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Introduction 
Ventral hernia accounts for 10% of all hernias.1 Results of 
laparoscopic ventral hernia mesh repair (LVHR) are depicted 
to be better when they are associated with defect closure.2,3 

Repair of large complex ventral hernias with loss of 
domain can be problematic as the hernia contents may not be 
replaced in the peritoneal cavity. This may lead to abdominal 
compartment syndrome or acute respiratory failure.4 
Ramirez et al. in 1990 popularised the component separation 
(CS) technique for repair of these complex ventral hernias5 
which is based on the concept of reestablishing a functional 
abdominal wall with an autologous tissue repair. CS today 
is described with both open and laparoscopic approach with 
and without mesh reinforcement.6-9

Component separation index (CSI) is calculated on a 
preoperative multidetector computed tomography (MDCT) 
which takes into account each patient’s unique profile 
and can serve as an accurate biometric assessment of the 
abdominal wall. Standardising this index based on MDCT 
can help to decide preoperatively which patient needs CS for 
repair either by open or laparoscopic method.10 

We conducted this study to assess the utility of MDCT-
based CSI in deciding the necessity of CS during repair of 
large ventral hernias either by open or laparoscopic method. 

Methods
All consecutive patients of age > 20 years and < 80 years 
with clinical diagnosis of ventral hernia were staged by the 
Petro classification.11 Only first repairs in ASA grade I and 
II were included. Active infection, sinus or fistula at hernia 
site were excluded from the study. A written and informed 
consent was taken from all patients. 

Preoperative calculation of CSI was done by a single 
radiologist on a preoperative MDCT performed in all 
patients from the dome of diaphragm to the inferior margin 
of the pubic symphysis with a 40 slice MDCT scanner. The 
CSI was calculated from the angle of diastasis (AD) of 
rectus musculature with the vertex based at the aorta on the 
preoperative MDCT. This was then placed as a comparator 
over 360°. Hence CSI = AD/360.

Open surgery was performed in the first 30 patients (group 
I) to calculate the CSI reference point, followed by the 
laparoscopic approach in the next 30 patients (group II).

In group I, ventral hernia repair surgery was performed 
using an open approach with a plan to close the defect and 
put a retro rectus mesh. If the defect couldn’t be closed, a 
posterior CS was added to facilitate midline defect closure. 
Reference data was generated from this group and applied 
to group II. 
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In group II patients, the CSI was evaluated. A laparoscopic 
repair with or without endoscopic CS was based on the CSI 
reference point calculated for group I (Figure 1). All patients 
were operated on by a senior surgeon with experience in 
performing more than 250 laparoscopic ventral hernia 
repairs.

Technique 
In group I, hernia repair was performed by open approach. 
Operative assessment for complete closure of defect was 
done. If complete closure of defect was not possible, CS 
was done using the transverses abdominis release technique. 
Normal microporous polypropylene mesh was placed in all 
cases in the preperitoneal space. The value of CSI based 
on the preoperative MDCT was noted in patients in whom 
primary complete closure of defect was not possible and CS 
was required.

In group II, ventral hernia repair was planned by 
laparoscopic approach. MDCT-based CSI value above 
which open primary complete closure of defect could not be 
done without CS in group I was taken up as CSI reference 
point for group II. Patients with CSI value below this CSI 
reference point were taken up directly for laparoscopic 
defect closure with IPOM (IPOM-plus). The remaining 
cases with CSI value above the reference point of group I 
had bilateral endoscopic sub-fascial CS before entry to the 
peritoneal cavity for IPOM-plus. 

The basic principle of bilateral endoscopic sub-fascial CS 
or minimally invasive CS was to gain access to the lateral 
abdominal wall without creating a lipo-cutaneous flap. A 
1.5 cm skin incision was made just below the tip of the 11th 
rib, the external oblique muscle was split, and a space was 
created between the external and internal oblique muscle 
using an indigenous gloved finger balloon dissector directed 
towards the pubis. Dissection was done from the sub-costal 
margin to the inguinal ligament. The superficially lying 
external oblique was incised in a linear fashion, at least 2 cm 
lateral to linea semilunaris, extending from the level of the 
pubis to about 2 cm over the costal margin. After doing the 
external oblique release bilaterally, ports are placed within 
the peritoneal cavity and a pneumoperitoneum is created. 
The hernia is reduced and the hernial defect is closed with 
intracorporeal 1-0 polypropylene continuous suture and the 
closed hernia defect covered with intraperitoneal onlay dual 
mesh with adhesion preventing barrier extending at least 5 
cm on all sides of the defect calculated as per the original 
pre-closure size of the defect. If laparoscopic closure of the 
large defect was not possible, then the defect was simply 
bridged with similar IPOM with adhesion preventing barrier. 

The sample size was calculated by formula sample size 
n = 2(Zα+Z1-β)2σ2/δ2, based on an article by Christy MR et 
al.10 Assuming 90% power and 95% confidence interval, the 
proposed sample size for each group was 28 (total = 56). All 
data were collected and analysed using SPSS 19. Paired t-rest 
was applied for quantitative data and chi-square test was 
applied for qualitative data. A p-value ≤ 0.05 was considered 
as significant. The study was registered in a clinical trials 
registry – India vide CTRI/2018/03/012537 – and the work 
is reported in line with the STROCSS criteria.12

Approval to conduct this prospective observational study 
was obtained from academic multispeciality tertiary care 
single institute ethical committee. 

Results
The mean age was 42.5 years in group I and 44.2 years in 
group II. The male to female ratio was M12:F18 in group I 
to M10:F20 in group II. The AD of 60 patients ranged from 
12° to 94° with mean value of 34.9° and standard error of 
3.87. In group I, the mean AD was 36.41° and in group II it 
was 33.17° (p-value 0.65).

The CSI calculated as AD/360° ranged from 0.033 to 0.263 
with overall (n = 60) mean CSI of 0.101 and standard error 
of 0.011. In group I mean CSI was 0.105, while in group II it 
was 0.098 (p-value 0.65). There was no significant difference 
present between the two groups regarding AD and CSI. All 
hernias were in stage I and II by the Petro classification.11 

In group I, the mean transverse diameter was 9.84 cm, the 
mean vertical diameter was 8.83 cm and the mean area was 
116.23 cm2 on per operative assessment. In the laparoscopic 
group (group II), the mean transverse diameter was 9.2 cm, 
the mean vertical diameter was 8.6 cm and the mean area 
was 105.35 cm2 on per operative assessment. In both groups 
it was measured on the operating table under anaesthesia 
before creating a pneumoperitoneum. 

In the first 30 cases (open surgery group, group I), in 
whom hernia repair was performed by open approach, only 
in 12 patients (40%) was complete primary closure of defect 
possible without CS (sub-group IA). These 12 patients had 
a maximum CSI value of 0.068 which was taken as CSI 
reference point for the whole of group II. In the other 18 
patients (60%) of group I, with CSI ≥ 0.069 (though we 
didn’t have a patient with exact 0.069 CSI value), complete 
primary closure of defect was not possible, hence open 
bilateral CS was done in all. Even after doing CS, complete 

75 ventral hernia patients evaluated for 
inclusion

60 patients included in study

Preoperative MDCT scan performed for 
all 60 patients and CSI calculated

First 30 patients, open ventral hernia repair 
performed – group I (Table I)

CSI reference point 
derived (CSI > 0.067)

Next 30 patients, laparoscopic ventral 
hernia repair done – group II (Table II)

Group II patients having  
CSI < 0.067 (underwent 

IPOM-plus directly)

Group II patients having  
CSI > 0.068 (bilateral ECS 
followed by IPOM-plus)

15 patients excluded as 9 not meeting the 
inclusion criteria and 6 refusing consent

Figure 1: Consort chart showing patient assessment and 
treatment pathway
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closure was possible only in 14 (sub-group IB) out of 18 
patients (46.67% of group I patients). Their CSI value was 
more than 0.068 up to 0.24. In the remaining 4 patients (sub-
group IC) CSI values were ≥ 0.25 and complete closure 
of the defect was not possible even after performing open 
bilateral CS. Hence, a preperitoneal adhesion preventing 
mesh (Class III)10 was only placed after partially closing 
the defect in these 4 patients of group I (13.33% of group I 
patients) (Table I).

The CSI reference point of 0.068 from the open group 
(group I) was applied to the next 30 patients of the 
laparoscopic group (group II) where in all 10 patients (sub-
group IIA) with CSI below 0.068, a laparoscopic defect 
closure and IPOM was attempted without CS. All patients 
with CSI value above 0.068 (66.67%) (sub-group IIB) first 
had bilateral (ECS) followed by an attempt at laparoscopic 
closure of defect with intracorporeal suturing and IPOM-
plus (Table II).

Among the 10 patients with CSI below reference point 
of 0.068 (sub-group IIA), a laparoscopic defect closure 
was feasible only in 4 patients with CSI levels up to 0.044. 
In CSI value above 0.044, laparoscopic complete defect 
closure was not possible in 6 patients irrespective of CSI 
being less than 0.068 (open CS reference). In 16 patients 
who had CSI above the reference point of 0.068 (53.33 
%), laparoscopic complete closure was possible after ECS, 
while in 4 patients who had a CSI value ≥ 0.125 (13.33%), 
laparoscopic complete closure of defect was not possible 
even after ECS. In these four cases, we could only perform 
laparoscopic intraperitoneal onlay meshplasty without 
closing the defect (Table II).

Discussion
The management of ventral hernias is continuously 
evolving from simple suture repair to open repairs with 
intraperitoneal or preperitoneal/retro rectus space mesh 
placement. The introduction of laparoscopic techniques and 
the development of composite meshes again resulted in a 
plethora of techniques. 

Initially the laparoscopic bridging mesh repair described 
by Karl Leblanc in 1993 was used, but this technique is more 

suitable for small defects as in larger hernias mesh bulging 
through the defect and seroma formation are not uncommon. 
In addition, this type of repair can result in a functionally 
adynamic abdominal wall interfering with normal abdominal 
wall physiology.13-15

To overcome these difficulties, augmentation repairs were 
introduced, which included laparoscopic closure of hernia 
defect followed by IPOM, known as IPOM-plus. IPOM-plus 
repair results in better anterior abdominal wall physiology 
and function as there is no adynamic area left.16-19 However, 
in large complex ventral hernias, mainly due to size and 
scarring, it is often difficult to close the defect without 
tension. CS popularised by Ramirez can facilitate complete 
closure of defect as it results in easy medial advancement of 
the rectus edge with creation of neo linea alba.5,6,20,21 

Various methods and modifications have been described 
for CS in literature.6-9 These methods can be done either 
by open surgery or laparoscopic method, which is known 
as endoscopic assisted laparoscopic component separation 
technique (LCST) or minimal invasive component separation 
technique (MICST) or simply as ECS.

ECS, originally described by Lowe et al.6 and Maas et 
al.20 is associated with decreased overall postoperative 
wound complication rates including superficial infections, 
hematoma/seroma formation, necrosis, fistula formation, 
and both skin and fascial dehiscence.21-25 

As ECS is performed before intraperitoneal port placement 
for IPOM-plus, it is of paramount importance to know 
preoperatively, which hernia will need CS for complete 
defect closure. Transverse diameter and area of defect can 
be used for preoperative assessment of need for CS but this 
doesn’t include antero-posterior dimension of patient, loss 
of domain, and patient’s body habitus, all of which can also 
be important factors for a complete closure of the hernial 
defect.10

Large ventral hernias are usually diagnosed and 
assessed clinically. A CT scan can be a better investigation 
for assessment of large ventral hernia in preoperative 
assessment and planning. Blair et al. used defect size and 
abdominal wall thickness to predict the need for CS. They 
concluded that measurement of defect size and abdominal 

Table I 

Open group (group I) CSI (Mean)  n %

IA Primary defect closure without tension without CS ≤ 0.068 12 40

IB Closure of defect without tension with CS 0.069 to < 0.25 14 46.7

IC Closure of defect without tension not possible after CS > 0.26 4 13.3

Total 30 100
CSI – Component separation index,  CS–  Component separation 

Table II 

Laparoscopic group (group II) CSI  (Mean) n %

IIA
(CSI < 0.068)

IIA1 IPOM-plus < 0.044 4 13.3

IIA2 IPOM-plus attempted but defect could not be closed hence IPOM only 0.045 to < 0.068 6 20

IIB
(CSI > 0.069)

IIB1 Endoscopic sub-fascial component separation done followed by IPOM-plus 0.069 to < 0.125 16 53.3

IIB2 Endoscopic sub-fascial component separation done followed by attempt for 
IPOM-plus but defect could not be completely closed hence only IPOM done

> 0.126 4 13.3

Total 30 100
CSI – Component separation index, IPOM-plus – intraperitoneal onlay mesh plus direct defect closure,  IPOM – Intraperitoneal onlay mesh  
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wall thicknesses on preoperative CT scan predict the need 
for a complex abdominal wall repair technique like CS.26

Christy et al. proposed the CSI as a three-dimensional 
assessment of the hernia that was an improvement on simply 
measuring transverse defect size or area of defect.10 It, 
however, does not take account of abdominal wall scarring 
that develops between the layers of the abdominal wall, and 
may limit medial advancement hence complete closure of 
defect. In addition, it does not address the physiological 
consideration such as intraoperative peak airway pressure 
that may make complete midline closure dangerous even if 
mechanically feasible. 

In their retrospective review of patients undergoing open 
ventral hernia repair, they reported that patients with mean 
CSI of 0.11 (SD = 0.06) could be closed primarily after 
CS. However, patients with mean CSI of 0.21 (SD = 0.04) 
required a meshplasty even after CS.10 

We found that, for open approach, any ventral hernia 
defect having a CSI greater than 0.069 required posterior 
component CS for complete closure of the defect. In 
the laparoscopic anterior sub-fascial CS approach, even 
defects having CSI greater than 0.045 could not be closed 
laparoscopically. In open approach, defects with CSI ≥ 
0.26 required mesh reinforcement as defect closure was 
not possible even after CS. In these cases, repair was with 
a dual mesh with adhesion preventing material. In the 
laparoscopic approach, a defect with CSI > 0.126 could not 
be closed even after bilateral ECS and a IPOM meshplasty 
using adhesion preventing material was done. This overall 
difference in CSI between the open and laparoscopic groups 
was due to extra-tension created by the pneumoperitoneum 
during laparoscopy in spite of lowering the intraperitoneal 
pressure during laparoscopic suturing to only 8 mm of Hg 
or due to the different layered release techniques used in the 
open and laparoscopic groups in our study. 

Conclusion
This was a CSI derivation and application study performed 
on a limited number of cases with few comorbidities. Despite 
these limitations, it has given us insight into the practical 
application of the index in large ventral hernia repair. We 
believe that CSI may be regarded as a better predictor 
than conventional two-dimensional defect parameters 
of the need for CS for complete closure of defect in both 
the laparoscopic and open approach. We believe it is a 
standardised measurement that should be used by individual 
expert centres to benchmark its predictive value in their 
setting as a planning tool for complex ventral hernia repairs.
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