FUTURISTIC TRENDS IN MEDICAL SCIENCES- NEWER APPROACHES TO MANAGEMENT OF GROIN HERNIAS
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INTRODUCTION
Hernia is a common problem of the modern world with its incidence more in developing countries. Inguinal hernia is the most common groin hernia repaired worldwide. Hernia has an incidence ranging from 5%-7%. The prevalence of hernia is far greater in developing countries like India amounting to a major health care burden. Of all groin hernias, around 75% are inguinal hernias[1,2]. The repair of the groin hernia is therefore a commonly performed surgery worldwide.
Hernia is derived from the Latin word for rupture. A hernia is defined as an abnormal protrusion of an organ or tissue through a defect or ring in its surrounding walls. Although a hernia can occur at various sites of the body, these defects most commonly involve the abdominal wall, particularly the inguinal region. It follows that the surgeon must understand the boundaries of the ring, the content of the hernia, and at which surgico-anatomical layer this hernia occurs and the other implicated surgico-anatomical layers.
A hernia is reducible when its contents can be replaced within the surrounding musculature, and it is irreducible or incarcerated when it cannot be reduced. A strangulated hernia has compromised blood supply to its contents, which is a serious and potentially fatal complication.
INCIDENCE
The lifetime risk of inguinal hernia is 27% in men and 3% in women. Of inguinal hernia repairs, 90% are performed  in men and 10% in women. Inguinal hernias are five times more common than femoral hernias. The most common subtype of groin hernia in men and women is the indirect inguinal hernia . In men, indirect hernias predominate over direct hernias at a ratio of 2 : 1.Although femoral hernias occur more frequently in women than in men, inguinal hernias remain the most common hernia in women. Femoral hernias are rare in men. Ten percent of women and 50% of men who have a femoral hernia have or will develop an inguinal hernia. Inguinal  hernias occur more commonly on the right side. This is attributed to a delay in atrophy
of the processus vaginalis after the normal slower descent of the right testis to the scrotum during fetal development. The prevalence of hernias increases with age and also the likelihood of strangulation and need for hospitalization also increase with aging. Strangulation, the most common serious complication of a hernia, occurs in only 1% to 3% of groin hernias and is more common at the extremes of life. [.3,4,5]
TYPES
Inguinal hernias are generally classified as indirect, direct, and femoral based on the site of herniation relative to surrounding structures. Indirect hernias protrude lateral to the inferior epigastric vessels, through the deep inguinal ring. Direct hernias protrude medial to the inferior epigastric vessels, within Hesselbach’s triangle.
The Nyhus classification categorizes hernia defects by location, size, and type:
Type I - Indirect hernia; internal abdominal ring normal; typically in infants, children, small adults
Type II Indirect hernia; internal ring enlarged without impingement on the floor of the inguinal canal; does not extend to the scrotum
Type IIIA  Direct hernia; size is not taken into account
Type IIIB  Indirect hernia that has enlarged enough to encroach upon the posterior inguinal wall; indirect sliding or scrotal hernias are usually placed in this category because they are commonly associated with extension to the direct space; also includes pantaloon hernias
Type IIIC Femoral hernia
Type IV Recurrent hernia; modifiers A–D are sometimes added, which correspond to indirect, direct, femoral, and mixed, respectively
RELEVANT SURGICAL ANATOMY
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The inguinal canal is an approximately 4- to 6 cm-long cone shaped region situated in the anterior portion of the pelvic basin . The canal begins on the posterior abdominal wall, where the spermatic cord passes through the deep (internal) inguinal ring, a hiatus in the transversalis fascia. The canal concludes medially at the superficial (external) inguinal ring, the point at which the spermatic cord crosses a defect in the external oblique aponeurosis. The boundaries of the inguinal canal are comprised of the external oblique aponeurosis anteriorly, the internal oblique muscle laterally, the transversalis fascia and transversus abdominis muscle posteriorly, the internal oblique muscle superiorly, and the inguinal (Poupart’s) ligament inferiorly. The spermatic cord traverses the inguinal canal, and it contains three arteries, three veins, two nerves, the pampiniform venous plexus, and the vas deferens. It is enveloped in three layers of spermatic fascia. Additional important structures surrounding the inguinal canal include the iliopubic tract, the lacunar ligament, Cooper’s ligament, and the conjoined tendon. The vascular space is situated between the posterior and anterior laminae of the transversalis fascia, and it houses the inferior epigastric vessels. The inferior epigastric artery supplies the rectus abdominis. It is derived from the external iliac artery, and it anastomoses with the superior epigastric, a continuationof the internal thoracic artery. The epigastric veins course parallel to the arteries within the rectus sheath, posterior to the rectus muscles. Inspection of the internal inguinal ring will reveal the deep location of the inferior epigastric vessels. Nerves of interest in the inguinal region are the ilioinguinal, iliohypogastric, genitofemoral, and lateral femoral cutaneous nerves.
The preperitoneal anatomy seen in laparoscopic hernia repair led to characterization of important anatomic areas of interest, known as the triangle of doom, the triangle of pain, and the circle of death .
The triangle of doom is bordered medially by the vas deferens and laterally by the vessels of the spermatic cord. The contents of the space include the external iliac vessels, deep circumflex iliac vein, femoral nerve, and genital branch of the genitofemoral nerve. The triangle of pain is a region bordered by the iliopubic tract and gonadal vessels, and it encompasses the lateral femoral cutaneous, femoral branch of the genitofemoral, and femoral nerves. The circle of death is a vascular continuation formed by the common iliac, internal iliac, obturator, inferior epigastric, and external iliac vessels[6].
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APPROACH TO MANAGEMNT OF INGUINAL HERNIAS
Surgical repair is the definitive treatment of inguinal hernias; however, operation is not necessary in a subset of patients. Nonoperative management is an appropriate consideration in minimally symptomatic patients. A nonoperative strategy is safe for minimally symptomatic inguinal hernia patients, and it does not increase the risk of developing hernia complications and these include trusses and recumbent position[7,8].
HISTORICAL OR OPEN APPROACH
It is subdivided into techniques that employ prostheses to create a tension-free repair and those that reconstruct the inguinal floor using native tissue. Tissue repairs are indicated when the use of prosthetic material is contraindicated, (contamination or strangulation). 
Exposure of the anterior inguinal region is common to the open approaches. An oblique or horizontal incision is performed over the groin followed by a small incision in the external oblique aponeurosis parallel to the direction of the muscle fibers. Then the flaps of the external oblique aponeurosis are elevated,the interior oblique fibers are dissected followed by dissection of the inferior flap to reveal the shelving edge of the inguinal ligament. The iliohypogastric and ilioinguinal nerves are identified and preserved.. The pubic tubercle is identified and the cord structures are atraumatically dissected off and the cord is elevated 2 cm over the pubic symphysis in an avascular plane. An indirect hernia sac will generally be found on the anterolateral surface of the spermatic cord. The floor of the inguinal canal is fully assessed for direct hernias. The floor of the inguinal canal is fully assessed for direct hernias. If a hernia is not visualized upon entry into the inguinal canal, the preperitoneal space should be explored for a femoral hernia. At this point, the inguinal canal is reconstructed, either with native tissue or with prostheses.
TISSUE BASED HERNIORRHAPHY
Tissue-based herniorrhaphy is a suitable alternative when prosthetic materials cannot be used safely. The Bassini repair was an historic advancement in operative technique. Its current use is limited, as modern techniques reduce recurrence. The original repair includes dissection of the spermatic cord, dissection of the hernia sac with high ligation, and extensive reconstruction of the floor of the inguinal canal .
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Bassini Repair                                                                            Shouldice repair
The Shouldice repair recapitulates principles of the Bassini repair and its distribution of tension over several tissue layers results in lower recurrence rates. At the pubic tubercle, the iliopubic tract is sutured to the lateral edge of the rectus sheath using a synthetic, non absorbable, monofilament suture. This continuous suture progresses laterally, approximating the edge of the inferior transversalis flap to the posterior aspect of the superior flap. At the internal inguinal ring, the suture continues back in the medial direction, approximating the edge of the superior transversalis fascia flap to the shelving edge of the inguinal ligament. At the pubic tubercle, this suture is tied to the tail of the original stitch. The next suture begins at the internal inguinal ring, and it continues medially, apposing the aponeuroses of the internal oblique and transverses abdominis to the external oblique aponeurotic fibers. At the pubic tubercle, the suture doubles back through the same structures laterally toward the tightened internal ring. 
In McVay repair A 2- to 4-cm relaxing incision is made in the anterior rectus sheath vertically from the pubic tubercle. This incision is essential to reduce tension on the repair; however, it may result in increased postoperative pain and higher risk of ventral abdominal herniation. Using either interrupted or continuous suture, the superior transversalis flap is then fastened to Cooper’s ligament, and the repair is continued laterally along Cooper’s ligament to occlude the femoral ring. Lateral to the femoral ring, a transition stitch is placed, affixing the transversalis fascia to the inguinal ligament. The transversalis is then sutured to the inguinal ligament laterally to the internal ring.
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Mcvay repair

TRANSITION TO PROSTHETIC REPAIRS
Tension-free prosthetic mesh repairs signified a paradigm shift in the surgical concept of inguinal hernia. Mesh-based hernioplasty is the most commonly performed general surgical procedure
The Lichtenstein technique expands the domain of the inguinal canal by reinforcing the inguinal floor with a prosthetic mesh, thereby minimizing tension in the repair. The inguinal canal is dissected to expose the shelving edge of the inguinal ligament, the pubic tubercle, and sufficient area for mesh. The medial edge of the mesh is affixed to the anterior rectus sheath such that it overlaps the pubic tubercle by 1.5 to 2 cm. This refinement to the original Lichtenstein technique minimizes medial recurrence[9].
Plug and Patch Technique A modification of the Lichtenstein repair  in which Prior to placing the prosthetic mesh patch over the inguinal floor, a three dimensional prosthetic plug is placed in the space previously occupied by the hernia sac. the plug is placed alongside the spermatic cord through the internal ring. Prosthetic plugs of various sizes are available, and one of appropriate size is fixed to the margins of the internal ring with interrupted sutures[10,11]
Prolene Hernia System The Prolene Hernia System (PHS) repair provides reinforcement to the anterior and posterior aspects of the abdominal wall. With an indirect hernia, the sac is dissected from the spermatic cord, and the preperitoneal space is bluntly dissected through the internal ring. With a direct hernia, the transversalis fascia is opened at the defect, and the preperitoneal space is bluntly dissected to create space for the mesh. The advantage of the preperitoneal mesh position is that increased intra-abdominal pressure pushes the mesh into closer apposition to the abdominal wall. 
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Lichtenstein technique
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Plug and patch repair
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Prolene Hernia System
ADVENT OF LAPROSCOPIC TECHNIQUES 
Laparoscopic inguinal hernia repairs reinforce the abdominal wall via a posterior approach. Principal laparoscopic methods include the transabdominal preperitoneal (TAPP) repair, the totally extraperitoneal (TEP) repair, and the less commonly performed intraperitoneal onlay mesh (IPOM) repair.
Most surgeons agree that the laparoscopic approach to bilateral or recurrent inguinal hernias is superior to the open approach[12]. International Endohernia Society (IEHS) guidelines offer a Grade A recommendation that TEP and TAPP are preferred alternatives to Lichtenstein repair for recurrent hernias after open anterior repair.[13]
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Port placement in TAPP(A) & TEP(B)
The transabdominal approach(TAPP) confers the advantage of an intraperitoneal perspective, which is useful for bilateral hernias, large hernia defects, and scarring from previous lower abdominal surgery. For bilateral inguinal hernia repair, bilateral peritoneal incisions are advisable, leaving a midline bridge of tissue to avoid injuring a potential patent urachus. The inferior edge of incised peritoneum is retracted, and the preperitoneum is dissected to expose the spermatic cord. If a direct hernia is encountered, the sac is inverted and fixed to Cooper’s ligament to prevent development of hematoma or seroma. An indirect hernia sac will usually protrude anterior to the spermatic cord. In this case, the sac is grasped and elevated superiorly from the cord and the space below is developed bluntly to allow for mesh placement. The sac is dissected from its adhesions, and the cord is skeletonized. The mesh is rolled lengthwise and placed through the 12-mm trocar and unrolled in the preperitoneal space .The prosthesis can now be secured with staples, tacks or glue. The medial edge is stapled or tacked to the soft tissue around the contralateral pubic tubercle and the symphysis pubis. The medial , inferior border is secured just above Cooper ligament. Next the prosthesis is secured along the superior border to the posterior rectus sheath and transversalis fascia at least 2cm above the hernia defect. The last step is to cover the prosthesis by closing the peritoneum with sutures, tacks, staples or glue.
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Incision of peritoneum                            Entering lateral inguinal space           Hernial sac dissection
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Mesh is fixed  to Cooper’s Ligament      Securing the superior border of mesh               Peritoneal closure
Totally Extraperitoneal Procedure(TEP).The advantage of the TEP repair is the access to the preperitoneal space without intraperitoneal infiltration. Consequently, this approach minimizes the risk of injury to intra-abdominal organs and port site herniation through an iatrogenic defect in the abdominal wall. As with TAPP, TEP is indicated for repair of bilateral inguinal hernias or for unilateral hernias when scarring makes the anterior approach challenging. A small horizontal incision is made inferior to the umbilicus. Subcutaneous tissue is dissected to the level of the anterior rectus sheath, which is then incised lateral to the linea alba. The rectus muscle is retracted superolaterally, and a dissecting balloon is advanced through the incision toward the pubic symphysis. Under direct visualization with a 30° laparoscope, the balloon is inflated slowly to bluntly dissect the preperitoneal space . The dissecting balloon is replaced with a 12-mm balloon trocar, and pneumopreperitoneum is achieved by insufflation to 15 mmHg. A 5-mm trocar is placed suprapubically in the midline, and another is placed inferior to the insufflation port . The patient is placed in the Trendelenburg position, and the operation proceeds in an identical fashion to TAPP.
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 (
The balloon is then inflated to create a working space
) (
Preperitoneal space dissection-the balloon dissector is inserted into the preperitoneal space amd advanced to the pubic symphysis
)
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 (
The balloon  deflated , removed and replaced with a Hasson or Balloon tip cannula. The preperitoneal working space is visualized with the laproscope and other ports are placed
)
 (
Blunt graspers and gentle traction are used to reduce indirect sacs as they course with the cord structures through the internal inguinal ring
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Intraperitoneal Onlay Mesh Procedure(IPOM) IPOM procedure permits the posterior approach without preperitoneal dissection. It is an attractive procedure in cases where the anterior approach is unfeasible, in recurrent hernias that are refractory to other approaches, or where extensive preperitoneal scarring would make TEP or TAPP challenging. The sac itself is not inverted from the preperitoneal space. Instead, mesh is placed directly over the defect and fixed in place with sutures or spiral tacks.

NOVELISTIC APPROACHES TO HERNIA REPAIR

Desarda technique The Desarda technique of inguinal hernia repair uses live muscle tissue adjacent to the hernia site to repair and reinforce the weakened area. There is no synthetic mesh material used in this operation. A strip of tissue is separated from the external oblique aponeurosis keeping its insertion and continuity with the muscle intact. This strip is sutured to the inguinal ligament below and the internal oblique muscle or aponeurosis above. This strip of natural tissue now covers the area of the hernia in the posterior wall of the inguinal canal. The advantages of this repair that it  is performed  with the patient's own tissue(natural tissue repair), avoidance of entry into the abdomen and potential injury to intestine or major blood vessels, Extraordinarily low risk of infection or major complications and it can be performed under local or regional anesthesia.[14,15]
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Desarda Technique
NOTES Natural orifice transluminal endoscopic surgery (NOTES) continues to be explored as a future option for general surgery. Proponents of this approach claim a potential benefit in cosmesis, decreased pain, early return to work, decreased port site complications, and specific advantages in the obese population. Most agree that NOTES operations for hernia repair increase the risk of a major complication, and these techniques should strongly be considered as experimental for now and performed under institutional research protocols[16]

Robotic surgery The use of the da Vinci robot has expanded since its approval by the Food and Drug Administration in 2000[17]. Initially applied for hysterectomy and prostatectomy, it has recently been used for an increasing number of general surgery procedures, including Nissen fundoplication, single site cholecystectomy, colectomy, and ventral or incisional hernia repair. The magnified, three-dimensional high-definition view, computer-aided elimination of tremor, and seven degrees of freedom at the distal ends of the instruments with superior maneuverability, have led to its increasing adoption[18]. Many surgeons are currently utilizing the robot simply to facilitate their ability to suture the hernia defect closed, and thus place the mesh as an intraperitoneal onlay. The advantages include shorter hospital stay, less blood loss and less infection rates.[19]
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Da Vinci Robot
ADVANCEMENTS IN MESH
The mesh materials have been classified based on its biological response and handling characteristics. These includes non-absorbable and synthetic, non-absorbable and synthetic with a barrier, synthetic and partially absorbable, combined and biological materials.
Non-absorbable and synthetic materials
Polypropylene(PP) is a nonabsorbable polymer which are presented in both coated and uncoated forms and the main disadvantage is its heavy-weight ,therefore, abdomen is present with more foreign body and its resultant intense inflammatory response lead to side effects and complications includes formation of thick scar and contraction of the mesh, lead to hernia recurrence as the mesh “shrinks”. Recently light weight PP mesh has been introduced to overcome the complications of heavy-weight mesh[20,21].
Polyester This mesh is chosen for hernia repair mainly to improve conformability and tissue in-growth with the abdominal wall. Its biological response in terms of scar formation, side effects and complications are similar to PP. It has been reported to degrade over time, especially during infections, therefore claiming for hernia repair.[22]
Expanded polytetrafluoroethylene (ePTFE) Its application is generally limited to surgical situations where visceral adhesion is of major concern. This mesh has smaller pores sizes and this property inhibits intestinal adhesion and it also does not facilitate tissue in-growth in the abdominal wall resulting eventually in encapsulation, thus weaker hernias repair[23].Advantages lie in the fact that it exhibits minimal inflammatory reaction and comparatively lower scar density.[24]
Non-absorbable and synthetic materials with a barrier
Prosthesis with either an absorbable or a nonabsorbable barrier is used for preventing bowel adhesions when it placed intraperitoneally. Here the barrier minimize the biological response, provide the limited opportunity for initial adhesion to the material thereby reducing the activation of imflammatory cytokines and cells. The possible barriers are ePTFE, polyurethane, oxidised regenerated cellulose, omega-3 fatty acids, collagen, or beta glucan. Numerous experimental studies show the anti-adhesive properties of these compounds, both with physical (non-absorbable) or chemical (absorbable) barriers.[25,26]
Synthetic and partially-absorbable meshes 
The purpose of constructing partially absorbable mesh is mainly to reduce the density of the biomaterial and its subsequent inflammatory reaction while maintaining the intraoperative handling characteristics and long-term wound strength. Currently available meshes are developed with a fusion of non-absorbable (PP) and absorbable materials for eg polyglactin 910 , poliglecaprone 25 and Polyglycolide copolymer .Usage of this kind of mesh material has been known to cause less fibrosis and structural change.[27]
Combined Meshes 
Polyester and PTFE combined meshes, former allows the abdominal wall tissue in-growth whereas later prevent the occurrence of intestinal adhesion achieved through different pore size of the mesh. 
Newer biological meshes 

The primary importance for the construction of biological mesh is to overcome the problems of synthetic meshes and to provide mechanical support, tissue remodeling along the mesh scaffold in order to create highly organized collagen network thereby to establish new vascular access to the hernia site taking collagen rich tissues from human or animals, stripping of all cellular contents and stabilizing the resultant extracellular protein structure to act as a collagen scaffold for the in growth and deposition of fibroblast and collagen respectively .[28] Because these materials induce angiogenesis for the remodeling of the tissue, potentially resist infection and they have a moderately good success rate for salvaging contaminated and infected fields, especially when placed with wide overlap.[29,30] In general, they have lower tensile strength and subsequent higher rates of rupture than synthetic prostheses[31]. They also have varying degrees of tensile strength and tissue biocompatibility between them. In general crosslinked graft materials are more durable and less prone to failure than non–cross-linked grafts[32].
SUMMARY
Inguinal hernia repair continues to advance, through a combination of newer, more innovative surgical techniques and improvements in technology, such as self-fixing sutureless systems that reduce postoperative pain and improve patient experience. Conventional methods have been widely successful in the past and progress in this field of surgery has largely involved ‘fine tuning’ a range of intraoperative and postoperative factors to maximise surgeon and patient satisfaction. Following the introduction of synthetic meshes, improvements continue to evolve in terms of design and materials. The use of minimally invasive surgery has been another source of progress although the comparative success of these techniques has been limited by its availability and cost-effectiveness. This has led to the concurrent use of both newer and more conventional methods. The common denominator for all these advances is an improvement in patient care manifested as a decrease in postoperative morbidity and more importantly a faster return to daily activities. 
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Figure 37-23. Operating room setup for laparoscopic inguinal hernia repair.

Totally Extraperitoneal Procedure. The advantage of the
TEP repair s the access o the preperitoneal space without intraper
itonealinflration. Consequently,this approach minimizes the risk
of injury 10 intrrabdominal ongans and port sie herniation through
ogenic defectin the abdominal wall. As with TAPP, TEP is
indicated for repair of bilateral inguinal hernias or for unilatera
hernias when scarring makes the antrior approach challenging
A small horizontal incision is made inferior 1o the umbi
licus. Subutancous tssu ted 10 the level of the ante-
rior rectus sheath, which is then incised lateral o the inea alba.
The rectus muscle is retracted superolaterally, and a dissect-

ing balloon is advanced through the incision toward the pubic
Symphysis. Under direct visualization with a 30° laparoscope,
the balloon is inflated slowly to bluntly dissect the preperi-
toneal space (Fig. 37-26). The dissecting balloon is replaced
with a 12-mm balloon tocar. and pneumopreperitoncum is
achieved by insufflation to 15 mmHg. A S-mm trocar is placed
suprapubically in the midline. and another is placed inferior
t0 the insufflation port (see Fig. 37-24). The patient is placed
in the Trendelenburg position, and the operation proceeds in
an identical fashion to TAPP. No modifications are necessary
1 repair bilateral inguinal hemias with the TEP approach.

A

Figure 37-24. Trocar placement for (A) prep

Any peritoneal rents should be repaired prior to desufflation to
prevent mesh from contacting intraperitoneal structures. Fol-
lowing mesh placement, the preperitoneal space is desufflated
slowly under direct vision to ensure proper mesh positioning.

repair.

Mosons
—

‘and ubiquitous in sub-Saharan Africa and India, and they have
similar mechanical properties to commercially available hernio-
plasty meshes. Meta-analysis of 577 herioplasties performed
using sterilized mosquito nets demonstrated similar rates of

5
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The hernia sac dissection is performed using traction contra-
traction maneuvers and fine coagulation. To avoid the injuries of
the ductus deferens and spermatic vessels the sac dissection
always starts anteriorly.
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The Mesh should cover Myopectineal orifice.

When the mesh is smoothed out, it overlaps the pubic bone & crosses midiine

TIP - wrinkles or folds should not be seen
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The peritoneum is closed by a running 2-0 vicryl suture.
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