± 0.47 (0–2)

12th postoperative month—pain
 Patients with pain, n (%) 1 (1.7) – 1 (5.6)
 Mean VAS score ± SD (range) 0.09 ± 0.6 (5) – 0.27 ± 1.17 (5)

60th postoperative month—pain
 Patients with chronic pain, n (%) 4 (6.9) 3 (7.5) 1 (5.5)
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is required in some cases, for this reason several options 
have been reported to reduce its incidence [14, 22]. PCD 
is described as an option to avoid seroma, since in 2007 
Chelala et al. first described this technique reporting a low 
postoperative incidence (2%) [23]. However, other authors 
reported further advantages of PCD as the abdominal mid-
line reconstruction improving its functionality and patients’ 
quality of life and decreased postoperative seroma and bulg-
ing rates [24–27].

Nguyen et al. in their systematic review, reported a reduc-
tion in seroma and recurrence rates from 11.4% to 0 and 
from 7.7% to 0, respectively, in favor of PCD [15]. In 2016, 
was introduced the concept that the midline tension created 
after defect closure could increase postoperative pain and 
recurrence rates [28]. Tandon et al. in their meta-analysis, 
reported that the defect closure is safe when hernia width is 
smaller than 6 cm, and that it is not possible to draw defini-
tive recommendations in case of defects between 6 and 
10 cm in width [28, 29]. Moreover, they concluded that, 
in case of defects more than 10 cm in width, other surgical 
techniques, such as component separation, are required to 
reduce the midline tension [28, 29]. According to Christof-
fersen et al. a reduction of postoperative seroma and recur-
rence rates were observed when the midline is closed, due to 
the reduction of the sac dead space but showing an increase 
of pain and the surgical response to stress [30].

The recurrence and bulging rates (8.6% and 25.9%, 
respectively) observed in this study are slightly higher if 
compared to the literature [7, 8, 15–17, 20, 23, 25, 28, 31]. 
However, for the purpose of the present study, all patients 
underwent CT scan one month and one year after surgery, 
and this could be responsible for the higher failure rate 
diagnosed. Moreover, it is also important to underline that, 
in the present series, the mean abdominal wall defect size 

(66.72 ± 71.13 cm2) and follow-up (60 months) are greater 
if compared to the literature [7, 8, 15–17, 20, 23, 25, 28, 
31]. In fact, to the best of our knowledge, only three articles, 
concerning the IPOM plus, report data about abdominal wall 
defect size greater than that reported in our study, but with 
shorter follow-up [25, 27, 31].

Also the role of hernia sac, may have influenced our 
results [7, 23–25, 27, 28, 31–34]. Some authors do not 
resect the hernia sac [7, 23–25, 27, 28, 32, 34], while others 
advocated the necessity of sac resection to decrease seroma, 
recurrence, and bulging rates [31, 33]. However, further 
studies with longer follow-up are necessary to confirm their 
data, and the present study ended before this evidence [33].

A further technical aspect to consider is the use of a long-
term absorbable double-loop suture in polyglyconate. It is 
reported as polyglyconate suture loses half of its strength 
at 8 weeks after surgery [35], leading that the use of non-
absorbable sutures could improve both bulging and recur-
rence rates. However, further studies are required investigat-
ing about the best suture material.

Lastly, as reported for the midline closure after elective 
abdominal surgery, suture with small tissues bites (less than 
5 mm) may result in reduced failure rate [36], also in case 
ventral hernia repair with PCD; however, this data should 
be confirmed by further prospective studies.

We agree to the literature, that the direct closure of the 
defect should not be performed in case of defect width of 
more than 10 cm (W3 according to the EHS classification) 
due to the tension generates in the midline [28, 29]. These 
defects would be candidates for techniques such as compo-
nent separation [28, 29]. Based on the literature, patients 
with defect width of less than 10 cm would be candidate 
for a PCD, but results observed in the present series suggest 
choosing other strategies [7, 8, 15–17, 20, 23–25, 27, 28, 
31, 33]. In case of large primary or incisional W2 hernias 
(according to the EHS classification), there is an increased 
risk of failure, so in our opinion, it would be indicated to per-
form techniques that reduce the midline tension, especially 
in those patients with risk factors responsible for recurrence. 
However, PCD is suggested in case of defect width of less 
than 4 cm (W1 or small-medium primary hernia according 
to the EHS classification). So as a conclusion, we can state 
that the IPOM plus is a valid technique, but its efficacy could 
be affected in case of hernia width larger than 6 cm [8, 28].

For this reason, based on our experience with IPOM 
plus, in cases of defects between 5 and 10 cm, our group 
proposed the laparoscopic intracorporeal rectus aponeuro-
plasty (LIRA) technique, with the aim to reduce the mid-
line tension and postoperative bulging and recurrence rates 
[37]. Other authors, with the same objective, proposed the 
endoscopic totally extraperitoneal technique (eTEP), which, 
beyond the encouraging results obtained, has the advantage 
to avoid the use of intraperitoneal mesh [38].

Fig. 1   Pain distribution for one year follow-up
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The main limitations of the present study are the small 
sample of patients, the inclusion of both primary and inci-
sional hernia, the lack of the upper limit of hernia defect and 
of a control group treated with standard IPOM technique. An 
analysis of meshes behaves was not performed due to the 
prevalence of ePTFE use and the small sample size.

In conclusions, based on the present study, LVHR has 
evolved toward a minimally abdominal wall reconstruction 
to improve its functionality (IPOM plus). PCDt might be 
considered a reliable technique even if it is important to 
note that medium-large defect (width ≥ 5 cm) associated 
with some risk factors could negatively influence the closure 
integrity. Since the majority PCD failure is observed within 
12 months after surgery, the recurrence/bulging mechanism 
may be related to the surgical technique, due to the tension 
created and the lack of the healing process at the linea alba, 
when joining both fibrous edges of the hernia defect. This 
condition could be related to the higher rate of bulging. For 
this reason, alternative surgical techniques should be con-
sidered in these cases.
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