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ABSTRACT: 	 ��Introduction: Minimizing recurrence in hernia surgery is one of the major aims. Defining surgeon-dependent risk factors 
for recurrence is therefore of great importance in laparoscopic ventral hernia repair (LVHR). This study aims to analyze the 
predictive value of the mesh area/defect area ratio (M/D ratio) in terms of recurrence as a new criterion in LVHR.

	 �Methods:  A total of 124 patients were enrolled in the study. Age, gender, hernia type, body mass index, defect size, size of 
the mesh, mesh overlapping, area of the defect, area of the mesh, M/D ratio, postoperative complications, follow-up time, 
recurrences and timing of recurrence were also recorded. The potential variables that may affect recurrence were examined 
by univariate and multivariate analysis.

	 �Results: There were 12 (9.7%) recurrences in our series. A statistically significant difference was found if either the mesh/defect 
ratio was ≤6 or >6 (p = 0.012). Multivariate analysis confirmed that M/D ratio was the only independent parameter for recurrence.  

Conclusion: Understanding M/D ratio concept and using it in surgical clinical practice may help reduce recurrence rates after LVHR. 
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STRESZCZENIE: 	 ��Wprowadzenie: Jednym z głównych celów plastyki przepukliny jest zminimalizowanie odsetka wznów. W związku z tym, 
kluczowe znaczenie w laparoskopowej plastyce przepuklin brzusznych (LVHR) stanowi określenie czynników ryzyka zależnych 
od chirurga. Celem niniejszego badania jest analiza wartości predykcyjnej stosunku powierzchni siatki do powierzchni 
uszkodzenia (stosunku M/D), w kontekście występowania wznów przepukliny jako nowego kryterium w LVHR.

	 �Metody: Do badania włączono 124 pacjentów. Rejestrowane dane obejmowały: wiek, płeć, rodzaj przepukliny, współczynnik 
masy ciała, szerokość zewnętrznego marginesu siatki, pole powierzchni uszkodzenia, pole powierzchni siatki, stosunek M/D, 
powikłania pooperacyjne, czas obserwacji kontrolnej, wystąpienie wznowy i czas wystąpienia wznowy. Potencjalne zmienne, 
mogące mieć wpływ na wystąpienie wznowy, zbadano w analizie jedno- i wielozmiennowej.

	 �Wyniki: W naszej serii przypadków zaobserwowaliśmy 12 (9,7%) wznów przepukliny. Stwierdzono istotną statystycznie różnicę 
między grupami o współczynniku stosunku M/D, wynoszącym odpowiednio ≤ 6 i > 6 (p = 0,012). Analiza wielozmiennowa 
potwierdziła, że stosunek M/D był jedynym niezależnym czynnikiem predykcyjnym wznowy przepukliny.  

Wnioski: Zrozumienie koncepcji stosunku M/D i korzystanie z niej w chirurgicznej praktyce klinicznej może pomóc  
w zmniejszeniu częstości wznów przepukliny po leczeniu LVHR. 

SŁOWA KLUCZOWE: brzuszna, laparoskopia, przepuklina, stosunek powierzchni siatki/uszkodzenia, wznowa

ABBREVIATIONS

BMI – body mass index 
CI – confidence interval 
CT – computed tomography 
EHS – European Hernia Society 
LVHR – laparoscopic ventral hernia repair 
M/D – mesh area/defect area 
OR  – odds ratio 
SD – standard deviation 

INTRODUCTION

The technique of laparoscopic intraperitoneal repair of abdominal 
hernias using on-lay mesh (bridging) has gained increasing popu-
larity since it was first described by LeBlanc and Booth, in 1993 
[1]. As pointed out in the literature, laparoscopic ventral hernia 
repair (LVHR) is safe, reduces the risk of infection, and has shorter 
surgery time with fewer complications and better patient satisfac-
tion [2–6]. However, the risk of inadvertent enterotomy has been 
shown to be higher during laparoscopic procedures [5]. 
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Fig. 1. �Area calculation formulas for different types of defects. (A) Circular defect, (B) 
Elliptical defect, (C) Rectangular defect, (D) Multiple defects.

cm2 in single-circular defects and calculated using the formula Π 
x r2 (where Π = 3.14 and r = radius of a circle). The defect area for 
single-elliptical defects was calculated according to the formula Π  
x width/2 x length/2. The defect area for single-rectangular defects 
was calculated using the formula width x length. For multiple de-
fects, calculations were done according to the “weak defect area” 
model, which is defined by the European Hernia Society (EHS) 
[10]. The most lateral edges in each axis of the multiple defects 
were measured and calculated as a rectangular area (Fig. 1.). All 
patients were classified in accordance with the EHS classification 
of primary ventral hernia and incisional hernia [11].

Surgical Technique
All surgeries were performed under general anesthesia with the pa-
tient placed in the supine position. For pneumoperitoneum, a Veress 
needle was inserted over the midclavicular line from the left upper 
quadrant. Under a pressure of 12 mm Hg, the first trocar (5 mm) 
was placed over the left anterior-axillary line. Intraabdominal ex-
ploration was performed by using a camera angled at 30º. The ma-
jor advantage of choosing a 5 mm camera was that it could be used  
interchangeably from all trocars. In most patients, the use of a second 
trocar 5 mm in diameter on the same side was sufficient. In order 
to introduce a larger mesh into the abdomen, if necessary, a 10-mm 
trocar was definitely required. Intraabdominal adhesions, if present, 
were removed using sharp dissection and/or energy devices (LigaS-
ure™ 5-mm Blunt Tip, Medtronic, Dublin, Ireland). Special care was 
taken to completely cleanse the edges of the hernia defect from extra-
peritoneal adipose tissue. The defects were not closed with sutures 
at all (the bridging technique). The diameter of the defect in each 
axis was measured and a suitable mesh with at least 3 cm overlap 
was chosen. As for multiple defects, this measurement was taken 
on the most lateral edges of the most lateral defects. ParieteneTM 
Composite Mesh (CovidienTM, Medtronic, Minneapolis, USA) was 
used in all the patients. One side of this mesh is made of macropo-
rous polypropylene, while the other side facing the abdominal cavity 
is covered with absorbable collagen film to prevent adhesion with 
the intestine. To guide the fixation of the four trans-fascial sutures, 
the projection of these points was marked on the skin. The mesh 
was then inserted into the abdomen. The trans-fascial fixation su-
tures on the mesh were pulled outward using a suture passer, tied, 
and the knots were left in the subcutaneous space. Nonabsorbable 
5 mm titanium helical tacks (ProtacTM, CovidienTM, Medtron-
ic, Minneapolis, USA) were used to fix the mesh. The surgeon ap-
plied hand pressure on the abdominal wall when firing the tacker to  

Despite continued improvements in the technique, recurrence 
after LVHR is still one of the major clinical problems. The main 
obstacle in determining the rate of real recurrence after LVHR 
seems to be the difficulty of standardizing patients, as seen in 
the literature [7]. The recurrence rate of the bridging technique 
varies from 2.6% to 16.7% [8, 9]. The impact of primary closure 
of the defect before mesh placement is still controversial [9, 10].

This study aims to analyze the predictive value of the mesh to de-
fect area ratio (M/D ratio) in terms of recurrence as a new crite-
rion in LVHR. Preoperative assessment and the use of this ratio 
alone (or combined with other factors) may contribute to better 
patient selection and minimize the risk of recurrence. 

METHODS

Study Design and Patient Selection

Patients with ventral hernia who underwent laparoscopic repair 
at the Department of General Surgery, University Hospital be-
tween December 2013 and December 2019 were evaluated with 
a database retrospective analysis. The inclusion criteria for the 
study consisted of several parameters: (1) the operation was per-
formed electively, (2) the same mesh type and fixation method 
were used for all the patients, (3) the fascial defect was closed 
only with intraperitoneal on-lay mesh without primary repair 
(bridging technique) and (4) the patient could be contacted by 
phone for clinical outcomes. The exclusion criteria were as fol-
lows: (1) emergency surgery, (2) patients who also underwent 
primary repair, (3) patients with previous mesh repair and (4) 
patients who could not be contacted by phone. All procedures 
performed in this study conformed to the ethical standards of the 
institutional and/or national research committee and the 1964 
Helsinki Declaration and its later amendments or comparable 
ethical standards. This study was approved by the local ethical 
committee (reference: 01/13/2020-32).

Out of a total of 142 ventral hernia patients, 124 patients were 
included in this study. Age, gender, hernia type, body mass index 
(BMI), shape and width of the defect, mesh dimensions, mesh 
overlap size, defect and mesh areas in cm2, the M/D ratio, post-
operative complications, follow-up time and time of recurrence 
were recorded. The data and clinical outcomes of all patients were 
verified by telephone interviews. All symptoms (such as increased 
pain and decreased abdominal core function or bulging that in-
terferes with quality of life) were taken into consideration. Even 
if the physical examination was normal, the patients underwent 
non-contrast CT screening by both the radiology department and 
the surgical team. The rationale for these radiological tests was to 
identify a possible mesh bulge, even in the absence of an actual 
fascial defect. However, computed tomography (CT) revealed ac-
tual fascial defects only in all the symptomatic patients. In other 
words, the rates of suspected and radiological recurrence in our 
study group were identical.

The dimensions of the defect were determined by evaluating the 
preoperative radiological tests and intraoperative records. The 
distance between the endpoints of the defect in each axis was cal-
culated in centimeters to determine the horizontal and vertical 
size in the greatest dimension. The defect area was expressed in 

r

A B C D

Width Width Width

Lenght Lenght Lenght

π x r2 π x width/2 x length/2 width x length width x length
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Hernia type Primary (n = 84) Incisional (n = 40) p value

Age (years) Mean: 51 ± 14.45 
Median: 53 (range 28–77)

Mean: 58.5 ± 8.17
Median: 57 (range 49–74) 0.1392

BMI (kg/m2) Mean: 29.07 ± 3.58
Median: 28.04 (range 24.39–35.43)

Mean: 29.65 ± 3.17
Median: 29.49 (range 25.15–37.46) 0.5261

Hernia location Umbilical               76
Epigastric               8

Midline	        40
Other                     0 NA

EHS classification  (stage)
   I
   II
   III

Width < 2 cm              16
Width ≥ 2–4 cm        52
Width ≥ 4 cm              16

Width < 4 cm                 4
Width ≥ 4–10 cm         20
Width ≥ 10 cm               16	

NA

Width of the defect (cm) Mean: 2.69 ± 1.59
Median: 2 (range 1–8)

Mean: 8.15 ± 3.43
Median: 8.5 (range 1.5–13) 0.0004

Surface of the defect (cm2) Mean: 6.97 ± 4.79
Median: 3.14 (range 0.79–40)

Mean: 35.68 ± 19.24
Median: 35.5 (range 1.77–78) 0.0005

Mesh overlap (cm) Mean: 3.44 ± 0.79
Median: 3.5 (range 2–6)

Mean: 5.38 ± 1.38
Median: 5.25 (range 3.5–7.5) 0.0003

Mesh/defect ratio Mean: 24.04 ± 15.01
Median: 20.25 (range 3.24–81)

Mean: 11.23 ± 9.06
Median: 8.45 (range 3.84–36) 0.0581

Follow–up time (month) Mean: 32.62 ± 14.05
Median: 31 (range 14–67)

Mean: 32.3 ± 19.92
Median: 26 (range 12–57) 0.6118

Complication 
   No
   Yes

80
4

36
4

0.5851

Abbreviation: NA, not applicable

Tab. I. �Characteristics of patients with primary and incisional hernias.

29.49, range 25.15–37.46), respectively. According to the primary 
ventral hernia classification of EHS, the distribution of the patients 
was as follows: class I in 16 patients (19%), class II in 52 patients 
(61%) and class III in 16 patients (19%). In the incisional hernia 
group, there were four patients (10%) in class I, 20 patients (50%) 
in class II, and 16 patients (40%) in class III according to the EHS 
incisional hernia classification. The mean defect diameter in the 
primary hernia group was 2.69 ± 1.59 cm (median 2, range 1–8), 
whereas in the incisional hernia group, it was 8.15 ± 3.43 cm (me-
dian 8.5, range 1.5–13). In the primary hernia group, the mean de-
fect surface area was 6.97 ± 4.79 cm2 (median 3.14, range 0.79–40), 
as compared to 35.68 ± 19.24 cm2 (median 35.5, range 1.77–78) 
in the incisional hernia group. The mean mesh overlap in the two 
groups was 3.44 ± 0.79 cm (median 3.5, range 2–6) and 5.38 ± 1.38 
cm (median 5.25, range 3.5–7.5), respectively. The mean M/D ratio 
was 24.04 ± 15.01 (median 20.25, range 3.24–81) in the primary 
hernia group, and 11.23 ± 9.06 (median 8.45, range 3.84–36) in 
the incisional hernia group. The mean follow-up duration for the 
two groups was 32.62 ± 14.05 months (median: 31, range 14–67) 
and 32.3 ± 19.92 months (median: 26, range 12–57), respectively. 
In both groups, four patients developed postoperative seromas 
with an overall complication rate of 6.5%. The characteristics of 
patients with primary and secondary hernias are shown in Tab. I.

Twelve patients (9.7%) had recurrence. The recurrence rates in 
the incisional hernia and primary hernia groups were 10% and 
9.52%, respectively. The average time from the first operation 
to recurrence was 13 months (median 16, range 4–19). Demo-
graphic data and patient characteristics are shown in Tab. II. Ac-
cording to the results of the univariate analysis, hernia type, BMI, 
size or the area of the defect and extent of mesh overlap were not 
among the significant factors in the development of recurrence 
(p > 0.05). However, there was a statistically significant difference 

ensure the proper right angle between the mesh and the tack, and 
to prevent intraoperative mesh migration and/or displacement. No 
drain was used in any of the patients.

Statistical Analysis
All statistical analyses were performed with STATA 16 statistical 
software. The significance level for all the analyses was set at 0.05. 
The results of group comparison tests were expressed as mean  
± standard deviation (SD) as well as median and range. The re-
sults for continuous variables with a normal distribution were ex-
pressed as the mean and SD, whereas variables with a skewed dis-
tribution were expressed as the median and the range. Student’s 
t test and the Mann-Whitney U test were used for comparisons 
between groups for variables with normal and non-normal dis-
tribution, respectively. The Chi-square test was used to compare 
categorical variables. The potential variables that may affect re-
currence were first examined by univariate analysis. Multivariate 
analysis was performed with the independent variables that were 
significant or nearly significant in the univariate comparison tests.

RESULTS

Seventy-six patients (61.3%) were female and 48 (38.7%) were 
male. The mean age was 53.42 ± 13.11 years (median 56, range 
28–77 years). Eighty-four patients (67.7%) had a primary ventral 
hernia (umbilical, epigastric), while 40 patients (32.3%) had an 
incisional hernia. In the primary hernia group, the mean age was 
51 ± 14.45 years (median 53, range 28–77 years) while it was 58.5  
± 8.17years (median 57, range 49–74 years) in the incisional hernia 
group. The mean BMI in the groups was 29.07 ± 3.58 kg/m2 (me-
dian 28.04, range 24.39–35.43) and 29.65 ± 3.17 kg/m2 (median 
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Variable Hernia recurrence (n = 12) No hernia recurrence (n = 112) p value

Age (years) Mean: 59.67 ± 6.51
Median: 60 (range 53–66)

Mean: 52.75 ± 13.53
Median: 54.5 (range 28–77) 0.3944

Sex ratio 4 male (33.33%)
8 female (66.67%)

44 male (39.28%)
68 female (60.72%) 0.8431

BMI (kg/m2) Mean:  27.12 ± 1.73
Median: 27.12 (range 25.39–28.84)

Mean: 29.49 ± 3.49
Median: 29.39  (range 24.39–37.46) 0.2592

Hernia location Primary           8
Incisional       4

Primary          76
Incisional	  36	 0.9671

EHS classification  (stage)
   I
   II
   III

Width < 2 cm                0
Width ≥ 2–4 cm          0
Width ≥ 4 cm               12

Width < 4 cm             20
Width ≥ 4–10 cm     72
Width ≥ 10 cm           20	

NA

Width of the defect (cm) Mean: 7.33 ± 4.93
Median: 5 (range 4–13)

Mean: 4.14 ± 3.23
Median: 2.75 (range 1–12) 0.1061

Surface of the defect (cm2) Mean: 36.73 ± 35.92
Median: 19.63 (range 12.56–78)

Mean: 14.03 ± 13.49
Median: 5.99 (range 0.79–45) 0.1063

Mesh overlap (cm) Mean: 2.67 ± 0.76
Median: 2.5 (range 2–3.5)

Mean: 4.21 ± 1.32
Median: 3.75 (range 2.5–7.5) 0.0306

Mesh/defect ratio Mean: 4.05 ± 0.93
Median: 3.84 (range 3.24–5.06)

Mean: 21.61 ± 19.38
Median: 12.73 (range 6.35–81) 0.0047

Follow–up (month) Mean: 22 ± 3.60
Median: 23 (range 18–25)

Mean: 33.64 ± 16.25
Median: 31 (range 12–57) 0.1505

Complication 
   No
   Yes

12
0

104
8

0.6378

Abbreviation: NA, not applicable

Tab. II. �Characteristics of patients with or without recurrent hernia.

Several reports suggest that the risk of recurrence increases signifi-
cantly if the defect diameter is over 5 cm in the LVHR and propose 
a maximum defect diameter of 10 cm as the upper limit for patient 
selection [12, 16]. Mesh overlap is also a widely accepted risk factor. 
LeBlanc, when defining bridging repair, found in his series of 200 cases 
that a 5 cm overlap was more effective than a 3 cm overlap in reducing  
recurrence [17]. In another study, the risk of recurrence was report-
ed as 11.8% with an overlap of 2.5 cm, and a minimum overlap of 4 
cm was suggested [18].  Surprisingly, in this study, the mesh over-
lap alone was not found to be a significant factor for recurrence.

One of the most important problems in the LVHR is improper mesh 
placement. Displacement during fixation causes uneven overlapping 
between the edges of the defect. One study found that the problem 
was mesh misalignment causing this uneven overlap in almost half 
of the patients, and suggested a minimum of 6 cm overlap as a so-
lution [19].  

Recent data suggest that a minimum overlap of 5 cm is necessary 
and that as the defect diameter increases, the extent of overlap be-
comes more important [20]. However, in a study showing that over-
lap was not the only predictor, recurrence rates as high as 22% were 
reported if the M/D ratio was equal to or less than 12 even though 
the overlap was 5 cm or more. If the overlap is less than 5 cm and 
the M/D ratio is below 12, recurrence is inevitable [14]. Similarly, 
the theory saying that “5 cm is enough for overlap” is not reliable 
because this limit is not fully consistent with the mathematical 
facts. As the defect becomes larger, it is the M/D ratio that seems 
to be the actual answer, rather than the overlap itself [21]. In ac-
cordance with these results, our study also revealed that the M/D 
ratio was the only independent parameter that predicted recur-
rence. The significance of the overlap alone seems to be somewhat  

in terms of recurrence if the M/D ratio was equal to or less than 
6 or over 6 (p = 0.012) (Tab. III.). The multivariate logistic regres-
sion analysis proved that the M/D ratio was the only predictive 
variant for recurrence (coefficient = 4.22, odds ratio [OR] 0.0146, 
95% confidence interval [CI] 0.0002–1.3230; p = 0.066). In surgical 
practice, mesh overlap is still believed to be important for hernia  
recurrence. In our study, if the M/D ratio was equal to or less than 
6 and the overlap was equal to or less than 4 cm, the recurrence 
rate was 75% (Tab. IV.).      

DISCUSSION

Hernia repair is one of the rapidly evolving areas of laparoscopic sur-
gery. Many retrospective and prospective studies have emphasized 
the superiority of the laparoscopic approach in terms of clinical out-
comes in the treatment of ventral hernia [3, 4, 6, 12, 13]. These prom-
ising results have popularized laparoscopic hernia surgery to become 
a standard approach for some selected types of hernias. However, 
recurrence after hernia repair is still an important problem for both 
the patient and the surgeon. The high variability in recurrence rates 
described in the literature is generally due to short follow-up periods 
and/or inadequate patient standardization [7, 14, 15]. Some studies 
with longer follow-up periods have reported recurrence rates as high 
as 29% [14]. This means that the debate on factors causing recurrence 
is still ongoing. 

Many parameters, including the defect dimensions, overlap, wound 
infections, stage according to the American Society of Anesthesiolo-
gists (ASA) classification, and mesh type have been studied for their 
possible effects on recurrence [9, 10, 12, 14, 15]. It is now obvious 
that the diameter of the defect plays an important role in recurrence.  
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Variable Number Recurrent hernia Percentage (%) p value

Hernia type

Primary
Incisional

84
40

8
4

9.52
10 0.9666

BMI (kg/m2)

≤ 30
> 30

80
44

12
0

15
0 0.535

Width of the defect (cm)

≤ 4
> 4

80
44

4
8

5
18.18 0.281

Surface of the defect (cm2)

≤ 20
> 20

84
40

8
4

9.52
10 0.967

Mesh overlap (MO) (cm)

≤ 3
3 < MO ≤ 4
> 4

28
64
32

8
4
0

28.57
6.25
0

0.176

Mesh/defect ratio

≤ 6
> 6

32
92

12
0

37.5
0 0.012

Tab. III. �The effect of predictive factors on recurrence.

M/D ratio

≤ 6 > 6

Mesh overlap (cm)

≤ 4
> 4

                             RR: 12–16
                           RR:  0–16

                              RR: 0–76
                              RR: 0–16

Abbreviation: RR, recurrence rate

Tab. IV. �Cumulative effect of mesh overlap and the mesh/defect (M/D) ratio on 
recurrence rates.

Asymptomatic recurrent cases, if present, may be overlooked in 
this series, yet it would spark a controversy if all asymptomatic in-
dividuals were to be screened for primary or secondary hernia in 
the absence of symptoms. Therefore, routine imaging follow-up of 
all patients with repaired hernias may be part of the management 
algorithm as our understanding increases with the number of cases.

CONCLUSION

It is possible to pre-operatively estimate the size of the mesh that 
will be fixed intraperitoneally to the anterior wall of the abdomen 
in the LVHR based on the M/D ratio. Using this ratio is a better 
method than using overlap alone. Understanding the concept 
of the M/D ratio and using it in clinical practice will likely allow 
surgeons to perform both laparoscopic and open ventral hernia  
surgery with lower recurrence rates.

outdated. In the present study, the overlap was also analyzed to-
gether with the M/D ratio. When the overlap is less than or equal to  
4 cm and the M/D ratio is less than or equal to 6 cm, the recurrence 
rate was 75%, which is unacceptable. 

There is an ongoing debate against the laparoscopic bridging tech-
nique without defect closure for larger defects. Closing the defect 
during laparoscopic ventral hernia repair was initially performed 
in order to decrease seroma, to improve the functionality of the 
abdominal wall, and to decrease the bulging effect [10, 22, 23]. 
The laparoscopic technique of intracorporeal rectus aponeuro-
plasty has been demonstrated for medium-size defects under 10 
cm in width but the long-term outcomes and complication rates 
need to be clarified as do the recurrence rates [24]. The M/D ra-
tio will probably lead surgeons to use a larger size mesh and avoid 
the current failure of the intraperitoneal on-lay mesh technique 
in LVHR as a tension-free repair.

Our study has some limitations. The average size of the defect in 
the incisional hernia group was 8 cm, which is now generally ac-
cepted as a contraindication for laparoscopic repair. Also the pa-
tients with larger defects were those who underwent surgery in 
the early years of the study. Since then, our policy has changed 
markedly, especially after realizing the high recurrence rates in 
larger defects. Not all of the 124 patients underwent a physical 
examination and a CT evaluation to investigate a possible recur-
rence (which we do not think to be cost-effective), but all of the  
symptomatic patients (with increased pain, decreased abdomi-
nal core function, bulging in the abdominal wall, gastrointesti-
nal symptoms or any other complaints) underwent these tests.  
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