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Incisional hernia is the most common complication after abdominal surgery and despite ongoing research in wound closure and reparative techniques, abdominal incisional hernia remains an unresolved problem. There have been few operative challenges more vexing in the history of surgery than the incisional hernia, especially because the outcome of incisional hernia may have major social and economic implications. In USA, the incisional hernia rate range each year from 3 to 20% with approximately 90.000 repairs annually.
In addition, controversy surrounds those factors postulated to predispose patients to this surgical outcome. Some recently developed technical options, both open and laparoscopic approach; reportedly decrease the rate of incisional hernia recurrence. Although 10% to 30% of patients undergoing laparotomy will develop an incisional hernia and subsequent conventional open repair often fails to adequately address this substantial problem. The recurrence rate for primary tissue repairs may approach the 35% range, which is higher than the primary occurrence rate; when repaired for recurrence, rates have been reported greater than 50%.4 although the advent of prosthetic repair has significantly reduced the recurrence rate compared with that of primary suture repair, and it remains in the ranges of 10% to 24%. 
Gradual decreases in recurrence rates have been realized over the last decade as minimally invasive techniques have been increasingly utilized. For example, in some series, the recurrence rate of initial incisional hernias has been reduced to 2% to 9%.

Moreover, multiple studies demonstrate that laparoscopic repair of incisional hernia results in a short length of stay and quick return to normal activities. The recurrence rate after laparoscopic repair of a recurrent hernia ranges between 9%and 12%, which is an improvement when compared with recurrence rates of 20% after conventional repair with prosthetic material. 
Clearly, the laparoscopic approach to repair of incisional hernia has significantly improved the management of this problem. 
ETIOLOGIC FACTORS
The risk of incisional hernia development and postoperative recurrence may be influenced by both local and systemic factors. 
Systemic factors include obesity, diabetes, steroid use, benign prostatic hypertrophy, pulmonary disease, advanced age, and male gender. 
Local factors like the size of fascial defect, the type of incision, the method of fascial closure, the incidence of postoperative hematoma, and postoperative wound infection have been frequently involved as etiologic factors for the development of an incisional hernia. 
Although conflicting data exist on most of these risk factors, several systemic and local characteristics have been indicated repeatedly. Infection, large fascial defect size, and connective tissue abnormalities appear to be highly associated with incisional hernia formation. Obesity is also frequently associated with the occurrence of incisional hernia. Elevated intra-abdominal pressure and the obese patient’s pannus place the fascial closure under tension, often leading to breakdown of the fascial approximation and subsequent hernia formation. The comorbidities related to obesity, such as diabetes, coronary disease, renal disorders; further heighten the risk of incisional hernia formation. Fascial defect size is a major issue when contemplating repair; data strongly suggest that the greater the size of the fascial defect, the greater the risk of subsequent recurrence. Incisional hernias may be classified as small ( < 5 cm), medium (5–10 cm), and large or giant (> 10 cm
Technical differences in abdominal closure have also been reported to influence hernia risk. A prospective study by Carlson et al. involving more than 1000 patients revealed that previous infection in a midline incision is the primary risk factor in the development of recurrent incisional hernias. 
Although some studies showed that midline incisions appear to be predisposed to incisional hernia other studies including only elective midline laparotomies  showed  no increased risk of incisional hernia compared with patients  who underwent a subcostal, paramedian, or transverse incision.
These studies suggest also that elective and emergency surgery have different rate of incisional hernia. If we look at the data regarding the risk of hernia associated with various closure methods are also mixed. Recently, a meta-analysis of randomized, controlled trials comparing different suture and laparotomy closure techniques determined that incisional hernia rates were significantly lower when nonabsorbable sutures were employed or when continuous fascial closure was used. However, a multicentric, randomized, prospective clinical trial directly comparing interrupted and continuous closure with absorbable suture demonstrated no significant difference in the overall dehiscence rate (2% versus 1.6%, respectively). Furthermore, continuous closure may offer advantages in terms of cost and time compared to interrupted closure. Importantly, however, it should be noted that the degree of tension of the sutured closure may be a more critical factor than the type of closure. 
CLINICAL PRESENTATION AND DIAGNOSIS
Most incisional hernias appear within the first 5 years after an operation, emphasizing the importance of long-term follow-up in studies evaluating the incidence of incisional hernias and recurrence rates.  Patients typically present with a classic abdominal bulge emanating from an aspect of their surgical scar. It is important to note, especially in the obese patient, that it is often hard to discern the actual size of the fascial defect. Frequently, the size of the subcutaneous sac and associated contents (omentum, bowel, etc.) is rather large while the actual fascial defect is small. Concurrently, several etiologic factors, such as obesity and multiple previous operations, can lead to a “swiss cheese” type of defect (i.e., numerous, small fascial defects.) Therefore, especially in obese patients ultrasound and computer tomography (CT) scanning may be utilized to delineate the size and number of the fascial defect(s), the nature of the sac contents, and other abdominal pathology. Intermittent abdominal pain is a common complaint of patients with an incisional hernia. Some patients have sporadic episodes of abdominal distension due to intestinal obstruction. 
Indications

Symptomatic and enlarging hernias require repair most frequently. The combination of a small fascial defect and a large hernia sac with incarcerated contents can lead to intestinal strangulation. These hernias should be repaired preemptively unless there are absolute prohibitive operative risks, in which case, management must be individualized. In addition to the above reasons, cosmetic concerns often prompt patients to seek surgical treatment.

Preoperative Considerations
The final success of the operation depends, in part, on active preparation by the patient and physician. Patients should be encouraged to reduce systemic risk factors for recurrences, especially obesity and smoking, even if it requires reasonable delay of the surgery. 
The risk of complications and recurrences should be thoroughly discussed with the patient. Informed consent is very important. Seroma formation is the most common postoperative complication, and patients should be advised to expect this; the larger the subcutaneous defect caused by the hernia sac and contents, the larger the subsequent dead space and, therefore, the higher the chance of seroma formation. If extensive adhesiolysis is anticipated due to bowel incarceration or multiple previous operations, the colon should be prepped appropriately. The management of unexpected enterotomy during adhesiolysis and the timing and method of subsequent herniorrhaphy should be discussed with the patient. 

Preoperative preparation is important in the treatment of ventral hernias. All patients should receive a preoperative antibiotic, because wound infection is a major risk factor for recurrences. Preoperative pulmonary function should be evaluated and eventually physiotherapy should be initiated to further reduce postoperative morbidity. A DVT prophylaxis should also be considered.
Surgical Techniques

Methods of repairing incisional hernias can be classified into 3 categories:
1. Primary suture repair, 
2. Tension-free primary tissue repair  and
3. Prosthetic repair. 

The choice of an operative technique depends in part on the size and location of the fascial defect. Whatever the chosen technique, the major goals of the reparative procedure are to integrate healthy fascia into the entirety of the repair and avoid complications. Although primary suture closure has been associated with a disappointingly high recurrence rate, it may be effective in repairing hernias smaller than 4 cm. 
Ventral hernia repairs utilizing prosthetic material have been reported to decrease both recurrence rates and mortality (Tab. 1). These techniques have largely replaced primary tissue repairs. 
Operative technique considerations for mesh placement may include the following: 
a.  onlay, 
b.  underlay, 
c.  inlay subfascial placement, the so-called “sandwich approach”. In the Rives–Stoppa technique, which has emerged as a favored technique of mesh placement, the mesh is placed anterior to the posterior rectus sheath above the arcuate line, and in the pre-peritoneal space below the arcuate line. Results from this method have been reproducible and have shown that open herniorrhaphy can be performed with improvements in morbidity and mortality.
Previously accepted surgical dogma concerning the avoidance of intraperitoneal placement of nonabsorbable mesh is currently being reevaluated.
In fact some studies (Gonzales et al, 1999) demonstrated a low incidence of seroma, hematoma, and abscess formation after totally intraperitoneal placement of expanded polytetrafluoroethylene (ePTFE) using an open technique. 
LAPAROSCOPIC APPROACH 

Laparoscopic repair of large incisional hernias also utilizes totally intraperitoneal placement of mesh. Several studies have demonstrated that laparoscopic ventral herniorrhaphy is a safe and effective alternative to open techniques (Tab. 1, 2).  


Operative Technique.
For laparoscopic repair, the patient is placed in a supine position with both arms tucked by the side. Pneumoperitoneum is established using either a Veress needle or a Hasson trocar. The “open technique” using Hasson’s trocar should be preferred. It’s also possible and useful to use a direct-view trocar (i.e. Opti-View) as first trocar instead of Hasson’s trocar or Veress needle. The direct view trocar with 0 degree scope is very useful to avoid bowel injury accessing the abdomen. The first trocar is inserted laterally between the anterior iliac spine and the subcostal margin (anterior axillary line). An angled [30° or 45°] laparoscope, inserted through the 10-12 mm trocar, must be utilized to facilitate the visualization of the the anterior abdominal wall. Once the first trocar is inserted, usually two, 5 mm trocar are placed under vision and well lateral to the defect, on either side of the 10-12 mm port (Fig. 1). Trocars placed too close to the edge of the defect may not allow adequate working space. Trocars placed too laterally may limit the downward displacement of the instrument handle.
 If necessary, adhesiolysis is first performed to clear the margins of the defect and to avoid bowel injury, the use of diathermy or the ultrasonic dissector should be very careful. After adhesiolisis is performed a reduction of hernia contents is started with steady hand-over-hand withdrawal of the sac contents.

External counter-traction applied by the assistant may facilitate reduction of the hernia sac contents and can lower the abdominal “ceiling” to provide better working space. Once the margins of the hernia are well delineated and cleared, the defect can be measured by external palpation or with an intra-abdominal ruler. 
At the moment, few types of mesh are available on the market: gore-tex and PTFE (dual mesh or dual mesh plus), polyesther or polypropylene coated with different antiadhesive agents. All the mesh comes in different size and dimension. A prosthetic mesh is then tailored to ensure a 3- to 5-cm overlap of all defect margins. Distinct “orienting” marks are placed on the mesh and on the skin (fig. 1), respectively, to assist with intra-abdominal orientation Sutures are placed at four cardinal points of the mesh. For larger prosthesis, additional sutures may be placed between these four sutures. The mesh is then wrapped around a laparoscopic grasper and inserted through the 12-mm trocar. Once inserted, the mesh is unfurled and oriented correctly; the preplaced sutures are pulled trans-abdominally using a suture passer through the previously marked locations. Sutures should not be tied until all sutures are pulled, so that if the mesh must be adjusted. If we need to readjust the mesh to better cover the hernia defect, the sutures can simply be pulled back into the abdomen and replaced. Additional sutures should be placed trans-abdominally to ensure suture fixation every 3-5 cm. In order to prevent herniation of bowel between the mesh and the abdominal wall, anchor or spiral tacks are placed circumferentially along its peripheral margins every 3-5 cm. In case of large defect a second ring of tacks should be placed inside the first one.

CLINICAL RESULTS
Since its introduction in 1992, laparoscopic incisional hernia repair has revolutionized the management of ventral hernia. To date, the laparoscopic approach has achieved better outcomes than have the historical conventional approach. Patients gain the routine benefits associated with laparoscopy, such as less pain, shorter length of hospital stay, and less blood loss. In various case series (Tab. 1), the length of stay in the hospital ranges between 1 and 3 days.  Some studies show that the operating time for laparoscopic repair is less than the conventional repair by as much as 30 to 40 minutes. Importantly, the recurrence rate is reduced significantly by 2% to 9% (Tab. 2). In the longest follow-up series of laparoscopic incisional hernia repair reported by LeBlanc et al, the mean time to recurrence was 22 months (range, 4 to 47 months) after surgery. Follow-up beyond two years is thus necessary to obtain a true recurrence rate. LeBlanc et al found recurrences were associated with a lack of suture fixation of a prosthetic overlap less than 3 cm. Roth et al. found that although not statistically significant, postoperative complications and prior repairs increased the incidence of recurrence (8% vs 14%, ns; and 4% vs 17%, ns, respectively). In a large, multicenter laparoscopic series of 407 patients (Todd Heniford, 1998), most recurrences (43%) occurred in patients whose mesh was fixated with staples and tacks only. Lower complication rates for laparoscopic repairs have been reported compared with the open mesh repair (27%). A seroma formation rate of 2% to 8% compares favorably with reported seroma rates of 16% to 20% in open incisional hernia repairs using expanded polytetrafluoroethylene (ePTFE). Additionally, the infection rate is lower than reported rates of 12% to 45% in open repairs. Enterotomies should be managed by immediate repair of the enterotomy and delayed definitive repair of the hernia for 1 or 2 months, in order to avoid infecting the prosthetic patch. Extensive adhesiolysis increases the risk of prolonged ileus, another possible complication that may lengthen the hospital stay. Some debate has occurred over the use of trans-abdominal wall suture fixation of the mesh. In a large, multicenter study (407 patients) of minimally invasive incisional herniorraphy, sutureless repair accounted for 43% of the patients who developed recurrences. Another retrospective review of 100 patients, with a mean follow-up of 51 months, revealed that all recurrences occurred in patients without suture fixation.
These studies strongly suggest that suture fixation (using stitches and stapler) is key to long-term durability and low recurrence rate of the repair of an incisional hernia.
CONCLUSIONS
The laparoscopic approach is justified due to different and some important advantages compared to open surgery: 
1. it avoids aggression to the abdominal wall by laparotomy; 
2. it avoids unnecessary extensive dissection; 
3. it eliminate the need for placing new under tension sutures over the abdominal wall; 
4. it avoids the necessity of drainage; 
5. the postoperative immobilization; is shorter; 
6. the hospital is shorter; 
7. the wound sepsis and infection arte are less than in open surgery.

Moreover, the laparoscopic approach provide also some benefit like a complete exploration of the abdominal cavity, making the parietal and visceral adhesiolysis easier, which is very important in preventing chronic post-operative abdominal pain linked to the laparotomic procedures. 
Tab. 1 – Open vs Laparoscopic Approach.
	Autori
	Procedura
	N. Pz.
	Hospital

stay
	Recidive 

%
	Follow-up
months

	Holzman, 1997
	Open

Laparo
	16

21
	5
2
	12

10
	19-20

19-20

	Park, 1998
	Open

Laparo
	49

56
	7
3
	34

11
	53

24

	Carbajo, 1999*
	Open

Laparo
	30

30
	9
2
	7

0
	27

27

	Ramshaw, 1999
	Open

Laparo
	174

79
	3
2
	21

3
	21

21

	Chari, 2000
	Open

Laparo
	14

14
	na
	0

0
	6-27

6-27

	Zanghi, 2000
	Open

Laparo
	15

11
	na
	0

0
	40

18


Tab. 2 – Laparoscopic clinical results from literature.
	Autori
	No.paz
	Recidiva
	Complicanze
	Follow-up

	 
	
	%
	%
	mesi

	Franklin, 1998
	176
	1,1
	5,1
	30,1

	Toy, 1998
	144
	4,4
	22
	7,4

	Heniford, 2000
	100
	3
	14
	22,5

	LeBlanc, 2001
	100
	9,3
	4,1
	51

	Heniford, 2000
	407
	3,4
	13
	23

	Chowbey,2000
	202
	1,6
	-
	35

	Carbajo, 2000
	100
	2
	15
	30

	Park, 1998
	56
	13
	18
	24

	Heniford, 2003
	850
	4.7
	13.2
	

	
	
	
	
	


FIG. 1. Port placement for laparoscopic incisional hernia repair and placement of distinct mark on the mesh and skin to assist with orientation of the mesh intra-abdominally.
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