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General introduction

An abdominal wall hernia is defined as an intermittent or continuous protrusion of abdominal
organs through a defect in the abdominal wall. In case of an incisional hernia an abdominal
wall defect develops in the scar of a wound in the abdominal wall, which was inflicted during

previous surgery.

ABDOMINAL CAVITY AND ABDOMINAL WALL

The abdominal wall contains the abdominal cavity; a space that holds the abdominal or-
gans. The dorsal, lateral and most of the ventral abdominal wall is formed by the external
oblique, the internal oblique and transverse abdominis muscles. The external oblique muscle
originates from the 5th to 12th ribs and has a medio-caudal direction. The internal oblique
muscle originates from the iliac crest and follows a medio-proximal direction. The transverse
abdominis muscle originates from the lower six ribs, the lumbodorsal fascia and the iliac crest.
Its fibers are directed horizontally. The aponeuroses of these three muscles form the rectus
sheaths, which enclose the fourth abdominal wall muscle, the rectus abdominis. The rectus
abdominis inserts on the ribcage superiorly and on the pubic bone inferiorly. Its fibers have a
vertical direction and are interrupted by three or four tendinous intersections. The sheaths of
the rectus abdominis muscle are continuous with those of the contralateral rectus abdominis

muscle. In between both muscles they join to form the relatively avascular linea alba.

Inside the abdominal cavity a continuous positive pressure of 2-20 mm Hg is maintained
(lying-standing). This pressure can increase to values as high as 150 mm Hg during coughing
and vomiting'. The abdominal wall counters this pressure, resulting in a continuous strain on
the abdominal wall tissues. Moreover, the abdominal wall enables the body to elevate the ab-

dominal cavity pressure at will, for example during defecation, micturition and respiration.

INCISIONAL HERNIA DEVELOPMENT

During a laparotomy, the abdominal wall is incised to gain access to the abdominal cavity
and its contents. At the end of the operation, the abdominal wall is closed by suturing the
edges of the wound together. The skin is subsequently closed over it. When a defect devel-
ops in the abdominal wall scar, abdominal cavity contents may protrude through this defect,
pushed outwards by the positive intra-abdominal pressure. Elevated intra-abdominal pres-
sure, which occurs during defecation, vomiting, coughing, etc., may facilitate this event.

The defect in the abdominal wall most likely develops because of an early partial separation
of the abdominal wound edges, which makes collagen bridging during wound healing com-
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12 | Chapter 1

plicated?. This separation may be caused by one or a combination of factors that will be dis-
cussed later. When a major defect in the abdominal wall develops within days after surgery,
the skin may not have had the opportunity to heal sufficiently, and abdominal organs may
protrude through an open wound. This situation is called “burst abdomen” or “platzbauch”
and requires emergency surgery. However, the skin usually remains intact, probably because
of the limited size of an initial defect. Often, this defect goes unnoticed at first and becomes

apparent later, because of a gradual increase in size. This situation is called incisional hernia.

RISK-FACTORS FOR INCISIONAL HERNIA DEVELOPMENT

In general, three groups of factors causing or facilitating incisional hernia development can
be identified:

1. CONDITIONS ASSOCIATED WITH IMPAIRED WOUND HEALING.

Conditions that cause impaired wound healing are often present before the operation and
may not be amenable to intervention. High age is associated with atrophy of the abdominal
wall and changes in connective tissue. Inherent connective tissue disorders may result in
a deterioration of abdominal wall connective tissue and the tensile strength of scar tissue
may be decreased. Diabetics are prone to wound infection, which impairs wound healing.
Moreover, atherosclerosis in diabetics may impair wound healing, as may obesity, which is
often the cause of diabetes development. Corticosteroids have a deleterious effect on wound
healing and are used by large groups of patients, especially those with pulmonary disease.
Malnutrition, radiotherapy, smoking and cancer are known to cause impaired wound heal-
ing. Incisions through previous scars exhibit slow wound healing. Finally, tissue breakdown
and necrosis caused by wound infection severely impede wound healing. Of the abovemen-
tioned factors, age*®, diabetes’ , smoking®, multiple laparotomies® and wound infection>#

were identified as significant incisional hernia risk-factors.

2. CONDITIONS IN WHICH THE ABDOMINAL CAVITY PRESSURE IS RAISED.

Several conditions cause increased intra-abdominal pressure, such as chronic pulmonary
disease with cough, obesity, ascites, prostatism, constipation, pregnancy and ileus. During
raised intra-abdominal pressure the strain put on the abdominal wall scar is increased, which
could lead to wound failure and subsequent hernia development. A significant increase in
incisional hernia incidence was reported in patients with pulmonary disease®, obesity**'°and

ileus3.
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3. FACTORS ASSOCIATED WITH SURGICAL TECHNIQUE AND PERIOPERATIVE CARE.

Surgical factors play an important role in hernia development. Some types of incision, such
as the lateral paramedian and transverse incisions have proven to cause less incisional hernia
than, for example, the midline incision. This is caused by several factors. In the first place, the
anatomical structures that are cut by the incision. Richly vascularized structures heal better
than avascular structures, while division of major arteries may result in impaired wound heal-
ing. Another important factor is the pulling force of the abdominal muscles, which is mainly
transverse. This means that the wound edges in vertical incisions are likely to be separated
by this force, while transverse wound edges are approximated. Suture technique is also an
important factor. The length of the suture used should exceed the length of the wound by
at least 4 times (suture length to wound length ratio 4:1)*""'2, The length of the stitch, or
tissue bite, should at least be one centimeter, but not bigger than 5 centimeter. The suture
should include aponeurotic tissues, may include muscle, but not peritoneum or subcutane-
ous tissue? Sutures may be either interrupted or continuous. It is important to realize that
the tensile strength of the wound increases to approximately 50% at 4 weeks after operation.
After 6-12 months, the wound reaches 80% of its original strength. Suture materials should
remain their tensile strength for at least 6 weeks to allow the wound to regain sufficient ten-
sile strength?. Rapidly absorbable suture materials, such as polyglyconate (Vicryl), should not
be used, while slowly absorbable materials such as polydioxanone (PDS) perform equally
well as non-absorbable materials, such as nylon and polypropylene'*'*. Multifilament sutures
result in an increased incidence of wound infection and should therefore not be used. In
addition to type of incision and suture technique, prevention of wound infection by aseptic
techniques will prevent wound infection, as will prophylactic antibiotics. Atraumatic surgical
technique, meticulous hemostasis, removal of necrotic and breakdown tissues may further

lower wound infection incidence?.

CLINICAL PICTURE

Patients who have developed an incisional hernia usually present with a swelling in the lapa-
rotomy scar. This swelling may cause discomfort and pain. Quite often, pain and discomfort
are associated with specific activities or movements, which the patient now tries to avoid.
Many patients cannot accept the aspect of the hernia that is almost always considered disfig-
uring. Large hernias tend to cause more problems than smaller ones, while very large hernias
may cause disability, skin ulceration and respiratory problems. In some patients, abdominal
contents incarcerate in the abdominal wall defect. This happens to approximately 6-15% of
incisional hernia patients. Especially patients with large hernias that protrude through small
abdominal wall defects are thought to be at risk. In 2% of patients, incarceration leads to the
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cutting off of the blood supply to the hernia contents'®". Strangulation and necrosis follow.

In these critical situations, emergency surgery is needed.

DIAGNOSIS

During physical examination a palpable or visible bulge is found in the vicinity of a lapa-
rotomy scar. A fascial brim is often, but not always, palpable. When the abdominal pressure
rises, for example when the patient coughs or pushes, the bulge will typically grow. Palpation
is rarely painful at first. Additional diagnostics are not necessary when the diagnosis is certain
after physical examination. When the nature of a bulge is unclear, ultrasound is an often-used
diagnostic tool. When ultrasound is inconclusive, CT-scan and MRI offer superior, but more

expensive diagnostic imaging.

TREATMENT

Traditional incisional hernia repair is performed by primary closure of the abdominal wall de-
fect. The wound edges are approximated and sutured. Overlap techniques, such as the Mayo
repair, have also been in widespread use. Several abdominoplasty techniques have been de-
veloped to close large abdominal wall defects. The Ramirez component separation technique
is currently the most popular. Results of primary closure are poor. Simple approximation and
the Mayo repair result in recurrence rates of 25-54%'82'. After use of the component separa-
tion technique recurrence rates of 32% were reported?. Better results were reported since
the use of prosthetic meshes was introduced. This was confirmed by a randomized controlled
trial by Luijendijk et al. In mesh repair, a prosthetic mesh is used to bridge the defect and
is fixed to the abdominal wall. This method results in decreased tension on the wound and
reinforcement of the abdominal wall. Despite this significant improvement, recurrence rates

ranging from 4 to 34% were reported'#223:24,

Apart from recurrence, mesh implantation is associated with several other complications.
Mesh placement in direct contact with the abdominal viscera cannot always be avoided.
Moreover, direct contact between mesh and abdominal viscera is inherent to laparoscopic
hernia repair, which gained popularity in recent years. When the abdominal viscera come
into contact with the prosthetic mesh, a foreign body reaction ensues, causing adhesion
formation. Adhesion formation may cause pain?2, bowel obstruction?’*° and infertility®'>2
Inflammation and bowel erosion may also cause enterocutaneous fistula, a feared and
life-threatening condition. Leber et al reported an incidence of 3.5%2*. Many surgeons feel
that the severity of this complication is such, that the prevention of one mesh-associated
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enterocutaneous fistula equals the occurrence of many suture-repair associated recurrences.
Since the introduction of polypropylene mesh by Usher in 1963%*, a multitude of studies was
undertaken to investigate whether other meshes resulted in less adhesion formation and
erosion, while preserving adequate tissue incorporation and wound tensile strength. Some
materials withstood the test of time, such as e-PTFE. In recent years, composite meshes were
developed, in which manufacturers tried to combine the non-erosive and anti-inflammatory
properties of a particular material with the favourable incorporation and tensile strength
properties of polyester and polypropylene. Combinations of polypropylene with e-PTFE and
polypropylene with cellulose-hyaluronate are examples of such attempts.

OUTLINE OF THE PROBLEM

Incisional hernia is a problem of magnitude. For the individual patient incisional hernia is
an unexpected and hindering complication, which can influence daily life in such a manner
that he or she could be considered disabled. Renewed admissions and operations have a
major impact on the patient. When subsequent hernia repair does not solve the problem, but
results in recurrence or complications, a patient’s quality of life may be seriously affected.

Incisional hernia is a problem for health care as well. In the Netherlands, approximately
100,000 laparotomies are performed each year. Considering that 9-19%*343¢ of these patients
will develop an incisional hernia, 9,000 — 19,000 new incisional hernias can be expected. In
the United States approximately 5,000,000 laparotomies are performed annually, resulting
in 450,000 to 950,000 new incisional hernias. In approximately 4,000 patients in the Nether-
lands and 200,000 in the U.S. the complaints will reach such a severity that hernia repair is
needed?°. This means that 4% of all patients undergoing a laparotomy will have to undergo
a subsequent hernia repair. Following hernia repair, many patients will suffer a recurrence
that may require one or more subsequent hernia repairs. In the current socioeconomic cli-
mate with tight health care budgets and shortages in personnel and capacity, these are large
numbers.

Finally, incisional hernia is a socioeconomic problem. It can cause a patient’s non-atten-
dance at work. Some patients may no longer be able to comply with their job’s demands,
while others need adjusted labour. The economic consequences are impossible to calculate,
but one cannot conclude otherwise than that these must be high.

AIM OF THE THESIS

Extensive research on incisional hernia has been done, resulting in increasing knowledge on
how to prevent and treat incisional hernia. Many questions remain. With regard to incisional
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hernia development, experimental studies were undertaken in search of an underlying con-
nective tissue disorder*®#'. In clinical studies, incisional hernia was associated with abdominal
aortic aneurysm*>%. Whether different types of hernia are related and whether they may be
attributed to a common connective tissue disorder is not known. The question we wanted
to answer in the current thesis is “does a connective tissue disorder play a role in incisional
hernia and inguinal hernia development and are these two diseases related?” Moreover, we
searched for a link between incisional and inguinal hernia and other diseases, such as aortic
aneurysm, hiatus hernia, epigastric hernia and umbilical hernia, in which aberrant connective

tissue metabolism may play a role.

Connective tissue disorders are a possible cause of incisional hernia, while the surgical factor
is a certain one. How important these two factors are in proportion to each other is unknown.
Because the tensile strength of the wound depends on the sutures at first and on the tensile
strength of scar tissue later, it has been suggested that an early development of incisional
hernia indicates perioperative factors as its main cause**, while a late development implies
impaired wound healing due to patient related factors, including connective tissue disor-
ders®®°', The logical next step is to determine when an incisional hernia develops. There are
two ways to answer this question: by clinical diagnosis, or by radiological detection. Strikingly,
these two methods yield contrary results. The clinical diagnosis incisional hernia is often made
years after surgery, as was reported by a number of authors 3>%%%3, Only one study looked at
the time point at which incisional hernia can be identified radiologically. Playforth and Pol-
lock reported that incisional hernia develops within one month of surgery*#. Although the
methods of the latter study appear to be superior to those of the other studies, to this day, it
remains the only study to report an early development of incisional hernia. In a retrospective
study, using CT-scans of patients that did and patients that did not develop incisional hernia,

we investigated whether we could confirm the results of Playforth and Pollock.

With regard to incisional hernia prevention, many authors have reported on type of incision
and associated incisional hernia rates. Some types of incision are associated with much lower
incisional hernia rates than others. However, these incisions have not become routine. In a
systematic review, we studied the types of incision that are at the surgeon’s disposal and the
type of surgery for which they may be suitable. We established the associated incisional her-
nia rates, but we also looked at postoperative pain, wound infection and wound dehiscence.
In a second study we applied these data to operation data that were obtained from Prismant,
the Dutch National Medical Registration®®. Our impression was that the choice of incision
amongst Dutch surgeons was fairly uniform. With this in mind, we estimated what a change
of practice with regard to choice of incision may do to the number of incisional hernias in the
Netherlands.
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With regard to incisional hernia repair, retrospective studies from the past and the random-
ized controlled trial by Luijendijk et al proved mesh repair to be superior to suture repair®.
However, data from Germany®, the United States> en the Netherlands® show that a great
number of surgeons still refrains from using a mesh, despite clinical evidence. Use of a mesh
is generally accepted for large incisional hernias, in which use of a mesh is often unavoidable.
However, many surgeons still regard suture repair as a good treatment for small incisional
hernias. Underestimation of their own recurrence rates is likely to play an important role in
this misconception®. Moreover, some authorities still advocate suture repair for incisional
hernias with a diameter smaller than 5 cm®® or 3 cm®’. In the only randomized controlled
trial available, a three-year cumulative recurrence of incisional hernia of 23% after mesh re-
pair and 46% after suture repair was reported. Luijendijk also differentiated between small
(<10cm?) and large (>10cm?) incisional hernias. In this study a small hernia could therefore
be a defect of 3.15 x 3.15 cm, which would generally be considered small. The recurrence
rate after suture repair of such a defect, or smaller, was 44%, while the recurrence rate after
mesh repair was 6%'. Another reason why surgeons may refrain from the use of a prosthetic
mesh is the occurrence of mesh related complications. To provide additional proof that the
answer to the question “how should we treat incisional hernia” is “by always using a mesh”
we obtained ten-year follow-up of the previously mentioned randomized controlled trial.
In addition to recurrence rates, we studied complications, pain, patient satisfaction and the
number of reoperations that recurrences required.

With regard to mesh repair and the complications that are associated with it, many attempts
were made to develop new and improved mesh materials, as was described earlier. However,
the perfect mesh has not yet been found. The main problem is that incorporation and tensile
strength benefit from macroporous meshes that elicit a pronounced foreign body reaction.
Adhesion prevention on the other hand relies on non-erosive, anti-inflammatory properties.
Mesh manufacturers continue to develop new mesh materials. Recently, four new meshes
were introduced, three of which were specifically designed to decrease adhesion formation.
Their value was however not yet established. In an experimental study, in which we evaluated
adhesion formation, mesh infection, mesh incorporation, foreign body reaction and wound
tensile strength, we studied whether these new meshes are superior to meshes currently
available.

17
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OUTLINE OF THE THESIS

Chapter two presents an anatomical study of the abdominal wall.

Chapter three is a retrospective study, in which we searched for a relationship between inci-
sional and inguinal hernia patients, thus establishing whether a connective tissue disorder
may exist in this specific hernia patient population.

Chapter four is retrospective clinical and radiological study of patients who underwent CT-
scans during the first month after abdominal surgery; we tried to establish whether incisional
hernia develops early or late.

Chapter five is a review of surgical incisions and their associated incisional hernia and com-
plication rates.

Chapter six is a review of incisional hernia prevention strategies.

Chapter seven is an analysis of current surgical practice in the Netherlands with regard to type
of incision and hernia repair and the possible beneficial effects of a change of practice on
incisional hernia incidence.

Chapter eight presents the long-term follow-up of a randomized controlled trial of suture
vs. mesh repair of incisional hernia. Recurrence, complications, pain and patient satisfaction
were studied.

Chapter nine presents the results of an experimental study that was performed to establish
the value of new prosthetic meshes in the prevention of mesh associated complications after
mesh repair of incisional hernia.

Chapter ten is the general discussion.
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This issue of Operative Techniques in General Surgery deals with selected abdominal wall
hernias other than those of the groin. The purpose of this chapter is to set the stage for the
operative descriptions that follow. To repair the hernias that will be discussed, a requisite
knowledge of the anatomy is essential. Therefore we will illustrate the salient anatomy as it
specifically affects surgical decision making in the repair of abdominal wall hernias.

The abdomen represents the portion of the trunk between the thorax and pelvis. For the
purpose of the hernia repairs to be described in this issue, only the anterior abdominal wall
is of interest. The abdominal wall structure will be described from the most superficial layer
to the peritoneum.

SUPERFICIAL FASCIA, VESSELS, AND NERVES

The abdominal wall consists of skin, superficial fascia, fat, muscles, transversalis fascia, and the
parietal peritoneum. The panniculus adiposus consists of the fat deposits in the superficial
fascial layer often referred to as Camper’s fascia. Scarpa’s fascia is the membranous deeper
layer to this, which contains more fibrous tissue. The fibrous layer is formed by compacted
fibrous strata that are in continuity with the fatty layer. This layer has no intrinsic strength for
hernia repair but is valuable since it provides another layer of protection for the underlying
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FIGURE 1 (A). Blood supply - anterior abdominal wall.
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hernia repair, especially when prosthesis is used. This membranous deep fascia merges with
the deep thigh fascia and superficial perineal fascia to contribute to the fascia lata and Colles’
fascia, respectively. The blood supply to the superficial layers is derived from branches of the
femoral artery, namely the superficial epigastric arteries. Venous drainage into the femoral
veins is facilitated via the saphenous hiatus in the thigh.

Three major arterial branches supply blood to either side of the anterior abdominal wall,
which includes two branches of the external iliac artery and a branch of the internal thoracic
artery. The inferior epigastric artery travels within the transversalis fascia until it reaches the
arcuate line where it pierces the rectus sheath. The second branch of the external iliac, the
deep circumflex iliac, runs parallel to the inguinal ligament between the transversus abdomi-
nis and internal oblique muscles. The superior epigastric, the terminal branch of the internal
thoracic artery, enters the rectus sheath superiorly (Fig TA and B).
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FIGURE 1 (B). Blood supply - anterior abdominal wall.
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The cutaneous abdominal wall innervation is consistent with a segmental dermatomal
pattern.The anterior and lateral cutaneous branches of the ventral rami of the 7™ to 12t inter-
costal nerves and the ventral rami of the first and second lumbar nerves have important sen-
sory and motor functions. T7 passes to the area just below the infrasternal notch, T10 towards
the umbilicus, and T12 to an area just above the umbilicus (Fig 2). The anterior primary rami
of this nerve group innervate the abdominal wall musculature as well as intercostal muscles.
There is poor communication between nerves as they run towards the midline. This results
in the ability to use transverse incisions through the rectus to gain access to abdominal con-
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tents. (Fig 3A &B). By reflecting the superficial fascia the ilioinguinal (L1) and iliohypogastric
(T12, L1) nerves can be noted. The iliohypogastric nerve innervates the skin just above the
pubis after traversing the external oblique.
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The superficial anatomy is essential to the laparoscopic surgeon as well. Laparoscopic
hernia repair is quickly becoming a well performed procedure with decreasing morbidity if
performed by those who are suitably trained. Laparoscopic ventral hernia repair with a self-
expanding mesh is described later.

ANTERIOR MUSCULATURE AND LIGAMENTS

Much of the strength of the abdominal wall is inherent in four paired muscles and their re-
spective aponeuroses. These aponeuroses in fact represent sheet-like tendons for the inser-
tion of the lateral muscles and also form the sheath of the rectus abdominis.

From most superficial to deep, the external oblique is the first layer of the lateral muscles
(Figs 4-6). The largest of the three, the external oblique arises from the lower eight ribs pos-
teriorly to interdigitate with both the serratus and latissimus muscles. The direction of the
fibers is approximately horizontal in the uppermost portion only to become oblique in the
lowest portions as they fold upon themselves to form the inguinal ligament. The inguinal
ligament helps to define the myopectineal orifice, which is the area contained deep to the
inguinal ligament. After contributing to the anterior portion of the rectus abdominis sheath,
the remaining fibers insert onto the linea alba which is the dense white line formed by the
medial termination of all the aponeuroses.

The external and internal oblique muscles both have functions in the support of abdominal
viscera as well as assisting in flexion and rotation of the trunk (Figs 4-6). The internal oblique
arises from the anterior two-thirds of the iliac crest and lateral half of the inguinal ligament to
run essentially at right angles to those of the external oblique. The fibers take the shape of the
iliac crest in that they fan out to insert on the 10" and 12t ribs inferiorly. Spigelian hernias in
adults are considered to be acquired through areas of separation of the internal oblique and
transversus fibers. These fibers arch over the spermatic cord (or round ligament) and the most
inferior of these join with similar aponeurotic fibers of the transversus abdominus to form the
conjoint tendon. The umbilicus marks an important level in the division of the internal oblique
aponeurosis. Above this level, the aponeurosis of the internal oblique splits to envelop the
rectus abdominis and subsequently rejoins at the linea alba. The contribution to the linea alba
inferior to the umbilicus is somewhat more direct. Here, the aponeurosis remains intact and
runs anterior to the rectus to finally contribute to the linea alba. The entire rectus sheath can
now be illustrated with the inclusion of the aponeurosis of the transversus abdominis muscle.

As described by Flament, these lateral muscles are important in the formation of midline
incisional hernias. In addition to infection of underlying wounds, his group found that inci-
sional hernias were in large part due to disinsertion of these lateral muscles in the midline
thus resulting in retraction and subsequent atrophy. His recommendations for repair are
outlined in later articles.
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The final contribution to the rectus sheath arises from the innermost of the three lateral
abdominal muscles, the transversus abdominis (Figs 4-6). This muscle arises from the 7t to
1