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Chapter 14
Incisions for Gynecologic Surgery

James J. Burke II

DEFINITIONS
Arcuate line—The demarcation above which the posterior lamella of the internal oblique aponeurosis fuses with the aponeurosis of the transversalis
muscle and passes posterior to the rectus muscles. Below this line, the aponeurosis of the internal oblique passes anterior to the rectus muscles.

Cherney incision—A transverse abdominal incision in which the rectus muscles are transected at their insertion on the pubic symphysis. The fascia
may or may not be dissected free from the rectus muscles. Entry into the peritoneum may be vertical or transverse.

Dehiscence—Disruption of a surgical wound, either superficial or deep. Superficial dehiscence is separation of the skin and subcutaneous tissue
because of seroma, hematoma, or abscess formation. Fascial dehiscence describes the separation of the fascia without extrusion of the bowel.

Evisceration—Disruption of the fascia with extrusion of the bowel through the wound.

Gridiron incision—A muscle-splitting, oblique incision, useful for a transperitoneal or extraperitoneal approach to pelvic organs; similar to a McBurney
incision.

Hernia—A late complication of wound disruption. A fascial disruption occurs with protrusion of the peritoneum, bowel, and omentum. The skin and
subcutaneous tissue are intact.

Langer lines—The natural, anatomic tissue lines on the abdominal skin.

Linea alba—Where the aponeurosis of the internal and external oblique muscles insert, anterior to the rectus musculature.

Maylard incision—A transverse abdominal incision in which the rectus muscles are transected after ligation of the inferior epigastric vessels. The
fascia is not dissected free of the rectus muscles. The peritoneum is usually entered in a transverse fashion.

Panniculectomy—Surgical removal of the pannus, excess skin, and subcutaneous fat, which hangs like an apron from the abdomen. Removal
facilitates gynecologic surgery.

Pfannenstiel incision—A commonly used transverse abdominal incision in which the rectus muscles are not cut and the fascia is dissected superiorly
and inferiorly along the rectus muscles. The peritoneum is usually entered vertically.

Schuchardt incision—An incision made in the vagina, along the sulcus of the vagina from the lateral fornix to the introitus and through the perineum.
This incision can increase room in the vagina so as to aid in difficult vaginal surgeries.

Smead-Jones closure—An interrupted closure of the anterior abdominal wall using a far-far, near-near approach. The closure includes all of the
abdominal wall structures on the far-far portion and only the fascia on the near-near portion.

Although the buzz in gynecologic surgery is a minimally invasive approach, certain benign and malignant gynecologic disease states still require a
laparotomy to treat. One of the lasting marks of any abdominal surgery, and most noticeable to the patient, is the scar made by the incision. In selecting
an incision, the gynecologist must take into consideration the underlying pathology prompting the surgery, the suspicion of malignancy, the absence or
presence of upper abdominal disease, and the underlying comorbid state of the patient. Although there are many types of incisions for gynecologic
surgery, selection of any incision must be highly individualized. However, selection of an incision should not be dictated by patient choice to preserve
cosmesis if it may compromise the surgical approach. Conversely, unduly large or poorly positioned incisions may increase the likelihood of infection,
herniation, or dehiscence, as well as unsightly cosmesis. During the surgical consenting process, the patient should be counseled on the location of
the incision, the rationale for the particular incision, and any possible complication that may arise from the planned incision. This chapter presents the
classic incisions used by gynecologists to perform most gynecologic surgery. Finally, discussion about the prevention and management of common
complications associated with abdominal incisions is presented.

ANATOMY OF THE ANTERIOR ABDOMINAL WALL
To avoid injury to vessels and nerves and to close any incision with minimal chance of dehiscence, abdominal wall anatomy should be thoroughly
understood. The abdominal wall protects the visceral organs and vasculature within the abdominal cavity. Cephalad, the anterior abdominal wall extends to
the costal margins and the xiphoid process. The costal cartilages of the seventh, eighth, ninth, and tenth ribs form a portion of the cephalad boundary.
Lateral boundaries include the iliac crests; inferiorly, the abdominal wall is delineated by the inguinal ligaments, the pubic crests, and the superior border of
the symphysis pubis. The principal anatomic structures of the abdominal wall include the overlying skin, subcutaneous tissue, muscles, fascia, and the
neurovascular supply to these structures. Many factors—such as age, muscle mass and tone, obesity, intra-abdominal pathology, previous pregnancies,
and posture—can result in variation in the contour of

the abdominal wall. These variations can affect abdominal wall topography and may present impediments to the correct choice and placement of laparotomy
incisions.

Skin and Lymphatics
The skin contains small vessels, lymphatics, and nerves. A minimal loss of skin sensation can result from any abdominal incision. Numbness below a
transverse incision frequently occurs. As stated in the discussion on nerve supply (below), laterally extended transverse abdominal incisions can result in
numbness of the skin on the anterior thigh.

The lymphatic drainage of the upper abdominal wall passes directly to the axillary lymph nodes. The lymphatic drainage of the lower abdomen passes to the
inguinal nodes and then to the iliac chain. Some lymphatics around the umbilicus drain toward the liver through the falciform ligament. When an incision is
placed transversely in the lower abdomen, lymphatic drainage of the abdominal wall above the incision site is disrupted. Some tissue swelling may develop



temporarily until collateral lymphatic drainage can be established. Patients should be counseled about this possible swelling before undergoing surgery.

In 1861, Austrian anatomist Karl Langer described cleavage lines of the skin while working with cadavers. Langer punctured numerous holes at short
distances from each other into the skin of a cadaver with a tool that had a circularshaped tip, similar to an ice pick. He noticed that the resultant punctures in
the skin had ellipsoidal shapes. From this testing, he observed patterns and was able to determine “line directions” by the longer axes of the ellipsoidal
holes and lines. These have become known as Langer lines (Fig. 14.1). Across the abdomen, these lines usually run horizontally, and when making vertical
incisions in the skin of the abdomen, cuts perpendicular to Langer lines are made, whereas transverse incisions cut parallel to these. Thus, transverse
incisions heal with a relatively fine scar, and vertical incisions can heal with a broad scar, particularly in the lower abdomen.

Muscles and Fascia
The abdominal muscles assist in respiration, defecation, urination, coughing, and childbirth by increasing intra-abdominal pressure. They work
synergistically with the muscles of the back to flex, extend, and rotate the trunk and pelvis. There are two groups of muscles that form the musculature of the
anterior abdominal wall. The flat muscles include the external oblique, the internal oblique, and the transversalis. These muscle fibers run diagonally or
transversely. The second group, composed of the recti muscles and the paired pyramidalis muscles, have fibers that run vertically (Fig. 14.2). The recti, with
their thin investing fascia, are muscles of locomotion and posture. The paired pyramidalis muscles arise from the crest of the pubic symphysis and insert into
the lower linea alba. Preservation of the pyramidalis muscles is not essential when making incisions. The integrity of the anterior abdominal wall is not
associated with this second group of muscles.

A cross section of the lower abdominal wall shows that the fascia of the abdominal muscles envelops the anterior and posterior surfaces of the rectus
muscles and anchors the external oblique, internal oblique, and transversalis muscles to the vertical (rectus) muscles (Fig. 14.3). There is excellent fascial
support anteriorly and posteriorly to the rectus muscles above the arcuate (semicircular) line. In this location, the fascial aponeurosis of the external oblique
and the split fascial aponeurosis of the internal oblique fuse together anterior to the rectus muscle and insert in the midline (linea alba). Above the arcuate
line, the posterior lamella of the internal oblique aponeurosis fuses with the aponeurosis of the transversalis muscle, passing posterior to the rectus muscle
and inserting in the midline. The lower half of the lower abdominal wall is weakened below the arcuate line, at a level about horizontal to the anterior
superior iliac spines, where the posterior division of the rectus sheath disappears. In this location, the divided lamella of the internal oblique muscle
combines and passes anterior to the rectus muscle. From this lower portion of the lower abdominal wall to the pubic rami, only the attenuated transversalis
fascia and the peritoneum lie adjacent to the posterior surface of the muscle. It is in this weakened section of the lower abdomen that most incisional hernias
occur after open pelvic surgery through lower midline incisions. In the lower abdomen, the force required to approximate edges of a vertical incision is 30
times greater than the force required to approximate edges of a transverse incision.

FIGURE 14.1 Langer lines run horizontally across the lower abdomen. A transverse incision cuts parallel to the Langer lines and usually heals with a fine
scar.

The external oblique muscle and its aponeurosis form the most anterior layer of the flat muscles. The external oblique muscle originates from the lower eight
ribs. Superiorly, the fibers of this muscle run transversely; inferiorly, they assume an oblique downward course. A portion of the muscle gives rise
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to a broad fibrous aponeurosis, which courses medially, anterior to the rectus muscle. The next posterior fanlike muscle is the internal oblique, which
originates primarily from the iliac crest, the thoracolumbar fascia, and the inguinal ligament. The midportion of this muscle runs an upward oblique course
and gives rise to the aponeurosis of the internal oblique. As noted, at the lateral border of the rectus musculature, the aponeurosis splits and forms a sheath
around the rectus muscle, rejoining medial to the rectus to help form the linea alba. The third flat muscle, the transversus abdominis, arises from the lower
six costal cartilages, thoracolumbar fascia, and the internal lip of the iliac crest. This muscle has a truly transverse course. Above the midway point between
the umbilicus and pubis, the aponeurosis of this muscle passes behind the rectus muscle and contributes to the posterior rectus sheath. Below this point,
the aponeurosis passes anterior to the rectus muscle, contributing to the anterior rectus sheath. Medial to the rectus muscle, the fasciae of all three flat
muscles insert to form the linea alba.

FIGURE 14.2 Musculature of the abdominal wall (left), showing reflection of external and internal oblique muscles along with the anterior division of the
rectus sheath, which exposes the transversalis and rectus muscles. Tendinous inscriptions in the rectus sheath are visible above the umbilicus. The rectus
muscle has been reflected (right) to demonstrate the posterior rectus sheath and the abrupt cessation of the posterior lamella of the internal oblique at the
linea semicircularis (arcuate line). Below the arcuate line, the intestines are separated from the abdominal wall by the peritoneum and the attenuated fascia
of the transversalis muscle.

FIGURE 14.3 Cross section of lower abdominal wall. A: The anterior fascial sheath of the rectus muscle from external oblique muscle (1) and split
aponeurosis of internal oblique muscle (2). The posterior sheath is formed by aponeurosis of transversalis muscle (3) and split aponeurosis of internal
oblique muscle. B: Lower portion of abdominal wall below arcuate line (linea semicircularis) with absence of a posterior fascial sheath of the rectus muscle
and all of the facial aponeuroses (1-3) forming the anterior rectus sheath.
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The major functions of the flat muscles are to assist with respirations and to assist in increasing intra-abdominal pressure. Each time these muscles
contract, they pull at the linea alba. Because the linea alba represents the insertion of six major abdominal muscles (three on each side), cutting it, as with
lower midline incisions, actually interrupts the major

portion of the insertion of these six muscles. Thus, contractions of these muscles in the postoperative period can result in considerable tension on a suture
line in the linea alba and can cause considerable discomfort.

The rectus abdominis muscle arises from the pubic crest and courses superiorly, inserting into the xiphoid process with the upper attachments being three
times as broad as its pubic insertion. It has three or four fibrous insertions. One is at the level of the umbilicus; two are usually halfway between the
umbilicus and the insertions, superiorly and inferiorly, respectively. Of note, the fibrous insertions are tightly adherent to the anterior rectus sheath. These
limit the retraction of the muscle when it is cut. Thus, when performing a transverse-muscle-cutting incision, it is not necessary to reapproximate the rectus
muscle. The pyramidalis, a triangular muscle, usually lies anterior to the rectus and arises from the anterior portion of the pubic symphysis, inserting into the
inferior portion of the linea alba. The midportion of this muscle usually has an avascular raphe, which can easily be incised to adequately expose the space
of Retzius.

Blood Supply
The abundant blood supply to the anterior abdominal wall comes from several sources. The main arterial supply consists of the superior epigastric,
musculophrenic, deep circumflex iliac, and inferior epigastric vessels. The medial abdominal wall receives blood from the epigastric arteries, whereas the
lateral wall is supplied by the musculophrenic and deep circumflex iliac arteries. The lateral wall is also supplied by the lower intercostal and lumbar arteries
(T8 to T12 and L1). This freely anastomosing vascular system provides one continuous arterial and venous channel on both sides of the anterior abdominal
wall, extending from the subclavian artery and vein (cephalad) to the external iliac vessels (caudad) (Fig. 14.4). Because of the rich anastomosis, vascular
deficiency is usually not a complication of abdominal wall surgery. The linea alba is relatively bloodless. The limited vascular supply in this area of fascial
fusion can impair wound healing when lower midline incisions are used. Thus, a secure closure is mandatory to avoid dehiscences, eviscerations, or
incisional hernias.

Conversely, the epigastric vessels are subject to injury, particularly when a muscle-splitting incision is used. Also, the deep circumflex or musculophrenic
vessels can be injured when an extraperitoneal approach is chosen.

The superior epigastric artery is a continuation of the internal thoracic (mammary) artery. This vessel enters the sheath of the rectus from behind the
seventh costal cartilage and descends posterior to the rectus muscle. It has multiple branches in the substance of the rectus muscle and anastomosis to the
inferior epigastric artery. In the upper abdomen, cephalad to the umbilicus, the main branch of the artery tends to lie posterior to the midportion of the rectus
muscle (Fig. 14.5). The inferior epigastric artery arises from the external iliac artery near the midinguinal point. It continues in a cephalad course along the
posterolateral portion of the rectus muscle and has an anastomosis with the superior epigastric arteries. The lower a transverse incision is made, the more
laterally the inferior epigastric arteries are encountered. Bleeding from branches of the inferior epigastric vessels beneath the rectus muscle can dissect
cephalad or caudad along the entire length of the posterior sheath. Below the arcuate line, bleeding can dissect laterally and inferiorly along the
retroperitoneal planes and spaces, resulting in extensive hematomas of the abdominal wall and pelvis. Such bleeding can produce confusing acute
abdominal signs in the postoperative patient, with large quantities of blood being lost in these loose tissues and spaces.

FIGURE 14.4 The major arterial blood supply of the anterior abdominal wall consists of four major vessels. Two lateral and two medial contribute to the rich
anastomosis. (Reprinted from Gallup DG. Opening and closing the abdomen and wound healing. In: Gershenson D, Curry S, DeCherney A, eds. Operative
gynecology, 1st ed. Philadelphia, PA: WB Saunders, 1993:127, with permission. Copyright 1993 Elsevier.)

The musculophrenic artery, arising from the internal (mammary) thoracic artery, courses along the costal margin posterior to the cartilages. It has an
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anastomosis with the deep circumflex artery, which originates from the external iliac at about the same level as the inferior epigastric artery. The deep
circumflex courses behind the inguinal ligament and along the iliac crest, eventually piercing the transversalis muscle and digitating between that muscle
and the internal oblique. Before its anastomosis with the musculophrenic, this vessel can be relatively large. Care must be taken not to injure this vessel
when these muscles are incised laterally.

The venous drainage of the abdominal wall accompanies the arterial supply. The veins of the abdominal wall may be dilated in patients with obstruction of
blood flow through the liver and porta hepatis.

Innervation
The nerve supply to the anterior abdominal wall is easily damaged by some incisions. The anterior abdominal wall is supplied by the thoracoabdominal
nerves, the iliohypogastric nerves, and the ilioinguinal nerves. The thoracoabdominal

nerves, which are the 7th to 11th intercostal nerves, leave the intercostal spaces and travel caudad and anterior between the transversalis and internal
oblique muscles. These nerves innervate these muscles as well as the external oblique. These nerves enter the sheath of the rectus muscle, and their
branches innervate the rectus muscle and the overlying skin. Nerve roots from several vertebrae supply most of the nerves of the abdominal wall, whereby
any one nerve will contain fibers from at least two or three intercostal nerves. When incisions are made lateral to the midline, a transverse type is the least
likely to cause neural injury. In the upper abdomen, an obliquely caudad and laterally directed incision is least likely to cause significant nerve injury. In the
lower part of the abdomen, an obliquely directed cephalad and laterally directed incision is relatively nerve sparing.

FIGURE 14.5 Arterial and venous circulation of abdominal wall. The superior and inferior epigastric arteries provide a rich arcade for the rectus muscles,
arising superiorly from the internal thoracic artery and inferiorly from the external iliac artery. The venous system has a similar origin, with the exception that
the superficial inferior epigastric vein communicates with the saphenous vein of the leg.

A vertical incision that passes lateral to the rectus muscle or through the muscle itself can denervate medially lying tissue. Depending on the length of the
incision, atony or atrophy of the muscle can then occur. A midline incision in the linea alba or a transverse incision (even through the rectus muscle),
however, does not interfere with motor innervation of the abdominal musculature.

A minimal loss of skin sensation can result from abdominal incisions and is unavoidable in most cases. The iliohypogastric and ilioinguinal nerves, which are
chiefly derived from the first lumbar nerve root, are sensory in function (Fig. 14.6). Injury to the former, when wide transverse incisions are used, can result
in sensation changes in the skin over the mons, whereas injury to the latter can result in sensation changes to the labia majora. A widely placed transverse
incision can also result in numbness of the skin over the upper anterior thigh. Although they lie for a distance between the internal oblique and the
transversalis muscles, they do not enter the rectus sheath. They do not innervate the external oblique or the rectus muscle. Both nerves supply the lower
fibers of the internal oblique and transversalis muscles. If damage occurs to these nerves at the level of the anterosuperior iliac spine, these muscle fibers
will be denervated, resulting in weakening of the normal inguinal canal-controlling mechanism and predisposing the patient to an inguinal hernia.



FIGURE 14.6 Major innervation of the anterior abdominal wall. The iliohypogastric nerves and ilioinguinal nerves supply the sensory innervation of the lower
abdominal wall. (Reprinted from Gallup DG. Opening and closing the abdomen and wound healing. In: Gershenson D, Curry S, DeCherney A, eds.
Operative gynecology, 1st ed. Philadelphia, PA: WB Saunders, 1993:127, with permission. Copyright 1993 Elsevier.)

PHYSIOLOGY OF WOUND HEALING
When making a surgical incision, tissue integrity is violated in order to gain access to diseased organs for treatment. These acute wounds heal in a
progressive, systematic, and balanced repair process, consisting of four phases: hemostasis, inflammation, proliferation, and remodeling (Fig. 14.7).

FIGURE 14.7 Orderly steps in wound healing.

The hemostatic phase is initiated immediately upon injury, whereby the intrinsic and extrinsic clotting cascades are activated. When an injury occurs,
collagen, von Willebrand factor, and tissue factor are exposed from the subendothelium to the bloodstream, acting as the inciting catalyst for the systemic
repair process. A platelet plug forms, composed of platelets and fibrin. Platelets release granules containing multiple growth factors, which act as
chemoattractants, and thromboxane A2, which acts as a potent vasoconstrictor. Transforming growth factor beta (TGF-β) is the key growth factor released,
playing a central role in wound healing.

The inflammatory phase occurs from days 1 to 10 and is characterized by an inflammatory cell wound infiltration and initiation of epithelialization occurring at
1 to 2 mm from the wound edges. The ordered cellular influx begins with neutrophils that act as scavengers, cleaning cellular debris through phagocytosis
and killing bacteria through oxidative burst. Neutrophils secrete elastase and matrix metalloproteinases (MMPs) to degrade the extracellular matrix,
facilitating cellular migration. Monocytes from the blood convert to macrophages arriving at 48 hours, which are the key coordinating cells for transitioning to
the proliferative phase by releasing additional growth factors, mediating angiogenesis and fibroplasia, and synthesizing nitric oxide.

The proliferative phase starts when fibroblasts arrive at the wound, usually around day 5. At this time, type III collagen is deposited with neovascularization
and initiation of granulation tissue formation. Granulation tissue is perfused connective tissue, which forms the framework for further epithelialization.
Fibroblasts in the wound convert to myofibroblasts to allow wound contraction, a key component for healing via secondary intention. Cellular signaling for
this conversion is mediated by macrophages through TGF-β. Fibroblasts also secrete MMP, which aids cellular migration.
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From day 8 through year 1, wound remodeling and maturation occur. Initial deposition of collagen is disordered, and over time, remodeling of collagen at
areas of increased stress allows for increased tensile strength. By the 3rd week, type III collagen has been replaced for type I collagen, which is the most
common type of collagen in the human body and provides 30% of its final strength. The maximal tensile strength of the tissue is reached approximately 8
weeks after injury and at a level which is 80% of its original strength.

When this ordered repair process fails, an acute wound is converted into a chronic wound. Factors negatively affecting proper

wound healing include age; comorbid conditions such as cardiac disease, connective tissue disorders, diabetes, and liver diseases; lifestyle factors such as
nutritional status, obesity, smoking, and illicit drug usage; and therapeutic modalities such as prior irradiation, chemotherapy, steroid usage, and NSAID
usage. In addition to these factors, bacterial burden can impact wound healing and interrupt the progressive, ordered repair process. Bacteria colonize a
wound within 48 hours. Most bacteria have low virulence and do not invade the tissue. The wound relationship with bacteria consists of a continuum from
contamination to wound septicemia. Contamination within a wound is defined by nonreplicating bacteria, whereas colonization is defined as replicating
bacteria adherent to the wound without tissue damage, both of which do not delay wound healing. However, critical colonization may delay wound healing.
In acute wounds, bacteria exist as free-floating planktonic organisms and must be rapidly controlled to prevent tissue destruction and wound sepsis (see
below skin preparation for surgery). Bacteria in chronic wounds do not exist as planktonic organisms but rather as biofilms able to resist the host
inflammatory cascade and antibiotic therapy.

TABLE 14.1 Wound Classification

CLASS CATEGORY DEFINITION

WOUND
INFECTION
RATE (%)

I Clean Wounds are made under ideal operating room conditions. The procedures are usually elective, and
no entry is made into the oropharyngeal cavity or lumen of the respiratory, alimentary, or
genitourinary tract. Inflammation is not encountered, and no break in technique occurs. The wounds
are always primarily closed and seldom drained. Almost 75% of all operations are included in this
group.

1-5

II Clean-
contaminated

Wounds occur from entry into the oropharyngeal cavity, respiratory, alimentary, or genitourinary tract
without significant spillage. Clean wounds are included in this category when there is a minor break in
surgical technique. These procedures include about 16% of all operations.

3-11

III Contaminated This category includes open, fresh, and traumatic wounds, operations with a major break in sterile
technique, and incisions encountering acute, nonpurulent inflammation, such as in cholecystitis or
cystitis.

4-17

IV Dirty Old (>4 h) traumatic wounds, perforated viscera, or operations involving clinically evident infections
are included in this category. Wounds containing foreign bodies or devitalized tissue are also
considered dirty.

5-27

From Ortega G, Rhee DS, Papandria DJ, et al. An evaluation of surgical site infections by wound classification system using the ACSNSQIP. J Surg
Res 2012;174:33; Cruse PJE, Foord R. The epidemiology of wound infection: a 10-year prospective study of 62,939 wounds. Surg Clin North Am
1980;60:27; and Culver DH, Horan TC, Gaynes RP, et al. Surgical wound infection rates by wound class, operative procedure and patient risk
index. National Nosocomial Infections Surveillance System. Am J Med 1991;91:152S.

The risks of wound infections are directly related to the classification of wounds (Table 14.1). Most of the abdominal procedures performed by gynecologists
include a hysterectomy, and whenever the vagina is entered, the procedure is classified as a clean-contaminated procedure. Prevention of surgical site
infections (SSIs) is critical to improve quality surgical care and reduce health care costs associated with such infections (see Prevention of Surgical Site
Infections).

SUTURES
Many types of sutures have been used throughout the years for closure of wounds, to relieve healing tissues of the disruptive forces. Some of these
materials include linen; cotton; silk; wires of gold, silver, iron, and steel; dried gut; animal hair; tree bark; and other plant fibers. In recent years, with
advancements in polymer technology, a wide range of synthetic compounds have emerged as suture material. To date, however, no study, or surgeon, has
definitively shown there to be a perfect suture for all situations.

The ideal suture material should have the following characteristics: knot security, inertness, adequate tensile strength, flexibility, ease in handling, smooth
passage through tissue, nonallergenicity, resistance to infection, and absorbability at a predictable rate. Despite these ideal attributes, the presence of
suture material (foreign bodies) in wounds induces an excessive tissue inflammatory response that lowers the body's defense mechanism against infection
and interferes with the proliferative phase of wound healing (see above), ultimately leading to inferior wound strength due to excessive scar tissue formation.

Currently available suture material can be classified in many ways: suture size, tensile strength, absorbable versus nonabsorbable, multifilament versus
monofilament, stiffness and flexibility, and, finally, smooth versus barbed. Table 14.2 lists the common sutures that are utilized in obstetrical and gynecologic
surgical procedures, the relative tensile strength, the type of degradation (if any), and the handling characteristics.
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There are two standards to describe the size of suture material: the US Pharmacopeia (USP) and the European Pharmacopoeia (EP). The USP is the more
commonly used standard, which was established in 1937 for standardization and comparison of suture materials, corresponding to metric measures. This
standardization sets out limits on the average diameter, and the minimum knot pull tensile strengths of the three classes of sutures are collagen, synthetic
absorbable, and nonabsorbable. Size refers to the diameter of the suture strand and is denoted as zeroes. The more zeroes characterizing a suture size, the
smaller the resultant strand diameter (e.g., 4-0 is larger than 5-0). Intuitively, the smaller the strand size, the less knot pull tensile strength of the suture.
However, the tensile strength also is dependent upon the makeup of the suture.

TABLE 14.2 Available Absorbable and Nonabsorbable Sutures and Characteristics

SUTURE TENSILE STRENGTH/ABSORPTION
HANDLING

CHARACTERISTICS

ABSORBABLE
MULTIFILAMENT

TIME TO
LOSS
OF 50%
TENSILE
(D)

TIME TO
LOSS
100%
TENSILE
(D)

TIME TO
COMPLETE
ABSORPTION
(D)

ABSORPTION
RATE

TISSUE
REACTION/DEGRADATION HANDLING MEMORY

Plain gut (twisted) 3-5 14-21 70 Unpredictable High/proteolysis Fair Low

Chromic gut
(twisted)

7-10 14-21 90-120 Unpredictable High/proteolysis Fair Low

Fast-absorbing
coated polyglactin
910 (Braided)
(Vicryl Rapide)

5 14 42 Predictable Low/hydrolytic Best Low

Coated
polyglactin 910
(Braided) (Vicryl)

21 28 56-70 Predictable Low/hydrolytic Best Low

Coated
polyglycolide
(Dexon II)
(Monofilament)

14-21 28 60-90 Predictable
Predictable

Low/hydrolytic Best Low

Polyglytone 6211
(Caprosyn)

5-7 21 56 Predictable Low/hydrolytic Good Low

Poliglecaprone 25
(Monocryl)

7 21 91-119 Predictable Low/hydrolytic Good Low

Glycomer 631
(Biosyn)

14-21 28 90-110 Predictable Low/hydrolytic Good Low

Polyglyconate
(Maxon)

28-35 56 180 Predictable Low/hydrolytic Fair High

Polydioxanone
(PDS II) (Barbed)

28-42 90 183-238 Predictable Low/hydrolytic Fair High

Poliglecaprone 25
(Monoderm)

7-10 21 90-120 Predictable Low/hydrolytic Good Low

Polydioxanone
(PDO)
(Nonabsorbable
multifilament)

28-42 90 180 Predictable Low/hydrolytic Fair High

Silk (Braided) 180 365 730 Unpredictable High/proteolysis Best Low
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Cotton (twisted) 180 >730 n/a Unpredictable High/proteolysis Best Low

Polyester
(Braided)

n/a n/a n/a n/a Low/none Good Medium

Nylon (Braided)
(Nurolon,
Surgilon)
(Monofilament)

n/a year
1, 89%;
year 2,

n/a 72%;
year 11,
66%

n/a Unpredictable Low/hydrolytic Good High

Polypropylene
(Prolene,
Surgilene)

n/a n/a n/a n/a Low to none/none Poor High

Nylon (Ethilon,
Dermalon,
Monomid)

See
above

See
above

See above Unpredictable Low/hydrolytic Poor High

Polybutester
(Novafil)

n/a n/a n/a n/a Low/none Good Low

Stainless steel n/a n/a n/a n/a Low to none/none Fair High

Adapted from Greenberg JA, Clark RM. Advances in suture material for obstetrics and gynecologic surgery. Rev Obstet Gynecol 2009;2:146, with
permission. Reviews in Obstetrics and Gynecology is a copyrighted publication of MedReviews, LLC. All rights reserved.

The tensile strength of a suture will depend upon the diameter of the suture and the material that makes up the suture and is simply the force (measured in
weight [pounds or kilograms]) necessary to cause the suture to rupture. This measurement is typically presented in two forms: straight pull and knot pull. A
straight pull tensile measurement is the tension that causes rupture of the suture when that force is applied to either end of the suture, where a knot pull
measurement is the force necessary to rupture the suture after a knot has been tied in the middle of the suture.

Suture materials are classified as being absorbable or nonabsorbable based upon whether they lose their entire tensile strength within 2 to 3 months or
retain their strength for longer than 2 to 3 months. The degradation of suture material depends whether the material is a natural material (such as surgical
gutcollagen sutures made from sheep or cow intestines) or synthetic materials (such as polyglactin 910 or polydioxanone), where the former is degraded by
proteolysis and the later by hydrolysis. Although both degradative processes cause intense inflammatory responses in tissue, the response to synthetic
materials is much less than the response to natural protein analogues.

If a suture is manufactured with more than one fiber, it is deemed a multifilament suture. In regard to wound healing, there are no advantages of a
multifilament suture over a monofilament suture or vice versa. However, multifilament sutures inflect more microtrauma to tissue, induce a more intense
inflammatory response, demonstrate enhanced capillarity (more crevices and spaces) with an increase in spread of microorganisms, and contribute to a
larger knot size than do monofilaments of equal sizes. But the improved handling characteristics and flexibility of multifilament suture material may be more
advantageous and outweigh any wound healing detriments as compared to the handling of monofilament sutures.

Suture stiffness and flexibility can be as important, as strength and absorption when it comes to classifying sutures as these traits determine the materials'
handling or feel. Stiffness describes whether a suture is soft or hard, gives it memory or recoil, and determines the ease with which knots can be tied.
Furthermore, stiffness is associated with the presence or absence of mechanical irritation of the suture due to its ability, or inability, to comply with the
topology of the surrounding tissues.

Considering all of the characteristics mentioned above, knot tying of sutures is almost as integral to the surgery as the suture itself. A knot is needed as an
anchor to the tissue to avoid suture slippage and acute and chronic wound complications (dehiscence and hernia formation). However, there may be
unequal distribution of tension on the knots rather than on the length of the suture line, which may subtly interfere with uniform wound healing and
remodeling. Irrespective of the knot configuration and material, the weakest spot along the suture is the knot, and the second weakest point is the portion
immediately adjacent to the knot with reductions in tensile strength being reported from 35% to 95% depending upon the study and suture material used. It
is these weak areas that generally represent the site of failure of a suture. Finally, knot security will depend on suture size and the tissue needing
approximation. Although sliding knots, also known as nonidentical sliding knots, can be safely used for pelvic viscera, sutures used to close abdominal wall
fascia should be tied with square knots, and the number of throws will depend upon the suture material. Sometimes it is convenient to tie a loop-to-strand
knot as a way of terminating a continuous suture rather than tying a single-strand to single-strand knot. Hurt and colleagues eloquently conducted a safety
evaluation of tying a loop-to-strand knot with a monofilament suture, poliglecaprone (Monocryl). In these experiments, the authors used 0-0- and 2-0-gauge
suture, randomly comparing single-strand with single-strand square knots, loop-to-strand square knots, and loop-to-single-strand, nonidentical sliding knots.
A total of 40 knots were tied in each group and evaluated by tensiometry. The major outcome studied was the proportion of knots becoming untied in each
group. The authors found that when monofilament sutures were tied loop-to-single strand with nonidentical sliding knots, 85% of the 0-0-guage suture and
55% 2-0-gauge sutures untied. None of the single-strand to single-strand square knots untied, and only 15% of the 0-0 and 5% of the 2-0-gauge sutures,
when tied loop-to-single strand with square knots, untied. Although these conditions were carefully controlled and conducted ex vivo, care must be taken to
lay down square knots (six throws) while tying monofilament suture in a loop-to-singlestrand fashion. Van Rissel and colleagues observed poor knot
performance when a surgeon's knot plus two square knots was made with monofilament sutures.
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In addition to understanding the physical properties and characteristics of the variety of suture material available, the surgeon must consider the tissue and
physiologic milieu in which the suture will be placed, before choosing said material. However, since all materials induce some degree of unwanted
inflammatory reaction, choosing a balance between strength and inflammation is key to selecting a particular suture for a particular tissue closure. For
example, due to the high disruptive forces on rectus fascia, repair of these wounds needs suture material that has relatively longer tensile strength than
suture materials used in other areas of gynecology. A recent meta-analysis by Hodgson et al. reviewed absorbable versus nonabsorbable sutures for the
closure of rectus fascia and found a statistically significant increase in hernia formation with polyglycolic acid sutures, but no difference in risk with
polydioxanone when compared with nonabsorbable nylon and polypropylene. However, there was a statistically significant increase in both suture sinuses
and wound pain with nonabsorbable suture compared to absorbable suture. In typical conditions, the reasoned suture selection for closing abdominal fascia
for gynecologic operations would seem to be one of the delayed absorption monofilament sutures, such as polydioxanone or polyglyconate, although
polyglycolic acid-based sutures are not unreasonable (especially for closure of transverse fascial incisions) given their long safety history in obstetrics and
gynecology.

Drains
Sometimes, drainage of the abdominal cavity is appropriate after an operation for a tuboovarian abscess or some other type of pelvic infection. In addition,
intraperitoneal drainage may be helpful for oozing peritoneal surfaces after complicated hysterectomies or other pelvic surgery. Although used in the past for
prevention of lymphoceles or ureteral fistulae, retroperitoneal drains are not routinely used after radical pelvic surgery.

The use of prophylactic drains in the subcutaneous space to reduce the formation of hematoma and seroma or to reduce abscess and infection remains
controversial. Recently, a large meta-analysis of the subject was reported, showing that subcutaneous drains could be omitted after cesarean section,
breast reduction surgeries, abdominal surgeries (clean-contaminated wounds), femoral wounds, and hip and knee joint replacement. Furthermore, the
authors suggested that drains should not be placed prophylactically secondary to a patient being obese. Farnell and associates, in a prospective study,
analyzed 3,282 incisions of the wound varieties listed in Table 14.1. When patients with clean-contaminated or contaminated wounds received
subcutaneous closed drainage systems, alone or with antibiotics or saline irrigation, no significant advantage was noted compared with primary closure
without

drainage. However, a trend favoring subcutaneous drainage and antibiotic irrigation was seen in patients with contaminated wounds.

FIGURE 14.8 Cross section of abdominal wall depicting CDC classifications of surgical site infection. (Reprinted from Horan TC, Gaynes RP, Martone WJ,
et al. CDC definitions of nosocomial surgical site infections, 1992: a modification of the CDC definitions of surgical wound infections. Infect Control Hosp
Epidemiol 1992; 13:606, with permission. Copyright 1992, The Society for Hospital Epidemiology of America, Inc. and SLACK Incorporated.)

Drains can be classified into two categories: passive and active. The passive drain functions primarily as an overflow “valve” being assisted by gravity, while
the latter drain is connected to some type of suction device. If a drain is used at all, the preferred system is a closed drainage system such as a Jackson-
Pratt or a Blake. Both have small reservoirs (100 mL) that are relatively easy for paramedical personnel to manage on the ward and at home. The Blake
drain, with its longitudinal ridges, offers less chance of obstruction from small tissue fragments or clots than does the Jackson-Pratt drain. However, no large
prospective, randomized trials comparing these two systems have been done to substantiate that claim. To avoid clot formation and subsequent obstruction,
the drain is placed on suction early, usually while completing closure of the incision. In addition, the nursing staff (and other caregivers) should be instructed
to “strip” the drain catheter each shift (or several times throughout the day) while the drain is in place. Drains in the subfascial or subcutaneous spaces
should be removed and not advanced as has been done in the past. Once the drainage is less than 50 mL per 24 hours, usually by postoperative day 2 or
3, it can be safely removed.

PREVENTION OF SURGICAL SITE INFECTIONS
Surgical site infection (SSI) is defined as an infection that occurs at or near a surgical incision within 30 days of a procedure or within 1 year if an implant is
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left in place. The Centers for Disease Control further categorize SSIs as being incisional or organ/space. Incisional SSIs are further divided into those that
involve only the skin and subcutaneous tissues (superficial incisional SSI) and those involving deeper soft tissues of the incision (deep incisional SSI) (Fig.
14.8). The CDC estimates that approximately 500,000 SSIs occur annually in the United States and account for 38% of all nosocomial infection. Two thirds
of these SSIs are confined to the incision and one third involves organs or spaces accessed during the operation. These infections reduce patients' quality
of life and account for 3.7 million excess hospital days and more than $1.6 billion in excess costs annually. Surgical wound classification was introduced in
1964 by the National Academy of Sciences (Table 14.1) and lists estimates of SSI for each class of wound. The rate of SSI with gynecologic operations is
typically 8% to 10% and is related to many factors, including surgeon experience, the indication for the procedure, the procedure performed, and the
comorbid condition of the patient. In preparation for surgery, there are several patient-centered and operative characteristics that must be considered and
completed to reduce the rate of SSI. The CDC recommendations to reduce SSI have been published, and the reader is directed to this reference for the full
recommendations. However, a brief synopsis is presented here.

Patient Issues
Several patient characteristics have been associated with increased risk of SSI and include coincident remote site infections or colonization, prolonged

preoperative hospital stay, diabetes, tobacco usage, steroid use, obesity (body mass index [BMI] ≥ 30 kg/m2), extremes of ages, poor nutritional status, and
perioperative transfusion of blood products.

Preoperative Issues
Although multiple studies have shown that preoperative showers or baths the night before surgery with chlorhexidine gluconate did a better job of reducing
bacterial colony counts

as compared to povidone-iodine or triclocarban-medicated soap, no study has definitively shown that such a practice reduces postoperative SSI rates. A
recent, fourth, meta-analysis update on the topic by Webster and Osborne demonstrated (in seven trials included in the analysis, with over 10,000 patients)
no conclusive evidence exists that preoperative showering with chlorhexidine over other wash products (iodine or regular soap) reduced SSI. At this time,
this issue is still unresolved, and for our patients, we do not recommend the practice.

Traditionally, patients undergoing surgery have hair removed from the site of incision in order to reduce the chance of SSI. Some studies have shown that if
hair removal is accomplished by shaving, 24 hours or more, before an operation, microscopic cuts in the skin serve as foci for bacterial multiplication. A
recent, large meta-analysis of this practice was completed by Tanner et al. and showed that although hair can be removed by several different methods
(shaving, clipping, the use of depilatories to dissolve hair) and at several different time points prior to an operation (the day before surgery versus
immediately preoperatively), existing research studies are too small and methodologically flawed to make strong recommendations for or against hair
removal or for which technique of hair removal is superior to affect postoperative SSIs. However, the authors' recommendation is that if hair must be
removed to facilitate the surgery or application of adhesive dressings, clipping rather than shaving, immediately before surgery, appears to result in fewer
SSIs.

There are several antiseptic agents for preoperative preparation of the abdominal skin and vaginal area for gynecologic surgery (Table 14.3). The
iodophors, alcohol-containing products, and chlorhexidine gluconate are the most commonly used agents and require various amounts of time to apply and
to dry depending upon the agent and the presence of hair on the skin. Darouiche et al. performed a multicenter, prospective randomized trial comparing
povidone-iodine to chlorhexidine-alcohol skin preparation for 849 adults undergoing clean-contaminated surgery. These investigators showed that the
chlorhexidine-alcohol patient cohort had a significantly lower SSI rate versus the povidone-iodine group (9.5% versus 16.1%, p = 0.004). In addition, the
chlorhexidine group had fewer superficial infections (4.2 versus 8.6, p = 0.008) and deep incisional infections (1% versus 3%, p = 0.05). There was no
difference in the organ/space infection rate between the two groups. A meta-analysis by Lee et al. included nine randomized controlled trials (inclusive of the
study above and a total of 3,614 patients) comparing chlorhexidine preparations to iodine preparations for reduction of SSI. The authors found that
chlorhexidine antisepsis significantly reduced the rate of SSIs by 36% (risk ratio 0.64, 95% confidence interval 0.51 to 0.80) across a wide variety of surgical
procedures versus iodine antisepsis. It is important to note that when using the chlorhexidine-alcohol (2% chlorhexidine gluconate and 70% isopropyl
alcohol, ChloraPrep) preparation of the abdominal skin, the skin must be scrubbed with the preloaded applicator and allowed to dry prior to draping. For
preparation of the vagina, currently, no study of sufficient power has been completed that would lead to a strong recommendation for or against
chlorhexidine or povidone-iodine cleansing of the vagina to reduce SSI. In our institution, the vagina is cleansed with the povidone-iodine prep routine or
chlorhexidine (4% Hibiclens) prep if the patient is iodine sensitive.

TABLE 14.3 Antiseptic Solutions for Operative Preparation of Abdominal Skin

ANTISEPTIC MECHANISM OF ACTION
ANTIMICROBIAL
COVERAGE

ONSET
DURATION APPLICATION EXAMPLES

Aqueous-
iodophor

Free iodine causes protein and
DNA damage.

Excellent for gram+
bacteria; good for gram-
, fungi, virus, Mtb

Intermediate
2 h

Two-step scrub and paint Betadine
Scrub Care

Aqueous-
CHG

Disrupts cell membranes Excellent for gram+;
good for gram- and
virus; fair for fungi; poor
for Mtb

Intermediate
6 h

Two-step scrub and dry; repeat
X1

Hibiclens

Alcohol-
iodophor

Ethyl alcohol/ethanol (ETOH)
denatures protein. Free iodine

Same as aqueous
iodophor, but improved

Rapid 48
h(DuraPrep)

One-step paint Dry time—3 min
on hairless surface

DuraPrep
solution
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causes protein and DNA
damage.

gram and Mtb activity 96 h
(Prevail-Fx)

Prevail-Fx

Alcohol-
CHG

ETOH denatures protein. CHG
disrupts cell membranes.

Same as aqueous-
CHG, but improved
gram, fungal, and Mtb
activity

Rapid 48 h 1-step scrub for dry site—30 s 1-
step scrub for moist site—2 min
Dry time—3 min on hairless
surface

ChloraPrep

Mtb, Mycobacterium tuberculosis; CHG, chlorhexidine gluconate; Betadine, Purdue Products, LP (Stamford, CT); Scrub Care and Prevail-FX,
Cardinal Health (Dublin, OH); Hibiclens Mölnlycke Health Care US, LLC (Norcross, GA); 3 M DuraPrep Surgical Solution, 3 M Health Care (St.
Paul, MN); ChloraPrep, CareFusion, Inc. (Leawood, KS)
Adapted from Hemani ML, Lepor H. Skin preparation for the prevention of surgical site infection: Which agent is best? Rev Urol 2009;11:190, with
permission. Reviews in Urology is a copyrighted publication of MedReviews, LLC. All rights reserved.

The surgical scrub is the process that each member of the surgical team performs by washing the hands and forearms

prior to donning surgical gowns and approaching the operative sterile field. Recent studies have shown that scrubbing for at least 2 minutes is as effective
as the time-honored 10-minute scrub in reducing bacterial colony counts. In addition, the first scrub of the day should include a thorough cleaning under the
fingernails (usually with a “pick” and brush). Limited data exist concerning reusable versus disposable surgical attire and different drapes used for different
surgeries and the risk of SSI for patients. However, the Occupational Safety and Health Administration does require these “barriers” be present to protect
personnel of the surgical team from exposure to body fluids and recommends that surgical attire be changed if visibly soiled.

Most incisions will be closed primarily after the surgical procedure, and a dressing for the incision is applied. Generally, this cover is left in place for 24 to 48
hours prior to being removed. If the incision is left open to be closed at a later time (delayed primary closure) or to heal by secondary intention, then it is
packed with sterile dressing. Sometimes, a wound vacuum is placed to aid healing by negative pressure (see below). In general, delayed closure should be
used for contaminated or dirty wounds. Alternatively, intermittent staples can be placed in the skin with intervening saline-moistened “wicks” into the
subcutaneous spaces. When a bacteria-containing organ is opened (the unprepped bowel or abscessed gynecologic organs) and delayed closure is not
used, copious saline irrigation of all layers for closure should be instituted. In addition, a monofilament nonabsorbable or slowly absorbable suture should be
used in the fascia closure to further reduce bacterial loads.

Prophylactic antibiotic administration has been shown to decrease SSI in patients undergoing abdominal or vaginal hysterectomy and is aimed at reducing
colonization from endogenous bacteria from the skin or ascending, endogenous, pathogenic bacteria from the vagina, opened at the time of hysterectomy.
Unfortunately, these antibiotics either are not given or are given at inappropriate times prior to the surgical incision. The theory is that an antibiotic present in
tissue will aid the host immune defense mechanism in killing bacteria that are inoculated into the wound (i.e., when a skin incision is made or the vagina
opened).

The ideal antibiotic should be of low toxicity, have an established safety record, not be routinely used for the treatment of serious infections, have a
spectrum of activity that includes the microorganisms most likely to cause infection, reach useful concentration in relevant tissue during the procedure, be
administered for a short duration, and be administered in a fashion that will ensure it is present at the site of surgery, at the time of incision. The American
Congress of Obstetricians and Gynecologists has published a practice bulletin covering the topic of antibiotic prophylaxis, and the reader is directed to this
publication for a more thorough discussion.

TABLE 14.4 Recommended Prophylactic Antibiotics for Hysterectomy and Urogynecology Procedures

PROCEDURE ANTIBIOTIC DOSE (SINGLE DOSE)

Hysterectomy
Urogynecology procedures, including those with mesh

Cefazolina

Clindamycin plus gentamicinc OR
Quinoloned OR
Aztreonam
Metronidazole plus gentamicin OR
Quinolone

1 g or 2 g IVb

600 mg IV/1.5 mg/kg IV
400 mg IV
1 g IV
500 mg IV/1.5 mg/kg IV
400 mg IV

aAcceptable alternatives include cefotetan, cefoxitin, cefuroxime, or ampicillin-sulbactam.

bA 2 gm dose I recommended in women with a body mass index (BMI) >35 kg/m2 or weight >100 kg or 220 pounds

cAntimicrobial choice in women with a history of immediate hypersensitivity to penicillin.

dCiprofloxacin or levofloxacin or moxifloxacin.
IV, intravenously.
Adapted from ACOG Committee on Practice Bulletins-Gynecology. Antibiotic prophylaxis for gynecologic procedures. ACOG Practice Bulletin No.
104 American Congress of Obstetricians and Gynecologists. Obstet Gynecol 2009;113:180, with permission. Copyright 2009. The American
Congress of Obstetricians and Gynecologists.
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Although more than 30 prospective, randomized clinical trials and two meta-analyses support the use of prophylactic antibiotics to substantially reduce
postoperative infectious morbidity and decrease length of stay in women undergoing hysterectomy, no antibiotic regimen is superior to all others. Table 14.4
shows the acceptable prophylactic antibiotic regimens to be dosed within 1 hour of incision for hysterectomy. First- and second-generation cephalosporins
are typically used in patients not sensitive to β-lactam agents. Most patients need only one dose of prophylactic antibiotic; however, for procedures lasting
longer than the half-life of the antibiotic, redosing is appropriate (3 to 4 hours for most first-generation cephalosporins). Similarly, if there is a large loss of
blood (>1,500 mL), then a second dose of the antibiotic is appropriate. All prophylactic antibiotics need to be stopped within 24 hours of completion of the
surgery.

In 2002, the CDC and the Centers for Medicare and Medicaid Services (CMS) collaborated on the Surgical Infection Prevention (SIP) project to develop
quality improvement measures, which included the timeliness, appropriate selection and duration of perioperative prophylactic antibiotics, normothermia for
colorectal procedures, euglycemia, and appropriate hair removal, in 55 participating hospitals. Investigators found that in the 44 hospitals that reported
results, the rate of SSI decreased 27%, from 2.3% in the first 3 months of participation to 1.7% in the last 3 months. In 2006, the SIP evolved into the current
Surgical Care Improvement Project with the goal of reducing the rate of surgical complications, and CMS has now tied payment to the hospital based upon
participation and reduction of these complications. There are 20 measures covering various discrete elements of patient care; nine of these measures are
publicly reported and seven measures focus on SSI reduction, of which five pertain to hysterectomy.

BEST PRACTICE
Prophylactic antibiotic administration within 1 hour of surgical incision (within 2 hours if the patient is receiving vancomycin or fluoroquinolones).

Appropriate prophylactic antibiotic for the specific procedure (Table 14.4).

Prophylactic antibiotic must be discontinued 24 hours after surgery end time.

Surgical site hair removal (clipping or depilation versus no hair removal) if hair interferes with the incision/surgery.

Urinary catheter removal on postoperative day 1.

Colorectal surgery patients with perioperative temperature management.

For cardiac surgery patients, a controlled 6 AM postoperative blood glucose (<200 mg/dL).

Because of concerns about wound complications, a prior dictum was that incisions of the abdominal skin should not be made with electrosurgery. A recent
meta-analysis looking at wound complication rates between incisions made with a scalpel or electrosurgery found no difference in wound complications
regardless of method of incision creation. The review included nine randomized controlled trials (1,901 participants) and found no significant difference in
overall wound complication rates (risk ratio 0.9, 95% confidence interval 0.68 to 1.18) or rates of wound dehiscence (risk ratio 1.04, 95% confidence interval
0.36 to 2.98). No statement could be conclusively made concerning blood loss, pain, or incision time. The authors concluded that current evidence suggests
that making an abdominal incision with electrosurgery may be as safe as using a scalpel.

Discarding the skin knife, which continues as an archaic practice to date, has not been shown to reduce wound infection rates but instead leaves an extra
“sharp” on the operative field, which may injure members of the health care team. In a randomized prospective study, the rate of postoperative wound
infections was not different after the use of one or two scalpels for the incision. The same scalpel used on the skin can be safely used for subcutaneous and
deep incisions.

ABDOMINAL INCISIONS
In general, abdominal incisions used for most gynecologic procedures can be divided into transverse or vertical incisions. For extraperitoneal incisions and
access to organs not associated with the female genital tract, modifications of oblique incisions are sometimes used. Because of the ease and rapid entry,
the abdomen was originally routinely opened by a midline incision in the linea alba. One of the first successful abdominal operations was performed by
McDowell in 1809. In the early days of abdominal surgery, transverse incisions were generally avoided because they were more time consuming. Also, an
unfounded fear was that transection of the rectus muscle would leave a defect because of retraction of the muscle. As previously stated in the section on
anatomy, the adherence of the recti musculature to its anterior fascia by several transverse inscriptions prevents retraction. In the late 1800s and early
1900s, several transverse incisions were developed, such as the Küstner, Pfannenstiel, Maylard, and Cherney incisions. Most of the transverse incisions
used for pelvic surgery are identified by the name of the surgeon who first described them, whereas the few vertical abdominal incisions have no such
eponyms.

Transverse Incisions
Transverse incisions for pelvic surgery are attractive because they produce the best cosmetic results. Additionally, low transverse incisions are as much as
30 times stronger than midline incisions, are less painful, and result in less interference with postoperative respirations. Wound dehiscence is allegedly more
common with vertical incisions. The older literature suggests that wound evisceration was three to five times more common and hernia formation was two to
three times more common when vertical incisions were used compared with transverse incisions. Many earlier studies reported an increased incidence of
eviscerations with midline incisions that could be associated with inappropriate closures. More recent studies, however, have shown no difference in the risk
of wound dehiscence or even a slight advantage for midline incisions. A large study, completed at Hutzel Hospital in Detroit by Hendrix and colleagues,
found that there was no difference in fascial dehiscence between transverse (Pfannenstiel) and vertical incisions.

Transverse incisions have certain associated disadvantages. They are relatively more time consuming and relatively more hemorrhagic. Occasionally,
nerves are divided, and division of multiple layers of fascia and muscle can result in formation of potential spaces with subsequent hematoma or seroma
formation. Ability to explore the upper abdominal cavity adequately is compromised with most low transverse incisions.

Pfannenstiel Incision

Most surgeons would agree that the Pfannenstiel incision provides the best wound security of all gynecologic incisions. The cosmetic results are excellent,
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but exposure is limited (especially to the upper abdomen). This type of incision should be used in select patients with certain gynecologic malignancies. It
should not be used (or should be used in very select patients) when pelvic exposure is needed in certain nonmalignant conditions, such as severe
endometriosis, and large leiomyomata with distortion of the lower uterine segment, or when reoperating on a patient for postoperative hemorrhage.

The original, true Pfannenstiel incision is described as a transverse incision that is slightly curved (concavity upward) and may be made at any level suitable
to the surgeon (Fig. 14.9A). It is usually 10 to 15 cm long and extends through the skin and subcutaneous fat to the level of the rectus fascia. The rectus
fascia is incised transversely on either side of the linea alba, which is cut separately, joining the two lateral incisions but leaving the rectus fascia intact
across the midline (Fig. 14.9B). The rectus sheath is separated from the underlying muscle by inserting the fingers on either side of the cut edge of the
sheath and pulling the fascia in opposite directions, with one hand toward the head and the other hand toward the feet (or alternatively, cutting the
attachments in the midline). This maneuver frees the fascia from the anterior surface of the rectus muscle as far as desired between the symphysis and the
umbilicus (Fig. 14.9C). The rectus muscles are then separated in the midline, and the peritoneum is opened vertically (Fig. 14.9D). This procedure avoids
the necessity of dissecting the subcutaneous fat away from the anterior rectus fascia, as is done in the Küstner incision. It separates the perforating nerves
and small blood vessels, which enter the fascia from the underlying muscles to supply the fascia, although it possibly weakens the incision.

If the Pfannenstiel incision is extended laterally beyond the edge of the rectus muscles and into the substance of the external and internal oblique muscles,
injury to the iliohypogastric or ilioinguinal nerves can occur, with resulting neuroma formation. In addition, closure of this extended fascial incision can entrap
these nerves in either the closing suture or surrounding scar tissue. To avoid these nerve injuries in laterally extended incisions, including a Cherney or
Maylard incision, the lateral extensions should have sutures placed only in the external oblique fascia.

FIGURE 14.9 A: The skin incision for a Pfannenstiel incision is elliptical just above the symphysis pubis. B: The skin, subcutaneous fat, and fascia of the
abdominal wall are incised transversely. C: The fascia is separated from the rectus muscle superiorly, inferiorly, and laterally. Small perforating vessels
require ligation or coagulation. D: The rectus muscles are separated, and the peritoneum is incised in the midline.

The fascia can be closed with a running technique in patients with clean wounds or clean-contaminated wounds. Polyglycolic acid, polyglactin 910, or one
of the delayed absorbable sutures can be used. Subcutaneous sutures are usually unnecessary, and the skin is closed with a subcuticular suture
(preferably monofilament), reinforced surgical tape (e.g., Steri-Strips), skin glue, or staples.

Küstner Incision

Some surgeons advocate a Küstner incision, incorrectly referred to as a modified Pfannenstiel incision. The slightly curved transverse skin incision begins
below the level of the anterior superior iliac spine and extends just below the pubic hairline, through subcutaneous fat, down to the aponeurosis of the
external oblique muscle and the anterior sheath of the recti musculature, in the same manner as all other transverse incisions (Fig. 14.10A). The superficial
branches of the inferior epigastric artery and vein may be encountered in the subcutaneous fat at the lateral margin of the incision. When encountered, they
can be ligated or sealed with electrocautery. The fascia is cleaned superiorly and inferiorly until a sufficient area is exposed from the region of the umbilicus
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to the symphysis to permit an adequate vertical incision in the linea alba. Excessive separation of the fat from the fascia in the lateral margins of the incision
is unnecessary and can provide sites for small postoperative hematomas. Separation of the rectus muscles and entrance into the peritoneum are performed
in the same manner in the ordinary midline incision (Fig. 14.10B). Because of the importance of obtaining adequate hemostasis in the subcutaneous fat of
the skin flaps, this incision is definitely more time consuming than the low midline incision or the Pfannenstiel incision. It offers little or no tensile strength
advantage, and its extensibility is severely limited. If this incision is used, strong consideration of subcutaneous, closed suction drainage should be given,
due to the large amount of “dead space” created.

FIGURE 14.10 Küstner incision. A: Skin incision just below the hairline. B: Midline incision through fascia, exposing rectus and pyramidalis muscles. The
rectus muscles are retracted laterally, and the peritoneum is incised in the midline.

Cherney Incision

The Cherney differs from the muscle-dividing Maylard incision by the location of transection of the rectus muscles. In both incisions, the skin and fascia are
divided transversely as with a Pfannenstiel incision, but Cherney advocated freeing the rectus muscles at their tendinous insertion into the symphysis pubis.
The rectus muscles are then retracted cephalad to improve exposure. The transverse Cherney incision is about 25% longer than a midline incision
measured from the umbilicus to the symphysis.

The Cherney incision provides excellent access to the space of Retzius and excellent exposure of the pelvic side wall.

Occasionally, the surgeon who uses a Pfannenstiel incision finds that incision inadequate for exposure for hemostasis or not large enough to expose areas
of associated abnormal conditions deep in the pelvis. Under these circumstances, the safe approach is not to transect the rectus muscles halfway, but to
perform a Cherney incision. Partial incision of the rectus muscle can lead to injury of the inferior epigastric vessels on the lateral border of the rectus
muscles. Also, if conversion to a Maylard is attempted after a previous Pfannenstiel incision, the anterior rectus sheath will have already been widely
separated from the rectus muscles. In this case, the ends of the muscle are likely to retract and will not reunite when the edges of the fascia are later
reapproximated. In this situation, it may be necessary to reapproximate the rectus muscle ends with horizontal mattress sutures (which may be difficult due to
the retraction).

Even if the peritoneum is opened, the space of Retzius can be bluntly dissected (Fig. 14.11). The inferior epigastric vessels, which course more laterally on
the rectus muscles, are identified. The pyramidal muscles are sharply dissected. The fibrous tendinous rectus muscles are then dissected sharply from their
insertion into the symphysis pubis (Fig. 14.12). Bleeding is negligible in this area, and the inferior epigastric vessels do not need to be ligated. The
peritoneal incision can be extended laterally about 2 cm cephalad to the bladder while the vessels are visualized.

As stated earlier, transverse incisions, particularly the Cherney and the later-described Maylard, can result in nerve injury. The femoral nerve is particularly
at risk when a self-retaining retractor with deep lateral blades is used in these widely extended incisions. If a self-retaining retractor is used with either of
these incisions, the lateral blades should only be deep enough to fit under the edges of the incision and not rest on the psoas muscles.

In closing a Cherney incision, the ends of the rectus tendons are united to the inferior portion of the lower flap of the rectus sheath with five or six interrupted
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delayed absorbable or permanent sutures in horizontal mattress configuration (Fig. 14.13). To avoid osteomyelitis, the rectus muscles should not be sutured
to the periosteum of the symphysis pubis. Fascial closure is then accomplished with a running continuous suture of No. 0 or No. 1 delayed absorbable
material, as in the Pfannenstiel. Although the lines of tension favor transverse incisions as opposed to vertical incisions, running sutures should be placed at
least 1.5 cm from the fascial edge and 1.0 cm from one another. The remainder of the closure is similar to the Pfannenstiel closure, depending on the
surgeon's preference.

FIGURE 14.11 Developing the space of Retzius. The weight of the hand of the operator easily separates the bladder from the overlying symphysis in the
relatively bloodless midline. (Reprinted from Gallup DG. Opening and closing the abdomen. In: Phelan JP, Clark SL, eds. Cesarean delivery. New York:
Chapman & Hall, 1988:449, with permission; from Taylor and Francis Group LLC, with permission.)

FIGURE 14.12 The finger of the operator is placed posterior to the rectus muscle, and with gentle traction, the muscle is pulled cephalad. The rectus muscle
can then be dissected from its insertion at the symphysis by the Bovie device. The peritoneal incision can then be extended laterally, avoiding the inferior
epigastric vessels, which are positioned laterally. (Reprinted from Gallup DG. Abdominal incisions and closures. In: Gallup DG, Talledo OE, eds. Surgical
atlas of gynecologic oncology. Philadelphia, PA: WB Saunders, 1994:43, with permission. Copyright © 1995, Elsevier.)

Maylard Incision

The Maylard incision is a true transverse-muscle-cutting incision in which all layers of the lower abdominal wall are incised transversely. This incision was
originally described by Ernest Maylard in 1907. The incision provides excellent pelvic exposure and is used by many surgeons for radical pelvic surgery,

including radical hysterectomy with pelvic lymph node dissection and pelvic exenteration. Although midline incisions are preferable for patients with
suspicious adnexal masses, patients with adnexal masses, which are questionable for malignancy by radiographic and serologic studies, may be candidates
for this more cosmetic incision. Patients must be informed that if malignancy is found, the transverse incision will take the form of a “hockey stick” or “J”
incision (Fig. 14.14), or a separate upper abdominal incision will be used to evaluate the upper abdominal cavity and retroperitoneal paraaortic nodes.
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FIGURE 14.13 Reuniting of the rectus tendons to the inferior portion of the lower flaps. The deep inferior epigastric vessels are positioned laterally in the
caudad portion of the abdomen. (Reprinted from Gallup DG. Opening and closing the abdomen. In: Phelan JP, Clark SL, eds. Cesarean delivery. New York:
Chapman & Hall, 1988:449, with permission; from Taylor and Francis Group LLC, with permission.)

FIGURE 14.14 J-shaped incision on the right is shown in relation to deeper structures, the ureter, iliac vessels, and great vessels. It is initiated about 3 cm
cephalad to the umbilicus and is carried inferiorly parallel to the round ligament. (Reprinted from Gallup DG. Abdominal incisions and closures. In: Gallup
DG, Talledo OE, eds. Surgical atlas of gynecologic oncology. Philadelphia, PA: WB Saunders, 1994:43, with permission. Copyright 1995, Elsevier.)

The Maylard-Bardenheuer incision has been modified in several aspects since its original description. Before the skin incision is made, a series of three to
four perpendicular markings with a sterile marking pen are made across the planned line of the incision. These markings help later to reapproximate the skin
edges. The transverse skin incision is made about 3 to 8 cm above the pubic symphysis, depending on the indications for surgery and patient age and
weight. The skin incision should never be made in a deep skin crease or beneath a large panniculus, because of the anaerobic environment

in this location and increased risk of wound complications. The fascia is incised transversely, and the aponeurosis is not detached from the underlying
muscle.
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FIGURE 14.15 Maylard incision. The rectus muscles are incised with a knife or a Bovie device. The hand of the surgeon is withdrawn as the muscle is cut.
The inferior epigastric vessels were previously isolated, sectioned, and ligated. (Reprinted from Gallup DG. Opening and closing the abdomen. In: Phelan
JP, Clark SL, eds. Cesarean delivery. New York: Chapman & Hall, 1988:449, with permission; from Taylor and Francis Group LLC, with permission.)

Once the transverse fascia incision has been carried lateral to the borders of the rectus muscles, the inferior epigastric vessels, lying on the posterolateral
border of each muscle, are identified. (Some surgeons suggest preservation of these vessels even when the rectus muscles are transected.) The vessels
are “teased” away from their attachments by using blunt dissection with an instrument or gentle finger dissection. The vessels are ligated before incising the
rectus muscles to avoid tearing of the vessels, vessel retraction, and hematoma formation (Fig. 14.15). The fingers of the surgeon tease the overlying rectus
muscle from the peritoneum, and the muscles are sectioned between the fingers by using an electrocautery.

For better approximation of the muscles during closure, suture the underlying muscle to the overlying fascia before entering the peritoneum. A 2-0 delayed
absorbable “U” suture is used, and the knots are placed anterior to the fascia. The peritoneum is incised transversely.

Closure of the fascia is similar to the running technique for other transverse incisions. The muscles do not need to be reapproximated with individual sutures
(exception noted above), although some surgeons prefer to close the parietal peritoneum with a running polyglycolic suture. Drainage of the subfascial
space is the surgeon's prerogative (Fig. 14.16).

FIGURE 14.16 The peritoneum has been closed with 2-0 polyglycolic acid sutures. A closed drainage system is used if hemostasis is not absolute. A
running delayed absorbable suture is used, placing the bites about 1.5 cm from the fascial edge. (Reprinted from Gallup DG. Abdominal incisions and
closures. In: Gallup DG, Talledo OE, eds. Surgical atlas of gynecologic oncology. Philadelphia, PA: WB Saunders, 1994:43, with permission. Copyright
1995, Elsevier.)

Caution should be exercised in using the Maylard incision in patients with impaired circulation to the leg secondary to obstruction of the common iliac
arteries or terminal aorta. In this situation, blood flow from the inferior epigastric artery may provide the only additional collateral circulation to the lower
extremity. Ligation of this artery could result in lower extremity ischemia and a real vascular surgical emergency. In the gynecologic patient with clinical
evidence of impaired circulation in the lower extremity, a midline incision should be used.

Vertical Incisions
Generally, vertical incisions afford excellent exposure, can be easily extended, and provide rapid entry to the abdominal cavity. Whether the incision is made
midline or paramedian, the resulting scar may be wide.

Midline (Median) Incision
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As stated in the section on anatomy, the midline incision is the least hemorrhagic incision, as well as the incision that affords rapid entry into the
abdominal/pelvic cavity. Exposure is excellent, and minimal nerve damage occurs. However, dehiscence and hernias are said to be more common.
Abdominal wound disruption is one of the most serious postoperative problems associated with gynecologic surgery. The “burst abdomen,” or evisceration,
seen more frequently in general surgery patients, occurs with a frequency of 0.3% to 0.7% in gynecologic patients and is associated with a mortality of 10%
to 35%. The type of incision is only one factor associated with evisceration. Mechanical factors—such as wound hematomas, paroxysmal coughing
associated with chronic lung disease, and gastrointestinal problems (retching, vomiting, ileus)—can lead to evisceration. However, better perioperative care,
newer suture material, and better closure techniques have been shown to lower the rates of wound infection, dehiscence, and hernia formation.

The midline incision is the most easily mastered gynecologic incision because the fascial area is relatively bloodless and the rectus muscles are usually
separated in parous women. If the patient has a prior midline incision, the surgeon should incise the skin and peritoneum more cephalad to the earlier
incision to avoid injury to possibly adherent bowel. In nulliparous women, the midline separation between the rectus muscles may not be obvious. In these
cases, the pyramidalis muscles are useful landmarks in directing the surgeon to the midline separation of the rectus muscles, inferiorly. Because this incision
can be extended easily, the midline incision is the most versatile of all incisions used by gynecologists.

Hemostasis of the anterior layers of the abdomen should always be complete before the peritoneum is entered (Fig. 14.17). Once the abdomen is explored
(in a systematic fashion), the bowel is carefully packed out of the pelvis. Seldom are more than two or three moist laparotomy packs needed to accomplish
exposure of the pelvis. If more packs are required or there is a struggle to pack the upper abdominal contents, anesthesia may be inadequate, or in patients
with prior abdominal surgery, adhesive disease may be obstructing movement. The more packs used, the more likely small-bowel terminal nerve endings will
be damaged, resulting in postoperative adynamic ileus. Use of more modern table-fixed retractors, such as the Bookwalter retractor, not only improves
exposure in vertical and transverse incisions but also limits the use of excessive packs.

Paramedian Incision

The true paramedian incision is placed lateral to the midline and splits the rectus muscle longitudinally. Like the midline or median incision, the paramedian
incision has excellent extensibility and exposure, particularly on the side of the pelvis where the incision is made. However, because it splits the rectus
muscle, the risk of bleeding and nerve injury is increased, relative to the median incision. A modified paramedian incision retracts the rectus muscle laterally
before incising the posterior rectus sheath and peritoneum. This approach avoids the potential risks associated with splitting the rectus muscle. Paramedian
incisions have been advocated over midline incisions because of alleged greater strength. A recent meta-analysis, comparing outcomes of midline incisions
with transverse and paramedian incisions, showed that midline incisions had higher hernia rates as compared to transverse incisions (risk ratio 1.77, 95%
confidence interval 1.09 to 2.87) and paramedian incisions (risk ratio 3.41, 95% confidence interval 1.02 to 11.45).

Fascial Closure of Vertical Incisions

Although midline incisions allow quick entry into the abdomen and provide excellent exposure to abdominal and pelvic anatomy, the relatively avascular
nature of the anatomy, as well as the lateral pulling forces, make these types of incisions weaker and prone to early (see SSIs above and evisceration
below) and late postoperative complications. Incisional hernia is a frequent complication of midline abdominal surgery with a reported incidence of 3% to
13% and typically results in some future surgical intervention, increasing patient morbidity and decreasing patient quality of life. Most incisional hernias
seem to develop during the early postoperative period and are related to early separation of the fascial edges. Because the regenerative capability of fascia
is limited, the ability of the closing suture line to hold these edges together during the early postoperative period is paramount. The fascia heals quite slowly
and needs to have support from the suture utilized for at least 6 weeks to reduce the risk of incisional hernia formation. The surgeon can control several
variables (e.g., reducing SSIs [as discussed above], choosing an appropriate suture for closure, employing proper suturing technique) to reduce the rate of
hernia formation.

Selecting a suture to close midline abdominal incisions is the prerogative of the surgeon; although a myriad of options exist, no consensus on the choice of
suture material (or even technique of closure) exists. Over the last two decades, multiple prospective randomized clinical trials have been completed
comparing one suture to another and evaluating for wound complications, such as evisceration, hernia formation, wound infection, suture sinus formation,
and wound pain. Although some classes of suture outperformed others, to date, no single suture has emerged as the sole superior choice for closure of
midline incisions. However, several types of nonabsorbable and slowing absorbable suture material have come to the forefront for closure of midline
incisions with resulting reduction of hernia formation versus closure with quickly absorbing suture material. As mentioned above, one of the most important
factors of closure of the midline incision is that the fascial edges need to be approximated for at least 6 weeks to reduce hernia formation. Nonabsorbable
monofilament and slowly absorbable (e.g., PDS; see Table 14.2) suture material produce low rates of incisional hernia, as compared to fast-absorbing
suture, which support the fascia for less than 6 weeks. In addition, the rate of SSI is lower with monofilament suture compared to multifilament material,
owing to the interstitial spaces where bacteria can evade phagocytosis. Diener et al. recently performed a meta-analysis of midline laparotomy closure,
reviewing the literature, including five systematic reviews (dating from 1998) and 14 trials (published between 1981 and 2009), and including 7,711 patients
(6,752 midline incisions). The authors reported that the five systematic reviews contained significant heterogeneity and did not meet their criteria for
analysis. However, the 14 trials included in their review demonstrated no statistical heterogeneity for patients undergoing elective midline laparotomy
closure. Their findings showed that hernia rates were significantly lower with absorbable suture versus nonabsorbable suture (odds ratio 0.41, 95%
confidence interval 0.43 to 0.82, P = 0.001) and slowly absorbable versus quickly absorbable sutures (odds ratio 0.65, 95% confidence interval 0.19 to 0.88,
P = 0.02). No statistical differences were noted among the secondary end points of wound dehiscence, suture sinus formation, wound infection, and wound
pain, whether wounds were closed with nonabsorbable versus slowly absorbable or slowly absorbable versus quickly absorbable suture material. The
authors concluded that for elective primary or secondary laparotomy through midline incisions, the abdominal fascia should be closed with slowly absorbable
(monofilament) suture material in a continuous fashion. The authors had no recommendation for closure of the abdominal fascia in emergency setting.

Suturing technique goes hand in hand with the suture material used for midline laparotomy closures. Several meta-analyses have been performed
assessing outcome after

continuous closure (with varying types of suture material) versus interrupted closures (with various types of suture material). In general, these reviews
showed that incisional hernias, wound dehiscence, suture sinus formation, wound infection, and wound pain were less for continuous closure as compared
to interrupted closure. In addition, the continuous closure technique is significantly easier and faster than interrupted closure (Fig. 14.18) Further, closing
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the wound in one single layer has produced lower dehiscence rates than closure with several layers, and including the peritoneum in the suture line does
not contribute to the tensile strength of the wound.

FIGURE 14.17 A: Cutting of linea alba in low midline incision with scalpel. B: Cross section of abdominal wall showing skin, subcutaneous fat, anterior and
posterior rectus sheaths, and underlying peritoneum. C: Opening of peritoneum with knife, and demonstration of small bowel protruding into peritoneal
opening. D: Enlargement of peritoneal opening to the region of the umbilicus with Mayo scissors.

Standardizing the tension applied on sutures in the clinical setting during closure of the abdomen is difficult. However, higher tension is correlated with
higher rates of SSI than with

lower tension. This may be due to soft tissue that is included in the stitch, which gets compressed and devitalized, leading to tissue necrosis and increasing
the rate of SSI. For continuous closure, the suture length to wound length (SL-to-WL) ratio is directly correlated with incisional hernia formation (fewer
hernias with SL-to-WL ratio of 4 or higher) but depends upon the number of stitches, the size of the stitches, the tension on the suture line, and the length of
the wound.



FIGURE 14.18 Closure of a midline incision using a No. 2 polypropylene, running mass closure. The anterior fascia, muscle, posterior fascia, and
peritoneum are included in the bites (inset), which are taken 1.5 to 2 cm from the fascial edge and about 1 cm apart. With permanent polypropylene suture,
a hemoclip can be used on the short end to avoid suture unraveling.

Calculation of SL-to-WL ratio: (A – [B + C]) / D

A = length of suture used

B = length of suture remnants at the starting knot

C = length of suture remnants at the finishing knot

D = length of skin incision

High SL-to-WL ratio can be accomplished with large stitches or with small stitches placed at closer intervals. For several decades, it had been
recommended to place large stitches at least 1 to 1.5 cm from the wound edge and 1 cm apart. This surgical dictum was purely based upon experimental
data. However, recent experimental data from Cengiz et al., and taking into account SL-to-WL ratio, showed that smaller stitches, placed 5 to 8 mm from the
wound edge and at close intervals of 4 to 5 mm, resulted in a stronger wound 4 days after closure compared to wounds closed with larger stitches, placed
10 mm from the edge and 10 to 15 mm apart. More recently, Millbourn et al. showed that keeping the SL-to-WL ratio at 4 or greater, but using smaller stitch
sizes as described above, resulted in an incisional hernia rate significantly lower than if large stitches were used to maintain the same SL-to-WL ratio (5.6%
versus 18.0%, P = 0.001). In addition, SSI rates were less with small stitch size versus larger stitches (5.2% versus 10.2%, P = 0.02).

Although interesting from a historical perspective, the interrupted Smead-Jones closure technique (Fig. 14.19) has not been shown to be superior to a
continuous closure technique in patients at high risk for wound disruption. However, this technique is a far-far, near-near, interrupted, mass closure
technique. The first (far-far) bite includes both the fascia and peritoneum on each side, and only the anterior fascia is included in the near-near bite. The
widely spaced initial pass takes the tension off the healing incision, while the carefully placed near-near bites approximate the fascial edges. A
nonabsorbable or slowly absorbable suture is used, with the key to the success of this closure being widely spaced far-far bites (at least 1.5 to 2 cm from
the fascial edges).

FIGURE 14.19 Smead-Jones layered closure. This is a far-far, nearnear suturing technique, with the anterior fascia being included in the near-near bite. A
No. 1 nylon or No. 1 polypropylene suture (or some other delayed absorbable suture) is used, with the key to the success of this closure being widely
spaced far-far bites (at least 1.5 to 2 cm from the fascial edges). This closure technique may be performed in an interrupted fashion or as running suture.
(Reprinted from Morrow CP, Curtin JP. Incisions and wound healing. In: Gynecologic cancer surgery. Churchill Livingstone, 1996:152, with permission: from
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Elsevier Health Science Books, with permission.)

BEST PRACTICE
Use a monofilament suture material, slowly absorbable or nonabsorbable.

Use a continuous suture technique.

Close the wound in one layer.

Avoid high tension on the suture—adapt but do not compress the fascia edges.

Place the stitches in the fascia only, 5 to 8 mm from the wound edge and at close intervals 4 to 5 mm apart.

The SL-to-WL ratio should be 4 or greater.

Oblique Incisions
Oblique incisions can be used for a transperitoneal or an extraperitoneal approach.

Gridiron (Muscle-Splitting) Incision of McBurney

The McBurney incision is an excellent choice for an uncomplicated appendectomy and can be used for the extraperitoneal drainage of an abscess from
pelvic inflammatory disease. In pelvic inflammatory disease, when drainage becomes necessary for an indolent broad ligament abscess that does not
respond to antibiotics and does not point into the cul-de-sac for drainage, drainage through a gridiron incision is most effective. The incision is constructed
as for an appendectomy, except that it is made a little lower, and the peritoneal cavity is not entered. Similarly, if drainage of the pelvis is required during a
pelvic laparotomy, the drain should not exit through the midline incision but rather through a small gridiron (stab wound) incision in the lower abdomen. In
treating a large tuboovarian abscess that extends out of the pelvis and does not respond to antibiotic therapy, extraperitoneal drainage through a McBurney
incision is also possible by approaching the abscess laterally. This permits entrance into the site of infection without soiling the peritoneal cavity.

FIGURE 14.20 Gridiron incision. A: Position of incision. B: Fibers of external oblique have been split. C: Internal oblique muscle being split with a Kelly
clamp. D: In closing, internal oblique fibers are approximated with figure-of-eight No. 0 delayed absorbable sutures. E: Aponeurosis of external oblique is
closed with continuous or interrupted No. 0 delayed absorbable sutures.

The gridiron incision is made obliquely downward and inward over the McBurney point (Fig. 14.20A). The location can be varied when the incision is
performed for appendectomy during pregnancy or when it is used for abscess drainage, as mentioned above. The incision in the skin can be made at a
lower

level to preserve the cosmetic appearance of the abdominal wall. The incision is carried through the skin and subcutaneous fat to the external oblique
muscle. The fibers of the muscle are separated in the direction in which they run (Fig. 14.20B). The internal oblique and the transverse abdominis are
separated in the line of their fibers (Fig. 14.20C). At this point, the internal oblique and the transversus abdominis course in the same direction and are
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closely fused. Retractors are avoided, if possible. Instead, the peritoneum should be gently reflected away from the abdominal wall inferiorly and the
abscess entered beneath the round ligament for extraperitoneal drainage. Thickened indurated tissue may make this step difficult. If the parietal peritoneum
is adherent to the peritoneal surface of the abscess, drainage still may be possible without transversing free space in the peritoneal cavity. The surgeon
should avoid contaminating the peritoneal cavity with pus, if possible.

The gridiron incision can be used in the left lower quadrant to drain an abscess on the left side of the pelvis as well as to perform sigmoid colostomy.
Closure is depicted in Figure 14.20D, E and is best made with a monofilament slowly absorbable suture.

Rockey-Davis Incision

An alternative to the McBurney incision is the Rockey-Davis (or Elliot) incision. It is a transverse incision placed at the junction of the middle and lower thirds
of a line extending from the anterosuperior iliac spine to the umbilicus. Medially, the incision extends to the border of the rectus muscle. The aponeurosis of
the external oblique muscle is split in the line of its fibers. The internal oblique and transversus muscle fibers can be separated by blunt finger dissection.
The peritoneum is incised transversely. This incision has provided satisfactory exposure to pathology in either lower abdominal quadrant. A similar incision
made lower on the abdomen preserves the cosmetic appearance of the abdominal wall.

Incisions for Obese Patients

The prevalence of obesity is increasing in the United States, with 30% of adults being classified as being obese BMI ≥ 30 kg/m2) and 20% as being

classified as extremely obese (BMI ≥ 40 kg/m2). Obesity is a recognized risk factor for postoperative wound infections, and thus, placement of an abdominal
incision can be challenging in these patients. Pitkin first observed increased operative and postoperative risks when abdominal hysterectomy is performed
on obese patients. He noted significantly more postoperative fever in the obese patients versus nonobese (59% versus 36%) and a significant difference in
wound complications for obese patients over nonobese (29% wound complication rate versus 4%). Krebs and Helmkamp reported a wound infection rate of
24% in massively obese patients when a periumbilical transverse incision was used. Because muscle cutting is needed for this transverse incision, entry
time can be lengthy and relatively hemorrhagic. If any transverse incision is chosen for obese patients, it should be far removed from the anaerobic moist
environment of the subpannicular fold (Fig. 14.21).

FIGURE 14.21 Midline incision in an obese patient. The panniculus is retracted inferiorly, and the incision avoids the moist anaerobic environment (inset)
beneath the subpannicular fold. (Reprinted from Gallup DG. Opening and closing the abdomen. In: Phelan JP, Clark SL, eds. Cesarean delivery. New York:
Chapman & Hall, 1988:449, with permission; from Taylor and Francis Group LLC, with permission.)

In 1977, Morrow and colleagues suggested modifications of preoperative care, intraoperative techniques, and postoperative care in obese gynecologic
patients and observed only a 13% wound infection rate. Gallup subsequently modified Morrow's techniques. He reported his experience in a group of 97
obese patients, comparing them to obese patients not operated on by the modified protocol. Obese patients who were managed with the modified protocol
had a wound infection rate of 3% versus 42% in those patients not operated on by protocol.

In the obese patient, the umbilicus is deviated caudally on a vertical axis in the supine and dorsal lithotomy positions. When relating the position of the
umbilicus to the pubic symphysis, it can sometimes be at or below the level of the pubic symphysis, depending upon the size of the panniculus. Any incision
should not be performed in the suprapubic fold after lifting the fat pad because of the poorly vascularized skin, which is typically thin and submitted to
intense maceration due to the moist warm anaerobic environment that promotes the proliferation of numerous organisms (Fig. 14.21).

Several options for incisions on the obese abdomen exist. Querleu described a transverse incision, similar to the Maylard incision described above. But the
midline incision seems to be the incision of choice for most surgeons. This incision is made by first retracting the panniculus caudad, below the inferior
margins of the symphysis (Fig. 14.21). The skin incision is a periumbilical incision because it is usually extended around the umbilicus and more cephalad
due to the caudally deviated position of the umbilicus. The fascial incision is always extended to the symphysis. A supraumbilical longitudinal

incision, as described by Greer and Gal, is a variation, where the entire incision is above the umbilicus, in the flat area of the abdomen above the
panniculus.

After the operation is completed, the abdominal fascia is closed with a monofilament slowly absorbing (or occasionally monofilament nonabsorbable) suture
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in a continuous closure. Subcutaneous sutures and or drains are not used. The skin is closed with staples, which are left in place for 2 weeks.

Panniculectomy and Abdominoplasty
An alternate surgical approach in the massively obese patient is to remove the large panniculus before the intended pelvic surgery. As observed by Kelly in
1910, wound complications can be avoided and cosmesis can be achieved by this procedure. Exposure to the pelvic organs is certainly improved. In 1978,
Pratt and Irons reported on 126 panniculectomies, and 85 of these were performed to facilitate exposure to the surgical field. The average hospital stay was
only 14 days, but 34.5% of the patients had some degree of morbidity. In the series by Voss and colleagues, 5 of 76 (6.6%) patients undergoing
panniculectomy and hysterectomy developed pulmonary embolism. In another series, investigators encountered excessive blood loss and acknowledged the
need for transfusion in combined surgery. More recently, several series have noted the relative safety of combining abdominoplasty with other surgical
procedures. Hopkins and colleagues performed a retrospective review of patients who underwent panniculectomy at the time of gynecologic surgery. They
identified 78 patients (average weight 278 pounds) on whom the procedure was performed. Their infection rate was a laudable 2.6%, with an equally
impressive average blood loss of 71 mL. Four of the patients had minimal incisional separations.

As more sophisticated monitoring, better antibiotics, better suture material and techniques, and a safer blood supply have become more available, selective
use of combined gynecologic procedures and plastic surgical removal of the panniculus is increasing. Extended antibiotic prophylaxis to prevent SSI in
morbidly obese patients who do have the combined hysterectomy and medically indicated panniculectomy may be indicated. In a cohort study conducted at
the Mayo Clinic, investigators showed that morbidly obese women who received standard prophylactic antibiotics and continued oral ciprofloxacin until
drains were removed, had fewer SSIs compared to morbidly obese women who received only standard prophylactic antibiotic treatment (5.9% for extended
antibiotics versus 27.9% in the standard treatment group). In a study of patients who had a mean weight of 261 pounds, Morrow et al. found no operative
mortality and a mean hospital stay of 8.2 days. Only 11% of the patients required transfusion. The investigators in this series emphasized that the
panniculectomy should be performed first to improve exposure.

Although removal of a large panniculus results in better exposure, patient selection for this potentially morbid procedure should be carefully considered.
Also, the patient must be counseled and must be strongly motivated to lose weight and change her nutritional habits. If the patient is not committed to these
lifestyle changes, it seems impractical to perform an extensive abdominoplastic procedure and incur the associated morbidity. If the surgical procedure is not
urgent, an alternative would be to defer the procedure until the patient has achieved 40% to 50% of the planned weight loss.

Of the various operative techniques available for panniculectomy and abdominoplasty, the elliptical transverse incision, originally described by Kelly, has
proven to be the procedure of choice. Two modifications of the transverse panniculectomy can be useful. The most common procedure includes an elliptical
“watermelon” incision (Fig. 14.22A), extending from the lateral aspect of the lumbar regions to about 3 to 4 cm above the umbilicus. If the patient requests
the preservation of the umbilicus, it can be excised and transplanted to the upper pedicle of skin. However, as shown by Cosin and colleagues, this
transplantation can lead to increased wound complications. Inferiorly, the transverse incision follows the concave skin fold that separates the overhanging
panniculus from the suprapubic skin. The underlying fat is excised deeply in a slightly wedged manner, with the deep portion of the fat extending outward
and slightly beyond the skin margin to avoid ischemia of the skin edge. Meticulous attention must be given to absolute hemostasis (a time-consuming
procedure) to avoid postoperative hematoma formation and infection. The excessive use of cautery, which produces a favorable environment for bacterial
growth in devitalized tissue, should be avoided. The lateral angles of the incision may require separate “V” incisions to avoid the unsightly folds of redundant
fat (Fig. 14.22B). When these V-shaped wedges are closed, the angle of the incision is converted into a

Y-shaped configuration, which eliminates the excessive skin in the lateral aspects of the abdominal wall. After the removal of the large panniculus, the
abdomen can be opened either transversely or vertically. A vertical incision has been advocated to improve exposure.



FIGURE 14.22 Panniculectomy incisions. A: Elliptical transverse incision extending from the region of iliac crest passes above and below the umbilicus. B:
V-shaped incision in lateral angles eliminates folds of skin in abdominal wall. C: W-shaped incision over the mons pubis extends along the inguinal ligament
to the iliac crest. D: The upper incision passes above the umbilicus. Wide mobilization of the upper skin flap is carried to the sternum and rib margins. E:
After removal of panniculus and skin, the upper skin flap is sutured without tension to the lower skin margin. F: A firm elastic dressing is crisscrossed over
the abdominal wall for abdominal support and prevention of seroma formation.

DELAYED PRIMARY CLOSURE AND SECONDARY CLOSURE
The value of delayed primary wound closure in managing possible contaminated wounds has been recognized by military surgeons for many years. In 1968,
Grosfeld and Solit reported that patients with perforating appendicitis had a reduction in wound infection rates from 34.1% to 2.3% when delayed closure
was used. Similarly, in a high-risk group of patients— which included patients with obesity, cancer, possible contamination from above-and-below
procedures, infection, and bowel content contamination—Brown and colleagues found a marked reduction in wound infection rates when delayed primary
closure was used compared with immediate closure in matched patients. The infection rate for the former group was 2.1%; for the latter, 23.3%. Possible
candidates for such a closure include patients with ruptured appendicitis, ruptured tuboovarian abscess, extensive bowel injury, or diverticulitis with
contamination.

After closure of the fascia, the wound is irrigated with copious amounts of saline and then packed with 0.1% Dakin solution (sodium hypochlorite). The
wound dressing sponges are changed two to three times a day with a wet-to-dry technique, using sterile saline or 0.1% Dakin solution. Once the signs of
infection are gone, the Dakin solution should be stopped, as it can impede epithelialization. In 4 to 5 days, depending on the appearance of granulation
tissue in the subcutaneous tissues, the previously placed sutures are tied to approximate the skin edges. Tincture of benzoin is placed at the lateral edges
of the closed incision, and Steri-Strips are used to approximate uneven skin edges.

Alternatively, the skin edges of the incision can be closed with widely spaced staples, “wicking” the intervening spaces with saline-soaked (Dakin solution in
the face of infection) gauze (e.g., Nu Gauze or Kerlix strips). Once adequate granulation tissue is present, the skin edges can be reapproximated with
nonabsorbable monofilament sutures and local lidocaine at the patient's bedside before discharge from the hospital.

Superficial separation of layers anterior to the fascia is usually associated with wound infections, seromas, or hematomas. Many centers suggest opening
the wound, usually the entire length, obtaining appropriate cultures for antibiotic choice, and allowing healing by second intention, with once- or twicedaily
wound dressing changes. Although most cleansing in a second-intention scenario is accomplished by home health care personnel, patients are
inconvenienced by this method. A trend in many centers and practices has been to perform delayed closure after a period of 2 to 5 days. In 1988, in a
prospective randomized study, Hermann and associates found that secondary closure, performed 2 days after wound drainage had ceased, resulted in a
significant reduction in healing time when compared with healing by second intention.

In a larger series of patients on an obstetrics and gynecology service, Walters and colleagues found a similar advantage in delayed closure of wounds. In 35
patients who underwent reclosure, 85.7% had their wounds successfully closed. Patients in this study had abdominal incisions that had been opened owing
to infection, hematoma, or seroma. The fascia was intact in all patients, and all patients had wound debridement and cleansing for a minimum period of 4
days. All patients in this series had reclosure performed in the operating room and received three doses of cefazolin. The closure was done by an en bloc
technique, using No. 2 monofilament nylon sutures. In a series from the University of Mississippi (Dodson et al.), patients with superficial wound dehiscence
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were randomized to en bloc closure with No. 1 polypropylene versus a superficial closure through the skin using No. 2 polypropylene vertical mattress
sutures. There was no statistical difference in the number of days needed to complete wound healing. However, the en bloc group required longer time for
closure, and these patients experienced more pain. Of note, none of these patients received prophylactic antibiotics, and all wounds were reclosed under
local anesthesia in the patient care area 2 to 6 days after reopening the wound.

Our technique for reclosing wounds is similar to that reported by Dodson and associates. After reopening the wound in patients with superficial wound
dehiscence, the subcutaneous tissues are debrided daily, and wet-to-dry dressings using sterile saline are placed in the wound two to three times daily.
Antibiotics are generally not used unless the patient has a concomitant infection (e.g., cellulitis or cuff infection). The wound is closed when a healing bed of
granulation tissue without exudate or necrotic debris is present. Many wounds require sharp debridement, but most can still be closed within 5 days of
reopening.

Wounds are closed in the treatment room on the ward or in the office with local 1% lidocaine anesthesia after premedication with anxiolytics and narcotic
pain medication. The skin is then prepped with a povidone-iodine solution, and the sutures are placed 1 cm from the skin edges and 2 cm apart. The suture
of choice is a No. 0 polypropylene suture or a similar permanent or delayed absorbable suture. We leave the sutures in for 2 weeks.

An alternative to secondary closure with suture is negative pressure wound therapy (NWPT). Since the first reports of this type of therapy for chronic
wounds in 1997, NWPT has overwhelmed the wound healing world, including treatment of postoperative wound complications. This method utilizes a pump
to produce subatmospheric pressures (50 to 125 mm Hg), a polyurethane foam (which is black in color) with pore sizes ranging from 400 to 600 μm or
polyvinyl alcohol foam (which is white) (both of which can be cut to conform to the wound), tubing to connect the foam to the pump and to the fluid reservoir,
and occlusive material to create a seal to maintain negative pressure. The mode of the pump is either intermittent or continuous. The mechanism of action is
that the foam occludes the wound, allowing for quicker epithelialization, and drains away any exudates. In addition, the subatmospheric pressure creates
tissue strain, stimulating cellular proliferation, angiogenesis, and growth factor elaboration. Further, inflammation and edema is reduced, with all the
associated mediators, and the bacterial load in the wound is reduced. The black foam, which has the larger pores, is considered most effective at
stimulating wound contraction and formation of granulation tissue. The white foam has a smaller pore size and is utilized to restrict granulation tissue growth.
Contraindications to NWPT include exposed vessels, anastomotic sites, organs, nerves, malignancy, untreated osteomyelitis, nonenteric and unexplored
fistulae, and necrotic tissue. The presence of necrotic tissue requires aggressive debridement prior to NWPT. It is important to note that no randomized
clinical trial comparing NWPT to delayed closure has been done despite a robust use of this technology for disrupted, postoperative wounds.

COMPLETE WOUND DEHISCENCE AND EVISCERATION
Technically, wound dehiscence means separation of all layers of the abdominal incision, but wound dehiscence has been subdivided based on the layers of
tissue that have separated. Incomplete or partial dehiscence (superficial dehiscence) means separation of the skin and all tissue layers posterior to the skin,
sometimes including the fascia. However, if the disruption includes the peritoneum, the disruption is called a complete dehiscence. Should the intestine
protrude through the wound, the term evisceration (also a burst abdomen) is used. The frequency of fascial dehiscence ranges between 0.3% and 3% of all
cases of pelvic surgery.

Evisceration is one of the most feared and dangerous postoperative complications, with a reported incidence of 0.4% to 3.5%, rates that have remained
constant over the last several decades despite advances in perioperative care, surgical techniques, and materials. The mortality rate associated with
evisceration has been reported to be as high as 35% and is usually associated with other complications, such as sepsis. However, Helmkamp's 10-year
study noted a mortality rate of only 2.9% in 70 cases, which may reflect improved supportive care available for these patients in recent years. Evisceration is
less likely to occur in gynecology patients than in general surgery patients.

Older studies reported that the type and location of the incision and the type of suture used were major causative factors in evisceration. However, many of
the predisposing factors for complete wound disruption or evisceration are metabolic and include malnutrition, poorly controlled diabetes, corticosteroid use,
and older age. Mechanical factors associated with dehiscence and evisceration include obesity, intra-abdominal distention (including rapid postoperative
reaccumulation of ascites), infection, retching, and coughing. In addition, any process that can impair wound healing, such as radiotherapy or chemotherapy,
can contribute to an increased risk for wound disruption.

Complete wound dehiscence and evisceration are usually problems associated with tissue failure and not suture failure, with the main mechanism being
suture cutting through the suture holding tissues. If the suture holding tissues disintegrate due to a necrotizing infection, this usually occurs 7 to 10 days
after wound closure, as it takes time for an infection to develop. However, rates of severe SSI causing dehiscence of evisceration are quite low (0.1%). The
most common cause for wound dehiscence is most likely the quality of the suture technique (see above). Maintenance of a SL-to-WL ratio over 4 and
utilizing a continuous closure versus interrupted are both associated with low rates of dehiscence and evisceration.

Rollins and associates noted that about half of their patients with serious wound complications had prior abdominal or pelvic surgery. In the series reported
by Jurkiewicz and Morales, 88% of eviscerated wounds had tearing of suture through the fascia, with knots and suture intact. Thus, large loose sutures with
secure knots are always preferable to tight strangulating sutures that cause ischemia of the incision margin.

Eviscerations usually occur from day 5 to 14 after operation, with a mean of about 8 days. One of the early signs of complete dehiscence and impending
evisceration is the seepage of serosanguineous pink discharge from an apparently intact wound. It can be present for several days before evisceration
occurs and occurs in 23% to 84% of cases. Although occult hematomas are usually the cause of such discharge, these wounds need to be examined
carefully by probing with a cotton-tipped swab to assess the integrity of the fascial closure. Frequently, the patient is conscious of something giving way,
“tearing,” or “popping” immediately before the burst abdomen becomes clinically apparent.

With few exceptions, complete dehiscence or eviscerations should be closed as soon as they are recognized. In case of evisceration, when a delay of
several hours is anticipated because of a recent meal, the bowel can be replaced by using sterile gloves, gently packing it in place with lap pads soaked in
saline, and securing it with an abdominal binder. Broadspectrum antibiotics should be initiated, and baseline blood counts and serum electrolyte studies
should be obtained.

Closing an evisceration should be performed in the operating room (never on the floor) and always under general anesthesia so that the extent of the
dehiscence may be determined. Necrotic tissue clots and suture material should be removed, and aerobic and anaerobic cultures should be obtained. The
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bowel and omentum should be inspected and thoroughly cleansed with several liters of warm normal saline. If the fascial margins can be located and are not
ragged, a continuous, mass closure technique with a slowly absorbable monofilament suture, achieving an SL-to-WL ratio of 4 or more, is advised. When
completing the closure, it is unknown whether small or large stitch size is better, but the SL-to-WL ratio can be maintained with either. The subcutaneous
tissue and skin are packed open for later delayed closure or NWPT placement.

If the wound edges are ragged or the patient's condition is poor, a through-and-through retention suture of No. 2 nylon or polypropylene is used. The
sutures are placed at least 2.5 to 3 cm from the skin edges and are passed through all layers. To allow for edema, they are placed 2 cm apart (Fig. 14.23).

To prevent inclusion of the underlying intestine in a suture, all sutures are held up before the first one is tied. Skin edges unopposed between the through-
and-through sutures can be approximated with interrupted 3-0 polypropylene. The through-and-through sutures should be left in place for 3 weeks. A
nasogastric tube should be used in the immediate postoperative period to avoid abdominal distention, and broad-spectrum antibiotics should be continued
and modified according to culture results.

FIGURE 14.23 A: Secondary closure of an evisceration with retention sutures (usually No. 1 polypropylene sutures—rubber dams can be included) and
preferably No. 2 polypropylene sutures. B: All layers are incorporated.

INCISIONAL HERNIA
Incisional hernia is a frequent complication after midline incisions (and less frequently in transverse incisions) of the abdominal wall. In this situation, the
peritoneum remains intact, and the fascial margins and adjacent muscles separate, leaving a defect beneath the subcutaneous tissue into which the bowel
and omentum may herniate.

Causes of herniation are similar to those of evisceration; however, the skin, subcutaneous tissue, and peritoneum remain intact. Most cases of ventral
hernia follow an incisional infection, weakening the supporting tissues. Increased intra-abdominal pressure from coughing and vomiting, along with necrosis
of the fascial margins, permits the sutures to pull through the edge of the fascia. These changes result in separation of the wound edges and failure of
fibroblastic bridging of the fascia. This complication occurs more frequently in lower abdominal incisions because of the anatomic deficit of the posterior
fascial sheath beneath the rectus in the area inferior to the semicircular line. Ventral hernias occur after low midline incisions in about 0.5% to 1% of all
gynecologic operations, with the incidence rising to about 10% after a wound infection. Similarly, reclosure after dehiscence increases the chance of hernia
formation to about 25%.

Although the initial fascial defect may be small, the size of the resultant hernia can assume varying proportions and involve the entire length of the lower
abdominal wall. The size of the hernia depends on the mobility of the bowel and omentum and the final aperture size of the ventral defect. A large amount of
small bowel and omentum can escape from a small fascial defect into an easily expandable subcutaneous space. The smaller the fascial defect through
which small bowel can herniate, the greater the frequency of incarceration, obstruction, and infarction.

Patients with ventral hernias often report lower abdominal discomfort, and with large ventral hernias, the abdominal wall is distended to varying degrees.
Patients with large hernias may note bowel peristalsis beneath the skin and report that the bulge becomes smaller when they are in a recumbent position.
The hernia is more noticeable during coughing and straining and can increase in size over time because of enlargement of the hernial ring or incorporation
of additional segments of bowel into the hernial sac. Rarely, a ventral hernia produces acute symptoms of visceral torsion, incarceration, and infarction.
Repair of the hernia is preferably done on an elective basis.

Advances in the technique of hernia repair as well as the materials (synthetic and biologic meshes) to repair such hernias have made a thorough discussion
of the topic here, beyond the scope of this chapter.
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PERINEOTOMY INCISIONS
Adequate exposure is just as important with vaginal surgery as it is with abdominal surgery. When exposure is not adequate with abdominal operations, the
incision is extended, or some other measure is used to improve exposure. Certain measures also can improve exposure with vaginal operations. A tight
vaginal introitus may restrict exposure of the upper vagina but can be enlarged at the beginning of the operation by making a midline or mediolateral
episiotomy incision. A mediolateral incision can be made on one or both sides of the vaginal introitus. If a midline episiotomy is made and closed
transversely, the vaginal introitus can be made larger than before, if that is deemed advisable. These incisions can be closed with 2-0 or 3-0 delayed
absorbable suture.

Sometimes, the entire vagina is small in caliber because of virginity or nulliparity, atrophic shrunken vaginal mucosa, previous colporrhaphy, or previous
irradiation or disease. The vaginal vault may be fixed in a relatively high position, with relatively little descensus. Because adequate exposure through the
vagina may be impossible, some operations may require an abdominal approach. On the other hand, required exposure may be obtained by making a
Schuchardt incision. The entire vagina can be enlarged with this incision, achieving remarkable improvement in exposure of the upper vagina. Therefore, a
patient whose problem might otherwise have necessitated an abdominal approach can have the advantage of a perfectly satisfactory vaginal operation if a
Schuchardt incision is made.

According to Speert (1958), Langenbeck made a deep relaxing incision into the perineal body in attempting vaginal hysterectomy for uterine cancer in 1828.
Similar incisions were used by Olshausen in 1881 and Duhrssen in 1891. Karl Schuchardt described his incision in 1893:

to make more accessible from below a uterus whose mobility is limited…. With the patient in the lithotomy position and her buttocks
elevated, a large, essentially sagittal incision is made, somewhat convex externally, beginning between the middle and posterior third
of the labium majus, …extending posterior toward the sacrum, and stopping two fingerbreaths [sic] from the anus. The wound is
deepened only in the fatty tissue of the ischiorectal fossa, leaving the funnel of the levator ani muscle, the rectum behind it, and the
sacral ligaments intact. Internally, the sidewall of the vagina is opened into the ischiorectal fossa and the vagina divided in its lateral
aspect by a long incision extending up to the cervix. There thus results a surprisingly free view of all the structures under
consideration.

The incision is ordinarily made on the patient's left side by a right-handed operator (Fig. 14.24). A left-handed operator may find it technically easier to make
the incision on the patient's right side. Bilateral incisions have been advocated in extreme cases. The side on which the incision is made may be dictated by
the location of the pathology to be removed. Injection of the tissues to be incised with sterile saline solution can be helpful, especially beneath the vaginal
mucosa in the line of the incision. The assistant pulls upward to the left with the index finger placed as deep as possible in the vagina just to the left of the
urethra. The operator makes countertraction by placing two fingers in the vagina and pulling downward to the right. This pull and counterpull in opposite
directions stretches the left vaginal wall. The incision is made with the electrosurgical unit beginning at the 4 o'clock position at the introitus and extending
downward in the skin of the buttock to the level of the anus. The incision is then carried upward through the vaginal mucosa into the upper third of the
vagina. As the incision is deepened, the fingers of the operator's left hand are used to displace the rectum medially to protect it from injury. The ischiorectal
fossa fat is visible

below the puborectalis muscle, which is incised with the electrosurgical knife (Fig. 14.24). If necessary, the left paravesical space can be developed. For the
best possible exposure, the apex of the vaginal incision should intersect any incision made around the cervix, achieving hemostasis by coagulation or
ligation.

FIGURE 14.24 A: The Schuchardt incision begins at the 4-o'clock position in the vaginal introitus and extends into the buttock and up the posterolateral wall
of the vagina to the cervix. B: The ischiorectal fossa fat is exposed. The puborectalis muscle is divided. The left paravesical and pararectal spaces can be
exposed through the incision.
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At the end of the operation, the Schuchardt incision is closed with 2-0 and 3-0 delayed absorbable sutures, attempting to reapproximate the puborectalis
muscle edges and to obliterate the dead space in the ischiorectal fossa. Drainage of these incisions is usually not necessary.

The Schuchardt incision most often is used for extensive vaginal hysterectomy for early invasive cervical cancer. We also have used it when performing
extensive dissections to remove endometriosis in the vaginal vault, to gain better exposure for difficult vaginal hysterectomy or vesicovaginal fistula repair, to
repair injuries to the lower ureter, to remove organized hematomas just above the puborectalis muscle, to drain lymphocysts vaginally, or to remove benign
cystic teratomas in the lower presacral area behind the rectum. It can convert a technically difficult, complicated, and dangerous vaginal operation into one
that is simple, easy, and safe. It is difficult to understand why perineotomy incisions are so quickly performed for obstetric operations and so reluctantly for
gynecologic operations.

BEST SURGICAL PRACTICES
During counseling for surgery, location of the incision, rationale, and any potential complications must be presented to the patient.

Fascial closures (of midline and some transverse incisions) should be accomplished with delayed absorbable monofilament suture (see above). Plain
catgut or chromic catgut should never be used for fascial closures.

Closed drainage systems (i.e., Jackson-Pratt or Blake) should be used when drains are considered. Passive drains, such as Penrose drains, should not
be used.

Monofilament sutures should be tied with either three square knots (six throws) or one surgeon's knot and two square knots (four throws).

For superficial dehiscence, consider delayed closure or NPWT over secondary-intention closure with wet-to-dry dressing changes for improved patient
healing. Delayed closure in the office may be less expensive and more convenient for the patient compared to NPWT.
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