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ABSTRACT

Background and Objectives: The purpose of this study
was to analyze the surgical technique, postoperative com-
plications, and possible recurrence after laparoscopic ven-
tral hernia repair (LVHR) in comparison with open ventral
hernia repair (OVHR), based on the international litera-
ture.

Database: A Medline search of the current English litera-
ture was performed using the terms laparoscopic ventral
hernia repair and incisional hernia repair.

Conclusions: LVHR is a safe alternative to the open
method, with the main advantages being minimal postop-
erative pain, shorter recovery, and decreased wound and
mesh infections. Incidental enterotomy can be avoided by
using a meticulous technique and sharp dissection to
avoid thermal injury.

Key Words: Hernia, Incisional hernia, Laparoscopy, Ven-
tral hernia.

INTRODUCTION

Ventral and incisional hernia repair is one of the most
common operations performed in everyday clinical prac-
tice. Incisional hernia is a common long-term complica-
tion of abdominal surgery and is estimated to occur in
11–20% of laparotomy incisions.1,2 Almost 50% of inci-
sional hernias develop within the first 2 years after the
primary surgery, and 74% develop after 3 years.3,4 The
recurrence rate of incisional hernia after primary suture
repair is more than 50%5 and has been reduced to 10–23%
after the introduction of prosthetic materials (meshes) in
hernia repair.6

However, open hernia repair can be a major operation
with considerable morbidity caused by infectious compli-
cations. An increasing interest in laparoscopic surgery and
the availability of new materials have encouraged the
adoption of laparoscopic techniques in ventral hernia re-
pair. Leblanc and Booth7 described the first laparoscopic
ventral hernia repair (LVHR) in 1991. It is based on the
same physical and surgical principles as the open under-
lay procedure described by Stoppa,8 Rives et al,9 and
Wantz.10 LVHR is now being used with increasing fre-
quency, even for the management of complex incisional
hernias. Most reports on this topic have supported mini-
mal postoperative morbidity, a shorter convalescence pe-
riod, and an acceptable recurrence rate.11–13

Up to date, more than 270 studies on LVHR have been
published, although most of them are case series with no
control groups. Studies of large samples have been con-
ducted recently, because of increasing experience.14,15

Herein, we analyze the existing literature on LVHR, focus-
ing in the optimal surgical technique, complications, and
long-term results of the procedure.

OPEN REPAIR TECHNIQUES

Primary open ventral hernia repair (OVHR) is based on
suture approximation of aponeurosis on each side of the
hernia defect. However, recurrence rates after this proce-
dure range from 41 to 52% in the long term.6 The intro-
duction of prosthetic meshes in hernia repair has reduced
recurrence rates. Indeed, Luijendijk et al6 demonstrated a
significant reduction in the recurrence rate for first-time
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incisional hernia repairs, from 43% (after suture repair) to
24% (after mesh repair). However, the mesh repairs re-
quire wide dissection of soft tissue, which contributes to
an increased incidence of wound-related complications
(more than 12%).16

Among the open repairs, the onlay technique was the
most widely used one. In this method, a polypropylene
mesh is sutured onto the anterior rectus sheath.17 The
procedure is easy to perform, but it has a considerable
morbidity rate and recurrence rate and therefore is not
used often at present (8–27%17–20).

In the inlay technique, the mesh is sutured to the margin
of the aponeurosis. This technique has been used to cover
large aponeurotic gaps, and it carries extremely high re-
currence rates.21,22 In the extraperitoneal underlay tech-
nique, the mesh is placed retromuscularly and preperito-
neally, as described by Stoppa in 1989.8 This technique
requires limited soft tissue dissection; therefore, it carries
low morbidity and recurrence rates.22,23

The intraperitoneal underlay technique was introduced
by McCarthy and Twiest24 in 1981. First, they used poly-
propylene mesh, which was sutured to the peritoneal
edge of the hernia sac. However, polypropylene caused
the formation of adhesions to the adjacent bowel loops
and was replaced by the expanded polytetrafluoroethyl-
ene (ePTFE) mesh or bilayer PTFE and polypropylene
mesh.25 Millikan et al25 applied this technique by using
full-thickness transfascial sutures in 102 patients, with a
0% recurrence rate in a median follow-up of 28 months.
This approach has been regarded as the gold standard for
ventral hernia repair by the American Hernia Society.26 By
placing the mesh posterior to the abdominal wall, the
underlay technique applies Pascal’s law, which states that
any pressure exerted on an enclosed fluid is transmitted
undiminished throughout the fluid and acts equally in all
directions. Therefore as the intraabdominal pressure in-
creases, equal amounts of force are exerted across the
mesh. On the contrary, in the onlay technique, any in-
crease in intra-abdominal pressure exerts lifting forces
against the mesh. Consequently, the underlay repair
seems mechanically advantageous.27

The relatively high morbidity and recurrence rates of the
open repair techniques prompted the development of the
laparoscopic approach in an effort to improve the clinical
outcome. The laparoscopic repair follows the principles
of the open underlay repair and has the same advantages.

LAPAROSCOPIC REPAIR

Since the introduction of the laparoscopic approach in
ventral hernia repair by LeBlanc and Booth in 1993,7 the
laparoscopic technique has been used worldwide, as it
offers earlier recovery, decreased hospital stay, and low
recurrence rates.28 Moreover, it is well accepted that the
primary advantage of the laparoscopic approach is that
wound infections are less frequent compared with the
open approach.27

Contraindications

The laparoscopic approach is not indicated in emergency
situations, especially in cases with hemodynamic instabil-
ity or incarcerated hernia, with or without gangrenous
bowel. Also severe coagulopathy is an absolute contrain-
dication for laparoscopy. An open approach also may be
indicated for patients with a hostile abdomen. For in-
stance, enterocutaneous fistulae, history of an open ab-
domen, severe abdominal injuries, or previous extensive
operations may be associated with diffuse adhesions and
may render the laparoscopic approach very tedious or
impossible. In addition, patients with previous mesh re-
pairs may have dense adhesions. In those cases, the de-
cision to proceed with the laparoscopic approach should
be based on the surgeon’s expertise and the probability
that safe access can be obtained.27

Preoperative Preparation

Smoking and obesity are known risk factors for the de-
velopment of infectious complications and recurrence.
Therefore cessation of smoking for at least 2 weeks before
surgery is desirable. Obese patients should try to lose
weight on a dietary program for 2 months before surgery.
For morbidly obese individuals, a weight loss procedure is
often necessary in the first stage, together with temporary
closure of the hernia defect, to be completed with a
definitive hernia repair 12 to 18 months later, when the
patient has lost substantial weight and is less prone to
infectious complications.27,29

Abdominal imaging with computed tomography (CT) is
necessary in patients with large or recurrent hernias, as
well as those with strangulated hernias. For complex her-
nias or those along the abdominal border, knowing the
proximity of the edges of the hernia defect to the bony
landmarks is useful in preoperative planning for mesh
fixation.27
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Technique

The procedure starts with entry into the peritoneal cavity
with a Veress needle, an open Hasson method, or an
optical trocar. Three trocars are used, one 10-mm and two
5-mm trocars, which are placed as laterally as possible on
the abdominal wall, so they are at an adequate distance
from the hernia orifice. The position of the first trocar
should be several centimeters from scars from previous
surgeries and as far from the hernia as possible, but
should still provide adequate instrument reach.27 Most
operations can be completed with 3 trocars. The next step
of the operation is the most tedious one: adhesiolysis. The
adhesions in the abdomen are lysed with electrocautery or
an ultrasonic scalpel. The abdominal contents of the her-
nia sac are reduced into the peritoneal cavity (Figure 1).
No cauterization should be done that may injure the
bowel wall. Perforation of the intestine is the most serious
injury associated with LVHR.30 In this case, there should
be a low threshold to conversion to an open procedure. If
an open approach is used, the hernia should be repaired
primarily or by implanting a biological mesh.31 Otherwise
the injury can be repaired laparoscopically, the adhesioly-
sis can be completed, and the hernia repair can be com-
pleted after 1 week.32 Retrospectively, in most published
series in which iatrogenic enterotomy occurred, the hernia
repair was completed with a laparoscopically placed
mesh, and only 43% were converted to an open proce-
dure. A recognized enterotomy was associated with a
mortality rate of 1.7%, whereas an unrecognized enterot-
omy had a mortality rate of 7.7%.31,33

After adhesiolysis, the sac contents are gently reduced into
the peritoneal cavity with atraumatic graspers, while the

hernia sac is left in situ. However, it may be necessary to
excise a portion of the sac if the bowel is closely adherent.
If the hernia content cannot be reduced, conversion to an
open procedure is necessary.27

Primary Fascial Closure

At this point, some authors suggest primary fascial clo-
sure. This technique has been developed in an effort to
reduce postoperative bulging and formation of seroma
after laparoscopic ventral hernia repair. Given LaPlace’s
law, a central nonfunctional portion of the abdominal wall
acts like a “sail in the wind” and is prone to bulging.
Primary fascial closure restores normal anatomy by reap-
proximating the abdominal wall under physiologic ten-
sion, which may restore its function.34,35

The techniques for closure include intracorporeal closure,
extracorporeal closure, or a mixed technique. The most
commonly used technique is extracorporeal suturing, ac-
cording to which small skin incisions are made after which
a suture passer is used to close the defect. By eliminating
the dead space, this technique decreases the incidence of
seromas and wound complications. Moreover, it allows
wider lateral mesh overlap that reduces the possibility of
recurrence.35 However, to date, there have been no ran-
domized studies supporting closure versus nonclosure of
the hernia defect in LVHR.

Mesh Repair

The peritoneal surface is cleared extensively, by lysing
adhesions well away from the defect. For hernias located
in the upper midline, the falciform ligament should be
dissected from the abdominal wall by using an energy
source. The pneumoperitoneum is then reduced to 5 to 8
mm Hg, so that the abdominal wall is minimally stretched
revealing the true size of the hernia defect. The periphery
of the hernia defect is evaluated by direct vision and
palpation and is marked on the abdominal wall skin with
a marker. The craniocaudal and lateral measurements are
taken, to define the size of the prosthetic mesh. Because
most meshes are associated with significant postoperative
shrinkage, most surgeons suggest a 5-cm overlap.27 It is
very important to identify all hernia defects and include all
of them within the measured distances. The size of mesh
that most closely approaches this measurement is selected
for the repair. Four main types of mesh have been used:
polypropylene (Prolene; Ethicon, Somerville, New Jer-
sey), ePTFE (dual mesh; Gore-Tex; Gore Medical, Flag-
staff, Arizona), composite polypropylene�PTFE (Com-
posix; Bard Davol, Warwick, Rhode Island), or composite

Figure 1. The adhesions in the abdomen are lysed by electrocautery
or with an ultrasonic scalpel. The contents of the hernia sac (omentum
or bowel loops) are reduced into the peritoneal cavity.
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polypropylene�collagen (Parietene; Sofradim, Trevoux,
France). Polypropylene prosthesis has been abandoned in
the laparoscopic approach, because it may create adhe-
sions with bowel loops. It has been replaced by Proceed
(Ethicon), which is composed of polypropylene covered
with oxidized regenerated cellulose (ORC).36 A newer mesh
composed of polypropylene covered by a layer of polygle-
caprone-25 on both sides (Physiomesh; Ethicon) has been
added recently to the surgical practice (Table 1).37

The clinical experience with all these types of mesh varies
from country to country and from center to center. Each
particular material may have unique advantages and dis-
advantages. Gore-Tex (ePTFE) mesh has been used
worldwide; Composix was more popular in the early
years. The collagen- and cellulose-based meshes have
been widely used for the past decade with satisfactory
results. Biological meshes are mainly used to reconstruct
the abdominal wall in an infected field, but they are of
limited use in LVHR.38

After the selection of the appropriate sized prosthesis, 4
sutures are placed on the axial edges of the mesh. Perma-
nent sutures are most widely used. The suture sites are

numbered with a marker to ensure correct orientation of
the mesh in the abdominal cavity. The mesh is rolled
tightly and is inserted in the peritoneal cavity through the
10–11-mm trocar. It is unrolled inside the abdomen and
spread under the defect. Assisted by a suture passer, the 4
transfascial sutures are used to fix the mesh to the interior
of the abdominal wall,39 avoiding postoperative migration
of the mesh. The mesh is further secured with 5-mm
titanium tacks, applied with a Protack device (Covidien,
Mansfield, Massachusetts); with absorbable tacks, applied
with the Absorbatack device (Covidien); with the SorbaFix
(Bard Davol); or by using titanium clips (EMS; Ethi-
con).40,41 A recently introduced fixation device, the Secure
Strap (Ethicon) uses absorbable straps to fix the mesh,
with promising results.42

The tacks are placed circumferentially at the margins of
the mesh at 1-cm intervals, to prevent the bowel from
becoming incarcerated between the mesh and the abdom-
inal wall (single-crown technique). A second row of tacks
is recommended at approximately 2-cm intervals and 2 cm
from the edge, to provide a more robust mesh fixation to
the peritoneal surface (double-crown technique).27,39

Table 1.
Meshes Used Intraperitoneally for the Repair of Ventral and Incisional Hernias

Group/Mesh Material Company

PTFE

Dulex ePTFE Bard Davol, Inc., Warwick, RI

Mycromesh ePTFE W. L. Gore, Newark, DE

Dual Mesh ePTFE W. L. Gore

Composite mesh with absorbable coated barrier

Proceed PP with ORC layer Ethicon, Somerville, NJ

Parietene PP with collagen coated Covidien, Mansfield, MA

Parietex Composite Polyester with collagen coated Covidien

Symbotex Polyester with collagen film Covidien

Permacol Porcine dermal collagen implant Covidien

Physiomesh PP with polyglecaprone 25 Ethicon

C-Qur PP with omega 3 fatty acid coating Atrium Medical, Hudson, NH

Sepramesh IP Composite PP with hydrogel safety coating Bard Davol, Inc.

Composite mesh with permanent coated barrier

Composix PP/ePTFE Bard Davol, Inc.

Ventrio PP/ePTFE Bard Davol, Inc.

Intramesh T1 PP/ePTFE Cousin Biotech, Wervicq-Sud, France

Intramesh W3 Polyester mesh with silicone layer Cousin Biotech

ePTFE, expanded polytetrafluoroethylene; PP, polypropylene; ORC, oxidized regenerated cellulose.
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Novel positioning devices, such as the AccuMesh posi-
tioning system (Covidien) or the Echo PS positioning
system (Bard Davol) have been developed, which, with
their expandable frame and precise articulation control,
facilitate greatly the positioning of mesh over the abdom-
inal wall.

Most surgeons support the use of transfascial sutures as a
measure of preventing mesh migration after surgery. Fur-
ther they support the placement of additional sutures,
every 5 cm around the perimeter of the mesh, as this
method offers a repair with long-term durability.27 Other
authors, however, believe that the use of sutures may
increase surgery time, the incidence of pain, and the risk
of infection, without offering any substantial advantage in
preventing recurrence.43

Recurrent Hernia

Before surgery, it is useful to have CT imaging to help
guide the approach. The old mesh can be left in place
if it is well incorporated. If the mesh is bulky or has a
curled edge, it may be excised partially. If the mesh is
palpable externally and bothersome to the patient, the
surgeon may have to use an open approach to excise
the mesh. If a portion of the mesh is densely adherent
to the bowel a small piece of it should be excised and
left attached to the bowel, to prevent deserosalization
or opening of the bowel wall, most often with an open
approach.27

Complications

Hemorrhage. Intraoperative bleeding may occur ini-
tially during the insertion of trocars, usually from branches
of the inferior epigastric vessels. If the bleeding is persis-
tent, cauterization or suture placement may be necessary.

During adhesiolysis, bleeding may occur from the cut
omentum or adhesive bands. The source of bleeding can
be controlled by electrocautery or ultrasonic shears or by
suturing or clipping if the bleeding site is on the bowel or
mesentery.

During mesh fixation, the inferior epigastric vessels
should be visualized to avoid any injury. If these vessels
are injured, they should be ligated by placing a simple
transfascial suture or a figure-of-eight transfascial suture.27

Incidental Enterotomy. Iatrogenic enterotomy is a se-
rious complication during LVHR with an incidence from 0
to 14%.31 The poorest surgical outcome is observed in
patients in whom enterotomy is recognized in the post-

operative period (mortality 40%, morbidity 100%).33

Dense bowel adhesions, recurrent hernias, and use of
external energy devices for adhesiolysis contribute to the
risk of this serious complication. According to Leblanc et
al,31 a recognized enterotomy is repaired by conversion to
an open method in 43% of cases. After conversion to open
to repair the enterotomy, the bowel is returned to the
abdominal cavity, and the hernia repair can be accom-
plished laparoscopically after an interval of 1 week. The
enterotomy is recognized after surgery in approximately
18% of cases and is best managed by re-exploration in an
open or laparoscopic procedure.31,33 The injured segment
of the intestine should be resected with or without creat-
ing a stoma, and the prosthetic biomaterial should be
removed.30 Primary suture repair of the hernia follows and
the definite mesh repair is postponed for at least 4 to 6
weeks. Most surgeons believe it is acceptable to use bio-
logical meshes in a contaminated field, but this practice
has not been verified yet.

Seroma. Seroma can be detected by ultrasonography in
up to 100% of patients after LVHR. Formation of a seroma
most often occurs at postoperative day 7 and it is resolved
usually by day 90.30

Seromas are usually asymptomatic; however, 30–35% of
patients experience symptoms, such as pain, pressure,
and erythema. Risk factors for development of seroma are
nonreducible hernia, multiple incisions, recurrent hernia,
and suture placement through the hernia sac during the
repair. So far, no specific mesh type has been found to be
associated with seroma. For prevention, cauterizing the
hernia sac may afford a lower risk of seroma. In addition,
compression dressing for 1 week after surgery reduces the
occurrence of seroma.30

As for treatment, expectant management is reasonable,
since most seromas resolve spontaneously. Aspiration is
justified in large symptomatic seromas, but there is always
a risk of mesh infection, especially if it is repeated several
times.

Postoperative Bulging. Abdominal bulging is a specific
problem associated with the laparoscopic repair of large
incisional hernias and is observed in 1.6–17.4% of pa-
tients.30 Bulging may be treated expectantly, if it is asymp-
tomatic. Symptomatic bulging after LVHR, although not a
recurrence, is an undesirable outcome and may necessi-
tate a second repair.

Orenstein et al44 modified their laparoscopic approach to
routine closure of the hernia defect (the “shoelacing tech-
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nique”). In their experience, this modification eliminated
postoperative seroma and reduced bulging.

Chronic Pain. The LVHR procedure may lead to residual
pain in almost 26% of patients. Nonmidline LVHR is more
often associated with chronic pain. The evidence on
whether the type of suture, tack, glue, or mesh used alters
the incidence of chronic pain is not conclusive. Transfas-
cial sutures with tacks do not result in higher pain scores
than tacks only. Absorbable fixation tacks are associated
with few cases of chronic pain at 1 year after surgery.
Suture fixation at 2- to 3-cm intervals results in a higher
number of patients with pain at 6 months after surgery,
compared with tacks-only fixation.30 However, a random-
ized trial by Wassernaar et al45 comparing the 3 fixation
techniques most commonly used (ie, absorbable sutures
with tacks; tacks only, in a double-crown configuration;
and nonabsorbable sutures with tacks) failed to show a
significant difference in chronic postoperative pain asso-
ciated with the 3 techniques.

Prolonged intractable pain is usually due to nerve entrap-
ment by a suture or tack. Injection of a local anesthetic at
the suture sites or intercostal nerve block is a helpful
method in the treatment of chronic pain.46 In persistent
cases, removal of a suture or tack will usually resolve the
pain.47 In intractable cases, mesh removal can be consid-
ered for the treatment of chronic pain.30

Infectious Complications. The incidence of infectious
complications in LVHR is lower than in the open approach
(range from 16–18% to 2–3%).43 Indeed, laparoscopic
operations have a lower incidence of surgical site infec-
tion (SSI) than do open operations, because the length of
the incision is shorter, reducing the risk that bacteria will
enter the subcutaneous tissue. Castro et al40 in a recent
meta-analysis found that LVHR was associated with an
infection rate of 4.4% versus a rate of 23.53% in open
repair. Infectious complications are significantly associ-
ated with larger hernias, previous herniorrhaphy, longer
operating times, and extended hospital stays.30

Patient characteristics that increase the risk of SSI include
smoking, old age, steroid use, obesity, diabetes, malnutri-
tion, and remote site infection. Before surgery, any known
risk factors for SSI should be treated if feasible. To reduce
the risk of perioperative infection, the operative time and
the hospital stay should be as short as possible.30

Recurrence. The mechanisms of recurrence in decreas-
ing order of frequency are: infection, lateral detachment of
the mesh, inadequate mesh fixation, inadequate size of

mesh, inadequate overlap, missed hernias, increased in-
tra-abdominal pressure, and trauma. Recurrence may be a
2-step process, beginning first with an intraoperative shift
of the mesh, followed by contraction, which may accen-
tuate the shift.30

The recurrence rate reported in the literature after LVHR is
not greater than 7%, which represents a lower margin of
recurrence rates than that recorded after open repair.41,43

However, a recent multicenter controlled trial from the
Netherlands presented a higher recurrence rate after
LVHR (�18%).48 In this trial, hernia size correlated posi-
tively with recurrence rate.

Generally, there is no difference in recurrence rates in
connection with the type of prosthesis used. Moreover,
Muysoms et al49 showed that recurrence rate is not asso-
ciated with fixation method (ie, transfascial sutures and
tacks compared to tacks only), in agreement with results
in an earlier study.50 Wassenaar et al51 in a case–control
study with 505 patients compared the impact of fixation
on the outcome of surgical technique and found a recur-
rence rate of 1.85% with a mean 31.3-month follow-up.
Recurrence rate did not correlate with fixation technique,
whether transfascial sutures combined with 1 row of spiral
tacks or tacks placed in a double-crown pattern was used.
In addition, a recent systematic review by Reynvoet et al52

failed to show any advantage in recurrence rate in asso-
ciation with the fixation method used (ie, the use of tacks
and sutures, tacks only, or sutures only). However, the
general opinion of most surgeons is that a dual method of
fixation with tacks and sutures is necessary for a more
robust repair.27

A mesh overlap of at least 5 cm and fixation of the lower
margin of the mesh to the Cooper’s ligament confers
increased durability and reduces the possibility of recur-
rence in patients with suprapubic hernia. Insufficient cov-
erage of the incision scar is a risk factor for recurrence
after LVHR. Therefore, the entire incision and not just the
hernia must be covered with mesh.30

Advantages

LVHR achieves adequate closure of the hernia defect us-
ing intraperitoneal mesh fixation with minimal soft tissue
dissection. The technique has all the advantages of the
laparoscopic approach, such as less postoperative pain,
earlier recovery, and shorter hospital stay and convales-
cence period than the OVHR,53 although these results
were not supported by another study.48 Moreover, the
patients feel more comfortable and tolerate oral intake
earlier than after the open procedure. For patients under-
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going LVHR, there is also a significant cosmetic advantage.
However, for patients undergoing laparoscopic repair of
an incisional hernia, the cosmetic benefit is limited.

The laparoscopic and open approaches do not differ sub-
stantially in operating room time.30,48 However, there are
several studies, such as the one by Itani et al,54 that report
that LVHR involves a significantly shorter hospital stay
than OVHR. The laparoscopic approach has a major tech-
nical advantage, in that it enables complete visibility of the
internal abdominal wall, so that the mesh fixation is more
accurate. In addition, LVHR offers the possibility of un-
covering occult hernias that were not detected during the
preoperative workup.55

Regarding complications, the laparoscopic approach has a
significantly lower risk for wound infections, but it carries
a higher risk of bowel injury than the open approach.30 In
addition, the open approach carries a higher risk of respi-
ratory complications, renal insufficiency, deep venous
thrombosis, and sepsis than the laparoscopic approach,
although the mortality rate is similar after the use of either
approach.56

The laparoscopic procedure carries higher operative cost
than does open repair. However, it offers better cost
effectiveness as it is associated with a shorter hospital stay,
reduced morbidity, significantly lower mortality, and
fewer intensive care unit (ICU) admissions and 30-day
readmissions, and thus it significantly reduces overall hos-
pital costs.30,57

Laparoscopic repair offers a quality of life and patient
satisfaction comparable or better than that afforded by
open repair. Hope et al58 studied prospectively the quality
of life after surgery of a group of patients who underwent
LVHR or OVHR. Postoperative quality of life scores on the
Carolinas Comfort Scale were significantly improved in
the laparoscopic group compared to the open group. In
an earlier report, Eriksen et al59 found that LVHR is asso-
ciated with considerable postoperative pain and fatigue in
the first postoperative month, which is mainly associated
with the use of tacks, and they proposed the use of fibrin
glue for mesh fixation. However, fibrin glue has not been
widely used in LVHR. Moreover, a previously mentioned
study by Wassenaar et al45 showed that the fixation
method (ie, the use of absorbable sutures with tacks,
nonabsorbable sutures with tacks, or tacks alone) usually
does not have a significant impact on quality of life after
LVHR. In addition, in most reports, patient satisfaction is
reported as higher after LVHR than after OVHR.30

ROBOT-ASSISTED VENTRAL HERNIA
REPAIR

During the past decade, several surgeons with expertise in
robotic surgery have used robotic systems in ventral her-
nia repair. Ballantyne et al60 reported in 2003 the use of
the da Vinci robotic system (Intuitive Surgical) in 2 cases
of ventral hernia. These operations were accomplished
within a virtual operative field, and they carried the ad-
vantages of the robotic system. The use of angulation in
the instruments enabled the surgeons to reach adhesions
to the anterior abdominal wall and to dissect in various
directions around the adhesions.

Allison et al61 recently reported the use of robot-assisted
ventral hernia repair in a series of 13 patients. They suc-
cessfully performed intracorporeal suturing of the fascial
defect and mesh fixation with circumferential fascial fixa-
tion. They noted the advantage of the da Vinci robot,
which has 6 degrees of freedom provided by the Endo-
Wrist instruments (Intuitive Surgical, Sunnyvale, Califor-
nia), which enable intraabdominal articulations and true
3-dimensional imaging. The authors noted that there was
less abdominal wall trauma and postoperative pain at the
working trocar ports, because the fulcrum was not entirely
at the abdominal wall but at the articulating joint of the
EndoWrist instruments.61 For mesh fixation, they used
continuous circumferential suturing without the need for
tacks.

The use of robotics in ventral hernia repair is still very
limited because of the excessive expense associated with
the technique. Further research is needed to show the
superiority of the technique in recurrence rate or postop-
erative pain, so as to justify the use of such expensive
procedures.62

INDICATIONS FOR OVHR

Despite the extensive use of LVHR in daily surgical prac-
tice, the open approach is preferred in the following
cases:

● Umbilical hernias in many centers are best managed
with the use of polypropylene mesh placed in the onlay
position or Ventralex-type mesh (Bard Davol) placed
intraperitoneally in patients under local anesthesia in a
day-surgery setting.63,64

● For very large, nonreducible hernias and strangulated
hernias, especially when there is gangrenous bowel,
open repair is indicated.27 The presence of intestinal
ischemia and necrosis, with or without bowel perfora-
tion, renders the surgical field septic, and therefore the
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use of mesh is contraindicated, at least in the first
operation (Figure 2). The abdominal cavity is closed by
means of fascia approximation with primary suturing,
and a definitive repair with mesh can follow after a
2-month period.

● After a failed mesh repair or multiple failed repairs,
when intestinal loops are attached to the mesh, an open
exploration is recommended. If a piece of mesh is
densely adherent to the bowel, a small piece may be
excised and left attached to the bowel to prevent dese-
rosalization or an enterotomy (Figure 3).27

● Cases of previous repair with a mesh infection usually
necessitate abdominal exploration, washout of the con-
taminated wound, drainage of fluid collections, and
often, mesh removal. After an interval period of 2 to 3
months, a second open repair is necessary, with place-
ment of the biological mesh.65

● Open surgery is necessary in cases with severe contra-
indications for laparoscopy in the patient’s status, such
as cardiorespiratory insufficiency, abnormalities of he-
mostasis, or ascites.

The Component Separation Technique for Large
Complex Hernias

An LVHR repair of a large hernia defect (�8 cm) does not
achieve satisfactory muscular strength, and an open repair
with open/laparoscopic component separation technique
(CST) may be a more functional repair for the patient. CST
is a natural method of fascia–fascia closure without the
complication of an artificial implant caused by creation of
a linea alba, which provides a midline anchor.66 This

repair allows for advancement of the rectus abdominis
muscle up to 10 cm per side, facilitating closure of large
gaps of the abdominal wall. A recently introduced endo-
scopic technique with the use of a balloon dissector in the
space between the external oblique and internal oblique
muscles and laparoscopic division of the external oblique
aponeurosis along the midclavicular line may reduce sub-
stantially the abdominal wall wound morbidity associated
with the CST. However, this technique achieves only 86%
of the abdominal wall advancement that is obtained with
the open technique.67,68

The posterior CST has also been introduced as a modifi-
cation of the Rives-Stoppa technique, allowing for signif-
icant posterior rectus fascia advancement, wide lateral
dissection, and a large space for mesh sublay. Transversus
abdominis muscle release (TAR) is a novel approach to
posterior CST for the repair of complex abdominal her-
nias, as well as the repair of recurrent hernias after use of

Figure 2. For very large nonreducible or strangulated hernias,
especially with a gangrenous bowel, open repair is indicated.

Figure 3. In cases in which a piece of mesh from a prior repair
is densely adherent to the bowel, a small piece of mesh may be
excised and left attached to the bowel to prevent deserosaliza-
tion or an opening of the bowel wall.
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the anterior CST. According to this technique the posterior
rectus sheath and the underline transversus abdominis
muscle are incised and the lateral space is developed. The
dissection proceeds to the arcuate line of Douglas toward
the space of Retzius. The posterior rectus sheaths are
reapproximated in the midline, and the mesh is placed in
the retromuscular space and fixed to the abdominal wall
with sutures.69,70 This technique is an important addition
to the armamentarium of surgeons undertaking abdomi-
nal wall reconstructions and represents the gold standard
of open repair according to the American Hernia Society.

CONCLUSIONS

LVHR is a safe and excellent alternative to OVHR for the
management of abdominal wall hernias. The technique
offers the advantages of the laparoscopic approach (i.e., a
short hospital stay and brief convalescence). The ap-
proach carries a higher risk of bowel injury during sur-
gery, but it has a significantly lower risk of SSI. Laparo-
scopic repair offers a quality of life and patient satisfaction
comparable to or better than that of open repair, and the
recurrence rate is equivalent. Even for the repair of large
complex hernias, for which the CST is regarded as the gold
standard, the endoscopic CST can help to reduce the ab-
dominal wall complications associated with the open
technique. For all these reasons, LVHR is used with in-
creasing frequency in everyday surgical practice.
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