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Abstract
Hernia is a ubiquitous patho-anatomical surgical entity that a surgeon encounters and treats employing various methods and 
following certain principles to affect a durable repair. In recent years, the increasing understanding of the bio-physiology 
and mechanics of the abdominal wall coupled with innovations in surgical technique and evolution of novel procedures has 
created a sphere of reconstructive surgery wherein large complex hernias can be treated. There are various technical factors 
pertaining to a hernia repair including the surgical approach, extent and plane of dissection, the use of component separa-
tion, and placement of the mesh which needs to be addressed to bring about an optimum result. Complex hernias with loss 
of domain pose a challenge wherein an abdominal wall repair surgeon is tasked to bring about a tissue-based reconstruction 
with prosthetic reinforcement utilizing the now available various pre-operative tissue expansion techniques followed by 
a myofascial advancement procedure. With the advent and adoption of minimal invasive surgery, such procedures can be 
effectively undertaken in centers with available expertise. Similarly, groin hernias are now treated using a laparo-endoscopic 
approach. The modern abdominal wall repair surgeon should have in his armamentarium the knowledge and skill to effec-
tively carry out a hernia repair with minimum morbidity but without affecting the durability or compromising the basic 
underlying principles. In this review, we endeavor to address these relevant issues so that an informed decision making for 
the accomplishment of a safe hernia surgery can be taken.
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Introduction

The evolving techniques and innovations in the surgical field 
combined with the increasing understanding of the bio-phys-
iology and mechanics of the abdominal wall have created a 
sphere of reconstructive surgery wherein complex hernias 
can be treated with good results. Incisional hernias after lap-
arotomy occur in 9–20% of patients at the end of 1 year [1]. 

Recurrence rates following primary repair range from 24 to 
54%. Higher recurrence rates have been reported after suture 
repair (~ 43%) and significantly less after mesh repair (24%) 
[2, 3]. During the past two decades, the treatment of her-
nias has evolved noticeably and expectedly along the lines 
of minimal invasive surgery (Fig. 1). The complex hernias 
with loss of domain call for a durable management that now 
utilizes one of the component separation techniques. Simi-
larly, groin hernias are commonly encountered in surgical 
practice and their management has refined itself along with 
the evolution of newer and better techniques. Contemporary 
surgical practice is now defined by incorporating improved 
and standardized recovery programs in conjunction with the 
use of minimal invasive approach with a resultant superior 
outcome in terms of surgical results and expeditious patient 
convalescence. The present scenario dictates that the sur-
geon be aware of the expanding scope of different available 
techniques and apply his skills in the most judicious manner 
to achieve results with minimal recurrence and morbidity.
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In this review, we seek to address the following pertinent 
topics of conflict to provide an informed decision making for 
the accomplishment of a safe hernia surgery-open vs laparo-
scopic approach, sublay vs onlay mesh placement, anterior 
component separation vs posterior component separation, 
loss of domain, recent innovations, tissue-based reconstruc-
tion with prosthetic reinforcement—the concept of eTEP 
and its application, closure of fascial defects, mesh fixation 
techniques, and role of imaging in hernia.

Methods

A comprehensive literature search was performed through 
the following databases: PubMed, Embase, Scopus, 
Cochrane database of systematic reviews, and Google 
scholar with the search terms: “hernia,” “abdominal wall 
hernia,” “ventral,” “laparoscopy,” “abdominal wall recon-
struction,” “component separation,” “mesh fixation,” “loss 
of domain,” “closure of fascial defects,” “transversus 

abdominis release,” “enhanced view totally extraperitoneal 
technique,” and “imaging.” A further search of the bibliog-
raphy of each article for additional articles that may have 
been missed during the original search was also done. Inclu-
sion criteria included systematic reviews, narrative reviews, 
meta-analysis, and original articles. Duplicates, letter to edi-
tor, and case reports were excluded from the study.

Results

The systematic reviews, meta-analysis, and randomized 
controlled trials have shown that there is an advantage of 
minimal invasive approach for the treatment of abdominal 
wall and inguinal hernia in terms of less post-operative pain, 
return to work, occurrence of hematoma, and wound infec-
tion; the sublay repair has lower risk for recurrence and 
surgical site infections when compared to an onlay repair; 
when compared to open anterior approach, the technique of 
posterior component separation with transversus abdominis 
release has a lower incidence of recurrence and wound com-
plications; botulinum toxin as a method of abdominal wall 
expansion provides a primary fascial closure in almost all 
the patients. Closure of fascial defects during open and lapa-
roscopic repair has the advantage of lower seroma formation 
and length of stay; and finally, the manner of mesh fixation 
has no effect on the immediate or long-term postoperative 
pain, quality of life, rate of seroma formation, and recurrence 
rate. When there is an indication to obtain imaging in a case 
of abdominal wall hernia, a CT scan remains the preferred 
approach as it provides the necessary information to under-
take a complex reconstruction. In case of a groin pathology 
when there is diagnostic dilemma, a step wise approach, 
utilizing ultrasound initially and proceeding to CT scan or 
MRI subsequently, should be employed.

Discussion

Open Versus Laparoscopic Approach

What was previously endorsed has now been ratified by vari-
ous randomized controlled trials (RCTs) [4–6] and meta-
analysis [7–9] including a Cochrane systematic review [10] 
regarding the advantages of a minimal invasive approach 
with level-1 evidence now proving its advantage in terms of 
less wound infections (Table 1). A laparoscopic approach is 
associated with less postoperative pain and earlier return to 
work while matching the open approach in terms of recur-
rence. A large prospective study has shown that the quality 
of life is also similar after 6 months of surgery [11]. The 
role of minimally invasive approach is also validated for the 

Fig. 1   The spectrum of recent surgical innovations in the field of 
minimal invasive surgery. SCOLA: subcutaneous onlay aponeuro-
plasty, LIRA: laparoscopic intracorporeal rectus aponeuroplasty, 
E-MILOS: endoscopic minimally invasive Mini or Less Open Sub-
lay Repair, BARS: bony anchoring reinforcement system, e-TEP: 
extended or enhanced view total extra peritoneal, TAR: transversus 
abdominis release, ELAR: endoscopic linea alba reconstruction, 
IPOM: intra peritoneal onlay meshplasty
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component separation technique in terms of less postopera-
tive wound complications [12].

A recent systematic review and network meta-analyses of 
randomized controlled trials comparing the open Lichten-
stein tension-free repair, laparoscopic transabdominal pre-
peritoneal (TAPP) repair, and totally extraperitoneal repair 
(TEP) showed that the minimally invasive techniques were 
associated with significantly reduced early postoperative 
pain, return to work/activities, chronic pain, hematoma, and 
wound infection [13].

Sublay Versus Onlay Mesh Placement

The mesh can be positioned in different planes across the 
anterior abdominal wall. Vital to successful mesh placement 
is the presence of well-vascularized flaps with good tissue 
coverage to allow mesh-tissue integration. This can be opti-
mally achieved when the sublay plane is used as the vascu-
larized bilaminar coverage allows for good tissue integration 
and furthermore, avoids exposure from superficial wound 
complications, intra-abdominal adhesions, and contamina-
tion. Animal studies have shown improved fibrous capsule 
formation and collagen deposition when a mesh is placed 
in the sublay plane which correlates with better cellular 

penetration and potentially superior clearance of infection. 
A systematic review and meta-analysis has shown that sub-
lay repair has a lower risk for recurrence and surgical site 
infections compared to onlay repair [14]. Sublay was ranked 
the best mesh placement option with a 94.2% probability of 
having the lowest odds of recurrence and 77.3% probability 
of having the lowest odds for surgical site infections [14]. 
The sublay repair is offset by its challenging technique and 
difficult to realize in cases of previous abdominal surgery. 
In such circumstances, the preference in order of surgical 
prudence would be underlay followed by onlay followed by 
inlay.

Anterior Component Separation Versus Posterior 
Component Separation

Local myofascial advancement for abdominal wall recon-
struction is rapidly becoming the accepted technique by 
abdominal wall reconstruction surgeons. Component sepa-
ration technique (CST) is based on the concept of re-estab-
lishing a functional abdominal wall with autologous tissue 
repair [12]. After Albanese and Ramirez demonstrated that 
that the external oblique muscle can be separated from the 
internal oblique muscle in a relatively avascular plane and 

Table 1   Significant studies establishing the definite role of laparoscopic hernia surgery

Author and year Type of study Conclusion

Forbes et al. 2009 [7] Meta-analysis Laparoscopic surgery is associated with the following:
Shorter length of hospital stay
Fewer wound infections
Fewer hemorrhagic complications and infections requiring mesh removal
Similar rate of recurrence as the open approach

Itani et al. 2010 [4] RCT​ Laparoscopic surgery is associated with the following:
Less complications
Less surgical site infections
Less pain
Earlier return to work
Similar recurrence rate

Rogmark et al. 2013 [5] RCT​ Laparoscopic repair is associated with the following:
Better physical function
Less surgical site infections

Eker et al. 2013 [6] RCT​ Laparoscopic surgery is associated with less blood loss and less need for wound drainage
Sajid et al. 2009 [5] Meta-analysis Laparoscopic surgery is associated with less complications and shorter hospital stay
Sauerland et al. 2011 [10] Meta-analysis Laparoscopic surgery is associated with less postoperative wound infections
Colavita et al. 2012 [11] Prospective study After six months, there are no differences in quality of life between laparoscopic and open 

surgery
H. Al chalabi et al. 2015 [9] Meta-analysis Laparoscopic surgery is associated with less wound infections and similar rate of recurrence
Switzer nj et al. 2015 [12] Meta-analysis Minimally invasive component separation technique is associated with decreased overall post-

operative wound complications
Aiolfi, a et al. 2021 [13] Meta-analysis When compared to open Lichtenstein repair, the minimally invasive TAPP and TEP repair are 

associated with the following:
Less early postoperative pain
Early return to work
Less chronic pain, hematoma, and wound infection
Similar rate of hernia recurrence, seroma, and length of stay
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midline can be advanced by 10 cm on either side [15, 16], 
various iterations [17–21] of component separation have 
been developed (Table  2). Anterior component separa-
tion has a disadvantage in that a large area of subcutane-
ous undermining is required which predisposes to seroma 
formation, skin flap necrosis, and mesh exposure if wound 
complications occur. The high wound morbidity associated 
with anterior component separation ranges from 25 to 57% 
precluding its use as a preliminary procedure [12]. Though 
there are no proper randomized controlled trials address-
ing this issue, a systemic review [22] shows that posterior 
component separation with transversus abdominis release 
is advantageous in terms of recurrence. Expert consensus 
guided by systematic review states that posterior component 
separation technique is associated with a lower wound com-
plication rate compared to the standard anterior component 
separation technique [23].

Loss of Domain

Patients undergoing damage control laparotomies, lapa-
rotomy for hemorrhage and patients with bowel edema 
secondary to sepsis who have been managed by a laparos-
tomy eventually require a planned ventral hernia repair 
with abdominal wall reconstruction. Defects more than 
10 cm in size qualify as giant ventral hernia [24]. Restor-
ing the hernia sac contents back into the abdominal cav-
ity may lead to compartment syndrome with the resultant 
respiratory and circulatory disturbances. Expansion of the 
abdominal wall can be achieved by the use of progressive 

preoperative pneumoperitoneum (PPP), tissue expanders, 
and Botulinum toxin. PPP, introduced by Goñi Moreno 
[25], involves the controlled induction of pneumoperito-
neum by an endo-peritoneal catheter which is maintained 
over a period of days or weeks. The introduction of pneu-
moperitoneum can be done by various methods, surgically 
using implantable subcutaneous port or dialysis catheter, 
or under ultrasound guidance. The volume ratio calculated 
as HSV/ACV (hernia sac volume/ abdominal cavity vol-
ume) is a guide to the use of PPP, with values > 20 to 25% 
serving as an indication [26, 27].

Botulinum Toxin A (BTA) with an ever-increasing 
range of clinical applications is now used as a method 
of “chemical component separation.” First reported by 
Cakmak et al. [28], it acts by causing relaxation of the 
lateral abdominal wall muscles which results in a signifi-
cant decrease in thickness and increase in length of these 
muscles. Maximum effect is reached in 2 weeks with a 
prolonged plateau of approximately two and half months, 
with duration of effect lasting 6 to 9 months [29].

Tissue expanders are placed in a specially created 
pocket between the external oblique and the superfi-
cial aspect of the internal oblique fascia. The expand-
ers have remote ports which allow the injection of saline 
on a weekly or biweekly basis over a period of months 
depending on the size of the defect, until there has been 
an adequate lengthening of musculature to allow primary 
fascial closure. The reported primary fascial closure rate 
with PPP has been 84%, with Botox 100% and with tissue 
expanders 93% [30].

Table 2   Various modifications of component separation technique

Author and year Technique Brief aspects of the procedure

Albanese (1951) [15] 
and Ramirez (1990) 
[16]

Open anterior component separation Just lateral to the rectus, the external oblique muscle is divided 
and a “sliding myofascial flap” consisting of internal oblique 
and transversus muscles is created followed by midline closure

Carbonell (2008) [17] “Classic” posterior component separation The plane between the internal oblique and transversus abdominis 
muscle is developed after incising the internal oblique aponeu-
rosis. After approximating the posterior rectus sheath in the 
midline, retro-muscular mesh placement is done

As Saulis (2002) [18] Open anterior perforator preserving approach (PPA) The anterior rectus fascia is cleared of soft tissue for 4 cm along 
its width for the length of the muscle to be repaired. Perfora-
tor preservation is of the perforators more than 4 cm from the 
medial edge of the rectus

Rosen (2007) [19] Endoscopic anterior component separation The space between the internal and external oblique is created 
using a balloon dissector, followed by the division of external 
oblique aponeurosis from costal margins to the inguinal liga-
ment

Novitsky (2012) [20] Transversus abdominis muscle release (TAR) The posterior rectus sheath is incised medial to the neurovascular 
bundle followed by division of transversus abdominis muscle 
along its entire medial edge to create space between the trans-
versalis fascia and transversus abdominis muscle

Belyansky (2016) [21] Laparoscopic transversus abdominis release Using three ports bilaterally the transversus abdominis muscle 
release is performed
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Recent Innovations

Laparoscopic intraperitoneal onlay mesh (IPOM) repair and 
open sublay mesh repair remain the most practiced proce-
dural modalities [9, 10, 31] with established benefits but 
the former is offset by its difficult realization in presence 
of large defects (> 10–15 cm). Cadaveric dissections and 
clinical studies have shown that the abdominal wall is not 
only an anatomical entity but a physiological and functional 
segment with biomechanical dynamics. Utilizing the ability 
to advance the constituent myofascial segments with inter-
vening avascular planes, various innovations have come up 
as part of abdominal wall reconstruction. These minimal 
invasive techniques gain access to the extraperitoneal space 
offering the dual advantage of avoiding an open approach 
and the associated complications along with placing the 
mesh in the sublay plane thus avoiding contact with intra-
peritoneal organs. The added benefit in all these procedures 
is the ability to use uncoated synthetic mesh with minimal 
need for fixation offering a more economical approach than 
the more widely practiced IPOM.

The surgical approach may be open, laparoscopic, endo-
scopic, or hybrid. The minimally invasive Mini or Less Open 
Sublay Repair (MILOS) and its endoscopic variant (EMI-
LOS) access the retro-rectus plane through a mini (≤ 5 cm) 
or less open (6–12 cm) incision and laparo-endoscopic trans-
hernial approach respectively. The authors further showed in 
a prospective study that this technique is associated with sig-
nificantly fewer complications, recurrences, and less chronic 
pain than IPOM and less infection when compared to open 
sublay repair [32]. The Enhanced or Extended-view Total 
Extraperitoneal Preperitoneal (eTEP) approach can access 
any part of the abdominal wall including the groin region. 
Both of these novel techniques can be used to perform a pos-
terior component separation, re-approximation of the linea 
alba, and a wide mesh coverage required for treating large 
complex hernias.

Tissue‑Based Reconstruction with Prosthetic 
Reinforcement–the Concept of e‑TEP and Its 
Application

Myofascial advancements with concurrent mesh placement 
after primary closure of the sheath can be achieved through 
a minimal access approach facilitated by the concept of 
enhanced or extended view total extraperitoneal technique 
(e-TEP). e-TEP finds application in accomplishment of vari-
ous procedures including incisional, inguinal, recurrent, 
and complex hernia providing an expansive view and a field 
which helps in placement of a wide mesh covering the entire 
visceral sac.

Inguinal hernia is now approached endoscopically as a 
first-line procedure. The TEP technique was further modified 

by Jorge Daes who contrived the enhanced view concept and 
applied it successfully for the repair of inguinal hernia [33]. 
The e-TEP technique offers the advantages of an expeditious 
creation of the extraperitoneal space, a large surgical field, a 
flexible port setup adaptable to many clinical situations, an 
unencumbered parietalization of the cord structures, easier 
management of the distal sac in cases of large inguinoscro-
tal hernias, and an easier to master technique for a novice 
surgeon. It is particularly helpful in obese patients, patients 
with a short distance between the umbilicus and the pubic 
tubercle and patients with prior pelvic surgery. Jorge Daes 
further described the critical view of the myopectineal ori-
fice [34] for the appropriate exposure of the anatomical area 
that must be attained before placing mesh during laparo-
scopic and robotic repair to accomplish a safe and durable 
endoscopic inguinal hernia repair.

e-TEP has rapidly gained acceptance with satisfactory 
results in the procedure of laparoscopic retro muscular 
hernia repair [35] and the technique has further extended 
its application to carry out a transversus abdominis release 
(TAR) [21]. This procedure offers a bilaminar tissue closure 
with prosthetic re-enforcement. There is a biomechanical 
basis for performing the TAR. The tranversus abdominis 
(TA) muscle physiologically functions in the maintenance 
of the intra-abdominal pressure and together with the inter-
nal oblique provides good tension throughout the entire 
thoracolumbar fascia forming a “corset” of the abdomen. 
The horizontal orientation of TA muscle fibers facilitates 
the advancement of rectus muscle complex and coupled 
with the possibility to mobilize it off the underlying fas-
cia facilitates a successful medialization of all abdominal 
components during TAR of upto 8 to 12 cm on each side. 
The TAR is actually an extension of the stoppa philosophy 
of providing “giant prosthetic reinforcement of the visceral 
sac” providing a bilaminar fascial coverage with restoration 
of the linea alba ventral to the mesh (Fig. 2). Candidates for 
TAR include patients with large abdominal wall incisional or 
ventral hernia (including hernias with loss of domain), large 
non-midline hernias, para-stomal hernias, and recurrent inci-
sional hernias after IPOM or anterior component separation.

Advantages of TAR include a tissue-based reconstruction 
with concurrent prosthetic reinforcement with subsequent 
ability to provide more durable repairs, preservation of neu-
rovascular bundles, significant myofascial advancement with 
subsequent creation of a well-vascularized plane ideal for 
sublay mesh placement. The sublay plane provides a barrier 
to exclude the mesh from contact with the viscera and also 
a bacteriologic benefit by allowing the use of uncoated syn-
thetic meshes placed in a sublay manner. Another important 
advantage lies in the intraoperative discovery and concomi-
tant treatment of subtle defects not identified on clinical and 
radiological examination. A recent systematic review of 646 
patients showed that TAR is associated with a low wound 
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morbidity (15% versus 20%) and also a lower recurrence rate 
(4% versus 13%) [36].

Closure of Fascial Defects

Closure of the fascial defect (CFD) aims to restore the integ-
rity, and hence function, of the abdominal wall by better 
distribution of tension across the repaired abdominal wall 
and the mesh. CFD increases the size of the overlap ratio of 
mesh to defect and increases the contact surface area of the 
mesh with the abdominal wall, which is likely to promote 
improved tissue ingrowth and strength of the repair. The 
technique of primary fascial closure with mesh reinforce-
ment also reduces recurrence after open repairs of abdomi-
nal wall defects [37].

The advantages of CFD include decreased seroma forma-
tion as the dead space is closed, improvement in cosmesis 
and decreased recurrence as the abdominal wall muscle layer 
is intact with the rectus muscles restored to the midline. 
A meta-analysis which included 3638 patients of which 
2963 underwent fascial defect closure, a significantly fewer 
adverse events including a lower seroma rate formation and 
shorter length of hospital stay were noted following fascial 
closure [38].

Mesh Fixation Technique

Placing a prosthesis is an integral part of the modern sur-
gical repair. Minimally invasive procedure requires plac-
ing a mesh intraperitoneally or, with the newer techniques, 
extraperitoneally, with the former method requiring fixing 
the mesh to the anterior abdominal wall to facilitate a wide 
overlap and a firm anchorage. Fixation techniques lead to 

post-operative pain which affects the quality of life [11]. 
Pain can be attributed to various factors including implanta-
tion of foreign material on the abdominal wall, inflammation 
of the parietal peritoneum, trauma caused by insertion of 
trocars, adhesionolysis, use of various fixation devices, and 
nerve entrapment during trans-fascial fixation.

A wide array of selection is available for fixation mate-
rial which can be divided into four categories: nonabsorb-
able tacks, absorbable tacks, sutures, and glues. Contro-
versy exists regarding the choice, amount, strength, and 
type (absorbable or permanent) of fixation required. A 
systematic review and meta-analysis showed that tack fixa-
tion and suture showed comparable results with regard to 
postoperative chronic pain incidence and hernia recurrence 
with a shorter operative time when tackers are used [39]. 
The tackers are applied in a “double crown” manner (an 
outer row 0.5 cm from the mesh edge, and an inner row 
around the fascial defect) and should not be spaced more 
than 1–2 cm apart. Systematic review comparing absorb-
able and non-absorbable tacks found no difference between 
the two mesh fixation techniques in terms of recurrence, 
chronic pain, seroma, and hematoma [40]. A recent rand-
omized controlled trial comparing permanent tacks, absorb-
able tacks, and synthetic glue for mesh fixation showed that 
the type of fixation device did not affect the immediate or 
long-term postoperative pain, quality of life, or recurrence 
rate [41]. The manner of fixation, whether tacks alone or 
sutures alone or a combination of both, has a divided opin-
ion. Benefits of tacks-only fixation include shorter operat-
ing time, fewer skin incisions, improved cosmesis, and less 
acute and chronic pain. Advantages of suture-only fixation 
include the lower cost and stronger attachment of the pros-
thetic to the abdominal wall. Regardless of the manner of 

Fig. 2   A pictorial representation 
of the transversus abdominis 
release procedure. a The poste-
rior rectus sheath (highlighted 
in red color) is divided medial 
to the neurovascular bundles to 
gain access to the transversus 
abdominis muscle (blue arrow). 
b The transversus abdominis 
muscle is divided (yellow flash-
arrowhead) to gain access to 
the TAR plane (grey arrows). 
E.O.: external oblique muscle, 
I.O.: internal oblique muscle, 
T.A.: transversus abdominis 
muscle, LA: linea alba, ARS: 
anterior rectus sheath, R: rectus 
abdominis muscle, PRS: poste-
rior rectus sheath
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fixation, pain is inevitable and the results of these modalities 
are equivalent. The choice of fixation depends largely on 
surgeon’s preference and the institutional practice ensuring 
an overlap of at least 5 cm with proper fixation especially to 
the bony points, if needed.

Role of Imaging in Hernia

While the diagnosis of hernia is clinically evident in a sig-
nificant proportion of cases, there are instances when occult 
hernias may be present or a recurrence is in question. Imag-
ing is useful to diagnose and characterize the hernia, and aid 
in preoperative planning as well, when a complex abdominal 
wall reconstruction is to be undertaken.

Imaging in Ventral Hernia

In specific circumstances, imaging in the form of an ultra-
sound or a cross-sectional imaging is required. Imaging is 
useful to aid in diagnosis of a suspected ventral hernia in 
certain instances such as a scarred abdomen where a recur-
rence is suspected or in an obese patient precluding a clinical 
diagnosis. Imaging also helps to discern relevant anatomi-
cal details when a complex hernia requires an abdominal 
wall reconstruction and in non-midline hernias. The cur-
rent gold standard, CT scan accurately characterizes most 
incisional hernias [42]. However, the supine, static nature 
of the study can miss some clinically apparent hernias, and 
CT scan also incurs exposure to ionizing radiation, which 
may have a long-term cumulative effect in patients undergo-
ing multiple studies [43]. The additional cost of MRI lim-
its its use as a routine imaging modality for ventral hernia. 
An innovative technique using a 12 MHz linear ultrasound 
probe has been described, called the Dynamic Abdominal 
Sonography for Hernia (DASH) [42]. The ventral abdominal 
wall is scanned in five sequential cranio-caudal passes to 
detect even small defects. The added advantage of DASH 
apart from non-invasive nature and low cost is the high sen-
sitivity (98%) and specificity (88%). Nonetheless, CT scan 
remains an irreplaceable tool when the global management 
of incisional hernia is considered. Particularly, when man-
aging complex hernias, CT scan helps in determining the 
hernia metrics, envisage the need for component separa-
tion, and subsequently predict the likelihood of abdominal 
wall closure and wound complications. Certain features are 
sought by the surgeon for optimal planning such as mesh 
location, whether a previously done component separation 
is unilateral or bilateral, presence of adhesions or fistulas, 
location of tacks which are hyper attenuating which point 
out the margins of the mesh, the status of muscles (which 
group is atrophic—to plan a component separation) and to 
quantify the loss of domain.

Imaging in Inguinal Hernia

Only groin pain that is obscure or groin swelling of unclear 
origin is required to have a further diagnostic evaluation. 
No consensus exists presently on the best imaging modality 
for these diagnostic dilemmas. A meta-analysis has shown 
that herniography is the most accurate imaging modality for 
occult inguinal hernias [44]. This analysis also showed that 
overall sensitivity and specificity of CT is approximately 
80% and 65%, respectively. A study comparing CT with 
herniography showed CT to have a sensitivity of 67% and 
a specificity of 95% compared to a sensitivity of 63% and a 
specificity of 100% for herniography [45]. Since herniogra-
phy is invasive and involves the use of a contrast medium, it 
is not widely available and has a potential for complications 
such as injection site hematoma, visceral puncture, and a 
vasovagal reaction. Its practical application is limited.

Ultrasound can be considered the first-line diagnostic test 
for the occult inguinal hernia. It is quick, inexpensive, and 
non-invasive, but there is an operator variability and it is 
limited by an obese patient’s body habitus. A meta-analysis 
by Robinson et al. [44] demonstrated ultrasound to have a 
sensitivity of 96.6%, specificity of 84.8%, and a positive 
predictive value of 92.6%. It is reasonable to proceed next, to 
a CT scan in the setting of a compelling history for inguinal 
hernia but a negative clinical exam or equivocal ultrasound 
study. CT may help identify other sources of pain such as 
soft tissue or skeletal abnormalities.

A report by Miller et al. showed that MRI has a sensitiv-
ity of 91%, and appeared superior to both ultrasound and 
CT scan in the diagnosis of occult inguinal hernias [46]. 
When a groin pathology is suspected but not diagnosed, 
MRI should be the preferred modality, as it can not only 
rule out an occult hernia but also elucidate other causes of 
groin pain. In terms of inguinal hernia detection, the initial 
use of ultrasound, followed by a CT scan, represents a sen-
sitive and cost-effective progression for the evaluation of 
inguinal pathology. However, MRI is an expensive diagnos-
tic modality, and surgeons are typically more comfortable 
with image interpretation of CT compared to MRI. An MRI 
can be considered the penultimate choice in the ladder of 
workup preceding surgical exploration via open or laparo-
scopic approach.

Conclusion

To manage inguinal and ventral hernia, a minimal invasive 
approach should be the preferred modality. The concept of 
e-TEP has initiated a domain of laparo-endoscopic tech-
niques which allow a tissue-based prosthetic reinforcement 
of the defects. Abdominal wall reconstruction is evolving as 
a divergent practice wherein protocol-based management for 
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loss of domain followed by a bilaminar closure with a pros-
thetic reinforcement is undertaken. A posterior component 
separation with sublay mesh placement should be the goal of 
hernia management. Ultrasound should be the initial choice 
of imaging followed by a CT scan for evaluation of inguinal 
or ventral hernia. Incorporation into surgical practice and 
standardization of these innovative techniques should result 
in a more durable repair and rapid convalescence. Further 
research will help ascertain these advantages.
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