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Foreword

In preparing a generation of surgical residents to enter practice, there are some pointers that I may
offer. There are also some rules that I have picked up while writing and editing chapters for surgical
textbooks. Most of us are not born surgeons. If you are the exception—accomplished, articulate, and
confident; if surgical principles come effortlessly, you may stop reading now. Still, you might want to
take a look. Here are three thoughts:

1. Start reading right away.

For most surgeons, the most difficult reading assignment is the first assignment. The problem lies not
in realizing the high stakes of a board exam; the trouble comes with the commitment that board
preparation requires. The form of most contemporary texts is part of the problem. A glance shows the
chapters to be long, devoid of illustrations, a textual sensory deprivation. Clinical Scenarios in
Surgery 1s so inviting with its crisp writing, generous illustrations, and telegenic presentation that it
begs to be read. Get started.

2. Grab hold of the present and look to the future.

Modern surgery is forward looking, seeking to improve the care of current patients and to prevent
disease in potential future patients. Given the pace of modern biomedical research, no lone individual
can be expected to find, read, synthesize, and apply all new knowledge relevant to any clinical
problem. All surgeons need an occasional guide through the surgical literature. In the midst of this
information overload, the experienced, energetic editors of Clinical Scenarios in Surgery strike just
the right balance. Keep going.

3. Keep reading, even just a little bit, every day.

Reading is a skill, sharpened with practice, perfected by continuous practice. Operative surgery
reinforces this notion. The physical skills, sense of prioritized organization, personal confidence, and
intuition of the accomplished surgeon result from attention to the craft. That is the reason it is called
the practice of surgery. Like the scalpel, a book becomes much friendlier with frequent use. Enjoy the
journey.

Michael W. Mulholland, M.D., Ph.D.



Preface

Despite remarkable technical advances and rapid scientific progress, it has never been more
challenging to become a safe and proficient surgeon.

Young surgeons are challenged by both the pace of new information and the subspecialization
occurring in every surgical discipline. Traditional surgical textbooks, which have grown to keep pace
with these changes, are becoming encyclopedic reference books, which we turn to only when we need
a comprehensive overview. With the vast amount of information available, it is often difficult to sort
out the basic principles of safe surgery for a given clinical scenario. The mismatch between existing
education materials and the need for a solid understanding of general surgical principles becomes
most apparent when young surgeons sit down to prepare to take their written and oral board exams.

Young surgeons also learn differently than those in the past. Modern surgical trainees do not sit
down and read for hours at a time. They are multitaskers who demand efficiency and immediate
relevance in their learning materials. Most medical schools have responded to these changes by
transitioning to curricula based on case-based learning. Clinical narratives are extremely effective
learning tools because they use patient stories to teach essential surgical principles. Most existing
surgical textbooks have not kept pace with these broader changes in medical education.

We wrote this book to fill these gaps. We have created a case-based text that communicates core
principles of general surgery and its specialties. We believe the patient stories in these clinical
scenarios will provide context to facilitate learning the principles of safe surgical care. Students,
residents, and other young surgeons should find the chapters short enough to read between cases or
after a long day in the hospital. We hope this book will be particularly useful for senior surgical
residents and recent graduates as they prepare for the American Board of Surgery oral examination.

Justin B. Dimick
Gilbert R. Upchurch, Jr.
Christopher J. Sonnenday
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1 Symptomatic Primary Inguinal Hernia
EVANGELOS MESSARIS

Presentation

A 55-year-old male patient with a history of hypertension and diabetes presents with right groin
discomfort. He reports having right groin discomfort for the last 3 months. He also noticed a bulge
in his right groin several months ago. He has no fever, chills, nausea, vomiting or dysuria. His
vitals are normal. On exam it is noted that he has a mass in the right groin that extends into his
scrotum. The mass is reducible, but it immediately recurs after reduction.

Differential Diagnosis

Groin discomfort usually is associated with an inguinal or femoral hernia or a process involving the
spermatic cord or round ligament structures. Although, inguinal hernias are common, there are other
medical conditions that can have similar presentation. Femoral hernias, enlarged inguinal nodes,
hydroceles, testicular torsion, epididymitis, varicocele, spermatocele, epididymal cyst, and testicular
tumors are less frequent but should be included in the differential diagnosis of a patient presenting
with a symptomatic groin mass or groin discomfort.

Workup

The patient undergoes more extensive physical exam of his abdomen, in the standing and supine
position, demonstrating a reducible inguinal mass at the level of the external ring of the inguinal canal
with minimal overlying tenderness, suggestive of a right inguinal hernia.

The diagnosis of an inguinal hernia is based on physical examination. Reported sensitivity and
specificity of physical examination for the diagnosis of inguinal hernia are 75% and 96%,
respectively. In males, the index finger of the examiner should invaginate the scrotum in an attempt to
find the external opening of the inguinal canal. The patient should then be asked to cough or perform a
Valsalva maneuver. The examiner should then feel the hernia sac with all its contents at the tip of his
index finger. Similarly, in female patients the examiner can feel for the hernia sac by palpating the
inguinal area just laterally of the pubic tubercle. It should be noted that the exam 1s performed above
the inguinal ligament, because if the protruding mass is below the inguinal ligament, then it 1s a
femoral hernia. This distinction is not often easy, especially in obese patients. In all cases both sides
should be examined (not only the symptomatic side) to rule out bilateral inguinal hernias. No
laboratory studies can help with the diagnosis of an inguinal hernia.

Rarely the use of imaging studies is helpful in moving from the differential diagnosis to a single
working diagnosis. Imaging studies are mostly used in obese patients where physical exam has
limitations (Figure 1). An ultrasound can demonstrate or rule out enlarged inguinal nodes, hydroceles,
testicular torsion, varicocele, spermatocele, epididymal cyst, and testicular tumors. Furthermore, an
experienced ultra-sonographer can demonstrate an inguinal hernia sac and identify its contents.
Computed tomography is mostly used on cases of very large inguinal hernias, to depict the contents of
the sac and to identify aberrant anatomy in the inguinal canal (Figure 2).



FIGURE 1 « Axial cut of a CT demonstrating a moderate-size right inguinal hernia with omentum in the hernia sac in an obese patient
where physical exam findings would be limited.

FIGURE 2 « Axial cut of a CT, demonstrating a left inguinal hernia with sigmoid colon in the hernia sac.

Diagnosis and Treatment

Ascertaining whether patients have symptoms from their hernia is important for decision making. For
truly asymptomatic hernias, a watchful waiting strategy can be followed. Younger patients are almost
always symptomatic because they are invariably active. However, older patients who are not
physically active may not be bothered by their hernia and repair can be deferred indefinitely.

Inguinal hernias can present with many different symptoms. A reducible hernia will often present
with groin discomfort that is exacerbated with activity. Patients with incarceration or strangulation
will present with more severe pain and, potentially overlying skin erythema. The treatment of all
symptomatic inguinal hernias is surgical repair. The goals of the repair are to relieve the symptoms
and prevent any future incarceration or strangulation of the hernia. The timing for symptomatic hernia
repairs depends on whether the hernia is reducible, incarcerated, or strangulated. Reducible hernias
can be repaired in an elective outpatient fashion, incarcerated hernias warrant urgent repair within 12
hours of presentation, and strangulated hernias need to go to the operating room emergently, since the



viability of an organ in the hernia sac is compromised.

Surgical Approach

The surgical approach for a symptomatic inguinal hernia could be open or laparoscopic, with local,
spinal, or general anesthesia. In the open procedures the repair can be suture based (Bassini, McVay,
Shouldice) or using mesh (e.g., Lichtenstein). Mesh is also used in all the laparoscopic cases that can
be further divided in total extraperitoneal (TEP) and transabdominal preperitoneal (TAPP),
depending on whether the peritoneal cavity is used for access to the inguinal region or not. Although
many suggest using open repair for unilateral primary hernias and laparoscopic repair for bilateral
and recurrent inguinal hernias, surgeon’s experience should guide the choice of repair. Laparoscopic
inguinal hernia repair has a steep learning curve, and most experts suggest 100 to 250 cases are
necessary to develop proficiency. For surgeons who are not proficient at laparoscopic herniography,
open mesh repair is the best choice, even for recurrences and bilateral repairs.

Regardless of the technique employed, the main goal of surgical therapy is a tension-free repair of
the defect to decrease the recurrence rate. All elective and the majority of the emergent repairs,
except those where bowel is compromised and a bowel resection is performed, achieve this goal by
placing mesh over the defect, or in the case of the laparoscopic approach, behind the defect. In
contaminated cases, a suture-based technique (Bassini, McVay, or Shouldice) or biologic mesh can
be used. However, these patients will have a higher recurrence rate.

Preoperative Care

All patients are placed in a supine position on the operating table. Patients should have thigh-length
sequential compression devices and in our practice we give 5,000 units of unfractionated heparin
subcutaneously if they are older than 40 years. Administration of a first-generation cephalosporin
intravenously within 1 hour prior to incision is recommended, especially in cases where mesh is
going to be used. Skin preparation should be done with chlorhexidine and should include the scrotum,
in case manipulation is needed for the hernia sac reduction or to facilitate the return of the testicle into
its proper location.

Local anesthesia can be given either as a nerve block of the ilioinguinal and iliohypogastric
nerves or as direct infiltration into the incision site, always in combination with some conscious
sedation. Alternatively, spinal or general anesthesia can be used.

All patients should void prior to the procedure, otherwise intraoperative bladder decompression
with a bladder catheter is advised.

Open Inguinal Hernia Repair

Lichtenstein open, tension-free hernioplasty is considered the “gold standard” for open hernia repair
(Table 1). The skin incision is placed over the inguinal canal and angled only slightly cephalad as it
progresses laterally. The major anatomical landmark is exposure over the pubic tubercl, medially.
The incision 1s carried down to the abdominal wall fascia that consists of the external oblique
aponeurosis to expose the external inguinal ring. The aponeurosis is incised in the direction of its
fibers. The cord structures are dissected from the cremasteric muscle and transversalis fascia fibers
and retracted off the inguinal canal floor. The cord is explored for an indirect hernia sac or cord
lipoma. All hernia sacs and cord lipomas are transected at the level of the internal ring. An
appropriate size polypropylene mesh is secured to the shelving edge of the inguinal ligament from the



pubic tubercle to past the insertion of the arch of the internal oblique to Poupart’s ligament using
running or interrupted 2-0 Prolene suture. Similarly, the upper edge of the mesh is sutured to the
rectus sheath and internal oblique muscle. The internal ring is reconstructed by suturing the two
leaves of the mesh together lateral to the cord. The spermatic cord is returned to its original position
and the aponeurosis of the external oblique is reapproximated using 2-0 absorbable suture in a
running fashion, avoiding injuries of the ilioinguinal nerve.

TABLE 1. Key Steps to Open Lichtenstein Tension-free Hernioplasty

1. The skin incision is placed over the inguinal canal for
exposure of the pubic tubsercle.

2. The cord structures are dissected from the crem-
asteric muscle and transversalis fascia fibers and
retracted off the inguinal canal floor.

3. The cord is explored for an indirect hernia sac or cord
lipoma.

4. Polypropylene mesh is secured inferiorly to the shelv-
ing edge of the inguinal ligament and supenorly to the
rectus sheath and internal oblique muscle.

5. The internal ring is reconstructed by suturing the two
leaves of the mesh together.

6. The spermatic cord is returned to its onginal posi-

tion and the aponaurosis of the external oblique is

reapproximated.

Check that testicles are still in the proper anatomical

position in the scrotum.

bt |

Potential Pitfalls

* The pubic tubercle must be completely covered with
mesh; if not there is higher risk for recurrencea.

¢ Avoid entrapment of llioinguinal, iiochypogastric, or geni-
tofemoral nerves.

* [esh fixation should be tension free.

+ Confirm that spermatic vessels are intact and that tes-
ticles are in proper position at the end of the procedure.

Laparoscopic Inguinal Hernia Repair

The TEP repair of inguinal hernias was developed out of concern for possible complications related
to intra-abdominal access required for transabdominal approach (Table 2). In detail, the skin incision
is made at the inferior aspect of the umbilicus and the anterior rectus sheath is incised lateral to the
midline. Blunt dissection is used to sweep the rectus muscle laterally from the midline to expose the
posterior rectus sheath fascia. A dissecting balloon is placed in the space between the rectus muscle
anteriorly and the posterior fascia, and directed down to the pubis. Under direct visualization, the
dissector is inflated. The balloon is then replaced by a standard blunt port and the previously created
extraperitoneal space 1s insufflated with CO, to reach 12 mm Hg. Two 5-mm trocars are placed in the

lower midline. After identification of the inferior epigastric vessels superiorly, Cooper’s ligament
medially, and the ileopubic tract laterally, the hernia sac is reduced, paying particular attention to
completely detach the sac off the cord structures. A preformed or custom-made polyester mesh can be
used for the repair. The mesh is positioned from a medial to lateral direction under the cord structures
paying particular attention to cover the internal ring both laterally and superiorly, while its medial
aspect 1s tucked below the Cooper’s ligament. When the mesh is correctly positioned, it can be
fixated using tacks, staples, fibrin glue, or just be left in place without any fixation.

TABLE 2. Key Steps to Laparoscopic Totally Extraperitoneal Repair of Inguinal Hernia



1. Enter rectus sheath through dissection from a infraum-
bilical skin incision.

2. A bluntly dissecting balloon is placed in the space
between the rectus muscle anteriorly and the poste-
rior fascia, and directed down to the pubis.

2. Two 5-mm trocars are placed in the lower midline
between the rectus muscles.

4. Proper identification of critical anatomical landmarks
I5 essential (the inferior epigastric vessels supeariorly,
Cooper's ligament medially, and the ileocpubic tract
laterally).

5. Hernia sac is reduced and separated off the cord

structures.

A preformed or custom-made polyester mesh is posi-

tioned from a medial to lateral direction under the cord

structures paying particular attention to cover the inter
nal ring both laterally and superiorly, while its medial
aspect is tucked below the Cooper's ligament.

7 Mesh fixation is not needed.

=

Potential Pitfalls

s Blunt dissaction in the wrong plane or previous surgery
in the pelvic or inguinal region may provide poor visual-
ization of the landmark structures.

¢ |njury to the inferior epigastric vessels should be avoided.

* |ncomplete hernia sac reduction and dissection off the
cord structures may lead to incomplete repair and early
recurrence.

= herve injuries are mMore common in laparoscopic repairs.

Special Intraoperative Considerations
In all inguinal hernia repair cases, all types and all approaches, the major key point for a successful
operation is knowing the anatomy of the inguinal canal (Tables 1 and 2).

For open repairs, attention should be paid to the dissection and preservation of the ilioinguinal
and iliohypogastric nerve. Nerve entrapment can cause significant neuralgia in the postoperative
period. If during the procedure a nerve is injured, then complete transection of the nerve 1s advised.

During laparoscopic repairs, the dissection in the groin area will cause some lacerations to the
peritoneum and the peritoneal cavity contents maybe encountered. Each defect of the peritoneum
should be closed using an endo-loop ligature (2-0 vicryl), and if the peritoneal cavity is insufflated
with CO,, then it can be decompressed using a Veress needle.

Intraoperative complications include femoral vessel or inferior epigastric vessel injuries, bladder
or testicular injuries, and vas deferens injury or nerve injury.

Postoperative Management

For elective cases or cases with omental incarceration, the patient usually can be discharged within 3
to 4 hours postoperatively. The patient should void without any problems and have adequate pain
control before being discharged. Urinary retention is frequent after inguinal surgery and it is
associated with the use of narcotics, the type of surgery, and the amount of intravenous fluids
administered to the patients.

For urgent or emergent cases if no bowel was affected usually 24 hours of observation are
adequate before discharge. In cases where bowel was found strangulated and bowel resection was
done, the patients are usually followed in the hospital for 2 to 3 days.

Follow-up in all cases usually is scheduled 3 to 4 weeks postoperatively to check the wound



healing (rule out any wound infections—rare <1%, or seromas or hematomas). Routine examination
should rule out early recurrence and any neuralgia from nerve injury or entrapment. Most patients are
able to return to work within 2 weeks from surgery, and even earlier if performed laparoscopically.
No heavy weight lifting is advisable up to 3 months from the operation.

Case Conclusion

The patient underwent a successful laparoscopic right inguinal repair with mesh and was
discharged 4 hours postoperatively. He returned to the office in 3 weeks with well-healed port
sites and was pain free. During his routine postoperative appointment, the patient reported feeling
a bulge in the right groin that was similar to the hernia that he had before. Exam did not reveal a
recurrence and an ultrasound demonstrated a seroma at the repair site. No intervention was
performed and the patient was seen 3 months postoperatively and the seroma was completely
resolved.

TAKE HOME POINTS

e Inguinal hernias are common, comprising three-fourths of all abdominal wall defects. Lifetime
risk for developing an inguinal hernia 1s 15% for males and 5% for females.

e All symptomatic inguinal hernias need to be surgically repaired to relieve symptoms and prevent
any future incarceration or strangulation of the hernia.

e There are several described procedures for inguinal hernia repair and they can be open or
laparoscopic.

e Regardless of the technique employed, the main goal of surgical therapy is a tension-free repair
of the defect to decrease the recurrence rate.

e Seromas, neuralgia, and recurrence are some of the most frequent postoperative complications.
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2 Recurrent Inguinal Hernia
JONATHAN F. FINKS

Presentation

A 50-year-old obese man with a large pannus is referred for evaluation of a recurrent right
inguinal bulge occurring 5 years following open mesh repair of a right inguinal hernia. He has
noticed the bulge for the last several months. Although reducible, the patient has noted increasing
discomfort associated with the bulge over the last few weeks. He denies any obstructive symptoms
and has had no symptoms on the left side. Physical exam demonstrates some fullness in the right
groin, but the exam is limited by the patient’s body habitus.

Differential Diagnosis

The leading diagnosis based on these symptoms is a recurrent right inguinal hernia. Other
considerations would include lymphadenopathy; soft tissue mass, such as a lipoma or a sarcoma; and
hematoma related to trauma.

Workup

To evaluate for recurrent hernia, the best imaging study is a CT of the abdomen and pelvis, with at
least oral contrast. Two sets of images should be obtained: the first using a standard technique and the
second with the patient performing a Valsalva maneuver. This test will allow for better identification
of hernia contents in the inguinal canal.

Diagnosis and Treatment

In this case, cross-sectional imaging demonstrated a recurrent right inguinal hernia containing
nonobstructed loops of small bowel. The left inguinal canal was normal in appearance. Given the
symptomatic nature of this hernmia, repair is warranted. There are several options for surgical
management. An anterior approach would be very difficult and unlikely to produce durable results,
given the patient’s body habitus and the presence of previously placed mesh. A preperitoneal
approach is preferred in this case because the repair would be done in an unviolated tissue plane.
Furthermore, this technique results in coverage of the direct, indirect, and femoral spaces. This could
be done using an open preperitoneal technique but would be difficult given the patient’s obesity and
large pannus. Similarly, a total extraperitoneal (TEPP) approach would also be hindered by a thick
abdominal wall and limited working space due to adipose tissue in the preperitoneal space. In this
case, I believe the best technique would be a transabdominal preperitoneal (TAPP) approach. The
transabdominal route allows access to the preperitoneal space, while avoiding the thick lower
abdominal wall pannus. The TAPP repair is also useful in cases of large scrotal hernias, as these can
be more easily reduced from the peritoneal cavity than from the preperitoneal space. The
transabdominal approach also allows for assessment of bowel viability in cases of strangulated
hernias. Finally, conversion to TAPP repair may also be required during an attempted TEPP repair if,
for example, the peritoneum is violated while attempting to develop the preperitoneal space with a
balloon dissector. This latter scenario often occurs in patients with lower abdominal incisions (e.g.,



Pfannenstiel).

Surgical Approach

In essence, the TAPP procedure for inguinal hernia repair involves entry into the preperitoneal space
by incision of the lower abdominal wall peritoneum from inside the peritoneal cavity (Table 1). Once
in the preperitoneal space, the hernia sac is dissected free from the cord structures and reduced from
within the deep inguinal ring (indirect hernia), Hesselbach’s triangle (direct hernia), and/or the
femoral space (femoral hernia). Once the hernia contents have been reduced, the peritoneum is
dissected well off of the cord structures to make room for placement of the mesh. Mesh is then placed
such that it adequately covers the direct, indirect, and femoral spaces. The peritoneum is then secured
up to the abdominal wall to cover the mesh.

TABLE 1. Key Technical Steps and Potential Pitfalls

Key Technical Steps

1. Incision of the peritoneurn and development of the
preperitoneal spaca.

2. Reduction of direct and/or fermmoral hernias medially.

3. Dissection of an indirect hernia sac off of the cord struc-
tures and subsequent reduction of the sac and the cord
liporma from within the deep inguinal ring.

4. Extensive peritoneal dissection with parietalization of
the cord.

5. Placement of nonabsorbable mesh to cover the entire
myopeactineal orifice.

6. Closure of the peritoneurn.

Potential Pitfalls

& |njury to femoral vessels from dissection in the "triangle
of doom” deep to the cord structures.

* |mjury to genital branch of the genitofernoral nerve from
injudiciocus use of cautery in the “triangle of pain”
lateral to the cord structures.

* Traction injury to the cord structures during reduction of
an indirect hernia if the sac is not adequately dissected off
of the cord prior to reduction of the sac.

* Carly recurrence if the peritoneum is not adequately
dissected prior to mesh placement.

The procedure is performed under general anesthesia with the patient supine, both arms tucked to
the side, in slight Trendelenburg position. A Foley catheter is inserted to decompress the bladder.
Access to the peritoneum is obtained using a closed (Veress) or an open (Hasson) technique, and
pneumoperitoneum is established. The surgeon stands on the side opposite the hernia, with the
assistant on the ipsilateral side (Figure 1). An 11-mm trocar is placed above the umbilicus in the
midline for placement of the laparoscope and later insertion of the mesh into the peritoneal cavity.
Many surgeons prefer to work through ports on both sides of the midline so as to effect proper
triangulation (Figure 1). However, in the obese individual, the surgeons’ working ports (both 5-mm
ports) should both be on the side contralateral to the hernia, usually on either side of the
midclavicular line and below the level of the umbilicus. In some cases, an additional 5-mm
assistant’s port may be placed on the ipsilateral side, at the midclavicular line above the level of the
umbilicus. In the case of bilateral inguinal hernia repair, the working trocars are generally placed at
or above the level of the umbilicus. A 10-mm 30° laparoscope is employed, although some surgeons
prefer a 0° laparoscope in nonobese patients.
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FIGURE 1 « Operating room setup and trocar placement for a TAPP hernia repair. (From Soper, Swanstrom, Eubanks. Mastery of
Endoscopic and Laparoscopic Surgery. 3rd ed. Lippincott Williams and Wilkins, 2009, Figure 53-13.)

The procedure begins with an inspection of the lower abdominal wall on both sides. Figure 2
shows the anatomy and landmarks in the right lower abdomen. The median umbilical ligaments and
epigastric vessels should be identified on either side of the bladder. Any obvious hernia defects
should be identified, although some of these may not be apparent until the peritoneum is taken down.
Indirect hernias are located lateral to the inferior epigastric vessels. Direct hernias occur through
Hesselbach’s triangle, bordered laterally by the inferior epigastric vessels, medially by lateral edge
of the rectus muscle, and inferiorly by the inguinal ligament. Femoral hernias occur through the
femoral space, bordered laterally by the femoral vein, posteriorly by Cooper’s ligament, and
anteriorly by the inguinal ligament.
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FIGURE 2 « Laparoscopic view and anatomy of right lower abdominal wall seen during TAPP hernia repair. (From Soper, Swanstrom,
Eubanks. Mastery of Endoscopic and Laparoscopic Surgery. 3rd ed. Lippincott Williams and Wilkins, 2009, Figure 53-14.)

The preperitoneal space is then developed beginning with an incision in the peritoneum using
electrocautery. The incision begins vertically along the ipsilateral median umbilical ligament down to
its root. The incision is carried transversely above the level of the hernia defects, across to the
anterior superior iliac spine (Figure 3). In cases of a bilateral inguinal hernia, a mirror incision is
made on the opposite side. Separate dissections and pieces of mesh are used to repair bilateral
hernias. Blunt and sharp dissection with electrocautery is then used to develop the preperitoneal
space, staying close to the peritoneum. This dissection begins lateral to the cord structures, in Bogros’
space, advances medially toward the retropubic space, and extends proximally to expose the femoral
vessels, psoas muscle, and retroperitoneum (Figure 3). Medially, the bladder is carefully dissected
off of the anterior abdominal wall, exposing the symphysis pubis and Cooper’s ligament. Care must
be taken not to injure corona mortis, which refers to the venous connection between the inferior
epigastric and obturator veins. This structure courses inferiorly along the lateral aspect of Cooper’s
ligament and, because of its location on the pubic bone, can be difficult to control if lacerated or
avulsed.
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FIGURE 3 -« Peritoneal incision (solid line) and extent of dissection (dashed line) in a left-sided TAPP hernia repair. (From Soper,
Swanstrom, Eubanks. Mastery of Endoscopic and Laparoscopic Surgery. 3rd ed. Lippincott Williams and Wilkins, 2009, Figure 53-1.)

An assessment for femoral and direct hernia defects occurs during the medial dissection. Careful
attention is paid to identify the critical structures: inferior epigastric vessels, Cooper’s ligament, and
the femoral vein. Direct and femoral hernias may contain only preperitoneal fat or they may contain a
hernia sac. It is not uncommon for direct hernias to contain the urinary bladder. The hernia contents
are reduced with gentle blunt dissection. With a direct hernia, there is usually a clear transition
between the transversalis fascia and the hernia sac. These structures can often be separated by
applying cephalad and posterior retraction of the sac and anterior and caudad retraction of the
transversalis fascia. In the setting of a large direct defect, large seromas may develop. To help
minimize the risk for seroma formation, the transversalis fascia may be reduced from within
Hesselbach’s triangle and tacked to Cooper’s ligament. When reducing femoral hernias, care must be
taken to carefully delineate between hernia contents and the fat and lymphatic tissue intimately
associated with the femoral vein. Injudicious dissection can lead to injury to the femoral vein. The
medial dissection may also reveal an obturator hernia, located posterior to Cooper’s ligament through
the obturator foramen. These are also reduced by blunt dissection and may require an additional
medially placed mesh to cover the defect.

An indirect hernia is identified during the lateral dissection. The hernia sac is bluntly dissected
away from the underlying spermatic cord structures, namely the vas deferens and the testicular
vessels. The sac must be dissected free from the cord structures prior to reduction of the sac from
within the deep inguinal ring to avoid inadvertent laceration or transection of the vas deferens or
testicular vessels. The hernia sac is then reduced by application of cephalad and posterior retraction
on the hernia sac, with anterior and caudad retraction of the transversalis fascia. We do not employ
cautery during this dissection, especially in the space lateral to the cord structures, to avoid injury to
the genital branch of the genitofemoral nerve, which courses anterior to the psoas muscle in the pelvis
and passes through the inguinal canal along with the cord in the lateral bundle of the cremasteric
fascia.



Care must be taken to ensure that the hernia sac remains free from the cord structures during this
entire process, particularly in the setting of a large scrotal sac. If the peritoneal sac is very large and
cannot be easily reduced, it may be transected, with the distal aspect allowed to retract into the
scrotum. The proximal aspect of the sac must then be secured during reperitonealization following the
mesh repair to prevent bowel adhesions to the mesh. Transection of the sac is safe but may lead to
development of a hydrocele in some cases. Preperitoneal fat within the deep inguinal ring (cord
lipomas) should be completely reduced from that space in order to prevent the patient’s sensation of a
persistent bulge following hernia repair.

Once the hernia sac has been reduced, the peritoneum is dissected off of the cord structures in a
cephalad direction. Adequate parietalization of the cord is essential, as it prevents peritoneum from
slipping underneath the bottom edge of the mesh, which leads to lateral recurrences. Similarly,
herniated preperitoneal fat must also be dissected well off of the cord so that it cannot slip beneath
the mesh. This dissection continues cephalad to the level of the anterior superior iliac spine and
laterally to the iliac wing, allowing for exposure of the psoas muscle. Medially, this continues to the
transition to the urinary bladder, which is then itself dissected off of Cooper’s ligament and the pubis
in order to clear a space for placement of the mesh. Gentle medial retraction on the bladder allows
for better delineation between prevesicular fat and fat associated with the femoral vein and helps
reduce the risk of inadvertent injury to the vein.

Once hemostasis has been ensured, the next step involves placement of a large piece of
nonabsorbable mesh. We employ an anatomically contoured, lightweight, woven polypropylene mesh
that 1s 10 cm in height by 16 cm in width. The mesh must be large enough to cover the direct, indirect,
and femoral spaces (myopectineal orifice) and the posterior aspect of Cooper’s ligament. In the case
of bilateral hernias, two pieces of mesh are used. The mesh is rolled and inserted into the abdomen
through the 10-mm port. It is inserted into the preperitoneal space and unrolled such that the inferior
aspect is draped over the cord structures and psoas muscle laterally and Cooper’s ligament and pubic
symphysis medially. The superior aspect of mesh then covers the anterior abdominal wall above the
level of the iliopubic tract, including the inferior epigastric vessels and the rectus muscle medially.
We tack the mesh medially to Cooper’s ligament with a single 5-mm spiral tack to prevent the mesh
from sliding and will tack to the rectus muscle in cases of a large direct hernia to prevent the mesh
from herniating through the defect. We avoid any tack placement laterally to prevent injury to the
ilioinguinal and iliohypogastric nerves.

Once the mesh has been placed, the peritoneum is closed. This 1s facilitated by reducing the
pneumoperitoneum pressure as low as possible, while still permitting adequate visualization. The
entire peritoneum must be secured and the mesh covered to prevent bowel adhesions to the mesh or
incarceration of a bowel loop within the preperitoneal space. This can be accomplished using spiral
tacks, suture, or a combination of these.

Special Intraoperative Considerations

In general, it is easy to get disoriented during laparoscopic inguinal hernia repairs, whether done as a
TEPP or a TAPP procedure, and this can lead to disastrous consequences. In the setting of a large
indirect hernia sac, particularly in an obese patient, it can be difficult to identify the cord structures
and this can lead to dissection in the deeper “triangle of doom” with inadvertent injury to the femoral
artery or vein. It is worthwhile to periodically identify known landmarks, such as Cooper’s ligament
and the symphysis pubis as well as the inferior epigastric vessels. Such periodic reorienting is often
very helpful in keeping the dissection in the proper plane. In the event of a femoral vein injury,



conversion to open will most likely be required. First, however, the surgeon should increase the
pneumoperitoneum pressure to 25 mm of mercury or higher as necessary to help tamponade the
bleeding. Direct pressure with a Raytec opened completely and inserted through the 10-mm trocar
will allow for direct compression of the vessel. These two maneuvers should provide adequate
hemostasis and time for a deliberate conversion to open with all members of the surgical team
prepared and ready.

TAKE HOME POINTS

e The TAPP approach should be considered for patients with an indication for a preperitoneal
repair (e.g. bilateral or recurrent inguinal or femoral hernia) in whom a TEPP approach is not
feasible (e.g. due to obesity, previous pfannenstiel incision, or inadvertent peritoneal entry
during access in an attempted TEPP repair).

e The right and left preperitoneal spaces should be dissected separately and 2 pieces of mesh used
in cases of bilateral hernias to reduce the risk of recurrent hernia.

e Initial dissection in the preperitoneal space should remain close to the peritoneum to avoid
inadvertent injury to the femoral vessels.

e Adequate closure of the peritoneum after hernia repair is essential to prevent adhesions between
bowel and mesh and to prevent internal herniation of bowel loops within the preperitoneal
space.
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3 Incarcerated/Strangulated Inguinal Hernia
MATTHEW W. RALLS and JUSTIN B. DIMICK

Presentation

A 61-year-old man presents to the emergency department with obstipation and left groin mass for
3 days. His past medical history was notable for chronic obstructive pulmonary disease, type 11
diabetes, obesity, hyperlipidemia, and schizophrenia. His surgical history was significant for two
prior inguinal hernia repairs on the left side. Due to his schizophrenia, he resides in an assisted
living facility and comes in with a caregiver today. He describes an increase in abdominal pain
and distention over the 3-day period. His oral intake has decreased, and he reports minimal urine
output over the past 2 days. Physical exam is notable for a well-healed scar in the right lower
quadrant at McBurney’s point and a large, 12- X 12-cm bulge in the left inguinal region. The mass
1s tender to palpation, erythematous, and nonreducible. Although the bulge has intermittently been
present, both the patient and caregiver state that the size and tenderness are new in the past 2 days.
Laboratory values were notable for a WBC of 8.7 and hematocrit of 42.4.

Differential Diagnosis

In a patient with an intermittent groin bulge that is now fixed, tender, and erythematous, complications
of a groin hernia should be first consideration in the differential diagnosis. However, there are
several other possible etiologies to consider. Subcutaneous pathology, such as lipoma, groin abscess,
or inguinal adenopathy, can present as a groin mass. Testicular pathology comprising torsion and
epididymitis should also be considered, especially when the mass involves the scrotum. Vascular
etiologies, such as aneurysmal or pseudoaneurysmal disease, should be considered in patients with a
history of vascular disease and/or previous interventions at or near the femoral vessels.

Once the surgeon suspects groin hernia, it is important to discern inguinal from femoral hernia. To
some degree, this can be ascertained on physical exam. For a femoral hernia, the bulge is below (and
lateral) to the medial end of the inguinal ligament. In contrast, in an inguinal hernia, the bulge would
be above the inguinal ligament (Figure 1). However, this distinction can be difficult to assess if the
bulge is large, tender, and inflamed.

w

FIGURE 1  Landmarks in discerning inguinal (A) versus femoral (B) hernia. (From Mulholland MW, et al. Greenfield’s Surgery:
Scientific Principles & Practice. 4th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2006, with permission. )



Most importantly, early identification of complications of groin hernia, such as incarceration or
strangulation, is essential. Such complications change the time course of intervention. Incarcerated
hernias cannot be reduced and therefore may progress to strangulation if they have not already.
Strangulated hernia is by definition a hernia in which the blood supply of the herniated viscus is
compromised. For a reducible groin hernia, repair can be delayed and scheduled electively. But
suspected incarceration and strangulation are surgical emergencies.

Workup

History and physical examination in patients with suspected incarcerated and/or inguinal hernia are
often diagnostic. The decision to operate can often be made without further evaluation (Figure 2).
Laboratory values such as complete blood count, comprehensive metabolic panel, and lactate level
can provide information about the patient’s hydration status and whether there is systemic
inflammatory response, which are important in assessing the likelihood of strangulation. However,
these tests have a high sensitivity and low specificity, that is, most patients with incarceration and
strangulation will have normal or near-normal laboratory values. To avoid a high false-negative rate
(1.e., missing the diagnosis when it is present), surgeons should err on the side of exploring patients
when incarceration/strangulation are suspected. If there is substantial uncertainty regarding the
diagnosis, imaging studies can be obtained. If the patient is obstructed at the site of incarceration,
plain films of the abdomen will show signs of distended loops of bowel and air fluid levels if the
patient is obstructed (Figure 3). However, computed tomography (CT) imaging is the standard in
emergency evaluation (Figure 4) if the clinical diagnosis is in question after history, physical, and
plain abdominal radiographs.

FIGURE 2 ¢ Erythema and swelling over left groin concerning for incarcerated hernia. This exam finding, coupled with appropriate
presentation, is sufficient cause for exploration.



FIGURE 3 ¢ Plain film of patient described in this clinical scenario. Distended loops of large bowel are concerning for a distal large
bowel obstruction.
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FIGURE 4 « CT showing left inguinal hernia.

Discussion

Inguinal hernia repair is one of the most commonly performed surgical procedures worldwide. Over
800,000 inguinal hernia repairs are performed in the United States each year. Despite being a very
common operation, the relevant anatomy is complex and often difficult for students and surgical
trainees to fully understand. An intimate knowledge of this anatomy, however, is important, especially
for addressing incarcerated or recurrent inguinal hernias. In these settings, the distortion of the tissues
makes operative repair extremely challenging. In 1804, Astley Cooper stated, “No disease of the
human body, belonging to the province of the surgeon, requires in its treatment a greater combination
of accurate anatomic knowledge, with surgical skill, than hernia in all its varieties.”



Over the past two centuries, there have been many advances in groin hernia repair. The most
frequently used technique in contemporary surgical practice is the tension-free mesh repair, or
Lichtenstein repair. The laparoscopic totally extraperitoneal (TEP) is emerging as the most frequent
minimally invasive approach and allows for quicker recovery, less pain, and similar or lower
recurrence rates in experienced hands. Primary tissue repairs, such as the Bassini and McVay, are
rarely used. However, in certain settings, such as contaminated fields with infection or bowel
resection, a working knowledge of primary tissue repairs is essential.

Symptomatic inguinal hernias that are reducible should be repaired on an elective basis. As
discussed above, incarcerated hernias should be addressed more expeditiously. Surgery within 6
hours may prevent loss of bowel. Emergent repair differs little from elective repair. Either open or
laparoscopic techniques are acceptable, although it is the preference of the author to utilize the open
procedure if there is concern for strangulation. This is due to the tissue distortion and friability
associated with acute inflammation.

Diagnosis and Treatment

The patient in our case presents with a scenario worrisome for incarcerated or strangulated inguinal
hernia. He has a fixed bulge that is tender to palpation, which is typical of incarceration. He also
presents with erythema in the overlying skin, which suggests possible strangulation. The patient also
presents with radiographic evidence of large bowel obstruction (Figure 3 is his abdominal
radiograph) with resultant obstipation and abdominal pain, with associated nausea and vomiting.
Given the bowel obstruction in this patient, and the possible risk of strangulation, we will perform an
open repair, beginning with an inguinal exploration.

Surgical Approach for Open Mesh Repair of Incarcerated Inguinal Hernia
Repair (Table 1)

TABLE 1. Key Technical Steps in Open Inguinal Hernia Repair with Mesh



Verify laterality.

Prophylax with antibictics.

Groin incision.

Expose and incise the external oblique in the direction

of the fibers to the external ring.

Identify and protect the ilioinguinal nerve.

Maobilize flaps of external obligue.

Attempt reduction of hernia contents to better estab-

lish anatomical landmarks.

8. Encircle the spermatic cord (round ligament if female)
at the external ring with a Penrose drain.
9. ldentify the hernia sac on the anteromedial surface

of cord and dissect it free from the surrounding
structures.

10. In the case of an indirect hernia, open the sac, reduce
the contents, and highly ligate with suture ligature.

11. If direct hernia, free sac from surrounding attachments
and reduce into the abdomen.

12. Assess the floor of the canal and prepare the mesh.

13. Begin medially at the pubic tubercle and secure the
meash in place to the shelving edge inferiorly and the
conjoined tendon superiorly.

14. Awoid narrowing the internal ring or incorporating ner
vous tissue into the repair.

15. Ensure hemostasis.

16. Close the external oblique aponeurosis and Scarpa's
fascia in layers.

17 Approximate the skin edoges and apply a dressing.
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Open repair can often be done under general, spinal, or local anesthetic with sedation. Regardless of
the anesthesia, the patient is placed in the supine position. Reverse Trendelenburg position is
advocated by some to aid in reduction of the hernia. The patient is prepped and draped in the standard
sterile fashion. Local anesthetic is injected in the subcutaneous space above and parallel to the
inguinal ligament. The patient can be further anesthetized with varying forms of nerve block if
necessary. A 6- to 8-cm incision is made above and parallel to the inguinal ligament. The incision is
deepened through the soft tissue with a combination of blunt dissection and Bovie electrocautery to
the level of the external oblique aponeurosis. The muscle is then cut along the line of the external
oblique fibers from the level of the internal ring and through the external ring.

At this point, groin exploration is warranted in the case of suspected incarceration/strangulation.
If the viability of the bowel is in question, a resection can be performed via the inguinal incision. If
that is not feasible, it may be necessary to perform laparotomy (see special intraoperative
considerations). Great care is taken to not injure the ilioinguinal nerve that is underlying this layer.
Tissue flaps are mobilized. Through blunt finger dissection, the cord (and hernia sac) are freed
circumferentially and encircled in a Penrose drain. If there is no bowel compromise, the procedure
moves forward as with an uncomplicated hernia repair.

The dissection is now turned to identification and separation of the hernia sac from the cord
structures with division of the cremasteric fibers. Classically the sac will be anterior and medial with
respect to the cord. The internal ring is inspected for evidence of indirect hernia. If found, the sac is
dissected free and ligated under direct vision. Care is taken to avoid injury to the contents of the
hernia. If a direct hernia is encountered, the hernia is reduced. The inguinal floor should be inspected
for weakness.

Attention 1s then turned to repairing the ring and floor with mesh. A polypropylene mesh (precut

or 6-in?) is typically used. The medial point is secured to the lateral aspect of the pubic tubercle,
suturing to the periosteum and not the bone itself. The prosthesis is positioned over the inguinal floor



and secured to the lateral edge of the rectus sheath (i.e., the conjoint tendon or area). The cord
structures are placed through a slit in the lateral portion of the mesh, and the two tails are secured to
each other to create a new internal ring. The inferior leaflet of the mesh is secured to the shelving
edge of the inguinal ligament (Figure 5). The external oblique aponeurosis and Scarpa’s fascia are
closed in layers. The skin is approximated.

Cut edge of
external abdominal
oblique aponaurosis

Intarnal abdominal
oblique aponeurosis

FIGURE 5 « Mesh placement during standard open (Lichtenstein) hernia repair. (From Mulholland MW, et al. Greenfield’s Surgery:
Scientific Principles & Practice. 4th ed. Philadelphia, PA: Lippincott Williams & Wilkins, 2006, with permission.)

Surgical Approach to Laparoscopic Repair of Incarcerated Inguinal Hernia
(Table 2)

TABLE 2. Key Technical Steps in TEP Inguinal Hernia Repair with Mesh



Verify laterality.

Prophylax with antibiotics.

Infraurnbilical incision for the 10-12-mm trocar.
Identify the anterior rectus sheath on the contralateral
side of the midline. Identify and retract the medial
border of the rectus.

5. Insert a finger over the posterior rectus sheath and
develop a plane.

6. Insert the balloontipped trocar into this space aimed
toward the symphysis pubis, and the preperitoneal
space is insufflated under direct visualization.

7 Place additional trocars in the midline & and 12cm
above the symphysis.

8. Clear the areolar tissue from the ipsilateral pubic tuber
cle with care to not injure the communicating branch
between the inferior epigastric and the obturator ves-
sels {the corona mortis).

9. Free the lateral attachments of the peritonsum from
the anterior abdominal wall.

10. Skeletonize the cord structures.

11. If direct: Reduce the sac and prepertoneal from the

internal ring by gentle traction.

12. I indirect: mobilize the sac from the cord structures,
and reduce into the peritoneum.

13. Place precut lateralized mesh in proper orientation to
completely cover direct, indirect, and femoral spaces.

14. Place tacking suture on the medial aspect of the meash
in Cooper’s ligament.

15. Ensure peritoneal edge is free from entrapment under

the newly placed mesh, and desufflate under direct

visualization.
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The author’s preference is to approach recurrent hernias laparoscopically, even when presenting with
incarceration. If the incarcerated bowel is viable, and can be reduced laparoscopically, the
laparoscopic repair allows for repair of the hernia through tissue planes that are undisturbed by prior
surgery. We begin by placing the laparoscope intra-abdominally to reduce and evaluate the viability
of any incarcerated bowel. Once this step is complete, and we are convinced the bowel is viable, we
withdraw the ports and convert to a TEP laparoscopic repair.

General anesthesia is used so the preperitoneal space can be insufflated. The patient is placed in
the supine position and then prepped and draped in standard sterile fashion. The umbilical port from
the prior exploration is used to place the initial port. Blunt dissection is used to identify the anterior
rectus sheath on the contralateral side of the midline. The medial border of the rectus abdominus is
identified and retracted laterally. Gentle insertion of a finger over the posterior rectus sheath past the
arcuate line 1s done to develop a plane in the preperitoneal space. The balloon-tipped trocar is then
inserted into this space and aimed toward the symphysis pubis, and the preperitoneal space is
insufflated under direct visualization. Two 5-mm working ports are placed in the lower midline. The
complex anatomy must be well understood by the surgeon (Figure 6). Blunt graspers are used to free
the cord and hernia sac from the surrounding areolar tissue.
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FIGURE 6 ¢ Deep inguinal region from an intra-abdominal point of view demonstrating crucial landmarks and vital structures. (From
Mulholland MW, et al. Greenfield’s Surgery: Scientific Principles & Practice. 4th ed. Philadelphia, PA: Lippincott Williams & Wilkins,
2006, with permission. )

Two pitfalls of this portion of the operation are to dissect in the triangle of doom and the triangle
of pain. The triangle of doom is bordered by the vas deferens medially, spermatic vessels laterally,
and external 1liac vessels inferiorly. The contents of this space comprise the external iliac artery and
vein and the deep circumflex iliac vein. Damage to these vessels can obviously cause major bleeding
and should be avoided. The triangle of pain is defined as spermatic vessel medially, the iliopubic
tract laterally, and inferiorly the inferior edge of skin incision. This triangle contains the lateral
femoral cutaneous nerve and anterior femoral cutaneous nerve of thigh. Manipulation, dissection, and
tacking should be avoided as nerve damage or entrapment can cause neuralgia.

The hernia sac should be gently freed from the cord structures and the peritoneum retracted
superiorly and medially. A precut lateralized mesh is put through the infraumbilical port. When in
proper position and orientation, the mesh should completely cover direct, indirect, and femoral
spaces. Place tacking suture on the medial aspect of the mesh in Cooper’s ligament. Ensure the
peritoneal edge is free from entrapment under the newly placed mesh and desufflate under direct
visualization. The procedure is finished with closure of the 10-mm port and skin approximation.

Special Intraoperative Considerations

As with many urgent or emergent general surgery situations, intraoperative decision making is
essential to optimize outcomes. Incarceration or strangulation increases the odds of gross spillage of
bowel contents. In the case of bowel resection or other contamination, the surgeon will need to utilize
biologic mesh or primary tissue repair. For a straightforward primary inguinal hernia with
contamination, a Bassini repair would be a good choice. For this procedure, the lateral edge of the
rectus sheath (i.e., conjoined tendon) is approximated to the inguinal ligament. A relaxing incision is
made if there 1s any tension. For a femoral hernia with contamination, a Bassini repair will not be
adequate because the femoral canal has not been addressed. In this case, a McVay (Cooper’s



ligament) repair is appropriate. With a McVay repair, the lateral edge of the rectus sheath (i.e.,
conjoined tendon) is approximated to Cooper’s ligament. To perform these primary tissue repairs, the
surgeon must be able to correctly identify these anatomical structures. In recurrent hernias or where
acute inflammation obscures the anatomy, an alternative is to perform a Lichtenstein repair with
biologic mesh. However, using biologic mesh will likely result in recurrent hernia as it is
incorporated and weakens.

In certain circumstances, a laparotomy may be necessary. If there is any question of bowel
compromise during inguinal exploration that cannot be managed through the inguinal incision, a
laparotomy should be performed to further inspect the bowel and perform resection. In some cases,
intra-abdominal adhesions may be too dense to adequately reduce the hernia through an inguinal
incision. When forced to make a laparotomy, a lower midline laparotomy below the umbilicus is
usually adequate. With this approach, the operator can choose to enter the peritoneal cavity or stay
preperitoneal. Once a laparotomy is performed, it is also possible to perform an open preperitoneal
repair, which is useful in recurrent hernias with anterior scarring and distortion of the relevant
anatomy.

Postoperative Management

Postoperative care for patients undergoing surgery for incarcerated inguinal hernias is mostly
supportive, including correcting lab aberrations, providing intravenous hydration, optimizing pain
control, and awaiting the return of bowel function. The period of observation should be dictated by
the severity of presenting illness as well as postoperative clinical progression. It is important to
avoid the reduction of necrotic bowel into the peritoneal cavity. If this is the case, the patient will
likely have continued or worsening bowel obstruction with overall deterioration of the clinical
picture. If left untreated, abdominal sepsis will ensue.

Case Conclusion

The patient was taken emergently to the Operating room (OR) for open repair. Portions of the
small bowel as well as the sigmoid colon were found to be in a large direct hernia sac. A lower
midline laparotomy was made due to the difficulty in reduction of the sac and questionable bowel
viability. Once fully reduced, it was apparent that all bowel was viable. Because of the distorted
anterior anatomy from previous hernia repair, an open preperitoneal repair with prosthetic mesh
was performed through the lower midline incision. An open preperitoneal approach is an excellent
option for multiply recurrent hernias where a laparotomy is necessary. We perform our open
preperitoneal repair using the same technique described for a laparoscopic approach (Table 2).
The patient was monitored in the intensive care unit for the initial resuscitation. His postoperative
course was otherwise uncomplicated.

TAKE HOME POINTS

e Suspected incarceration or strangulation mandates immediate surgical intervention.

e The gold standard approach to suspected incarceration or strangulation is groin exploration to
assess bowel viability and repair hernia.

e If the hernia cannot be managed through a groin incision, due to questionable bowel viability,



intra-abdominal adhesions, or an inability to safely reduce the hernia contents, a lower midline
laparotomy should be made.

e When bowel resection is necessary due to strangulation, prosthetic mesh should not be used.
Instead, a primary tissue repair (e.g., Bassini or McVay) can be performed.

e Laparoscopic or open preperitoneal approaches can be used for multiply recurrent hernias, but it
is essential to ensure viability of hernia contents before proceeding with these techniques.
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4 Ventral Incisional Hernias
VIVIAN M. SANCHEZ and KAMAL M.F ITANI

Presentation

A 74-year-old male smoker with diabetes, obesity, and hypertension presents to the outpatient
clinic with complaints of intermittent periumbilical abdominal pain of 3 months’ duration. The
pain is not associated with eating, does not radiate, and is occasionally associated with nausea
and emesis. On examination, his vital signs are stable and his body mass index (BMI) is 41. He
has a long midline scar with a 5- X 6-cm ventral incisional hernia (VIH) in the periumbilical area
(Figure 1). There are no overlying skin changes. The hernia is partially reducible and tender only
to deep palpation. He does have loss of abdominal domain. His past surgical history is notable for
perforated diverticulitis 5 years prior, requiring emergency colectomy with diverting sigmoid
colostomy. His colostomy was reversed 2 years ago and was complicated by a wound infection
that healed by secondary intention. The patient is a retired police officer who used to be quite
active but has recently been experiencing increased shortness of breath when climbing stairs.

FIGURE 1 - Patient with a previous midline laparotomy an a perumbilical 5-x6-cm ventral incisional hernia.



Differential Diagnosis

In patients presenting with a reducible abdominal bulge, it is not difficult to diagnose a VIH,
especially with a history of prior abdominal surgery. However, it is important to distinguish ventral
hernias from rectus diastasis (i.e., separation of the right and left recti abdominis muscle from the
midline), which is a relatively common problem in postpartum women and obese men. Rectus
diastasis presents as a symmetric, midline bulge extending from the umbilicus to the xiphoid process.
With rectus diastasis, the fascia is intact and therefore there is no need for surgical repair. It is also
important to distinguish a reducible or chronically incarcerated ventral hernia from an acutely
incarcerated hernia that would require urgent surgery. Patients with acute incarceration may present
with bowel obstruction, an acutely tender bulge, or even erythema of the abdominal wall, particularly
if they have progressed to strangulation and compromised bowel.

Workup

The patient undergoes workup of his abdominal pain with laboratory studies, flat and upright films of
the abdomen, and right upper-quadrant ultrasound. All studies are normal. A CT scan of the abdomen
is obtained to further evaluate the pain. The CT reveals a large 5- x 6-cm ventral hernia along the
midline (Figure 2). It contains the transverse colon without adjacent stranding or fluid and without a
transition point; there are no gallstones or other abnormalities of the biliary system or pancreas.

FIGURE 2 « CT scan revealing a large 5- X 6-cm ventral hernia along the midline.

Diagnosis and Treatment
The patient has a 5- X 6-cm VIH at his prior laparotomy incision. The hernia is reducible and
nontender to palpation. Other causes of periumbilical pain such as biliary colic, pancreatitis, and
small bowel obstruction are ruled out. Laboratory tests including liver function tests, amylase, and
white blood cell counts are normal. Plain abdominal films and RUQ ultrasound were normal. A CT
scan did not demonstrate any evidence of a bowel obstruction or other intra-abdominal pathology. It
did demonstrate the hernia defect.

The patient is diagnosed with a symptomatic VIH after other etiologies of his symptoms were



ruled out. A laparoscopic VIH repair with mesh is planned. The risks and benefits of the procedures
were explained. He was further evaluated by medicine for his shortness of breath, history of diabetes,
hypertension and smoking, and the possibility of cardiac symptoms. A cardiac stress test was
performed which revealed a fixed myocardial defect, no reversible ischemia, and an ejection fraction
of 50%. He was started on beta blockers and categorized as a low/intermediate risk for myocardial
event after surgery.

Discussion

VIHs are iatrogenic, occurring after laparotomy with an incidence of 2% to 11%. Most (90%) occur
within 3 years of laparotomy but can continue to occur over the lifetime of the patient. Followed by
small bowel obstruction, VIH 1s the most common cause of reoperation postlaparotomy. Strangulation
or incarceration is the reason for repair in approximately 17% of patients, whereas gradual
enlargement leading to loss of domain, pain, and other structural abnormalities accounts for the
majority of hernia repairs. In the absence of prohibitive medical comorbidities, the presence of a
ventral hernia after laparotomy is in itself an indication for VIH repair. More specific indications for
repair include the following: (1) bothersome symptoms; (2) bulges affecting the patient’s quality of
life; (3) hernias with a narrow neck, which are at higher risk for strangulation.

Causes of VIH are multifactorial but most commonly include technical factors during abdominal
wall closure, surgical site infections, connective tissue disorders, immunosuppressants, diabetes,
obesity or other causes of increased intra-abdominal pressure after surgery, malnourishment, low
oxygen tension such as chronic obstructive pulmonary disease (COPD), and smoking. An association
with abdominal aortic aneurysms has been described.

This diabetic patient who 1s also a smoker had an emergency laparotomy in a contaminated field
and was therefore at higher risk for developing a VIH.

The utilization of mesh has significantly reduced the recurrence rates of VIH. In a prospective
randomized trial of VIH < 6 cm, the recurrence rate was 24% and 43% (at 3 years) and 32% and 63%
(at 10 years) for primary repair and repair with mesh, respectively. All current data support the
utilization of mesh in VIH repair.

Choice of mesh depends on the surgeon’s preference, technique, and contamination.
Polypropylene (PP) and extended polytetrafluoroethylene (ePTFE) meshes are the most commonly
used types of meshes. PP meshes should not come in contact with bowel, as they can lead to
fistulization. Newer generations of PP meshes contain an adhesive barrier or PTFE on the side
exposed to bowel to prevent this dreaded complication. Biologic meshes are useful in cases where
there 1s contamination or when the prosthetic material cannot be covered by skin. Although biologic
meshes have performed well in short-term follow-up, long-term results are still unavailable.

Open VIH mesh placement techniques include inlay (bridging the defect with mesh), onlay
(covering the defect with mesh and fascia overlap), and underlay repair (placing the mesh in a
retrorectus position, above the posterior rectus fascia or intraperitoneally with fascia overlap). The
underlay technique is the most widely advocated open technique because of lower recurrence rates.
The inlay technique carries the highest rates of recurrence. By definition, a laparoscopic VIH repair
involves an underlay intraperitoneal mesh placement.

Surgical Repair of Ventral Incisional Hernias

Open Versus Laparoscopic Approach



Recent studies suggest that laparoscopic repair is the favored approach in experienced hands, with
some exceptions. Laparoscopic VIH repair has been shown to be associated with less overall
complications than open repair, although the complications of laparoscopic repair tend to be more
severe. The risks of postoperative surgical site infections and other wound complications are
definitely lower with the laparoscopic repair which also results in a shorter hospital stay, and lower
costs. The disadvantage of open repair comes from raising large flaps and/or extensive devitalization
of soft tissues. Most importantly, there is a trend toward lower recurrence rates with the laparoscopic
approach. The laparoscopic approach provides the ability to better visualize and inspect the
abdominal wall and detect clinically silent defects that are likely to be missed with an open repair.

In addition, the laparoscopic approach allows for a large intraperitoneal working space that
enables repair of multiple and large hernias alike without the need for an extended incision.

Caution must be exercised when considering a laparoscopic VIH repair in patients with severe
COPD or low cardiac reserve as these patients are at risk for CO, retention and preload

reduction/afterload increase, respectively.

The open approach can be beneficial in patients in whom severe adhesions are anticipated or
those who have a large loss of domain, making the laparoscopic approach difficult secondary to a
lack of working space. In addition, open repair is advocated in patients with incarcerated/
strangulated hernias to avoid damage to the bowel or allow for concomitant procedures. These
historical contraindications to laparoscopic surgery have become relative contraindications for
experienced laparoscopic surgeons (Table 1).

TABLE 1. Key Steps to Laparoscopic Ventral Hernia Re pair
1. Enter the abdomen under direct visualizabon, via an open Hasson technique, or using an optical trocar {after abdoman
insufilated with OO}, i using a Veress needle, perform a sahne insufflation test.

2. Place ports lateral enough to allow for at least 4cm overdap of mash to fasoia.

Perform sharp adhesiclysis to free wiscera from the abdominal wall. Electrocautery is aveded, if possible, given potentia

for delayed bowel injury through propagation of electncal current and undetectad bums.

. At least 4 cm of healthy fascia circumferentially around the hermia defect must be exposed.

The hermia sac iz uswally leftin placs.

A spinal needls is used to identify the boundanes of the defect and the defect 1z measwred with low insufflation presswre.

There iz a growang trend to approximate the fascial edges prior to placement of the mesh in order to medialze the rect the

muscles and improve abdomanal wall function postoparatraly.

. Salect a mash with manimal adhesions to bowel. In case of prior infection, consider avoiding the utilization of sFTFE.

. Size the mash, adding 4 to Scm to each =ide. For example, if a defect is 4 x 10cm, the mesh should be at least 12 = 18cm.

10. Place O or 1 prolene or PDS sutures in sach quadrant of the mesh with knots facing away from the bowsl. Mark one sur
face of the mesh with permanent marker to ensure proper onentation towards the abdominal wall.

11. Roll the mesh tightly around a grasper. Awoid inguring the sutures with the grasper. Insert via a 12-mm port. f unable o
insert given the large size of the mesh, remove port and place mesh through skin Incision.

12. Holl owt the mesh in comect onentabon with sutures facing towerd the abdormanal wall.

13. Make four small 1-mm incisions on the abdorminal wall corresponding to sutures placed on the mesh. Pierce the fasca
with a suture passer in two different sites via the sarme skin incizon, grasping each end of the suture. Ensure the 1p of the
suture passer is visualzed to minimize potential for bowel njury.

14. After all fowr transfacial sutures are placed. hold up the mesh 1o ensure all defects are covered appropriately. The mesh
should lie flat. without any tension.

15. If appropniate postion, tie sach suture.

16. Use a 5-mm crcular tadker to secure the mesh at 1- to 2-cm intervals arcund the penphery, sppromimately 1.cm from the
edge of the mesh. Make a ledge wath your hand to cradle the tip pnor to deployment.

17 Place more transasbdormminal sutures every 5 to Bom all the way arcund the mesh.

18. Inspect for intrapentonesl injuries and proper hemostasis.

19. Close any port = 10mm.

Potential Pitfalls

# Hermias close to the bladder require precperstive placement of a Foley catheter. Intracperatively, the bladder 1= dizsected free
and the space of Hetzius which is entered by creating a pertonaal flap. The mesh is tacked to Cooper’s ligament bilataralby.
The Foley 1= then msufflated with saline to enzure there are no injunies to the bladder.

* Dalzyed or missed enterctormies occur after laparoscopic VIH reparr appromately 1% to 3% of the cases. Every effort
should be made to check the bowel prior to closure. Utilzation of cautery can lead to burns that may present in a delayed
manner and showld be minimzed or avoided.

# |ack of =pace to work in patients with large meshes and loss of domain.

# If ports are not placed laterally encugh, it becomes difficult to work once the mesh is placed.
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Special Intraoperative Considerations
Intraoperative findings that would change management include an intraoperative enterotomy. If



diagnosed, the enterotomy needs to be repaired (either open or laparoscopically) and contamination
addressed. The amount of spillage and location of injured bowel (small bowel or colon) determines
whether mesh will be utilized. In general, if significant bowel spillage is encountered, one could
consider utilizing a biologic mesh (open or laparoscopic). Some surgeons have advocated aborting
the procedure after repair of the bowel injury, administering antibiotics for few days in the hospital,
and then returning within the same hospitalization once the contamination is clear to place a
nonbiologic mesh.

Postoperative Management

Many small VIH repairs are performed as outpatient procedures. However, those patients who
require extensive adhesiolysis should be observed overnight. Pain control is the most common
postoperative issue after laparoscopic VIH repair. Transabdominal sutures can lead to significant
pain. Intraoperative utilization of Marcaine and postoperative administration of Toradol should be
considered. Seromas are observed very commonly after laparoscopic repair and the vast majority are
self-limited and will resolve over time (1 to 3 months). Aspiration of a seroma should be avoided
unless the seroma is symptomatic. Aspiration can lead to infection by inoculating the seroma with
bacteria. Utilization of abdominal wall binders is advocated to decrease seroma formation but
remains unproven. Other possible complications include ileus (2% to 3%), as well as hematoma,
trocar site infections, and pulmonary complications.

Case Conclusion

The patient underwent a laparoscopic repair. The adhesions to the anterior abdominal wall were
challenging and were carefully taken down. Intraoperative measurement of the defect revealed a 4-
x 5-cm defect necessitating a 12- x 15-cm PP composite mesh with an antiadhesion barrier. A
total of 12 transabdominal sutures were placed at approximately 6-cm intervals in addition to the
tacks at 1-cm interval circumferentially (Figure 3).

The patient was discharged home on the second postoperative day. On follow-up, he was found
to have a seroma that was observed and ended up disappearing after 2 months of follow-up. At 2
years, the patient is doing well with no recurrence.

FIGURE 3 « Completed laparoscopic repair.



TAKE HOME POINTS

e Incisional hernia is a common complication following laparotomy.

e Repair is usually performed for pain/discomfort and gradual loss of domain more frequently than
for incarceration or strangulation.

e The laparoscopic repair is safe, allows the surgeon to visualize most defects, and is associated
with lesser wound complications, shorter hospitalizations, and equivalent to lower recurrence
rates compared to open repairs.

o At least 4- to 5-cm mesh to fascia overlap is needed to ensure the defect is appropriately
covered.

e Avoidance of an enterotomy is critical.
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S Complex Abdominal Wall Reconstruction
MICHAEL J. ROSEN

Presentation

The patient is a 56-year-old obese (BMI 41 kg/m?) male with a past medical history of
hypertension and non—insulin-dependent diabetes. Three years prior to this presentation, he
underwent an elective sigmoid colectomy for multiply recurrent sigmoid diverticulitis. He
developed a postoperative wound infection and his wound healed by secondary intention. Within 1
year, he noted a bulge along his incision that was becoming increasing uncomfortable. He was
noted to have an incisional hernia and underwent elective repair. He was repaired in an open
fashion with a 10- x 15-in piece of Composix mesh (Polypropylene and PTFE). He initially did
well and was discharged on postoperative day 3. However, on his 2-week postoperative visit, he
was noted to have erythema of the wound and purulent drainage. He was explored in the operating
room, the wound was opened, the fascia appeared intact, and cultures revealed MRSA. He was
placed on a negative pressure wound therapy for approximately 6 months and presents to you with
a chronic draining sinus. An abdominal computerized tomography scan reveals fluid around the
mesh. The patient reports generalized malaise, denies fevers, and has no erythema on exam. His
laboratory evaluation 1s unremarkable.

Differential Diagnosis

This case presentation considers the workup of a patient with a chronic draining sinus after an open
ventral hernia repair with prosthetic mesh. The differential diagnosis of a draining sinus after an open
ventral hernia repair depends on the time of presentation. In the early postoperative period, multiple
factors can lead to wound issues. Superficial surgical site infections are common and often are a
result of skin flora contamination. Deep space infections involving the mesh in the early postoperative
period are more concerning. While these are most often associated with prosthetic contamination with
skin flora, potential bowel injury and missed enterotomy must be considered. Culture results
revealing gram-negative or anaerobic bacteria should raise concern for the surgeon. Patients
presenting with chronic draining sinuses many months after open ventral hernia repair often represent
some form of an infected foreign body. Occasionally, these can be the result of a suture sinus abscess,
and removal of the suture can be curative. Unfortunately, most often this involves contamination of the
graft, signaling lack of incorporation, and will not resolve without surgical intervention. If patients
present with a draining sinus long after their initial surgery, the possibility of mesh erosion into the
viscera should be entertained. Careful evaluation for a fistula is imperative to guide preoperative
planning.

Discussion

Abdominal wall reconstruction represents a broad spectrum of disease. Patients can range from those
with a small umbilical hernia (<2cm) up to some of the most challenging reconstructive problems
such as patients with massive hernias and an enterocutaneous fistula. The reconstructive surgeon
dealing with the full spectrum of these problems must have multiple reconstructive techniques at hand.



It is impossible for one procedure or one form of prosthetic to address all of the unique problems
these patients can display. This chapter focuses on the complex spectrum of these scenarios. It is
important to mention that there is no single definition of a “complex” ventral hernia. In fact, multiple
factors can make a ventral hernia complex, and often recognizing these issues preoperatively can
avoid potential postoperative morbidity. In general, ventral hernias become complex based on certain
patient, defect, and surgical technique characteristics. Patient comorbidities linked to postoperative
complications include obesity, smoking, COPD, immunosuppression, malnutrition, and diabetes.
Optimization of each of these parameters preoperatively is important for ultimate success of the
repair. Complex defect characteristics include the presence of contamination or infection (i.e.,
infected prosthetic material, enterocutaneous fistulas, or concomitant elective bowel surgery), large
defects with substantial tissue loss, massive hernias with loss of abdominal domain (more viscera
outside the abdominal cavity than within it), and multiply recurrent hernias with fixed noncompliant
abdominal walls. Finally, at times the reconstructive techniques chosen by the surgeon can complicate
the repair. For instance, a commonly performed procedure, component separation, typically involves
elevation of large subcutaneous flaps that can be associated with wound morbidity of up to 40% in
some series. In this chapter, I will address a common clinical scenario of a complex abdominal wall
problem: infected prosthetic mesh.

Workup

The initial workup of any patient presenting with problem after surgery is to obtain all operative
reports and determine exactly what was done before. It is important to identify what mesh was
placed, and in what compartment in the abdominal wall. The management of an onlay mesh can be
significantly different than an intraperitoneally placed mesh. Likewise, the composition of the mesh
material can have implications in management. For example, macroporous mesh (polypropylene and
polyester mesh) can often be salvaged with partial mesh excision. However, microporous mesh
(ePTFE, Goretex) can almost never be salvaged and requires complete mesh excision. I obtain an
abdominal computerized tomography scan for all patients with complex abdominal wall problems.
This imaging test gives important information with regard to whether there is uncontrolled infection
(1.e., undrained fluid collections), the size of the mesh, the layer of the abdominal wall where the
mesh was placed, whether bowel is involved, and the extent of remaining uninvolved abdominal wall
that can be used for eventual reconstruction.

It is never an emergency to remove an infected piece of prosthetic material from the abdominal
wall. If there 1s extensive soft tissue inflammation/erythema, a course of antibiotics is warranted. It
there are undrained fluid collections causing systemic inflammatory response, these should be drained
surgically or by interventional radiology. Although it is not likely that this will cure the infection,
these measures will reduce soft tissue inflammation and preserve these important structures for
eventual abdominal wall reconstruction. Appropriate treatment of any skin breakdown is also
important. Optimization of nutrition prior to formal abdominal wall reconstruction is paramount. In
patients with a chronic nidus of infection it is often impossible to normalize their metabolic profile,
but maximizing nutrition is important for a successful result. If a fistula is present, I rarely keep
patients NPO unless they are high output and cannot control the effluent with an ostomy appliance.

Diagnosis and Treatment
In this patient, the timing of the early wound infection followed by a chronic draining sinus and the
presence of MRSA suggests a deep surgical site infection involving the prosthetic. Given the fact that



it is a PTFE-based mesh, complete surgical excision of the graft is warranted. In these situations, it is
important to have clear goals between the surgeon and the patient as to what must be accomplished
and what would be the ideal situation if possible. After 6 months of conservative therapy, it is not
necessary to continue with any other nonoperative measures and the patient should be optimized for
resection of the mesh as previously mentioned. The most important principle in managing infection of
a prosthetic device regardless of its location, is complete resection of all foreign material whenever
possible. Fortunately, in cases of infected microporous mesh, the graft is often not well incorporated
and can be easily removed.

When planning the operation, the surgeon will be faced with several potential scenarios.
Occasionally, the peritoneal cavity is not violated during resection of the mesh. In this case, I often
will leave the wound open, allow it to heal by secondary intention, and perform my formal
reconstruction 6 months to 1 year later in a clean field. Alternatively, if the peritoneal cavity is
violated, the surgeon must stabilize the abdominal wall. Rapidly absorbable synthetic mesh (Vicryl or
Dexon) are reasonable alternatives; however, they often result in very large defects to repair in the
future. Single-staged reconstruction with biologic mesh is another alternative. There are multiple
products available and it is beyond the scope of this chapter to evaluate these differences, but certain
reconstructive principles remain constant. These materials do not function as an interposition graft to
prevent hernias. They should be used with advanced reconstructive techniques such as a Rives-
Stoppa or component separation to function as a reinforcement of a primary facial repair. When used
accordingly they have reported successful reconstructions in up to 80% of contaminated single-staged
repairs.

Surgical Approach

As described above, the principles of the operation are to perform complete excision of all prosthetic
material. This often requires a full midline laparotomy to expose the entire abdominal wall to ensure
complete mesh removal and definitive abdominal wall reconstruction if necessary. Key technical
points of the reconstruction are described in Table 1.

TABLE 1. Key Technical Steps and Potential Pitfalls to Component Se paration



1. Remove all prosthetic material, and address any bowel
ISSUBS a5 Necessary.

2. Perform complete adhesiolysis of the entire ante-

rior abdominal wall to the paracolic gutters to allow

muscular components to slide to the midline during

reconstruction.

Elevate lipocutaneous flaps 2 cm lateral to the linea

semilunaris, edge of the rectus muscle.

4. Incise the external oblique fascia and separate the
external and internal obligue muscles in their avascular
plans.

5. Continue the dissection 3—4 cm above the costal mar-
gin, and inferiorly to the inguinal ligament.

6. Release the postenor rectus sheath, 2cm lateral 1o the
linza semilunaris.

7 Place an appropriately sized biologic graft as an under
lay, redistributing tension across the graft to help medi-
alize the rectus complex.

8. Drains placed over the mesh.

8. Midline fascia reapproximated with interrupted figure-
of-sight sutures.

10. Remove excess devascularized skin, and close over
multiple drains.

()

Potential Pitfalls

* Mot dissecting the adhesions free from the undersur
face of the abdominal wall, which prevents the muscular
blocks from medializing after release.

* [nadvertent injury to the linea semilunaris, which results
in full thickness defact in the lateral abdominal wall and a
troublesome hernia to repair.

& Skin flap necrosis from excessive undermining and divi-
sion of the medial row {periumbilical) perforators.

Component Separation

Begin by performing a complete laparotomy and removing all prosthetic material, and address any
bowel issues as necessary. Perform a complete adhesiolysis of the entire anterior abdominal wall to
the paracolic gutters. This will allow muscular components to mobilize toward the midline during
reconstruction. Elevate lipocutaneous flaps 2 cm lateral to the linea semilunaris to the lateral edge of
the rectus muscle. Take care to avoid the periumbilical perforators during this mobilization by
leaving an “island” of subcutaneous tissue in the middle of the flap. This maneuver will prevent
problems with abdominal wall ischemia (Table 1).

Incise the external oblique fascia just lateral to the rectus sheath and separate the external and
internal oblique muscles in their avascular plane. Continue the dissection 3 to 4 cm above the costal
margin, and inferiorly to the inguinal ligament. Release the posterior rectus sheath, 2 cm lateral to the
linea semilunaris. Place an appropriately sized biologic graft as an underlay, redistributing tension
across the graft to help medialize the rectus complex. Place closed suction drains over the mesh.
Reapproximate the midline fascia with interrupted figure-of-eight sutures. Remove excess
devascularized skin, and close in several layers.

Special Intraoperative Considerations

In certain cases of infected and contaminated abdominal wall reconstruction, the field will be grossly
contaminated. It is imperative that appropriate bioburden reduction techniques are employed,
including debridement of all devitalized tissue, and copious pulse lavage irrigation of the wound. If
the wound cannot be grossly decontaminated, then reconstructive efforts should be postponed. The



patients can be placed on dressings for several days and formal reconstruction performed after the
wound has been decontaminated.

Postoperative Management

These reconstructive procedures performed in the setting of infection and contaminations are fraught
with postoperative wound complications. Recognizing and managing these appropriately is important
to eventual success of the operation. In cases of MRSA prosthetic infections, I feel there is often a
biofilm present in the wound that cannot be eradicated. Therefore, I place these patients on
suppressive antibiotic therapy for at least 6 months after removal of the graft (Bactrim SS QD). I also
feel it is important to keep the drains in place in cases of biologic mesh utilization. Despite the term
“mesh,” these are actually grafts that are often not perforated and therefore are prone to fluid buildup
around the graft. This fluid will prevent incorporation and often contains collagenases that will
degrade the graft. Therefore, I leave the drains in place for at least 2 weeks in most cases. These
reconstructive procedures are also major surgical endeavors and epidurals can help pain
management, and most patients should be observed in an intensive care unit setting for the immediate
postoperative period.

TAKE HOME POINTS

e Set realistic expectations for the patients and the surgeons about what can actually be
accomplished in one setting in these difficult problems.

e Remove all infected prosthetic material whenever possible.

e Single-staged reconstruction of infected and contaminated fields is reasonable in most patients,
although it does not always have to be performed. Know when you are in a difficult situation and
know when to bail out.

e Optimize patients preoperatively with adequate nutrition, infection control, and preservation of
soft tissues.

e Do not wait forever to remove infected synthetic mesh. If the wound is not healed by 3 to 6
months, the prosthetic is almost always infected.



6 Enterocutaneous Fistula
ERIC J. CULBERTSON and MICHAEL G. FRANZ

Presentation

A 61-year-old man with a history of morbid obesity, hypertension, and hiatal hernia repair
underwent ventral incisional hernia repair with synthetic mesh 2 years ago. That operation was
complicated by infected mesh that was explanted 4 weeks ago. The patient presents now with a
nonhealing abdominal wound that for the past few days is draining increasing amounts of foul-
smelling fluid. He complains of pain at the wound site and skin irritation from the drainage, but
denies fevers, chills, nausea or vomiting, and has a normal appetite and bowel movements. The
patient is afebrile and vital signs are normal. He weighs 140 kg (BMI, 38.6). Mucous membranes
are noted to be dry. Focused examination reveals a 12 x 12 cm open, granulating wound in the
midabdomen with two sinus tracts from which is expressed a thin, foul-smelling, light brown fluid
(Figure 1). There is significant abdominal wall laxity at the wound site.

FIGURE 1 ¢ Nonhealing surgical wound with two visible mucosal openings (white arrows).

Differential Diagnosis

Postoperative abdominal wound drainage most often signifies the presence of infection, seroma,
hematoma, or enterocutaneous fistula. Foul-smelling, purulent discharge in this patient most likely
indicates a deep-space wound infection, including possible retained infected mesh, or a
gastrointestinal fistula with drainage of bowel contents. The majority of enterocutaneous fistulas
develop postoperatively (75% to 85%), following surgery for inflammatory bowel disease (IBD),
cancer, or bowel obstruction (i.e., lysis of adhesions). Presentation is usually during the first 5 to 7
postoperative days. Enterocutaneous fistulas may also occur spontaneously (15% to 25%) as a result
of radiation, malignancy, or a number of inflammatory conditions including IBD and diverticular
disease. Other factors that contribute to fistula development or delay fistula healing include the
presence of distal bowel obstruction, foreign body inflammation, infection, irradiated bowel, local
malignancy, or antiproliferative drugs (Table 1).



TABLE 1. Factors Associated with Nonhealing Fis tulas

FRIENDS Mnemonic:

* Foreign body

+ Radiation

s [nflammation/infection
+ Epithelialization
+ MNeoplasm

+ Distal obstruction

+ Steroids or other antiproliferative drugs

Workup

History and physical examination can be diagnostic. Food or feculent drainage from the wound is
diagnostic, as is visible intestinal mucosa. Serum laboratory studies are important to evaluate for
signs of infection, electrolyte disturbances, and malnutrition.

The patient in our scenario has normal white blood cell and platelet counts and hemoglobin.
Potassium and chloride are somewhat low at 3.4 and 95 mmol/L, respectively; the remainder of the
electrolytes are normal, but BUN and creatinine are elevated at 32 and 1.5 mg/dL, respectively. Liver
function tests are within normal limits but the albumin is low at 3.0 g/dL. The electrolyte and renal
tests indicate that the patient is suffering the effects of fluid loss and dehydration and will need
resuscitation. A low albumin suggests that the patient also may be malnourished despite his obesity.

A CT scan of the abdomen and pelvis is conducted to assess for intra-abdominal abscess or other
source of deep-space infection. The CT scan will also evaluate for abscess or retained infected mesh
and assess the source and anatomy of a possible fistula. The patient in our scenario has no evidence
of abscess, infected mesh, inflammation, or wound infection on CT scan. However, there is a loop of
bowel that is in close approximation to the skin surface, which may indicate the presence of an
enterocutaneous fistula is identified (Figure 2A). A fistulogram, in which the external opening of the
fistula tract is cannulated and injected with water-soluble contrast and evaluated by immediate and
delayed radiographs, is subsequently performed. This is important to identify the source and location
of the fistula and any possible intra-abdominal leakage, as well as to rule out the presence of a distal
bowel obstruction, which may keep the fistula open and prevent future closure. In our patient, a
fistulogram of the two wound tracts identifies an opening corresponding to an efferent limb of distal
small bowel with contrast flowing easily past the ileocecal valve and filling the colon with no
evidence of distal obstruction or intra-abdominal leakage (Figure 2B). The other external opening is
identified as the afferent bowel limb, which also fills easily without leakage (image not shown).



FIGURE 2 ¢ A: CT scan demonstrating a loop of small intestine in close approximation to the skin surface constistent with a possible
enterocutaneous fistula (white arrow). B: Fistulogram with contrast flowing past the ileocecal valve (black arrow) and filling the colon.

Diagnosis and Treatment

Based on the imaging studies, the patient in this scenario has an enterocutaneous fistula involving the
distal small bowel with two openings corresponding to the afferent and efferent bowel limbs, without
evidence of distal bowel obstruction or intra-abdominal leakage. Fistula formation is a dreaded
surgical complication with mortality of 5% to 20%. Treatment initially beings with replacing fluid
and electrolyte losses and controlling infection. Depending on the fistula location and the degree of
fistula output, patients may present with profound fluid and electrolyte losses. In the patient in our
scenario, lab results suggest that the patient is dehydrated and hypokalemic and hypochloremic from
enteric fluid loss. Resuscitation is begun with intravenous normal saline supplemented with potassium
chloride. Although this patient does not show signs of sepsis and no clear infection is seen on CT
imaging, patients with fistulas often present with overt infection and sepsis and prompt administration
of broad-spectrum antibiotic therapy along with resuscitation is warranted in these cases. Abscesses
should be drained either percutaneously or surgically, and in some cases surgical bowel diversion
may be necessary. Skin and soft tissue surrounding the injury must also be aggressively protected in
anticipation of surgical correction, if necessary.

Once the patient is stabilized, and ongoing support established, attention can be turned to
managing the fistula output and improving the patient’s nutritional status. Patients should be made
NPO and parenteral nutrition given to minimize fistula output, restore ongoing fluid and electrolyte
losses, and maintain caloric and protein goals to optimize the patient’s nutrition and wound-healing
capability. Electrolytes and blood sugar should be followed closely and the parenteral nutrition
adjusted accordingly. Proton pump inhibitors are given to reduce gastric secretions. Underlying
disorders such as IBD should be controlled. Fistula output should be measured or estimated and
recorded on a daily basis. The output is classified as either low (<500 mL/d) or high (>500 mL/d).
High-output, gastric, duodenal, and ileal fistulas are associated with a lower rate of spontaneous
closure, whereas low-output, esophageal, pancreatobiliary, jejunal, and colonic fistulas are more
likely to close with conservative management alone. If fistula output remains low after an initial
period of NPO status and parenteral nutrition, oral feedings may be attempted, especially for more



distal fistulas, and should be adjusted to ensure minimal fistula output. In some cases enteral feedings
alone may be possible, although most often parenteral nutrition is required in order to maintain
optimal wound healing and readiness for potential surgery. In cases of persistent high fistula output in
which it is difficult to maintain adequate fluid intake and electrolyte balance, subcutaneous
somatostatin or an analog may be trialed. Somatostatin inhibits gastrointestinal tract secretions and
increases intestinal water and electrolyte absorption, and may reduce high fistula output. Our patient
is initially made NPO and started on parenteral nutrition. Fistula output remains well below 500
mL/d, and small amounts of supplemental oral liquids and soft foods are permitted for comfort.

Adequate wound care is important but can often be challenging and requires considerable patient
education and outpatient management. Assistance of a specialized wound or enterostomal care team
can often be helpful but is not always available. Skin barriers (powders, creams, foam, etc.) should
be used to protect the skin from irritation. Low-output fistulas may be managed with frequent dressing
changes, whereas high-output fistulas usually require an ostomy pouch or a similar device. Another
management technique often employed with success is negative pressure wound therapy, which may
improve nonsurgical fistula closure rates and manage or close fistulas in patients with
contraindications to surgery.

For the patient in our scenario, we chose negative pressure therapy for initial management. A
sponge is placed over the entire wound up to the skin edges. Holes are created through the sponge for
each fistula opening and rubber catheters passed through. One catheter is advanced into the afferent
bowel limb, and the other into the efferent limb. The sponge and catheters are then sealed with clear
adhesive sheets and continuous suction applied. In this manner, the skin is protected, fistula output is
well controlled and can be accurately recorded, and wound healing is promoted (Figure 3). In the
case of a more proximal fistula, tube feedings can be given through a catheter in the efferent bowel
limb.

FIGURE 3 ¢ Negative pressure wound therapy device in place on the fistula wound. The two red rubber catheters are placed in the
afferent and efferent bowel limbs to control the effluent. The clear tubing applies a vacuum to the black sponge dressing to stabilize the
abdominal wall and to promote wound healing. A nonadherent, nonocclusive dressing is placed deep into the wound to protect against
further bowel injury. Compulsive wound examinations and adjustments to negative pressure therapy are required for safety and
effectiveness.

In general, a conservative management approach should be taken for the initial 4 to 6 weeks to
assess the possibility of spontaneous fistula closure, which occurs in as many as one-third of cases.
After this time, fistulas are unlikely to heal on their own. Patients with small, superficial fistulas or
those who are deemed not to be surgical candidates may be considered for fibrin glue treatment of the



fistula site for potential closure. Surgical repair is delayed until at least 4 to 6 months, and sometimes
up to a year from the time of the most recent abdominal operation to allow for bowel adhesions to
soften and to optimize the patient’s infectious, nutritional, and wound status.

Surgical Approach

After careful consideration of the timing and patient optimization, surgical repair with the goal of
restoring intestinal continuity may be considered (Table 2). Extensive discussion should be had with
the patient regarding risks and expected outcomes. Although definitive repair at the initial operation is
usually the goal, in many cases a temporary diverting enterostomy is needed to allow for adequate
bowel and wound healing, and in some cases the fistula cannot be safely repaired necessitating
permanent fistula or enterostomy. Consider marking potential stoma sites prior to surgery.
Preoperatively, bowel preparation should be considered and appropriate antibiotic and deep venous
thrombosis (DVT) prophylaxis should be given.

TABLE 2. Key Technical Steps and Potential Pitfalls to Enterocutaneous Fistula Repair

Key Technical Steps
1. Wait up to 1 year to allow inflaTmmation and intense

fibroplasia to resolve.

Incision through uninjured abdominal wall.

Meticulous dissection and lysis of adhesions to achieve

full bowel exposure and eliminate distal cbstructions.

4. Remove all foreign body synthetic matenal to reduce
chronic inflammation.

5. ldentification and excision of the fistula tract and any
involved or pathologic intestine.

6. Careful inspection to insure bowel viability, repair of
any bowel injuries, and drainage of any abscesses.

7 If appropriate, primary bowel anastomosis to restore
intestinal continuity.

8. Thorough abdominal irrigation.

9. Abdominal wall closure.

[~

(]

Potential Pitfalls

* Cnterctomy or other istrogenic injury.

* Significant bowel resection with <100-cm small intestine
remaining, leading to short gut syndrome.

= Presence of significant peritoneal infection or gross
spillage during lysis of adhesions and fistulectomy
necessitating enterostomy placement.

* Fascial defect requiring use of mesh andfor musculofascial
advancement techniques for adequate abdominal closura.

It is often advantageous to approach the peritoneum and intra-abdominal organs through a new
incision, typically midline above or below previous scars, to minimize the risk of bowel injury due to
adhesions to the abdominal wall at prior surgical sites. Meticulous dissection and lysis of adhesions
is carried out to expose the peritoneal cavity. Selective adhesiolysis from the ligament of Treitz to the
rectum 1s considered with the goal of preparing bowel for reconstruction and eliminating distal
obstructions, and weighed against the risk of further intestinal injury due to injudicious dissection.
Any sites of abscess should be drained and thoroughly irrigated. The fistula site is carefully isolated
and separated from the abdominal wall (Figure 4A). The fistula tract is excised and segmental
resection of any involved bowel is performed using clamps or a stapler with preservation of as much
unaffected bowel as possible. Simple closure of the fistula site alone is associated with a high rate of
recurrence. The entire bowel should be inspected along its length and any diseased (such as from



IBD, diverticular disease, ischemia, etc.) segments resected. Every effort should be made to preserve
at least 100 cm of small intestine to avoid short gut syndrome. If conditions are appropriate and
contamination is minimal, bowel continuity can be restored with either a stapled or two-layer hand-
sewn primary anastomosis under physiologic tension. Given the extensive adhesions that are often
present in these cases, unplanned enterostomy may occur. These should be carefully repaired using
absorbable suture and reinspected before abdominal closure to ensure bowel viability and adequate
repair. After the fistula has been excised, bowel reanastomosed, other injuries repaired, and bowel
reinspected, the abdomen is thoroughly irrigated. The abdominal wall is then closed beginning with
the fascia using permanent or slowly absorbing suture. In cases of active wound or peritoneal
infection or gross contamination, the skin should be left open and allowed to heal by secondary
intention or a delayed-primary closure may be considered.
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FIGURE 4 ¢ Intraoperative view of an enterocutaneous fistula repair. A: After extensive lysis of adhesions, the fistula with involved
bowel and abdominal wound are identified and separated from normal intestine and abdominal wall prior to excision. B: Human
cadaveric dermis (single white arrow) is sutured into place with minimized bridging of a remaining fascial defect (white arrow heads)
after fistula repair.

Special Intraoperative Considerations

If significant intra-abdominal infection is present, gross contamination occurs during the operation,
underlying disease processes such as IBD or malignancy are inadequately controlled, or the patient
has significant comorbidities, placement of a proximal diverting enterostomy may be necessary to
allow distal anastomoses to adequately heal. Placement of a decompressive gastrostomy and feeding
jejunostomy should be considered based on patient status and the magnitude of the operation. All
patients with fistulas have associated fascial defects (hernias). If the fascial defects are small enough
to be closed with minimal tension, the fascia is repaired primarily. Many hernias will require use of
mesh, typically an absorbable synthetic mesh or a biologic mesh such as a dermal allograft or
xenograft due to the greater risk of recurrent fistulization or mesh infection with permanent synthetic
material (Figure 4B). In some cases, musculofascial advancement flaps, such as a components
separation procedure, may also be necessary to allow adequate abdominal wall closure. Local
cutaneous flaps or skin grafts may be needed to cover areas of extensive skin loss.



Postoperative Management

Ensuring adequate postoperative nutrition is essential for anastomotic and laparotomy wound healing.
Parenteral nutrition, if used preoperatively, is continued until the patient is taking an adequate oral
diet. Postoperative ileus may require several days to resolve and recovery is assisted with
nasogastric tube decompression. Resumption and advancement of an oral diet may be slow,
particularly in patients who have not eaten for weeks or months. Antibiotic coverage should be
discontinued within 24 hours postoperatively unless there is suspected or documented infection to
minimize the risk of antibiotic resistance. Any underlying conditions associated with the fistula
formation, such as IBD, should be medically controlled. While in the hospital, the patient’s wound
should be assessed regularly for signs of infection or fistula recurrence. If an open wound or ostomy
is present, the patient should be educated in proper wound and/or stomal care prior to discharge or
provided with home nurse visitation. Close outpatient follow-up with regular clinic visits until the
wound 1s well healed is warranted. If a diverting enterostomy was placed at the time of repair,
consideration for restoring bowel continuity will depend greatly on individual patient factors but
should be delayed for at least 6 to 12 weeks, and longer if possible, to allow the wound to heal,
assure that fistulization does not recur, treat inciting disease processes (IBD, malignancy, etc.), and
allow adhesions to soften.

Case Conclusion

Our patient is deemed an appropriate surgical candidate following 6 months of negative pressure
wound management and parenteral nutrition with oral supplementation. The abdomen was entered
through a fresh incision superior to the previous incisions and wound site, extensive adhesiolysis
was performed, the bowel was mobilized, and the fistula tract and the involved abdominal wall
were excised (Figure 4A). No abscesses or peritoneal contamination were identified and primary
anastomosis of the remaining healthy bowel ends after removal of pathologic segments was
performed without complication. A residual fascial defect was repaired using human cadaveric
dermis (Figure 4B). Parenteral nutrition was continued in the initial postoperative period. The
patient was started on a clear liquid diet on postoperative day 6, advanced to soft foods the
following day, and parenteral nutrition was discontinued. At the time of most recent follow-up, 1
year after fistula repair, the incision has healed well without signs of fistula recurrence or
significant abdominal wall laxity.

TAKE HOME POINTS

e Identify and treat sepsis, dehydration, electrolyte imbalances, and malnutrition, which are
frequently seen in these patients.

e Radiologic evaluation with CT imaging and fistulogram aids in identifying potential sources of
infection, intestinal obstruction, and delineating the fistula anatomy.

e Parenteral nutrition and NPO status are implemented initially. If the fistula is located distally and
output is low, oral feedings may be considered.

e Wound care is rigorous and focused on controlling fistula output, protecting the surrounding skin
and soft tissues and promoting wound healing.

e Up to one-third of fistulas will close with nonoperative management. Fistulas that do not close



within 4 to 6 weeks are unlikely to do so.

e Fistula repair is delayed for at least 4 to 6 months and up to a year to allow bowel adhesions to
soften, treat any underlying disease, and optimize the patient’s infectious, nutritional, and wound
status.

e Postoperatively, nutritional status should be maintained, and the patient should be followed
closely for signs of infection or refistulization until wounds are fully healed.
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7 Infected Ventral Hernia Mesh
GREGORY ARA DUMANIAN

Presentation

A 55-year-old diabetic smoker with a BMI of 27 kg/m’ is referred 4 months after a ventral hernia
repair with mesh because he has persistent drainage along the midline of his incision. His surgery
was uneventful apart from a serosal tear that was identified and repaired immediately. One month
postoperatively, he developed a seroma that was drained in the office, and since that time he has
noted drainage and a small opening along the middle of the incision, requiring the use of dressing
changes twice daily (Figure 1). He is otherwise healthy.

FIGURE 1 « A 55-year-old diabetic smoker, 4 months after ventral hernia repair with polypropylene mesh. The midline draining wound
has been present for 3 months.

Differential Diagnosis

The differential diagnosis for this patient includes a mesh infection, persistent noninfected seroma,
and an enterocutaneous fistula. A distinction should be made between acute and chronic mesh
infections. Acute mesh infections are processes with high levels of inflammation, pyogenic bacteria
that can invade local tissue, and tissue necrosis. They occur early after a ventral hernia repair and are
associated with a stormy postoperative course, reexploration, and prolonged use of antibiotics. The
hallmark of chronic mesh infection (colonization) is nonincorporation of the mesh by the soft tissues
and fluid collections, but often without the high levels of inflammation in surrounding tissues. Chronic



mesh infections are characterized by a more indolent course (>3 months) and associated with
persistent fluid collections, drainage, fistula formation, and ultimately mesh extrusion. Both acute and
chronic mesh infections will often require mesh excision and reconstruction, but there are subtle
differences in the procedure selected for each condition.

Workup

Workup begins with a thorough physical exam, obtaining cultures of the draining fluid, and assessing
the patient’s wound characteristics for the quality of the surrounding skin (erythema, extent of tissue
loss) as well as the quality of the drainage (color, odor, consistency). The wound should be gently
probed to determine if the mesh is exposed. Mesh colonization is easy to diagnose when the mesh can
be visualized or palpated. If the mesh cannot be felt, a CT scan is warranted and may reveal a fluid
collection in close proximity to the mesh, although this alone 1s not diagnostic of mesh colonization.
Oral contrast will locate a fistula if present. Fluid around a colonized foreign body does not
necessarily enhance, and therefore IV contrast is not always necessary. Secondary signs of infection
including pain, erythema, and a leukocytosis can help distinguish between mesh colonization and
persistent noninfected seromas. Sampling of the fluid under radiographic guidance can be helpful in
differentiating a sterile seroma from an infection. However, low-grade mesh colonization in patients
on suppressive antibiotics may not grow any bacteria.

In our case, polypropylene mesh could be palpated at the base of the wound, which tracks into a
large cavity. The surrounding tissues are inflamed and woody over an area of approximately 5 x 8
cm. The drainage is yellow-green tinted, approximately 20 mL per day. His WBC is 13,000 per uL,
and blood glucose is 300 mmol/L. The patient is otherwise in good health. A CT scan reveals a fluid
collection anterior to the abdominal wall overlying the permanent mesh (Figure 2). There are no
fistulae visualized. The fluid is drained under radiographic guidance and the culture shows
Staphylococcus aureus.

FIGURE 2 + A CT scan reveals a fluid collection anterior to the abdominal wall overlying the permanent mesh.

Diagnosis and Treatment

The most likely diagnosis for the patient in this scenario 1s chronic mesh colonization. Patients with
chronically infected abdominal wall mesh are best thought of as wound problems. The wounds will
resolve when the foreign material is removed. While antibiotics alone on occasion can solve a mesh



problem, the biofilms present often cannot be penetrated and the bacteria remain present in a dormant
state. Before this patient is taken to surgery, the surgeon must (i) anticipate the abdominal wall
integrity after mesh removal, which depends on the type of mesh in place and the timing since the last
surgery, and (i1) assess the patient’s overall health status and evaluate the quality of the local tissues.

Abdominal Wall Integrity

The surgeon must anticipate whether or not the mesh can be excised without putting the patient at risk
for an evisceration. If the mesh can be excised and scar/granulation tissue is present to hold the bowel
within the abdominal cavity, then a wound closure and delayed reconstruction with a plan for hernia
repair in the future is the optimal treatment. If removal of the mesh is only possible with a full
laparotomy and bowel mobilization, then a one-stage mesh excision and abdominal wall
reconstruction is performed. The timing since the last surgery and the type of mesh present will lead
the surgeon to one of these two pathways. Within 2 weeks of the initial implantation of the mesh,
removal will often necessitate a procedure to prevent evisceration, such as placement of a temporary
polyglactin mesh or a bioprosthetic mesh. Both of these materials are not prone to colonization by
bacteria like prosthetic mesh. After 3 weeks from implantation, bowel adhesions are typically strong
enough to avoid evisceration despite removal of the mesh.

The type of mesh present also dictates what the expected strength of the scar tissue between
bowel loops will be after removal of the material. Polytetrafluoroethylene (PTFE) meshes can be
removed even 3 weeks after implantation without evisceration, because a fibrous rind develops
posterior to the mesh. This rind represents granulated viscera and omentum and has enough structural
integrity to prevent a postoperative evisceration after the mesh removal. PTFE meshes are used to
decrease the chance of problematic visceral adhesions. Unfortunately, the sheet-like nature of the
mesh and the relative lack of tissue ingrowth facilitate the spread of bacteria along the surface of the
material when contaminated. While it is theoretically possible to rearrange the soft tissues to provide
coverage and help clear infection, this can only be done with early exposures before the development
of a bacterial biofilm. In general, all PTFE mesh exposures will require explantation of the mesh and
wound closure. The resulting hernia that develops 3 to 6 months later can be treated with a prosthetic
mesh in a clean field. Polypropylene or polyester meshes act quite differently than do PTFE meshes,
and this is related to the tissue ingrowth that occurs with these materials. If the amount of mesh
exposed 1s small and the majority of mesh appears incorporated, local excision of visible mesh may
be performed, but only by an experienced abdominal wall surgeon with great care to avoid a bowel
injury. Wound contracture of the soft tissues can then occur with local wound care. Larger pieces of
exposed polypropylene or polyester mesh must be removed in their entirety. Unlike PTFE meshes, the
adhesions between the polypropylene or polyester mesh and the viscera are such that they cannot be
stripped out of their location without a formal laparotomy. An associated procedure to prevent
evisceration and restore the abdominal wall then becomes a necessity. It is difficult to predict
whether composite meshes (comprising both PTFE as adhesion barriers and polypropylene to aid
incorporation) will leave behind enough of a rind to contain the abdominal contents. In these
situations, both the surgeon and the patient must be ready for the longer mesh dissection and full
abdominal wall reconstruction.

Health Status and Quality of Local Tissues

It is imperative for the surgeon to attempt to optimize this patient’s nutritional parameters, ensuring



tight blood glucose control (history of diabetes), encouraging weight loss (BMI of 27 kg/m?) and
tobacco cessation. Improving these parameters will reduce but not eliminate his risk of wound-
healing problems. In general, the inflamed and stiff tissues of a patient with a mesh infection will not
hold sutures well and tend not to heal per primam. For these patients, a radical en bloc excision of
the wound and mesh can be performed (Figures 3-5), and the abdominal wall reconstruction
performed with noninflamed mobilized lateral tissues (i.e., component separation).

FIGURE 3 ¢ An elliptical incision is marked to encompass the draining wound and surrounding inflamed tissues.



FIGURE 5 « Removal of the polypropylene mesh in its entirety.

In our case, the patient is informed of the diagnosis and the need for explant of the mesh with



singlestage reconstruction using the component separation technique. The possibility of bowel
resection, blood transfusion, wound-healing problems, prolonged hospital stay, and risk of recurrence
are explained. An initial incision and drainage in the office is performed to better drain the fluid
collection and to temporize the wound until the major procedure is performed. Surgery is scheduled
after he has stopped smoking, controlled his blood sugars, and has been cleared by his medical
doctor.

Surgical Approach for Mesh Removal and Abdominal Wall Reconstruction

This patient’s polypropylene mesh is colonized and must be removed. As discussed above,
colonization of a large portion of this type of mesh requires en bloc removal with entry into the
abdomen and dissection of bowel under direct vision. In the operating room, an elliptical incision is
made through the soft tissues to encompass the inflamed soft tissues and mesh (Figures 3-5). A
dissecting finger is introduced between the mesh and the medial aspect of the rectus muscles, and
Bovie electrocautery is used to divide the tissue and to excise en bloc the central inflamed mesh and
soft tissues located between the rectus muscles. The omentum and bowel are typically stuck to the
undersurface of the mesh. With this inflamed central tissue now elevated out of the abdomen, the
viscera are now dissected off the undersurface of the mesh with improved visualization to complete
the en bloc resection. Pinpoint fistulas may require a bowel excision and resection (Table 1).

TABLE 1. Key Technical Steps

1. An elliptical incision is marked in the skin to include the
wound bed and surrounding inflamed tissues.

2. Careful dissection is performed to gain entry into the

abdomen, assuming the bowel may be adherent to the

undersurface of the mesh.

The mesh and the overlying scamred tissue are dis-

sected free from the intestines and removed en bloc.

4. Releases of the external oblique muscle and fascia ars
performed through bilateral transverse B-cm incisions
located at the inferior border of the rib cage (Figure 6A).
This maintains skin blood flow in the midline by avoiding
division of the periumbilical perforators. Tissues over the
semilunar line are elevated by blunt dissection.

5. The external obligue muscle and fascia are then divided
under direct vision from above the rib cage to the level
of the inguinal ligament (Figures 6B and C).

€. The inferior aspect of the release is completed under a
small tunnel that joins the lower aspect of the midline
laparotomy incision with the lateral dissection.

7 The external oblique is then bluntly dissected off of the
internal obligue, allowing the muscles to slide relative
to each other.

8. The medial aspect of the rectus muscles sewn together
with O-polypropylene suture, and the incision is closed
with vicryl suture and staples over drains.

L

Potential Pitfalls

* [zilure to appreciate the overall haalth of the patient and
optimize his health preoperatively.

* [ailure to recognize the risk of evisceration after removal
of the colonized polypropylens mesh.

& Failure to prepare the patient for a laparoctomy, poten-
tial bowel resection, extended hospital stay, and risk of
recurrence.

The component separation technique is chosen for abdominal wall reconstruction for this patient



because it will allow for resection of the chronically inflamed tissue in the midline in exchange for
healthy well-vascularized lateral tissue. The components separation technique (Figures 6—8) involves
dividing the external oblique muscle and fascia from their insertion into the anterior rectus fascia
from above the rib cage to near the symphysis pubis to create bilateral myofascial rectus abdominis
flaps. Skin vascularity is important in these contaminated wounds. The releases along the semilunar
lines can be performed through 6-cm transverse incisions located just inferior to the ribs. This
preserves the periumbilical perforators that supply the skin blood flow to the abdominal wall. There
is a 20-25% recurrence rate when using the component separation technique in this setting without any
supporting mesh. As an alternative to component separation, bioprosthetic mesh alone can be used to
restore abdominal wall integrity as a nonvascularized “patch.” However, there must be adequate soft
tissue coverage for closure over the bioprosthetic. Unless component separation is performed, the
tissue used for closure is the undermined medial skin, which is more prone to breakdown. In addition,
the long-term integrity of these bioprosthetic meshes is still under great debate.

FIGURE 6 * Releases of the external oblique muscle and fascia are performed through bilateral transverse 6-cm incisions located at the
nferior border of the rib cage (Figure 6A). The external oblique muscle and fascia are then divided under direct vision from above the rib
cage to the level of the inguinal ligament (Figure 6B and C).



FIGURE 7 « The medial aspect of the rectus muscles are debrided of any nonviable tissue.

FIGURE 8 * The rectus muscles are brought together easily without tension using O-polypropylene interrupted sutures.

Chronic Seromas with Mesh Present

Chronic fluid collections that do not appear to be infected can occur in association with abdominal
wall mesh. Despite a thorough workup, on occasion it cannot be decided preoperatively whether or
not there is mesh colonization. For these patients, intraoperative assessment of mesh incorporation
must be made. A completely incorporated mesh without a hernia is probably a chronic seroma that
can be treated with excision of the bursal cavity and reclosure without the risks of an intra-abdominal
procedure. Mesh with areas of wrinkled or nonincorporation associated with a chronic seroma may
be better treated with total mesh excision and abdominal wall reconstruction.



Postoperative Management

After a full laparotomy, mesh excision, and reconstruction, a typical hospital stay is 6 to 7 days. An
ileus 1s expected and usually resolves after 4 days, at which point oral food intake can begin. Binders
are useful to help compress the skin down to the abdominal wall, but do not prevent hernia
recurrences. Drains between the skin and abdominal wall are left in routinely until drainage is < 30
mL over 24 hours. Long-term antibiotics are not necessary when the mesh has been completely
removed and en bloc excisions of inflamed tissue performed. Routine follow-up for wound healing
and hernia formation is performed.

Case Conclusion

The patient tolerates the procedure well. He remains in the hospital for 6 days, and is discharged
home without antibiotics and tolerating a general diet. He shows no signs of hernia recurrence at
18 months postoperatively.

TAKE HOME POINTS

e Before treatment, knowledge of the previous surgeries is mandatory. The timing since the last
surgery and type of mesh in place will influence the surgery sequence.

e Mesh exposures and infections should be treated with mesh removal. Some of these patients will
require simultaneous abdominal wall reconstruction, depending on the integrity of the abdominal
wall after removal of the mesh.

e PTFE-based meshes can often be removed and the skin closed primarily over drains. Abdominal
wall reconstruction is performed at a later time, when the patient is well nourished and the
tissues are soft and pliable.

e Infected polypropylene and polyester meshes often will require a one-stage excision and
reconstruction given the loss of abdominal wall integrity after mesh removal.

SUGGESTED READINGS
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8 Postoperative Dehiscence
ANGELA M. INGRAHAM and AVERY B. NATHENS

Presentation

A 59-year-old male with a history of type 2 diabetes mellitus, hypertension, and a 30-pack-year
smoking history underwent a left colectomy for an obstructing colon cancer. He tolerated the
procedure well except for some hypotension in the operating room due to bleeding. On
postoperative day 5, he was febrile to 38.7°C, was found to have a white count of 12.3, and was
noted to have some erythema of the inferior aspect of the wound for which he was started on
cefazolin. On postoperative day 6, he was getting out of bed when he noticed the abrupt onset of
copious serosanguineous drainage from the wound.

Fascial dehiscence is the postoperative separation of the reapposed musculoaponeurotic layers of the
abdomen. Failure of acute surgical wounds occurs when the load being placed across the wound
exceeds the resistive capacity of the suture line and temporary matrix. Surgical wound strength
increases rapidly from the first week until the fourth to sixth week postoperatively. At that time, the
wound strength is between 50% and 80% of unwounded tissue. Wound strength following this initial
postoperative period increases at a slower rate and never achieves the strength of unwounded tissue.

The incidence of postoperative fascial dehiscence varies depending on the study but has been
reported to be between 1% and 5%. Despite the advances in antimicrobial prophylaxis, anesthesia,
and suture materials, the incidence of this complication has not significantly decreased over time.

Fascial dehiscence is typically recognized within several days of the index procedure.
Postoperative fascial dehiscence has been reported between postoperative days 1 and 21 with the
average occurrence being on postoperative day 7. Patients often report that “something has given
way” or experiencing a “ripping sensation.” In 23% to 84% of cases, serosanguineous fluid drains
from the wound prior to a dehiscence. Rarely, and most commonly in late fascial dehiscence (>7 to
10 days), the fascia separates while the superficial wound layers remain intact.

Differential Diagnosis

Postoperative fascial dehiscence is easily diagnosed if evisceration is present. On the other end of the
spectrum, when evisceration is not the presenting sign, there may be a delay in the recognition of a
fascial dehiscence, as the superficial layers of the wound remain intact while there remains a defect
in the abdominal wall. Other issues regarding the wound, such as seroma or infection, may make the
identification of a postoperative fascial dehiscence more challenging.

Workup

A thorough examination of the wound, potentially including probing a draining wound, is performed.
The role of advanced imaging in the diagnosis of fascial dehiscence is limited. However, a CT scan
may be useful if the dehiscence is identified late in the postoperative course, a subfascial fluid
collection 1s suspected, and operative management is not planned. The incidence of intra-abdominal
infection with fascial dehiscence has been reported to be as high as 44% in some series.

When evaluating a patient for postoperative fascial dehiscence, the risk factors predisposing to



the complication should also be considered. Risk factors for fascial dehiscence fall into two broad
categories, those related to the patient’s comorbidities and those indicative of surgeon technique and
decision making.

Patient characteristics identified as predictors of postoperative fascial dehiscence include age
>65, wound infection, pulmonary disease, hemodynamic instability, presence of an ostomy within the
incision, hypoproteinemia, sepsis, obesity, uremia, use of hyperalimentation, malignancy, ascites,
steroid use, and hypertension. In a case control study, patients with five risk factors were reported to
have an incidence of 30%, while those with eight or more comorbidities all had postoperative
dehiscence.

Although patient factors are important in dehiscence, there are important technical factors to
consider. The most common cause of postoperative fascial dehiscence is the suture tearing through
fascia. “Bites” of tissue should reapproximate the fascia without impeding perfusion of the healing
tissue. Excessive suture tension impedes blood flow causing muscle/fascial necrosis. Failure of the
suture to hold occurs in the area just adjacent to the wound edge. In this area, the native tissue
integrity is reduced due to proteases, which have been activated during the tissue repair process.
Other causes of postoperative fascial dehiscence include a broken suture, a slipped knot, a loose
stitch, and excessive travel between stitches. Lastly, whether continuous versus interrupted, closure
techniques to decrease the risk of postoperative fascial dehiscence continue to be debated in the
literature. A meta-analysis of 23 randomized, controlled studies found that interrupted closure is
associated with a significantly decreased risk of dehiscence (Odds ratio: 0.58, P = 0.014). However,
a second meta-analysis of 15 randomized studies with at least 1 year of follow-up found no difference
in the risk of fascial dehiscence using continuous versus interrupted suture. Furthermore, a multicenter
randomized trial comparing three parallel groups (interrupted Vicryl, continuous polydioxanone, and
continuous Monoplus) found no significant difference in the incidence of fascial dehiscence.

Finally, characteristics of the incision have also been proposed as risk factors for fascial
dehiscence, although this remains controversial. Retrospective data have suggested that upper
abdominal incisions are at higher risk for dehiscence than those in the lower abdomen. Retrospective
data have also found a higher incidence of fascial dehiscence in midline as compared to transverse
incisions due to abdominal wall contractions approximating the edges of transverse incisions while
separating those of midline incisions.

Diagnosis and Treatment

As fascial dehiscence can be complicated to treat, attention should be directed toward preventing
fascial dehiscences and making a prompt diagnosis when appropriate. Surgical techniques that can
minimize the incidence of fascial dehiscence include appropriate antibiotic coverage, improved
operative technique (minimizing dead space, appropriate use of electrocautery currents in making
incisions), controlling intraoperative risk factors (minimizing operative time, avoiding hypothermia),
and proper closure technique (appropriate choice of suture material, utilization of drains). Proper
suture placement improves bursting strength of abdominal incisions.

Decreased tissue strength along the border of the acute wound has prompted investigations into
the identification of an ideal suture length to wound length (SL-to-WL) ratio for primary closure of
midline celiotomies. An SL-to-WL ratio of 4:1 reduces the occurrence of fascial dehiscence and
incisional hernia formation. This is the basis for the surgical dogma of 1-cm “bites” with progress
between bites of 1 cm. The ideal SL-to-WL ratio allows the wound to be approximated with an
appropriate amount of tension along the suture line. Increased tension causes the wound to fail at the



suture-native tissue interface. Studies have found no difference in acute fascial wound dehiscence
with mass abdominal wall closures versus layered closures. Randomized trials comparing one-layer
(peritoneum not reapproximated) and two-layer closures (peritoneum reapproximated) have found no
difference in the rate of fascial dehiscence of paramedian and midline incisions.

Surgical Approach

Management of dehiscence follows several surgical principles with customization of the treatment
based upon the patient’s condition and the available resources. The management of fascial dehiscence
must take into account the most probable cause of the complication. Primary closure i1s acceptable it
the cause of the dehiscence was technical in nature and occurred in an otherwise healthy patient. In
more complicated patients, options for closure include component release, temporary packing with an
overlying plastic silo or packs, use of mesh or bioprosthesis, and skin closure only.

In less complicated cases of fascial dehiscence (i.e., without evisceration), the operative
management of fascial dehiscence is dependent upon when the dehiscence occurs in the postoperative
course. Dehiscence in the early postoperative period when adhesions are at a minimum potentially
warrants immediate operative repair. However, if a dehiscence has occurred later in the
postoperative course when new adhesions are more likely to be encountered, the risks of inadvertent
enterotomies and fistulas may outweigh the development of a hernia that can be repaired at a later
date. When early repair of the dehiscence is pursued, intestinal decompression via a nasogastric tube
is often utilized to facilitate closure. The patient is placed under general anesthesia with adequate use
of muscle relaxants to minimize abdominal wall tension. The abdomen should be explored to identify
any injury related to the dehiscence. Wide debridement of compromised fascia and subcutaneous
tissues 1s carried out. Fascial edges should be debrided back to healthy/bleeding tissue. Debridement
should not be compromised due to a concern of having inadequate tissue for closure. If adequate
healthy tissue is present and primary closure can be accomplished without tension, the fascia can be
primarily repaired. Closure technique (use of internal and external retention sutures and running
versus interrupted stitches) is primarily surgeon dependent.

When there is inadequate tissue for primary repair, a mesh closure can be considered. Since most
wounds are contaminated, biologic mesh is usually used after acute wound failure. This 1s especially
true for patients with perforation, gross spillage, or intra-abdominal abscess. However, if the fascia
cannot be closed primarily, the placement of an absorbable mesh (e.g., polyglycolic acid—Vicryl or
Dexon) or a bioprosthesis (Surgisis or Alloderm) is recommended. Although the use of biologic mesh
may result in hernia formation, using prosthetic mesh could result in chronic mesh infection, a dreaded
complication. Similar to the use of mesh in elective general surgical cases, when using mesh to treat a
fascial dehiscence, an attempt should be made to place omentum between the bowel and the mesh to
minimize the development of fistula.

Special Intraoperative Considerations

The intraoperative management of fascial dehiscence is heavily directed by individual patient factors.
Due to excessive tension on the wound, primary closure may not be feasible in patients with
significant intra-abdominal edema. Closing an abdominal wall under excess tension predisposes the
patient to a repeated dehiscence, respiratory compromise, and even compartment syndrome.
Therefore, in patients with anasarca or visceral edema, a temporary wound closure, such as the
abdominal wound vac, should be considered.



Postoperative Management

Patients whose index surgery was complicated by fascial dehiscence will often require intensive care
and will have prolonged hospital stays. It is important to note that the same comorbidities that placed
the patient at risk for fascial dehiscence predispose them to developing other postsurgical
complications.

After closure of a fascial dehiscence, particular attention should be paid to modifying risk factors
to prevent repeat dehiscence. Patients should be educated regarding their postoperative surgical and
wound care. They should be instructed to avoid straining and heavy lifting for a minimum of 6 weeks.
An abdominal binder is often prescribed to reduce tension of the wound. Finally, the patient’s
nutritional status should be optimized to promote healing (Table 1).

TABLE 1. Key Technical Steps and Potential Pitfalls

Key Technical Steps
1. Debride nonviable fascia.
2. Maintain a suture length to wound length ratio of 4:1.
3. One-centimeter "bites” with 1-cm travel between bites
4. Beinforce wound with biclogic mesh if necessary to
achieve tension-free closure.

5. Consider temporary abdominal closure for patients at
risk for abdominal compartment syndrome.

Potential Pitfalls

* |nadequate wound debridernent due to a concarn of not
being able to primarily close the wound.

» Excessive tension on the wound as this promotes fascial
NECrosis.

Case Conclusion

The patient’s wound was opened at the bedside. Examination of the wound revealed an
approximately 10-cm area where the fascia had dehisced and the suture had torn through the
fascia. The patient was taken back to the operating room emergently. No visceral injuries from the
fascial dehiscence were identified. After debridement of some of the fascial edges, the
musculoaponeurotic layer was reapproximated without tension using interrupted, figure of eight
stitches with 0-Prolene suture, paying special attention to suture placement. The superficial wound
was packed with moist gauze.

TAKE HOME POINTS

e The incidence of postoperative fascial dehiscence has not decreased significantly despite
advances in surgical care.

e Both patient- and surgeon-dependent factors contribute to postoperative fascial dehiscence.

e Emphasis on appropriate surgical technique will decrease the modifiable risk of fascial
dehiscence.
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O Splenectomy for Hematologic Disease
JOHN F. SWEENEY

Presentation

A 44-year-old female presented to her primary care doctor several months ago complaining of a
recent onset of easy bruising and gum bleeding. A CBC demonstrated a platelet count <10 x 10%/L.
She was diagnosed with immune thrombocytopenic purpura (ITP) and admitted to the hospital for
treatment. She was started on high-dose intravenous immunoglobulin and high-dose
corticosteroids with an excellent response in her platelet count. She was discharged home on a
gradual prednisone taper. As her prednisone doses were weaned below 20 mg per day, the patient
experienced a recurrence in her thrombocytopenia with associated recurrence of easy bruising.

Differential Diagnosis

Excluding trauma, benign hematologic diseases are the most common indication for splenectomy
(Table 1). ITP is the most common indication for splenectomy and constitutes >70% of patients
undergoing splenectomy for benign disease. ITP is a disorder characterized by antiplatelet antibodies
to platelet membrane glycoprotein. This results in opsonization of platelets and their premature
removal from the circulation by the spleen. Adult patients typically present with petechiae, purpura,
and bruising tendency. Mucosal bleeding, including epistaxis and hematuria, tend to be more frequent
when the platelet count decreases to <20 x 10%/L. The incidence of severe bleeding (e.g., intracranial

hemorrhage) increases with platelet counts below 10 x 10%/L.

TABLE 1. Hematologic Indications for Splenectomy



Diagnosis Incidence
Benign
Imrmune thrombocytopenic purpura (ITP) 21%-68%
Thrombocytopenic thrombotic purpura (TTP)  2%-6%
Hereditary spharocytosis 4% —13%
Autoimmune hemolytic anemia 3%-10%
Evan's syndrome 1%
Hemoglobinopathies 1%
Sickle cell anemia
Bata-Thalassamia
Hemoglobin 5/C disease
Malignant
Lymphoma 10%—-55%
Hodgkin's disease
Mon-Hodgkin's wmphoma
Leukemia 7%—10%
Chronic lymphoecytic leukemia
Chronic myelogenous leukemia
Hairy cell leukemia 3%—6%

Other

Myeloproliferative disorders imyelofibrosis)
|diopathic hypersplenism

Sarcoidosis

Splenomegaly with portal hypertension
Splenic tumor/cyst

Additional benign hematologic conditions that are indications for splenectomy include patients
with congenital hemolytic anemia, metabolism abnormalities, hemoglobinopathies, and erythrocyte
structure abnormalities (e.g., hereditary spherocytosis and elliptocytosis). Splenectomy may be
indicated as a diagnostic tool or for palliation in patients with malignant hematologic disease.
Surgical staging is utilized most often in Hodgkin’s disease, resulting in a change in diagnosis and
subsequent impact on therapy and prognosis in up to 30% to 40% of patients. Splenectomy can also
provide relief to patients with symptomatic splenomegaly, which may or may not be accompanied by
hypersplenism. Patients with malignant hematologic diseases are more likely to have massively
enlarged spleens (>1,000 g), resulting in significant discomfort and pain as well as early satiety.
When splenomegaly is accompanied by cytopenias (hypersplenism), the cytopenia often improved or
sometimes cured by removal of the spleen.

Workup

Although the presumptive diagnosis is ITP, the patient undergoes a bone marrow aspirate that
demonstrates normal marrow cellularity with specific mention of adequate megakaryocytes. Review
of the peripheral blood smear does not demonstrate platelet clumping.

Discussion

First-line therapy for ITP includes oral corticosteroids and IV immunoglobulin. The majority of
patients will initially respond to medical management of ITP, but recurrent thrombocytopenia is
common. The indication and timing of splenectomy is often individualized according to response to
treatment and patient and physician preferences. Splenectomy is indicated for ITP in patients with
episodes of severe bleeding related to thrombocytopenia, patients who fail to respond to 4 to 6 weeks
of medical therapy, patients who require toxic doses of immunosuppressive mediations to achieve
remission, or patients who relapse following an initial response to steroids. Patients with ITP are



ideal candidates for a minimally invasive approach because they are frequently young, otherwise
healthy patients with normal to only slightly enlarged spleens.

Technique for Laparoscopic Splenectomy

Removal of the spleen laparoscopically is facilitated by the fact that the anatomic landmarks are
relatively consistent, the operation is extirpative and does not require reconstruction, and in most
cases the spleen does not need to be preserved for pathology so it can be morcellated in the
abdominal cavity prior to removal (Table 2). Laparoscopic splenectomy (LS) has been shown in
several retrospective studies to have equivalent or superior short- and long-term outcomes when
compared to open splenectomy.

TABLE 2. Key Steps for Laparoscopic Splenectomy

1. Patient positioned in modified right lateral decubitus
position.

2. Abdominal access via open Hasson technigue with
12-mm trocar -~ 3—4cm below the left costal margin in
the midclavicular line.

2. Two 5-mm trocars are placed along the costal margin

tween xiphoid process and Hasson trocar.

4. Divide the splenocolic ligament and mobilize of the
splenic flexure caudad.

5. Additional 12-mm trocar is placed in the left anterior
axillary line below the costal margin.

6. The short gastric vessels are divided in their entirety up
to the level of the superior pole of the spleen.

7  Mobilize inferior pole of the spleen by dividing splenore-
nal ligament.

2. Mobilize the superior pole of the spleen to isclate the
splenic hilurn.

9. The splenic hilar vessels are divided with an endoscopic
stapler.

10. Spleen is placed in endobag, which is exteriorized
through the Hasson trocar site so the spleen can be
morcellated.

. Upon completion, the abdomen is then reinspectad
laparoscopically to ensure hemostasis.

12. All ports are withdrawn under direct vision. The lateral
12-mm port is closed with absorbable suture using an
endoclose device, and the Hasson Trocar site is close in
layers with absorbable sutures.
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Potential Pitfalls

* |njury to the splenic artery or vein results in significant
and rapid blood loss, mandating conversion to HALS or
open splenectomy.

* |njury to the short gastric vessels results in significant and
rapid blood loss; if not controlled quickly, mandates con-
version to HALS or open splenectonmy.

* |njury to the tail of the pancreas leads to pancreatic leak,
with resulting pancreatitis, pancreatic abscess, or pancre-
atic fistula.

Preoperative Preparation

The patient’s preoperative preparation includes administration of polyvalent pneumococcal vaccine
at least 2 weeks before surgery. The evening before surgery, patients commence a clear liquid diet
and take a mild laxative several hours before bedtime to decompress the colon and facilitate
laparoscopic visualization of the left upper quadrant and spleen. Several units of packed red blood



cells are cross-matched, and in patients with idiopathic thrombocytopenic purpura, platelets are
crossmatched for administration after the splenic artery has been ligated intraoperatively if there is
failure of clot formation.

Immediately preoperatively, pneumatic compression boots are applied and a preoperative
antibiotic (1 gs cephazolin) is given. Patients who have been receiving corticosteroids within 6
months of surgery are given stress doses of intravenous corticosteroids. Before transport to the
operating room, a beanbag-stabilizing device is placed on the operating table to enable subsequent
patient positioning and stabilization. After endotracheal induction of general anesthesia, a Foley
catheter and an orogastric tube are placed.

The patient is positioned in the incomplete right lateral decubitus position at an angle of 45°. This
allows the patient’s position to be changed from nearly supine to nearly lateral by tilting the operating
table. In this way, a combined supine and lateral approach can be realized. It is important to position
the patient with the iliac crest immediately over the table’s kidney rest and mid-break point. The
kidney rest is elevated and the table flexed, allowing more distance between the iliac crest and the
left lower costal margin in the midaxillary line. The beanbag-stabilizing device is activated, and the
patient’s hip is secured to the table with loosely applied tape. Legs are padded with pillows, and an
axillary roll is placed. The left arm is hung over the chest on a sling. The arm must be far enough
cephalad to clear the operative field and allow obstruction-free use of the laparoscopic instruments.
All pressure points are adequately padded.

The skin is prepared and draped so that either laparoscopy or open surgery can be performed.
The table is tilted 30° to the left to place the patient in the near-supine position. Before incisions are
made, the area is anesthetized with long-lasting local anesthetic.

Laparoscopic Splenectomy

We prefer to obtain intra-abdominal access via an open technique with placement of a 12-mm Hasson
trocar approximately 3 to 4 cm below the costal margin in the left midclavicular line (Figure 1A).
The abdomen is then insufflated to a pressure of 15 mm Hg with carbon dioxide and a 10-mm, 30°
laparoscope is introduced into the abdomen. Two 5-mm trocars are then placed in the upper midline
or to the left of the midline along the costal margin. The first 5-mm trocar is placed 3 to 4 cm below
the xiphoid process and the second trocar is placed in between the subxiphoid 5-mm trocar and the
Hasson trocar. The abdomen is inspected with special attention paid to the greater omentum and
splenocolic regions that are common locations for accessory splenic tissue. Accessory spleens are
found in 10% to 15% of patients with hematologic disease and have been associated disease
recurrence in patients with I'TP when they are not removed.
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FIGURE 1A - Laparoscopic Splenectomy Port Placement.

Following division of the splenocolic ligament and mobilization of the splenic flexure, an
additional 12-mm trocar is placed in the left anterior axillary line, below the costal margin. The
patient is then placed in steep reverse Trendelenburg position and the table rolled to the patient’s
right giving a true left lateral decubitus position. Ultrasonic shears are used to divide the
gastrosplenic ligament and short gastric blood vessels, allowing the stomach to fall to the patient’s
right and providing excellent exposure to the splenic hilum. The splenic artery can then be easily
identified and ligated with hemoclips if desired at this point of the case. Attention is then turned
toward mobilization of the lower pole of the spleen. The splenophrenic and the splenorenal ligaments
are divided using ultrasonic shears. If a lower pole vessel is encountered at this point, it is divided
using an endoscopic stapling device with a vascular cartridge. This approach allows for visualization
of the splenic hilum and the tail of the pancreas by retracting the spleen toward the abdominal wall.
The superior splenophrenic attachments to the upper pole of the spleen are left intact to prevent
torsion of the spleen during division of the hilum. The endoscopic stapling device with a vascular
cartridge 1s then used to divide the well-exposed splenic hilum. Several fires of the stapler may be
necessary. Following division of the remaining upper pole attachments, the spleen is placed into a
specimen retrieval bag. The mouth of the bag is brought through the 12-mm Hasson trocar site, and the
spleen is then morcellated with sponge forceps and removed in pieces. Special care must be taken to
avoid ripping the endoscopic bag during this process in order to prevent spillage of splenic tissue in
the abdomen. The left upper quadrant is irrigated and inspected for hemostasis. A second search for
accessory splenic tissue is undertaken before the 12-mm fascial openings are securely closed with
absorbable suture and the skin incisions are closed. The orogastric tube is removed in the operating
room, and the patient is taken to the recovery room.

Hand-assisted Laparoscopic Splenectomy



The LS can be converted to hand-assisted laparoscopic splenectomy (HALS) if difficult anatomy,
dense adhesions due to a previous upper abdominal surgery or excessive splenomegaly, is
encountered. Preoperatively, the decision to proceed with HALS is made for patients with very large
spleens or if the spleen must be removed intact for pathologic examination. When HALS is indicated
preoperatively, we still place all trocars as described for a LS and proceed with division of the
gastrosplenic ligament and short gastric blood vessels (Table 3). This provides excellent exposure to
the splenic hilum and allows for early ligation of the splenic artery, which we feel is an essential step
in patients with significant splenomegaly. We then create an incision connecting the two 5-mm trocars
about 7 cm in size in the left paramedian position (Figure 1B). The left hand is then placed into the
abdomen, which is then reinsufflated. There are several commercially available hand-port devices
that can be used for HALS. The spleen is then mobilized as described for a total LS with the left hand
providing gentle traction while at the same time preventing injury to the splenic capsule by the
ultrasonic shears or a laparoscopic grasper. After the splenic hilum is divided and the spleen
completely mobilized, it is placed in a specimen retrieval bag. A sterile radiograph cassette bag can
be placed in the abdomen through the hand incision to retrieve those spleens that do not fit in the large
specimen retrieval bags. The fascia is closed with appropriate strength suture and the abdomen then
reinsuflated and inspected for hemostasis as described above.

TABLE 3. Key Steps for Hand-assisted Laparoscopic Splenectomy



1. Patient is positioned in modified right lateral decubitus
position,

2. Abdominal access via open Hasson technigua with
12-mm trocar - 3—4 cm below the left costal margin in
the midclavicular line.

3. Two S-mm trocars are placed in the paramedian posi-
tion ~ 7-8.cm apart with the first being just below
xiphoid process.

4. Divide the splenocolic ligament and mobilize of the
splenic flaxure caudad.

5. Addmional 12-mm trocar is placed in the left anterior
axillary line below the costal margin.

6. The short gastric vessels are divided in their entirety up
1o the level of the superior pole of the spleen.

7 Connect the 5-mm skin incisions and open the subcuta-
neous tissue and fascia.

8. Place hand port. Utilize left hand to protect and retract
the spleen and the night hand to use dissacting
Instrumants.

8. Mobilize inferior pole of the spleen by diiding splanore-
nal igament,

10. Mobilize the superior pole of the spleen to isolate the
splenic hilum,

11. The splenic hilar vessals are divided with an endoscopic
stapler.

12. Splean placed in large endobag or sterile xray cas-
sette cover and exterionzed through the hand-part site,
s0 the spleen can be morcellated or removed in its
entirety.

13. Close hand-port site with heavy monofilament suture,
Upon completion, the abdomen is then reinspectad
laparoscopically to ansure hemostasis. All ports are
withdrawn under direct vision. Tha lateral 12-mm port
i closed with absorbable suture using an endoclosa
device and the Hasson Trocar site is close in layers with
absorbable sutures.

Potential Pitfalls

= Injury to the splenic artery or vein results in significant
and rapid blood loss, mandating conversion to HALS or
open splenectomy.

* [njury to the short gastric vessels results in significant and
rapid blood loss; if not controlled quickly, mandates con-
varsion to HALS or open splenectomy.

* Injury to the tail of the pancreas leads to pancraatic leak,
with resulting pancreatitis, pancreatic abscess, or pancre-
atic fistula,

* Hand-port site at increased risk for devalopment of

Incisional hemia over time.
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FIGURE 1B ¢ Hand-assisted Laparoscopic Splenectomy (HALS) Port Placement.

Postoperative Care

Postoperatively, the patient is allowed clear liquids orally and ambulates the night of surgery. The
Foley catheter is removed the following morning. Pain is controlled with intermittent parenteral
narcotics until the patient is able to take oral pain medication. Diet is advanced on postoperative day
1, and the patient is discharged when oral intake is tolerated and pain is controlled with oral
analgesics usually on postoperative day 2.

Case Conclusion

The patient does very well after LS. Her platelet count returns to the normal range before
discharge from the hospital. At 6- and 12-month follow-up, the patient has no clinical evidence of
thrombocytopenia and has normal platelet counts.

LS has become the “gold standard” for removal of the spleen in the setting of ITP Although the
increase in platelet number that defines a complete response to splenectomy varies between
studies, numerous retrospective reviews and prospective nonrandomized trials have determined
that the response rates (80% to 89%) and long-term remission rates (50% to 70%) to LS are
comparable to those following open splenectomy, despite initial concern about the accuracy of
accessory spleen identification using laparoscopy. LS also provides patients with improved short-
term morbidity. Reductions in postoperative morbidity characteristic of minimally invasive
procedures such as reduced length of hospital stay and reduced postoperative ileus have been
consistently demonstrated in patients with ITP who undergo LS.

TAKE HOME POINTS

e Immune thrombocytopenic purpura (ITP) is the most common indication for splenectomy



excluding trauma.

e Splenectomy is indicated for treatment of ITP in patients with episodes of severe bleeding
related to thrombocytopenia, patients who fail to respond to 4 to 6 weeks of medical therapy,
patients who require toxic doses of immunosuppressive medications to achieve remission, or
patients who relapse following an initial response to steroids.

e Laparoscopic splenectomy (LS) is the optimal approach for removal of the spleen in the setting
of ITP. It is associated with a shorter hospital stay, decreased postoperative pain, and earlier
return to regular activities.

e Accessory spleens are found in 10% to 15% of patients and if not removed at the time of
splenectomy will lead to recurrence of ITP.

e LS for ITP is associated with short-term response rates of 80% to 89% and complete long-term
remission rates of 50% to 70% that are compatible with outcomes for open splenectomy.
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10 Acute Appendicitis
SARAH E. GREER and SAMUEL R.G. FINLAYSON

Presentation

A 24-year-old woman presents to the emergency department with abdominal pain, nausea,
vomiting, and anorexia that began the previous evening. She describes her abdominal pain as
initially periumbilical, but now localized to the right lower quadrant (RLQ). Her temperature 1s
37.9. Her vital signs are otherwise normal. On abdominal exam, her abdomen is soft and
nondistended, but tender to palpation over McBurney’s point. She has no signs of peritonitis.

Differential Diagnosis

In the United States, acute appendicitis is the most common time-sensitive surgical problem. The
signs and symptoms of acute appendicitis are believed to develop as a result of obstruction of the
appendiceal lumen. This obstruction leads to bacterial proliferation, which can result in appendiceal
necrosis and perforation.

While the classic symptoms of abdominal pain migrating to the RLQ, nausea, and anorexia occur
in a majority of patients with acute appendicitis, symptoms may be less specific, requiring clinicians
to consider a broad differential diagnosis, including gastrointestinal, urologic, and gynecologic
pathology. Alternative gastrointestinal diagnoses that must be considered include gastroenteritis,
colitis, ileitis, diverticulitis, and inflammatory bowel disease. Infectious causes, such as mesenteric
adenitis, urinary tract infection, and pyelonephritis, should also be considered. In women, it is
important to include Mittleschmirz, salpingitis, tuboovarian abscess, ovarian torsion, and ruptured
ovarian cyst in the differential diagnosis.

Workup

A full history and physical exam must be performed to help establish the diagnosis. In addition to
eliciting a history of symptoms and their temporal evolution, the surgeon should ask the patient about
any family history of inflammatory bowel disease and a complete menstrual and pregnancy history in
women.

On physical exam, pain over McBurney’s point (one-third the distance from the anterior superior
iliac spine to the umbilicus) is a classic presenting sign of acute appendicitis. Additional physical
exam findings may suggest appendicitis as a diagnosis. Rovsings sign is pain in the RLQ when
pressure 1s applied in the left lower quadrant (LLQ); an obturator sign is pain with passive rotation of
the flexed right hip; and a psoas sign describes pain on extension of the right hip, the latter commonly
present in patients with a retrocecal appendix that lies in contact with the iliopsoas muscle. A pelvic
exam in women of childbearing age must not be omitted, as it may reveal gynecologic conditions to
which the patient’s symptoms can be attributed.

Laboratory tests that should be obtained include a complete blood count, which will typically
reveal a low-grade leukocytosis. Other laboratory tests that should be ordered include a coagulation
profile, type and screen (if an operation is anticipated), and a urinalysis to exclude urinary pathology.
A pregnancy test should also be performed in women of childbearing age.

In the patient above, pelvic exam reveals no adnexal mass or cervical motion tenderness.



Laboratory evaluation reveals a leukocytosis of 16,000. The patient is otherwise healthy, with no
history of previous abdominal surgery and no pertinent family history.

Diagnostic Imaging

In young males with symptoms and signs consistent with acute appendicitis, imaging studies to
confirm the diagnosis are generally unnecessary prior to proceeding to surgery. In many cases,
however, when the diagnosis is not clear after thorough history taking and physical examination,
imaging may be helpful in making the decision whether or not to proceed with surgery. Many
clinicians are more liberal in the use of imaging in young female patients, both because of the
presence of gynecologic conditions in the differential diagnosis and because of the risk of infertility
associated with ruptured appendicitis that might result from a delay in diagnosis.

The two most common imaging modalities used in the diagnosis of appendicitis are ultrasound
and computed tomography (CT). CT has demonstrated significantly higher sensitivity for the diagnosis
of appendicitis, 94% versus 83% to 88%. However, because CT scans expose patients to ionizing
radiation, this modality should be used judiciously, especially in children.

Although CT scans are an expensive technology, a focused contrast CT scan limited to the
appendix may actually be cost saving. A study by Rao et al. found that routine appendix-focused CT
in patients with suspected appendicitis prevented unnecessary appendectomies as well as
unnecessary hospitalization for observation, with a net reduction in use of hospital resources and cost
per patient.

In the patient in this case, a CT scan was performed that demonstrates a dilated, thickened
appendix with surrounding inflammatory changes, consistent with acute appendicitis (Figure 1).

FIGURE 1 ¢ CT radiograph showing appendiceal dilation, wall thickening, and periappendiceal fat stranding consistent with acute
appendicitis.

Diagnosis and Treatment

Although a few studies in the surgical literature support nonoperative management of nonperforated
acute appendicitis, surgical appendectomy represents the standard of care in the United States.
Management of the 15% to 30% of patients who present with perforated appendicitis is controversial.
Perforated appendicitis with abscess can be treated initially with antibiotics and image-guided
percutaneous drainage, with interval appendectomy 6 to 12 weeks later to prevent recurrence. This



approach has been advocated to decrease complication and reoperation rates associated with
immediate appendectomy for perforated appendicitis. However, others have argued that an immediate
operative approach to perforated appendicitis may improve long-term outcomes and consume fewer
healthcare resources.

Surgical Approach

The technique for open appendectomy was described by McBurney in 1894 and has been used with
little modification throughout the 20th century. In 1983, Semm introduced the option of laparoscopic
appendectomy. Since then, there has been much debate regarding the superiority of one approach
versus the other. Advantages of laparoscopic appendectomy include the ability to perform diagnostic
laparoscopy if the appendix is found to be normal. Laparoscopic appendectomy is also associated
with less postoperative pain, faster recovery, and lower wound infection rates. In contrast, open
appendectomy has been found to be less costly and less time-consuming.

Open Appendectomy

Following administration of preoperative antibiotics and induction of general anesthesia, with the
patient in a supine position, an incision is made in an oblique or transverse direction overlying
McBurney’s point. The subcutaneous fat and Scarpa’s fascia are divided to expose the external
oblique aponeurosis. The aponeurosis is sharply opened along the direction of its fibers. The fibers of
the internal oblique muscle and transverses abdominus are then bluntly separated. The underlying
peritoneum is then elevated into the wound and sharply opened along the length of the incision (Table
1).

TABLE 1. Key Steps of Open Appendectomy

Open Appendectomy

. Incise the skin and subcutaneous tissues in a trans-
verse (Rocke-Dawvis) or obligue (McBurmey) orientation
over McBurney's point.

2. Divide the external oblique aponeurosis, internal oblique
muscle, and transversus abdominus muscle in the
direction of their fibers.

Elevate and sharply divide the peritoneum.

Digitally explore the abdomen and deliver the appendix
into the wound.

Divide the mesoappendix.

Ligate and divide the appendix at its base.

Invaginate the appendiceal stump using a purse-string
suture or Z-stitch.

Irrigate the abdomen with sterile saline.

Close the abdominal wall layers.
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Upon entering the abdominal cavity, presence of purulent fluid or foul smell should be noted. If
the appendix is not immediately visualized, exploration with the index finger may reveal an
inflammatory mass. Alternately, the teniae coli of the right colon can be followed proximally to the
base of the appendix, which is then delivered into the wound with gentle traction, taking care not to
avulse the appendix.

The mesoappendix including the appendiceal artery is divided between clamps and ligated. The
base of the appendix once free of the mesentery is doubly ligated close to the cecum and sharply
divided. The stump mucosa is often cauterized to prevent the development of a mucocele, and then the



stump is invaginated into the cecum with a purse-string suture or Z-stitch.

After copious irrigation and ensuring hemostasis, the wound is closed in layers with absorbable
suture. The skin may be closed primarily with a subcuticular suture, or may be left open for a delayed
primary closure in the setting of significant contamination.

Laparoscopic Appendectomy

Similar to an open approach, the patient receives preoperative antibiotics and general anesthesia and
is positioned supine on the operating table. Gastric decompression should be accomplished with an
orogastric tube, and a urinary catheter should be placed to decompress the bladder. Once the
abdomen has been sterilely prepped and draped, a three-port-site approach is used: one at the
umbilicus and the other two according to surgeon preference. The abdomen is systematically explored
to confirm the diagnosis and rule out other pathology (Table 2).

TABLE 2. Key Steps of Laparoscopic Appendectomy

Laparoscopic Appendectomy

1. Incise the skin adjacent to the umnbilicus and create
preumaoperitoneum using Hassan or Verass needle
technique.
Place an 11-rmm trocar at the umbilical incision.
3. Inspect the abdominal cavity laparoscopically to confirm

the diagnosis.

4. Place two additional trocars (Smm) in positions that
facilitate access to the BLOL
Dissect open a "window "™ in the mesoappandix adja-
cent to the base of the appendix.
Divide the base of the appendix.
Divide the mesoappendix.
Remove the appendix through the 11-rnm trocar incision.
Irrigate the abdomen with sterile saline.
Close the trocar incisions.
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The appendix is then mobilized to expose its base. A window in the mesoappendix is created
near the base of the appendix using blunt dissection, and then an endoscopic stapler may be used to
divide the appendix. If the tissue at the base of the appendix is not deemed viable, a small portion of
the cecum may be removed with the appendix to ensure that the staple line traverses tissue that will
heal well. The mesoappendix and appendiceal artery are then divided with cautery and clips, or with
a stapler using a vascular load. A specimen bag is typically used to remove the appendix through the
largest port site.

The RLQ is then copiously irrigated and hemostasis assured. Provided no other pathology is
noted, the ports are removed under direct vision to ensure the absence of abdominal wall bleeding.
The fascia is reapproximated with absorbable suture at port sites larger than 5 mm. The skin is then
closed with a subcuticular suture.

Special Intraoperative Considerations

When the appendix is found to be normal, the abdominal cavity must be searched diligently for an
alternative explanation for the patient’s symptoms. In female patients, the ovaries and uterus should be
inspected carefully for pathologic findings, such as tubo-ovarian abscess, ovarian torsion, tumor, or
cyst. The small bowel should be systematically inspected for sources of inflammation, such as
Crohn’s disease or Meckel’s diverticulitis. The gallbladder should also be inspected for signs of



cholecystitis.

Traditionally, a normal appendix is removed when it is discovered during open appendectomy,
mainly to prevent future surgeons from assuming that the appendix is absent on the basis of a RLQ
scar. This traditional approach has been called into question since the advent of laparoscopic
appendectomy.

Appropriate management of the normal appendix requires judgment when Crohn’s disease is
found as the cause of the patient’s illness. If the base of the appendix and cecum appear to be
uninvolved 1in the inflammatory process, appendectomy is likely safe. The major benefit of
appendectomy in the setting of Crohn’s disease is that subsequent episodes of RLQ pain will not be
confused with appendicitis.

Appendiceal tumors are rare, but given the prevalence of appendectomy, most surgeons will
occasionally encounter them. Carcinoid tumors comprise the majority of appendiceal tumors. If a
carcinoid tumor is suspected at the time of surgery, the appendix should be sent to the pathology
laboratory for a frozen section histologic diagnosis. For carcinoids <2 cm, simple appendectomy is
sufficient. For larger carcinoids, right hemicolectomy with ileocolic lymphadenectomy is
recommended. If the histology shows adenocarcinoma of the appendix, a right hemicolectomy is also
warranted.

Postoperative Management

For patients with acute appendicitis in the absence of perforation, abscess, or gangrene, a single dose
of prophylactic antibiotics is sufficient. Antimicrobial therapy for established intra-abdominal
infection should be continued until after the resolution of all clinical signs of infection, including
resolution of leukocytosis and fever.
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11 Perforated Appendicitis
TERRY SHIH, MARK R. HEMMILA, and JUSTIN B. DIMICK

Presentation

A 25-year-old man with no previous medical or surgical history presents to the emergency room
with 5 days of abdominal pain. His pain was initially periumbilical, but has since migrated to his
right lower quadrant (RLQ), and finally became diffuse. For the past 3 days, he has had nausea,
vomiting, and fevers. He presents now as he could no longer tolerate oral intake. His vital signs
include a fever of 39.2°C, tachycardia, with a heart rate in the 110s, and a normal blood pressure.
On physical examination, his abdomen is nondistended and he has tenderness to palpation in the
RLQ with focal rebound tenderness and voluntary guarding,

Differential Diagnosis

RLQ pain with fevers, nausea, and vomiting with localized tenderness is the classic presentation of
acute appendicitis. In a young, otherwise healthy male, there is a limited list of other potential
diagnoses, such as gastroenteritis or the initial presentation of Crohn’s disease. In a female patient,
gynecologic pathologies must be considered, including ovarian torsion, ectopic pregnancy, ruptured
ovarian cyst, or pelvic inflammatory disease.

This patient has a delayed presentation (5 days) with a high fever, which raises suspicion for
perforated appendicitis, as perforation typically occurs 24 to 36 hours following onset of symptoms.
Patients with perforation often also present with more substantial systemic inflammatory response,
including higher fevers and tachycardia. Patients may have more substantial abdominal pain and
tenderness as the underlying inflammatory process may be more significant (e.g., phlegmon or
abscess). Because of the different presentation, the differential diagnosis is different for early acute
appendicitis and should include rightsided diverticulitis, perforated right-sided colon cancer, cecal
perforation due to a distal obstruction (cancer or diverticular stricture), and typhlitis in immunosup-
pressed patients.

Workup

Patients with suspected appendicitis, either early or late in their course, should undergo laboratory
tests, including a complete blood count (CBC) and basic metabolic panel (i.e., electrolytes, BUN, and
creatinine). In our patient, the CBC and basic metabolic panel reveal a leukocytosis with a white
blood cell count of 18,000 with an elevated creatinine 1.8 mg/dL. All other laboratory tests are
within normal limits.

In young healthy males who present with signs and symptoms of classic appendicitis, routine
further imaging with computed tomography (CT) scan may not be necessary before proceeding to
surgery. However, female patients should be evaluated with further imaging such as a CT scan or
transabdominal and transvaginal ultrasound, as pathology of RLQ structures may mimic the
presentation of appendicitis.

This case demonstrates several key differences from early appendicitis. The patient has had pain
for 5 days with high fevers and tachycardia, increasing the chance of perforation, abscess, or
phlegmon. Contrary to early appendicitis, where CT scan is used selectively, cross-sectional imaging



is always warranted when perforation is suspected. In our patient, a CT scan of the abdomen and
pelvis reveals a dilated appendix to 1.2 cm with extraluminal air and fat stranding surrounding the
appendix. There is a periappendiceal fluid collection that measures 4 x 5 cm with rim enhancement
(Figure 1).

FIGURE 1A - Right lower quadrant abscess.

FIGURE 1B * Drain placement for abscess 1.



FIGURE 1C ° Drain placement 2.

D

FIGURE 1D ¢ Drain placement with resolution of abscess.

Discussion
Once the diagnosis of perforated appendicitis is established, treatment depends on the extent of the
inflammatory process. Patients with evidence of early perforated appendicitis without a large abscess
may benefit from appendectomy at the time of presentation. However, if the patient has evidence of a
large amount of inflammation (i.e., periappendiceal phlegmon or abscess), immediate surgical
intervention may do more harm than good. In this setting, appendectomy is associated with a
significantly higher rate of complications and concomitant bowel resection (e.g., ileocecectomy or
right colectomy) than an operation performed for nonperforated appendicitis.

Patients with phlegmon but no definitive abscess (Figure 2) will often improve with intravenous



antibiotics alone. Patients with evidence of abscess (e.g., contained collections of air and fluid on CT
scan) (Figures 1 and 3A—C) potentially benefit from radiology-guided percutaneous drainage, in
addition to intravenous antibiotics. Figures 2A—D demonstrate CT-guided percutaneous aspiration
with placement of a drain. Resolution of symptoms and leukocytosis will determine the duration of IV
antibiotics. Typically, antibiotics may be transitioned to an oral regimen for the patient to complete a
1- or 2-week course as an outpatient.

FIGURE 2 « Phlegmon without definite abscess.

A
FIGURE 3A - Small perforation on lateral wall of appendix.



B
FIGURE 3B ¢ Perforation with small pocket of air.

c

FIGURE 3C -« Periappendiceal abscess.

Once the inflammation in the area has decreased after 6 to 8 weeks, the patient may proceed with
interval appendectomy. Although recent studies suggest routine interval appendectomy may not be
warranted in an asymptomatic patient, it is still our practice to perform subsequent appendectomy to
eliminate the risk of recurrent appendicitis. Patients who are of appropriate age (>50 years) or have
suspicious findings on imaging should undergo colonoscopy to rule out malignancy.

Surgical Approach



The decision to operate in a patient with perforated appendicitis should be made after a careful
assessment of the degree of inflammation. Most patients will be managed nonoperatively with
intravenous antibiotics with (abscess) or without (phlegmon) percutaneous drainage. Operation in
patients with advanced degrees of inflammation could result in a much larger operation (e.g.,
ileocecetomy) because the base of the appendix may be involved in the process, making it unsafe to
remove the appendix in isolation.

There are two specific clinical scenarios where surgery should be considered with perforated
appendicitis. First, prompt exploratory laparotomy should be pursued in patients who present with
diffuse peritonitis due to free perforation of appendicitis. Often the precise diagnosis will be
unknown at the time of exploration. However, if a patient with perforated appendicitis becomes
clinically worse (e.g., develops diffuse peritonitis and/or worsening systemic inflammatory response)
despite conservative management, emergent laparotomy should be undertaken. Exploratory
laparotomy, ileocecetomy, and irrigation are usually necessary in this scenario. Second,
appendectomy can be pursued in patients with early perforation (e.g., insignificant inflammation but
small amounts of extra-appendiceal fluid and air on CT scan). This latter scenario is somewhat
controversial and clinical practice varies across surgeons. In our practice, we believe that a
laparoscopic appendectomy and irrigation in early perforated appendicitis will be less bothersome to
the patient than a long hospital stay for intravenous antibiotics and bowel rest.

As with early acute appendicitis, appendectomy can be performed via an open or laparoscopic
approach. Studies comparing these approaches have shown a decrease in the incidence of wound
infection but an increase in the incidence of intra-abdominal abscess with the laparoscopic approach.
Patients who undergo laparoscopic appendectomy also experience less postoperative pain, have
shortened hospital stays, and return to normal activity earlier. However, the advantages in this regard
are very small.

There are several clinical scenarios where laparoscopy may be favored over an open approach.
Laparoscopy may be favored in women or in men with an unclear diagnosis because it allows more
thorough abdominal exploration. In patients with obesity, an open approach may be difficult due to the
depth of the incision, potentially requiring a large incision to navigate successfully into the peritoneal
cavity. Laparoscopy allows for easier access to the peritoneal cavity in such cases.

Laparoscopic Appendectomy

The procedure is performed in the supine position with the left arm tucked under general anesthesia.
An orogastric tube and Foley catheter is placed. The entire abdomen is prepped and draped. A 12-
mm infraumbilical incision can be made either curvilinearly or vertically in the midline. Access to the
abdomen is made either with Veress needle or open Hasson technique. The abdomen is insufflated
with CO, to 15 mm Hg. A 5-mm 30° laparoscope 1s then inserted and diagnostic laparoscopy is

performed.

Thorough exploration is crucial in patients with perforation. The degree of inflammation should
be assessed carefully. In case of abscess or phlegmon or if it looks like a “bomb went off” in the
RLQ, the procedure can be aborted and the patient treated conservatively with antibiotics and
percutaneous drainage, if indicated.

If the decision is made to proceed, two additional 5-mm ports are placed, one in the midline
above the pubic symphysis and another in the upper midline. Transillumination of the abdominal wall
is recommended to allow avoidance of abdominal wall blood vessels during the additional port
placement process. Port placement may vary with position of the appendix and the patient’s body



habitus. For example, in young, thin patients, ports should be placed further away from the appendix
to ensure adequate working room. Placement of the patient in Trendelenburg position with right side
up will improve exposure of the cecum and appendix. Attention is turned to the RLQ, and the
appendix may be identified by following the teniae of the cecum toward its base. Terminal ileum and
all loops of small bowel are swept away from the pelvis. Adhesions may often be encountered,
especially in the case of previous perforated appendicitis (i.e., interval appendectomy). These
adhesions can often be divided using blunt dissection, but may require sharp dissection or cautery.
Once free of adhesions, the appendix is retracted anteriorly and a window in the mesentery at the base
of the appendix is created using a Maryland dissector. Prior to dividing the appendix, carefully assess
the degree of inflammation at its base. If the base is inflamed, a cuff of uninvolved cecum should be
included. If this is not possible, ileocecetomy should be considered. The mesoappendix is divided
with an Endo-GIA with a 2.5-mm (vascular) staple load and the appendix is then divided at its base
with 3.5-mm staples (bowel load). The appendix is retrieved with an Endocatch bag and removed
through the infraumbilical incision. The appendiceal and mesoappendiceal staple lines are thoroughly
inspected to assure hemostasis. If the appendix is perforated, the RLQ should be thoroughly irrigated.
The 5-mm ports are removed under camera visualization followed by desufflation of the abdomen.
The infraumbilical port is then removed and the fascia is closed with absorbable sutures. Skin is
closed with either monofilament suture or Indermil glue (Table 1).

TABLE 1. Key Technical Steps and Potential Pitfalls in Laparoscopic Appendectomy

Key Technical Steps

1. Infraumbilical 12-mm incision and abdominal access via
Veress neadle or open Hasson technique.

2. Insert two 5-mm ports in low midline above pubic sym-
phiysis and left lower quadrant.

3. Divide adhesions in BLO to expose appendix.

4. Create mesenteric window at base of appendix with
Maryland dissector.

5. Divide mesoappendix and appendix with endoscopic
GIA stapler.

6. Retrieve appendix with Endocatch device.

7 Bemove ports, close fascia at infraumbilical incision,
and close skin.

Potential Pitfalls

* |njury to inferior epigastric vessels or abdominal viscera
with port placement.

* Dense adhesions require conversion to open appendectorny.

* |pjury to cecum, small bowel, or iliac vessels during
dissection.

* Division of the appendix with inflasmmation at the base,
resulting in staple line leak.

Open Appendectomy
The patient 1s placed in supine position under general anesthesia. The entire abdomen is prepped and
draped. A transverse skin incision is made at McBurney’s point, two-thirds the distance from the
umbilicus to the anterior superior iliac spine. The incision is carried down to the external oblique
aponeurosis using Bovie electrocautery. The aponeurosis is opened sharply parallel to the direction
of its fibers to expose the internal oblique muscle. The muscle fibers are bluntly separated at right
angles. The peritoneum is identified, elevated, and incised sharply, avoiding abdominal viscera.

The appendix is then identified and delivered into the incision. The appendix can often be found
by locating the cecum and grasping the teniae with Babcock forceps and following the teniae down to



their convergence at the base of the cecum. The mesoappendix is then divided between clamps and
ligated with silk sutures. A silk purse-string suture is placed at the base of the appendix. A straight
clamp is used to crush the appendix at its base and then moved distally and applied again. The
appendix 1s then ligated with absorbable suture and divided sharply proximal to the clamp.
Electrocautery is used to obliterate the mucosa of the appendiceal stump. The appendiceal stump is
then invaginated into the cecum with the purse-string silk suture.

The surgical field is then irrigated and the peritoneum, fascia, and skin are closed in layers. In
cases with gross contamination, leaving the wound open or a loose closure may be a better option
(Table 2).

TABLE 2. Key Technical Steps and Potential Pitfalls in Open Appendectomy

Key Technical Steps

1. Skin incision at McBurney's point or point of maximal
tendermess.
Open external oblique aponeurosis and bluntly separate
internal obligue and transverse abdominis muscles.
Incise paritoneumm.
Identify appendix and deliver into operative field.
Divide mesoappendix.
Place purse-string suture around base of appendix.
Clamp crush base of appendix and ligate and divide
appendix at its base.
Invaginate appendiceal stump into base of cecum.
Close peritoneurn, fascia, and skin in individual layers.
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Potential Pitfalls

* [Damage to cecum.

* [etrocecal appendix may be difficult to expose.

* |nability to inspact other abdominal structures with
limited incision.

Special Intraoperative Considerations

If extensive inflammation is encountered involving the base of the appendix or cecum, it may be
necessary to perform a larger resection such as an ileocecectomy or right colectomy. The resection
should extend to healthy noninflamed bowel both proximally and distally. This may be performed
laparoscopically, depending on the surgeon’s experience. The anastomosis may be either stapled or
hand-sewn based on surgeon preference.

Postoperative Management

In the setting of acute perforation, the patient often has an ileus. Broad spectrum intravenous
antibiotics are administered and the patient is kept NPO. The patient’s diet may be advanced as
tolerated once symptoms improve. Antibiotics can be transitioned to an oral regimen and the patient
may be discharged home with close follow-up.

After allowing inflammation to subside (6 to 8 weeks), an interval appendectomy may be
performed. Pain is usually controlled with oral narcotics or NSAIDs. Interval appendectomy may be
performed as an outpatient procedure. The patient should be educated to monitor for signs of
postoperative infection: fevers, chills, fatigue, nausea, vomiting, or diarrhea from possible pelvic
abscess.

Case Conclusion



The patient undergoes ultrasound-guided percutaneous drain placement upon admission. He is
made NPO, given fluid hydration, and treated with IV piperacillin/tazobactam for broad-spectrum
coverage of enteric flora. This is transitioned to oral amoxicillin/clavulanic acid when his
leukocytosis resolves after 3 days and he 1s able to tolerate an oral diet. He is discharged home to
complete a 2-week course of antibiotics and seen in clinic in 2 weeks. His drain is discontinued in
clinic as its output is <30 mL per day. He is seen 8 weeks after initial presentation, at which time
a CT scan reveals no residual abscess. He is taken to the operating room for an interval
laparoscopic appendectomy and discharged home on the same day of his procedure. He is seen in
clinic 2 weeks after surgery and noted to be doing well.

TAKE HOME POINTS

e Patients with RLQ pain with delayed presentation, high fevers, or marked leukocytosis should
receive CT scan as they may have perforated rather than early appendicitis.

e Perforated appendicitis with intra-abdominal abscess should initially be managed
conservatively with percutaneous drain placement and intravenous antibiotics.

e There 1s no significant difference in patient outcomes between laparoscopic and open
appendectomy in perforated appendicitis.

e Interval appendectomy may no longer be routinely indicated for carefully selected patients.
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12 Gynecologic Causes of Lower Abdominal Pain
CHARLES S. DIETRICH IIT and BRADFORD P. WHITCOMB

Presentation

A 35-year-old female with no significant prior history presents to the emergency department with
acute-onset severe right lower-quadrant pain that started earlier that day and has been
progressively worsening. Her vital signs are significant for a low-grade temperature, mild
tachycardia, and a normal blood pressure. On abdominal examination, tenderness to deep
palpation is noted in the right pelvic region, and rebound tenderness is elicited. Her pelvic
examination is remarkable for exquisite right-adnexal tenderness that further precludes adequate
examination.

Differential Diagnosis

Acute pelvic pain can be caused by a number of possible diagnoses that include not only gynecologic
causes but also gastrointestinal, urologic, and musculoskeletal etiologies. The most common
gynecologic causes for lower-abdominal pain include complications of pregnancy (ectopic pregnancy
or spontaneous abortion), hemorrhagic or ruptured ovarian cysts, pelvic inflammatory disease (PID),
ovarian torsion, dysmenorrhea, degenerating uterine leiomyomas, endometriosis, and pelvic adhesive
disease. Nongynecologic causes that should be considered include appendicitis, diverticulitis, acute
cystitis, and urinary calculi (Table 1).

TABLE 1. Common Causes for Acute Pelvic Pain

Gynecologic Urologic/
Gastrointestinal

Spontaneous abortion Urinary tract infections
Ectopic pregnancy Mephroureterolithiasis
Pelvic inflammatory disease Interstitial cystitis
Endometritis Gastrointestinal
Salpingitis Appendicitis
Tubo-ovarian abscess Diverticulitis
Degenerating uterine Inflammatory bowel
lsiomyomas dizsease
Endometriosis Irritable bowel syndrome
Dysmenorrhea Gastroenteritis

Mittelschmerz

Ruptured ovarian cysts
Hemorrhagic ovarian cysts
Owarian torsion

Pelvic adhesive diseass

Workup

The patient undergoes ultrasound evaluation of the pelvis revealing an 8-cm solid/cystic right ovarian
mass resting anterior to the uterus (Figure 1). Doppler studies reveal no internal ovarian flow. A
small amount of pelvic fluid surrounds the ovary and fills the pelvic cul-de-sac. The endometrial
lining is approximately 8 mm in maximal diameter. The uterus and left adnexa are normal in shape



and size. Serum laboratory assessment is notable for a white blood count of 12.2 x 10%/uL, a
hemoglobin of 12 g/dL, and a normal platelet count. Quantitative B-hCG is <5 mlU/mL. Serum
chemistries, liver function tests, and urinalysis are unremarkable. Tumor markers including a CA125,
AFP, LDH, and inhibin levels are collected but are pending. CT imaging is ordered for further
evaluation confirming the right complex ovarian mass (Figure 2). Further findings include a normal
caliber appendix, no suspicious pelvic or paraaortic lymphadenopathy, and no evidence of metastatic
disease.

RT ADNEXA TRANS

FIGURE 1 * Ultrasound image showing an 8-cm complex solid/cystic right ovarian mass.

FIGURE 2 « CT image of the complex right ovarian mass. The calcific density within the mass is suggestive of a teratoma.

Discussion

Female patients presenting with acute pelvic pain should be initially evaluated with a thorough
history and physical exam. An accurate menstrual history should be collected including age of
menarche, start date of the last menstrual period, duration of menstrual flow, quantification of flow,
and time interval between menses. Any intermenstrual bleeding should also be documented. Other
important aspects of the history include a sexual history, contraceptive techniques, and a history of
prior pregnancies, sexually transmitted diseases, abnormal cervical cytology, or other gynecologic
problems. Abdominal examination should be performed to assess for signs of a surgical abdomen.
Pelvic examination should include direct visualization of the cervix, assessment for cervical motion
tenderness, and bimanual examination to determine uterine size and the presence of pelvic masses as



well as regions of tenderness. Rectovaginal examination is also useful to help localize any masses
that may be found.

All women of reproductive age presenting with acute pain should have pregnancy testing. If
qualitative testing is positive, further clarification with a quantitative B-hCG 1s warranted. Other
important laboratory assessments include a complete blood count, basic chemistries, liver function
tests, and urinalysis.

The best initial imaging modality for assessing pelvic pain is ultrasound. Ultrasound can
accurately identify ovarian pathology, and morphology indexing to stratify the risk for malignancy can
be performed if an ovarian mass is noted. Ultrasound is invaluable in assessing early pregnancy
complications as well. Doppler studies are often used to establish the presence of ovarian blood flow
and to further assess the risk for a malignant process. CT imaging may also be useful to exclude other
diagnoses such as appendicitis.

Diagnosis and Treatment

The findings in this case are most consistent with acute ovarian torsion. Ovarian torsion is the fifth
most common emergency room presentation for acute pain in females (following ectopic pregnancy,
hemorrhagic ovarian cyst, PID, and appendicitis). While it can occur in all age groups, the majority of
females affected are under 50 years. In most cases involving adnexal torsion, an ovarian or tubal
tumor 1is present. The risk for torsion increases linearly with ovarian size. In one series, 83% of
affected patients had an ovarian tumor >5 cm. Conversely, very large tumors become less likely to
undergo torsion, as mobility decreases. Normal-sized ovaries can also undergo torsion, but this
presentation is more prevalent in children and early adolescents. Histologically, any ovarian tumor
can twist; however, dermoid tumors are more commonly seen secondary to their prevalence and
greater tissue density when compared to other diagnoses. Fortunately, malignancy is rarely
encountered in cases of ovarian torsion, occurring in <2% of adult patients.

When an ovarian torsion occurs, the ovary’s vascular pedicle becomes compromised. Initially,
venous flow 1s more affected than arterial flow, causing ovarian engorgement. As the torsion becomes
more complete, ischemia results, which eventually leads to necrosis and peritonitis. Pain is the most
common presenting complaint and is often associated with nausea. The pain can come in waves,
especially with activity, if an intermittent torsion is present. Fevers occasionally are noted and are
usually low grade. Mild leukocytosis is often the only laboratory abnormality, although mild anemia
can also occur from secondary hemorrhage. Unfortunately, the clinical presentation is often
nonspecific, making diagnosis challenging in many cases. Ultrasound is highly sensitive for
identifying ovarian masses, and the presence of an adnexal mass should raise the suspicion for torsion
if acute pain is present. Doppler studies are usually reported when a tumor is identified; however,
diminished or absent flow can be found in normal adnexa. Conversely, the presence of flow does not
exclude an intermittent torsion. Maintaining a high index of suspicion with early operative
intervention confirms the diagnosis and maximizes the chance for ovarian conservation.

Further Discussion

Other diagnoses to consider for acute gynecologic pain that can mimic ovarian torsion include ectopic
pregnancy, PID, and hemorrhagic ovarian cysts. Pain associated with an ectopic pregnancy can be
similar to a torsion presentation. The key difference, however, is an elevated hCG level. Ultrasound,
again, is critical to the diagnosis. When no intrauterine gestational sac is noted with an hCG level
over 1,500 to 2,000 mIU/mL, then an ectopic pregnancy should be strongly considered. If the hCG



level rests below this discriminatory zone, then serial hCG levels can be helpful to differentiate
between a normal and abnormal early gestation as the levels usually rise at least 66% over 48 hours.
While an adnexal mass can be found with an ectopic pregnancy, it is usually smaller than those
associated with torsion and often is paraovarian in location. Historically, surgical removal was the
standard approach to treatment. With accurate hCG assays and improving ultrasound technology,
earlier diagnosis has made medical management with methotrexate more prevalent.

Acute PID can also have a similar presentation to torsion, although the onset of pain tends to be
more insidious. Severe cases of PID are often associated with a tubo-ovarian abscess, which on
ultrasound can be quite sizable and associated with diminished Doppler flow. Fevers and
leukocytosis tend to be more prominent in PID. A mucopurulent cervical discharge and cervical
motion tenderness are also typically seen. Most acute cases are associated with gonorrhea or
chlamydia, although many presentations are polymicrobial. Antibiotics, in most cases, quickly lead to
resolution. Occasionally, surgical or percutaneous drainage of a tubo-ovarian abscess 1s required.

Hemorrhagic or ruptured ovarian cysts also present similarly to ovarian torsion. Pain often has an
acute onset, and an adnexal mass is obviously noted on ultrasound. Fevers and leukocytosis are
typically absent, while anemia may be more pronounced if active bleeding is ongoing. On ultrasound,
pelvic fluid may also be more prominent. Management is usually conservative with ultrasound
abnormalities often resolving within 6 weeks, although cases involving hemodynamic instability
require urgent surgical intervention.

Surgical Approach

Surgical management of ovarian pathology in the acute setting can be accomplished by several routes
including laparoscopy, minilaparotomy, and laparotomy. The decision on the approach should be
based on operator experience, available resources, ovarian size and mobility, the risk for a malignant
process, and patient comorbidities. Relatively large ovarian masses can be removed laparoscopically
if they are predominantly cystic and can be decompressed once placed inside an endobag. If there is
concern for a malignant process, care should be taken not to rupture the tumor, as this upstages the
malignancy and usually necessitates postoperative chemotherapy. Predominantly solid tumors cannot
be adequately decompressed, and are more amenable to removal via open laparotomy. When
performing a laparotomy, most benign pelvic pathology can be addressed via a Pfannenstiel incision.
If further lateral exposure is needed, conversion to a Cherney incision can be accomplished by
detaching the rectus muscles from their tendonous insertions on the pubic symphysis. If malignancy is
suspected, or if distorted fixed anatomy is anticipated, then a midline vertical approach is indicated.
Maximal pelvic exposure is achieved by developing the space of Retzius and ensuring the fascial
incision extends completely to the pubic symphysis.

When faced with twisted adnexa, the primary intraoperative decision to make revolves around
ovarian salvage. Historically, salpingo-oophorectomy was the procedure of choice as it was thought
that reduction of the torsion would release clots or inflammatory cells into the ovarian vein. Recent
reports, however, have confirmed the efficacy of conservative, ovarian-sparing approaches.
Conservation is significantly more common in children, adolescents, and women early in their
reproductive years. Timing is critical, as the risk for ovarian necrosis significantly increases after 24
hours of torsion. Following conservation, the ovary will often remain dark or dusky, but subsequent
ovarian function is usually noted. Adjuncts to assess ovarian perfusion intraoperatively include
intravenous fluorescein injection and ovarian bivalving. The primary risk associated with ovarian
conservation is necrosis in cases where irreversible ischemic injury has occurred, leading to



peritonitis and systemic infection. Fortunately this risk is low, but necessitates close surveillance
immediately following surgery. Oophoropexy is sometimes performed following ovarian
conservation, especially in cases of recurrent torsion, and in children or adolescents.

Ovarian cystectomy is a relatively simple surgical procedure allowing for ovarian conservation
in reproductive-aged individuals. It should be reserved for benign pathology or for an interval
procedure where the diagnosis is uncertain. Initially, either a linear or elliptical incision over the top
antimesenteric portion of the ovarian mass is created in the serosa with either a scalpel or Bovie
cautery. Blunt and sharp dissection with Metzenbaum scissors or endoshears is then used to identify
the underlying tumor and to separate it from the surrounding stroma. The ease of dissection is highly
variable, depending on tumor histology and other cofactors such as infection or prior surgeries.
Bleeding is usually minimal until the base of the tumor is reached where the ovarian vessels enter the
ovarian hilum. Care should be taken to avoid tumor rupture; however, this is not an uncommon event,
especially with thin-walled tumors. Once the tumor is removed, bleeding is controlled with suture
ligation and cautery. The ovarian serosa can either be left open, or reapproximated with fine suture
(Table 2).

TABLE 2. Key Technical Steps for Ovarian Cystectomy

1. Expose and stabilize the ovarian mass.

2. Create a superficial incision in the ovarian serosa over
the anterior surface of the mass.

3. Use blunt and sharp dissection to identify the mass,
and to separate it from its serosal and stromal
attachments.

4. Hemostasis within the remaining ovarian cavity is
achieved with either ligation using fine absarbable
suture or with cautery.

5. The ovarian serosa can either be left open or reapproxi-
mated with absorbable suture.

Potential Pitfalls

¢ SAyoid tumor rupture if possible.

» |f rupture occurs, ensure that all portions of the cyst wall
are removed.

* Most significant bleeding occurs at the base of the tumor
where ovarian vesseals enter the ovarian hilurn. If hemo-
stasis cannot be achieved with conservative approaches,
oophorectomy may be indicated.

Salpingo-oophorectomy is also a relatively straightforward procedure. It is indicated for
malignant pathology, nonviable ovarian tissue following torsion, definitive management of recurrent
benign pathology, and in postmenopausal patients. The first step is to develop the pararectal space to
allow for identification of important retroperitoneal structures (Figure 3). The infundibulopelvic
ligament 1s located on the pelvic sidewall and the peritoneum 1 c¢m lateral to this structure is incised
in a parallel fashion from the round ligament toward the line of Toldt. The external iliac artery and
vein can then be identified. Careful blunt dissection of the loose areolar tissue medial to these vessels
will open up the pararectal space, which can be further developed inferiorly until the sacrum is
reached. The ureter should then be directly visualized as it courses along the medial peritoneal
reflection. By following the 1iliac vessels cephalad and gently lifting anteriorly on the
infundibulopelvic ligament, it 1s usually easy to locate the ureter as it crosses over the external iliac
artery and vein near the bifurcation of the common iliac vessels. Once the ureter has been positively
identified, a window is then made between the ureter and ovarian vessels. The ovarian vessels can



then be safely transected with suture ligation or laparoscopic vessel sealant devices. Once the
ovarian vessels are ligated and divided, the ovary and fallopian tube should be placed on anterior
traction and the remainder of the sidewall peritoneum skeletonized toward the utero-ovarian ligament.
Finally, the fallopian tube and utero-ovarian ligament are transected close to the uterus, freeing the
remaining ovarian attachments in the process (Table 3).

FIGURE 3 « Retroperitoneal pelvic anatomy. IVC, inferior vena cava; CIA, common iliac artery; U, Ureter; EIA, external iliac artery;
EIV, external iliac vein.

TABLE 3. Key Technical Steps for Salpingo-Oopherectomy

1. Expose the pelvic sidewsll and identify the infundibulo-
pelvic and round ligaments.

2. Incise the pertoneum approximately 1cm lateral to the
infundibulopelvic ligament and develop the pararectal
space.

2. ldentify important retroperitoneal structures including
the ureter, external and internal iliac arteries, and the
external iliac vein.

4. Create a window through the peritoneum isclating the
ovarian vessels from the ureter.

5. Ligate and divide the ovarian vessels.

6. Place the ovary and fallopian tube on anterior traction
while transecting the inferior peritoneal attachments
toward the uterc-ovarian ligament.

7 Ligate the fallopian tube and uterc-ovarian ligaments
close to the uterine cornua.

Potential Pitfalls

* [ailure to properly develop the pararactal space and iden-
tify the ureter can lead to ureteral injury.

s Adherent pathology may necessitate radical dissection
with ureterolysis to the bladder insertion.

* JSwoid turmor rupture if possible.

¢ |f tumor size or adhesions prohibit adeguate visualization,
controlled tumor decompression may be needed.

Special Intraoperative Considerations

While ovarian cystectomy and salpingo-oophorectomy are relatively straightforward procedures,
several dilemmas may arise intraoperatively regarding management of adnexal masses. The first issue
that is commonly encountered is management of an incidental adnexal mass found during surgical
evaluation for a separate indication. Key issues surrounding this problem include consent parameters,
the impact intervention might have on reproductive potential, the risk for malignant pathology, and the



potential morbidity associated with nonintervention (future tumor rupture, hemorrhage, or torsion).
While there is no definitive answer, several guiding principles can be used to help make decisions.
Simple ovarian cysts in reproductive-aged females <5 cm in diameter are usually functional in nature
and will resolve on their own. Solid tumors, masses >10 c¢cm, or those associated with excrescences
are more likely to be malignant, and removal should be considered. Finally, any mass found
intraoperatively in a postmenopausal patient should be considered for removal. Intraoperative
consultation with a gynecologist is recommended if possible. If the indications are unclear or
resources unavailable for management, it is always appropriate to refer the patient postoperatively
for treatment counseling. While this approach may result in a second operation, it allows for better
planning and gives the patient time to deal with potential impacts on fertility, hormonal status, or a
malignant diagnosis.

Another potential challenge that may arise when dealing with pelvic pathology is distorted or
fixed masses. In this case, rushing into the surgery without a well-thought-out approach can lead to
unintended injuries and hemorrhage. In this event, the operative team should be alerted of the
situation, and blood products should be readily available. Experienced assistance should be called.
The first step should be to optimize exposure. If a large tumor is present that limits pelvic sidewall
exposure, controlled tumor decompression or partial debulking may be necessary to improve
visualization. Development of avascular pelvic spaces will improve visualization of important
retroperitoneal structures. Vascular control should be obtained as early in the surgical process as is
feasible. Ureteral stenting can help with identification of the ureters; however, the risk for injury is
not decreased, and ureterolysis is often required to ensure ureteral integrity. During this process, care
should be taken as the tunnel of Wertheim is entered since the uterine artery crosses over the ureter
near this point. Bowel adhesions usually can be freed from the pelvis; however, on occasion, en bloc
resection with dense intestinal adhesions i1s necessary.

Postoperative Management

Postoperative care for a patient who has recently undergone laparoscopic or open ovarian cystectomy
or oophorectomy is relatively straightforward and is similar to any patient having abdominal surgery.
Postoperative complications such as bleeding, venous thromboembolism, or infection occur at rates
comparable to other similarly classed procedures. Pelvic rest is often recommended during the
convalescent period. In general, most patients recover quickly and are able to resume normal
activities in 4 to 6 weeks after open procedures or sooner after laparoscopic procedures.

Questions that often arise in the postoperative setting in patients who have had a unilateral
salpingo-oophorectomy include the impact on future fertility in reproductive-aged women as well as
the possibility for earlier menopause. In most cases, fertility 1s minimally impacted as long as the
contralateral ovary and fallopian tube are normal. However, fertility rates are challenging to
generalize as the disease process requiring surgery in the first place can impact reproductive
potential. There are a number of studies that suggest patients who have had unilateral oophorectomy
reach menopause slightly earlier than those who did not; however, in many of these studies, the
patients also had concurrent hysterectomy.

Case Conclusion

The patient was taken to the operating room for a diagnostic laparoscopy, where a right-ovarian
torsion was noted. Following reduction, no vascular flow was identified and necrotic tissue was



evident. Conversion to an open laparotomy was necessary as the tumor was predominantly solid.
A right salpingo-oophorectomy was performed without complications (Figure 4). The patient’s
final pathology was consistent with a mature cystic teratoma with significant regions of necrosis.
Her postoperative course was uneventful and she was released from the hospital 2 days later.

FIGURE 4 « A necrotic right ovarian mass following salpingo-oophorectomy. Final pathology was consistent with a mature teratoma.

TAKE HOME POINTS

e Leading diagnoses for acute pelvic pain in females include ectopic pregnancy, hemorrhagic
ovarian cyst, pelvic inflammatory disease, appendicitis, and adnexal torsion.

e All women of reproductive potential with pelvic pain should have hCG testing as part of their
initial evaluation.

e Ultrasound is the best initial modality for imaging pelvic pathology.

e Adnexal torsion can be difficult to diagnose. Therefore, any patient presenting with acute pain in
the presence of an ovarian mass should raise suspicion. Early surgical intervention confirms the
diagnosis and increases the chance for ovarian conservation.

e Reducing adnexal torsion does not increase the risk for clot embolization and will help
determine if ovarian salvage is possible.

e Optimal pelvic exposure and development of the avascular pelvic spaces minimize the risk for
adjacent structural injury during salpingo-oophorectomy.

SUGGESTED READINGS
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13 Paraesophageal Hernia
THADEUS TRUS

Presentation

A 66-year-old man presents to the clinic for evaluation of a large hiatal hernia discovered on chest
x-ray. He has a significant history of gastroesophageal reflux disease (GERD) characterized by
substernal burning and regurgitation, which is controlled by a proton pump inhibitor taken daily.
More recently, he is experiencing mild postprandial chest discomfort and early satiety and has lost
20 Ib. He also notes occasional dysphagia and vomiting. On exam, he is well appearing. Heart
sounds are normal and his lungs are clear. Occasional bowel sounds are heard on auscultation of
the chest. On examination, his abdomen is soft without tenderness or palpable masses, and he has
no palpable lymphadenopathy. Upon laboratory investigations, he is noted to have a hemoglobin
level of 10.5. Recent colonoscopy was negative.

Differential Diagnosis

The patient’s nonspecific symptoms can be associated with a variety of conditions such as GERD,
biliary disease such as cholelithiasis and colic, cardiac disease, esophageal pathology including
esophagitis and hiatal hernia, and malignancy. His heartburn and spontaneous regurgitation may
reflect a hiatal hernia. Additionally, his symptom progression and current dysphagia and vomiting can
be indicative of a paraesophageal hernia or intrathoracic stomach.

Workup

All patients, particularly older patients, with atypical chest pain should be evaluated for underlying
coronary artery disease as the cause of their symptoms. Once this is excluded, along with other
potential pathology, suspected paraesophageal hernias should be evaluated with a barium swallow.
This study provides a “snap shot” of the esophagogastric anatomy and allows for classification of the
type of hiatal hernia. Any organoaxial rotation of the stomach can be seen as well. It is less sensitive
for the evaluation of mucosal pathology and esophageal motility. Endoscopy (EGD) should be
performed on all patients to assess for esophagitis, Barrett’s esophagus, peptic stricture, Cameron’s
ulcers, and malignancy. Of note, Cameron’s ulcers are the most common source of anemia in these
patients but are not always found on endoscopy; they are transient in nature and can be difficult to
visualize in the distorted gastric anatomy associated with large paraesophageal hernias. Peptic
strictures, if found, should be biopsied and dilated as needed preoperatively. Although esophageal
manometry can be done, it is often difficult to pass the probe effectively in the setting of a
paraesophageal hernia or an intrathoracic stomach. Manometry is not critical to the preoperative
workup.

The patient in this scenario undergoes further workup of his hiatal hernia. A barium swallow
demonstrates a large paraesophageal hernia: The gastroesophageal junction (GEJ) remains at the
level of the diaphragm with gastric antrum herniating into the chest (Figure 1). An EGD is then
performed, which confirms a large hiatal hernia with a paraesophageal component. A Cameron’s
ulcer 1s found near the hiatal hernia (Figure 2A,B). The surveyed mucosa is otherwise normal.



FIGURE 1 - Barium contrast study showing a large para esophageal hernia.

FIGURE 2 « Upper endoscopy demonstrating a large paraesophageal hernia with Cameron’s ulcer (arrow) and otherwise normal
mucosa.

Discussion

The patient in this scenario has a Type II hiatal hernia. There are four types of hiatal hernias. Type I
or the sliding hiatal hernia is the most common, accounting for 90% to 95% of hiatal hernias. It is
characterized by migration of the GEJ through the hiatus. Type II hernias are true paraesophageal
hernias where the GEJ remains in its normal anatomic position below the diaphragm; the gastric
fundus herniates above the GEJ though the hiatus. Type III or mixed-type hiatal hernias are
characterized by herniation of both the GEJ and gastric fundus above the diaphragm. These tend to be
large hernias with more than 50% of the stomach located in the mediastinum. Finally, Type IV hiatal
hernias occur when a Type II or III hernia exists and other organs (e.g., spleen and/or colon) migrate
into the thorax as well.

Paraesophageal hernias are more common in elderly patients aged 60 to 70 years. It remains
unclear as to why certain individuals develop paraesophageal hernias. It is theorized that hernia
formation is likely related to the progression of a hiatal hernia in conjunction with increased intra-
abdominal pressure, as is seen in obesity and COPD.



Diagnosis and Treatment

Symptomatic patients with paraesophageal hernias warrant surgical repair. Rarely, patients present
with acute obstruction secondary to gastric volvulus. These patients should be decompressed with a
nasogastric tube. If necessary, endoscopy can be utilized for decompression. This will often provide
relief of the patient’s symptoms and allows for preoperative resuscitation. These patients should be
definitively repaired within a few days of presentation. Controversy exists regarding the surgical
management of asymptomatic paraesophageal hernias. Historically, studies suggest that up to 30% of
asymptomatic patients with paraesophageal hernias will develop potentially devastating
complications such as strangulation and perforation. However, recent data suggests that the incidence
of developing such complications is much lower than the previously reported. Because of this there is
some support for the observation of asymptomatic patients aged 65 years or older. For the most part
however, most patients with paraesophageal hernias are at a minimum, mildly symptomatic with
occasional bloating, heartburn, or episodic dysphagia. Given the likelihood of symptom progression
over time 1n this elderly population, we advocate early elective repair.

Surgical Approach
Various approaches to paraesophageal hernia repair have been described, including open
transabdominal, transthoracic (thoracotomy), or laparoscopic transabdominal. Recently, the
laparoscopic approach has become the preferred method of repair. Yet controversy exists in the
literature regarding the long term efficacy of laparoscopic paraesophageal hernia repair versus open
repair. Advocates of an open approach argue that there is a lower recurrence rate with a repair
performed via laparotomy or thoracotomy. Laparoscopic advocates contend that not all recurrences
warrant surgical intervention as many are asymptomatic. Furthermore, the use of biomesh as part of
the paraesophageal hernia repair has been shown to decrease recurrence rates at least in the short
term. Because of the less invasive approach, we advocate laparoscopic repair of paraesophageal
hernias. In this elderly patient population, the proven benefits related to perioperative recovery far
outweigh the potential for a recurrence of unclear clinical significance.

Regardless of the surgical approach, there are four fundamental steps to paraesophageal hernia
repair:

1. Complete reduction of the stomach and GEJ into the abdominal cavity without tension
2. Complete reduction and excision of the hernia sac

3. Crural closure

4. Fixation of the stomach in the abdomen with fundoplication or gastropexy

Laparoscopic paraesophageal hernia repair is performed with the patient positioned split-legged or in
lithotomy with the surgeon standing between the patient’s legs. Access to the abdominal cavity can be
gained with an open or closed technique. The camera port should be placed approximately 15 to 17
mm inferior to the xiphoid process and to the left of midline, through the rectus muscle. Five-
millimeter ports are placed under direct vision along the left and right costal margin, each
approximately 10 cm away from the xiphoid process. These serve as the surgeon’s operating ports. A
lateral 5-mm port is placed further along the right costal margin for the atraumatic liver grasper; this
is used to elevate the left liver lobe facilitating exposure of the hiatus. Another 5-mm port is placed in
the right upper quadrant for the assistant. The hernia is first reduced with gentle traction. Excessive
traction can lead to injury to the stomach and should be avoided. Dissection of the hernia sac begins



along the inner border of the crura—we prefer starting this dissection along the left crus, continuing
over the crural arch to the right crus. This plane between the hernia sac and the crura is developed
bluntly and dissection proceeds into the mediastinum. Care must be taken to identify the pleural edges
and reflect them laterally. Once reduced intra-abdominally, any excess sac should be removed from
its gastric attachments. The short gastric vessels are then divided which further facilitates exposure of
the base of the crura. There is often a large posterior esophageal fat pad which must be reduced to
allow for complete visualization of the crural base. This allows for placement of a Penrose drain
around the esophagus and vagus nerves for traction. Esophageal lengthening is achieved with
circumferential dissection of the esophagus within the mediastinum. The crural defect is then closed
posterior to the esophagus using multiple, nonabsorbable pledgeted sutures. A partial or full
fundoplication over a 60-French bougie is then fashioned. Any large defect is should be reinforced
with a U-shaped biomesh sutured to the apices of the crura. Caution must be exercised in large, long-
standing paraesophageal hernias, as the vena cava can be pulled quite close to the right crus.

Potential pitfalls of the operation include pneumothorax, injury to the vagus, serosal injury to the
stomach, and esophageal injury. If a pneumothorax is recognized, one can usually continue the
operation with the patient on positive-pressure ventilation without difficulty. These more often occur
on the left, where it can be difficult to identify pleural edge from hernia sac. At the conclusion of the
case, the pneumothorax can be evacuated with a red-rubber catheter placed through the hiatal closure
and put to water-seal. Injury to the anterior vagus nerve can occur during reduction of the hernia sac.
One must be sure to identify the nerve that is often lifted off of the esophagus, making it more
susceptible to injury. Excessive traction on the stomach during reduction can result in serosal tears.
These should be primarily repaired at the time of injury. Finally, although esophageal perforations are
rare, inadvertent myotomies during dissection of the hernia sac are not infrequent.

Special Intraoperative Considerations

Gastric perforation may occur in the patient with acute gastric volvulus. This can usually be avoided
with early decompression and surgical intervention. These perforations usually occur on the anterior
surface of the fundus and can be repaired primarily laparoscopically.

Short esophagus can be a challenge, limiting esophageal mobilization to allow for 3 to 4 cm of
tension-free, intra-abdominal esophagus. Esophageal length can usually be achieved by high
mediastinal dissection. Rarely, a Collis gastroplasty is warranted.

Management of the critically 11l patient can be difficult. If the patient cannot tolerate extensive
surgery, the surgeon should attempt separation of the sac from the esophagus and stomach, crural
closure, and gastropexy (G-tube or suture pexy).

Postoperative Management
Postoperative CXR 1is not routinely performed unless clinically indicated. Small pneumothoraces are
often seen and not treated. Routine nasogastric decompression is not warranted. Patients are left NPO
the day of surgery and antiemetics are given prophylactically to prevent retching. Patients are started
on a clear liquid diet without carbonated beverages on postoperative day 1 and advanced to a
mechanical soft diet as tolerated. Patients are usually discharged home on postoperative day 1 or day
2, depending on oral intake and mobility.

Unexplained tachycardia or shortness of breath mandates immediate UGI study with gastrograftin
followed by barium to evaluate for a leak. If a leak is found, immediate exploration with primary
repair and drainage is warranted. Exploratory laparoscopy can also be liberally used to rule out



postoperative bleeding or leak.

Case Conclusion

The patient undergoes a laparoscopic paraesoph ageal hernia repair with Toupet fundoplication.
He does well ostoperatively and is discharged to home on postoperative day 2.

TAKE HOME POINTS

Paraesophageal hernias ae common in the elderly.

Symptoms may be vague and nonspecific.

Most paraesophageal hernias should be repaired electively.

Paraesophageal hernias can be safely repaired through a laparoscopic approach.

Principles of repair include complete reduction of the hernia sac, crural closure, and
fundoplication/gastropexy.
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14 Gastroesophageal Reflux Disease
JONATHAN F. FINKS

Presentation

A 55-year-old otherwise healthy, mildly obese (body mass index 33) woman is referred for
evaluation of refractory heartburn and regurgitation. Her symptoms have been present for
approximately 10 years. She initially attempted lifestyle changes, including cessation of smoking
and caffeine use, as well as weight loss, but did not have significant relief. Her symptoms have
improved with use of twice daily proton pump inhibitors (PPIs), but she continues to have
breakthrough symptoms, especially after eating and when lying down.

Differential Diagnosis

The leading diagnosis based on these symptoms is gastroesophageal reflux disease (GERD). An
important consideration is whether or not there is an accompanying hiatal hernia, as this can influence
the choice of treatment. The differential diagnosis also includes achalasia. Patients with achalasia
most often present with dysphagia, but they will occasionally present with complaints of regurgitation
and heartburn. In the case of achalasia, heartburn occurs several hours after eating and usually results
from fermentation of undigested food within the esophagus. Certain “alarm” symptoms, including
dysphagia, odynophagia, weight loss, anemia, and gastrointestinal bleeding, should prompt a search
for esophagogastric malignancy.

Workup

For patients with classic symptoms (heartburn and regurgitation), a good therapeutic response to a
trial of PPI therapy is diagnostic of GERD. Further workup is indicated, however, in patients over 50,
those with frequent breakthrough symptoms or whose symptoms have persisted for over 5 years, and
those with alarm symptoms as mentioned above.

For patients with dysphagia, a barium swallow 1s a good first study, as it allows for assessment
of esophageal strictures (benign and malignant) and diverticula. Furthermore, the barium swallow
provides a detailed view of the anatomic relationships of the stomach, esophagus, and diaphragm,
allowing for identification of hiatal hernias (Figure 1). A barium swallow 1s also a good
confirmatory study for patients with manometric evidence of achalasia.



FIGURE 1 « Barium swallow demonstrating a sliding hiatal hernia.

Upper endoscopy offers direct visualization of esophageal mucosa, allowing for identification of
esophagitis, Barrett’s esophagus, and esophagogastric malignancies. It 1s especially useful for
patients with atypical, or extraesophageal, symptoms, such as cough, sore throat, and hoarseness, and
is indicated in any patient for whom antireflux surgery is considered. The presence of esophagitis on
upper endoscopy, in association with typical reflux symptoms (heartburn and regurgitation), is
generally considered adequate evidence of reflux disease to justify antireflux surgery.

Ambulatory esophageal pH testing is indicated for patients with atypical symptoms and those
with nonerosive disease for whom antireflux surgery is being considered. Generally, this study should
be performed with the patient off of any antacid medicine (e.g., PPIs). A more recent alternative is the
combined pH and impedance monitor, which allows for detection of both acid and nonacid reflux.
This study is particularly useful for patients with persistent symptoms despite the use of maximum
medical therapy as well as those with atypical symptoms.

Esophageal manometry offers a functional assessment of the lower esophageal sphincter as well
as the motility in the body of the esophagus. It is indicated for patients with dysphagia, where
malignancy and hiatal hernia have been ruled out by other studies. Most surgeons also consider
esophageal manometry essential before antireflux surgery in order to rule out a significant motility
disorder, such as achalasia or scleroderma.

Diagnosis and Treatment

The patient from our clinical scenario had classic symptoms of reflux and demonstrated improvement
with the use of PPIs. However, because of her age and the duration of symptoms, she underwent an
upper endoscopy that demonstrated a small hiatal hernia but no evidence of esophagitis. Ambulatory
pH testing demonstrated that the fraction of time with a pH <4 was 8% (upper limit of normal is
<4%), and manometry was normal. All of these findings are consistent with GERD.



In patients with refractory symptoms, as the one in the clinical scenario, or in those who do not
tolerate PPIs, antireflux surgery is warranted. Although there are a number of endoluminal devices to
treat GERD, some of which fire full-thickness plicators to recreate a competent antireflux valve at the
gastroesophageal junction, the long-term efficacy of these devices does not appear promising in early
clinical trials. Therefore, we focus instead on surgical approaches, specifically laparoscopic Nissen
fundoplication.

Surgical Approach

Antireflux surgery involves restoration of the normal anatomic position of the stomach and
gastroesophageal junction and recreation of the antireflux valve. There are several key elements to
successful antireflux surgery. First, any hiatal hernia must be completely reduced. This process
involves an extensive mediastianal dissection to ensure adequate esophageal mobilization. Second,
any defect in the diaphragmatic crura must be adequately closed. Third, the fundus should be
completely mobilized by division of the short gastric vessels in order to prevent twisting of the wrap,
which could lead to dysphagia. Finally, a 2-cm long “floppy” fundoplication is performed around the
distal esophagus over a large dilator, also for prevention of dysphagia.

The procedure is performed under general anesthesia with the patient in the split-leg position.
Access to the periotoneum is obtained using a closed (Veress) or open (Hasson) technique and
pneumoperitoneum is established. We employ a five-port approach with a camera port placed 15 cm
below the top of the xiphoid process. The surgeon stands between the patient’s legs using two upper-
quadrant ports. The assistant stands to the patient’s left, using a port in the left upper quadrant and
operating the laparoscope. A final port is placed in the subxiphoid position for the liver retractor.
Once the ports are placed, the patient is put into the reverse Trendelenberg position and a Nathanson
retractor is used to elevate the left lateral segment of the liver.

First, the stomach is manually reduced into the abdomen in the event of a hiatal hernia. Then the
gastrohepatic ligament is incised with the ultrasonic dissector, beginning in the avascular portion and
extending toward the diaphragm in order to expose the right crus (Table 1). We recommend
preserving the hepatic branch of the vagus nerve, both to reduce risk for subsequent gallstone
formation and also to avoid injury to the accessory left hepatic artery, which can be present in up to
12% of patients (Figure 2). Next, the phrenoesophageal ligament anterior to the esophagus is opened,
with care taken to avoid injury to the underlying esophagus and anterior vagus nerve. Blunt dissection
is then used to develop a plane between the right crus and the esophagus. This dissection is continued
until the decussation of the left and right crura is visualized. Some retroesophageal dissection may be
done from the right side during this portion of the procedure. Care should be taken to prevent injury to
the posterior vagus nerve and to keep the nerve up with the esophagus during the dissection.

TABLE 1. Key Technical Steps and Potential Pitfalls



Key Technical Steps

1. Incision of the gastrohepatic ligament through the avas-
cular space to expose the right crus.

2. Blunt dissection to develop a plane between the
esophagus and the crus until the crural decussation is
visualized.

3. Complete mobilization of the fundus.

4. Extensive mediastinal dissection to deliver at least
2.5-3cm of distal esophagus into the abdomen.

5. Closure of the crural defect with nonabsorbable pled-
geted sutures.

6. Creation of a 2-cm long 360° posterior fundoplication
using nonabsorbable suture.

Potential Pitfalls

* [mjury to accessory or replaced left hepatic artery running
with the hepatic branch of the vagus nerve in the gastro-
hepatic ligament.

* |njury to anterior and posterior vagus nerves. The pos-
terior nerve often falls away from the esophagus and is
most susceptible to injury.

® |njury to the proxirmal short gastric vessels. These are
fragile and difficult to control if avulsed or torn.

s Esophageal injury from inadvertent contact with energy
source, such as the ultrasonic dissector, during mediasti-
nal dissection.

FIGURE 2 « Exposure of the right crus of the diaphragm.

Attention then turns to mobilization of the fundus (Figure 3). The short gastric vessels are divided
with the ultrasonic dissector, beginning at the level of the inferior pole of the spleen and extending
toward the left crus. The posterior attachments of the stomach should also be divided to ensure full
mobilization of the fundus. At this point, the retroesophageal dissection is completed from the left
side and a penrose drain is placed around the esophagus, with the ends anchored anteriorly using an
endoscopic loop. The penrose drain facilitates retraction of the esophagus.



FIGURE 3 * Mobilization of the fundus

What follows is an extensive mediastinal mobilization, using both blunt and ultrasonic dissection
to free the esophagus from its mediastinal attachments (Figure 4). This dissection continues until at
least 2.5 to 3 cm of distal esophagus remains within the abdomen without having to apply traction to
the stomach. Care should be taken to avoid injury to the anterior and posterior vagus nerves during
this dissection. The diaphragmatic crura are then reapproximated using nonabsorbable suture secured
with felt pledgets to prevent the suture from tearing through the muscle of the diaphragm. The closure
should be snug, but not tight, around the esophagus. Calibration with a 56-to 60-French dilator may be
helpful during the closure.

FIGURE 4 « Mediastinal dissection.

The fundus of the stomach is brought behind the esophagus and a 360° fundoplication is then
performed over a large dilator (56 to 60 French) (Figure 5). The fundoplication is secured at the right
anterolateral aspect of the esophagus with three nonabsorbable sutures. The sutures are placed 1 cm
apart, with the most superior suture placed 2 cm above the gastroesophageal junction. Each suture
incorporates a full-thickness bite of stomach on either side of the esophagus, as well as a partial
thickness bite of esophagus, in order to prevent slippage of the fundus behind the wrap.



FIGURE 5 - Fundoplication.

Special Intraoperative Considerations

During the mediastinal dissection, especially in the setting of a hiatal hernia, the pleura can be
adherent to the hernia sac and is then susceptible to injury. A pleural tear can result in capnothorax
with resultant hypercarbia, acidosis, hypoxia, and reduced lung volumes on the affected side. There
are typically no lasting consequences, as the gas will absorb rapidly once the pneumoperitoneum has
been released. If untreated, however, capnothorax may require conversion to an open procedure. In
the event of a pleural tear, there are several steps that will diminish the impact on the patient. First,
the tear is enlarged to prevent a tension capnothorax. Next, a 14-French red rubber catheter is inserted
into the abdomen. One end of the catheter is then inserted into the pleural space and the other end is
left in the abdomen. This will help equalize the pressure between the two cavities. At the end of the
procedure, the abdominal end of the catheter is pulled out through the left subcostal port while the
pneumoperitoneum is released. The end of the catheter is placed into a water seal while deep
Valsalva breaths are administered. This will allow for evacuation of any remaining gas from the
affected pleural space. The red rubber catheter is then removed. A postoperative chest x-ray is useful
to confirm lung reexpansion.

Postoperative Management

The Foley catheter is typically removed at the end of the procedure. Patients are placed on a
scheduled antiemetic, such as ondansetron, for 24 to 48 hours, and may have PRN orders for
additional antiemetics, in order to prevent nausea and retching, which can result in disruption of the
wrap or early recurrent hiatal hernia. On the first postoperative night or the following day, patients
are started on a clear liquid diet and then advanced to a full liquid diet. They are typically discharged
on the first or second postoperative day and may advance to a mechanical soft diet within the first
week after surgery.

Side effects of antireflux surgery include dysphagia and bloating. Mild dysphagia is not
uncommon in the first week or two following the procedure. Because of this problem, patients are
advised to avoid tough or dry meat, raw vegetables, and bread for at least 4 to 6 weeks following
surgery. In the case of severe dysphagia or dysphagia persisting beyond 6 to 8 weeks, patients should
undergo barium swallow to rule out a recurrent hiatal hernia or slipped fundoplication (fundus
slipped behind the wrap). If neither of these findings is present, patients should undergo endoscopic



dilation. The cause of bloating after antireflux surgery is not clear, but may relate to vagal stretch
during the dissection or simply to competence of the wrap which does not permit belching as freely as
before surgery. This side effect often resolves after several weeks and can be minimized by avoiding
carbonated beverages and eating smaller meals five to six times per day.

TAKE HOME POINTS

o Careful patient selection is essential to success with antireflux surgery. Those selected for
surgery should have objective evidence for reflux and symptoms that are attributable to GERD.

e All patients selected for surgery should undergo upper endoscopy and esophageal manometry.
Ambulatory 24-hour pH testing should be reserved for patients with nonerosive disease and
those with atypical symptoms (e.g., cough, hoarseness).

e Dysphagia is a common complaint following antireflux surgery. The risk for dysphagia can be
reduced by full mobilization of the fundus and creation of a “floppy” fundoplication over a 56-
to 60-French dilator.

e Recurrent hiatal hernia is the most common cause for failure of antireflux surgery. Adequate
crural closure and a thorough mediastinal mobilization of the esophagus, allowing for a minimum
of 2.5 to 3 cm of intra-abdominal esophageal length, will help reduce the risk for this
complication.
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15 Gastric Cancer
SRINIVAS KAVUTURU, JUSSUF T. KAIFI, and KEVIN F. STAVELEY-O’CARROLL

Presentation

A 52-year-old male presents with history of epigastric discomfort and dysphagia for 6 months. He
describes two previous episodes of black tarry stools and a 30-1b weight loss over the past 3
months. His past medical history is significant for hypertension, hypercholesterolemia, and benign
prostatic hypertrophy. He had an open appendectomy as a child. He drinks about eight beers a day
and has a 30-pack-year history of smoking cigarettes. He has family history of heart disease and
hypertension. His medications include tamsulosin, metoprolol, omeprazole, and Lipitor. He is not
allergic to any known medications.

Differential Diagnosis

Based on his age and clinical presentation (e.g., dysphagia, weight loss, and melena),
esophageal/gastric cancer should be considered as the first differential but the following alternative
diagnoses could also be taken into account. Benign diseases to consider include esophagitis, gastritis,
peptic ulcer disease, or esophageal varices. Malignant diseases to consider include gastric or
esophageal carcinoma, MALT (mucosa-associated lymphoid tissue) lymphoma of the stomach,
primary gastric lymphoma (non-MALT type), and gastrointestinal (GI) stromal tumor.

Workup

Workup includes a thorough history and physical examination, laboratory testing, diagnostic imaging,
and invasive tests (e.g., endoscopy). In case it turns out to be a malignancy, the diagnostic workup
should have two goals: (1) determine the extent of disease, that is, clinical staging and (2) risk
stratification for any proposed surgery.

Personal history of previous gastric surgery and family history of upper GI cancers (e.g., Lynch
syndrome II, BRCA2 mutation, and familial polyposis coli) are strongly suggestive of malignancy.

Most patients with malignancy have normal physical exams. Positive findings on physical
examination are most often associated with locally advanced or metastatic disease. These findings
may include palpable abdominal mass from a large primary tumor, liver or ovarian metastases
(Krunkenberg’s tumor), palpable left supraclavicular node (Virchow’s node), periumbilical nodule
(Sister Mary Joseph node), pelvic deposits (rectal Blummer’s shelf), jaundice, or ascites.
Paraneoplastic syndromes associated with gastric cancer include acanthosis nigricans,
thrombophlebitis, cir-cinate erythemas, dermatomyositis, pemphigoid, and seborrheic keratosis.

When malignancy is suspected, flexible endoscopy is the diagnostic modality of choice. The
diagnostic accuracy of upper GI endoscopy for gastric cancer approaches 98%. In a study of 100
randomly selected patients, endoscopy was more sensitive (92% vs. 54%) and specific (100% vs.
91%) than double-contrast barium studies. Barium studies also cannot distinguish benign from
malignant ulcers.

Preoperative staging evaluates local extent of the tumor, resectability, lymph node involvement,
and presence of metastasis. Imaging modalities include computerized tomography (CT) scan, upper
endoscopy, endoscopic ultrasound (EUS), positron emission tomography (PET), magnetic resonance



imaging (MRI) and laparoscopic exploration. CT scan of the abdomen is valuable in determining
hepatic metastasis (=1 cm), bulky lymphadenopathy, visceral metastasis, ascites, and extragastric
extension to surgically unresectable structures. CT scan also helps in planning the extent of surgery if
en bloc resection of nearby organs is necessary. However, its value is limited in detecting peritoneal
disease and hepatic metastasis less than 1 cm in size. CT scan of the chest should be included for
tumors at the gastroesophageal (GE) junction to evaluate the extent of disease in the mediastinum.
EUS can assess the depth of the tumor (T stage) and local nodal status (N stage) with overall
accuracy of up to 80%. Although limited by technical challenges, EUS-guided fine needle aspiration
(FNA) biopsy of the regional lymph nodes, aspiration of small volume ascites, and accessible distant
metastatic sites (e.g., mediastinal lymph nodes, liver) improve the accuracy of lymph nodal staging
and could prove distant metastasis avoiding noncurative laparotomy. PET-CT improves preoperative
staging of gastric adenocarcinoma and can alter treatment options in up to 20% of patients. PET
combined with CT is more accurate for preoperative staging than either modality alone and can
facilitate the selection of patients for a curative resection by confirming a nodal status identified by
CT. PET-CT is also the most sensitive noninvasive imaging modality for the diagnosis of hepatic
metastases from gastric cancer.

Performing diagnostic laparoscopy prior to definitive surgery has several advantages.
Laparoscopy detects small metastases (<0.5 cm) of the peritoneum and liver in up to 40% patients
who are eligible for potentially curative resection based on CT scan. Laparoscopy also helps in
staging by cytopathologic analysis of peritoneal fluid for free intraperitoneal gastric cancer cells,
placement of feeding jejunostomy in obstructing GE junction mass, and in palliation by avoiding
nontherapeutic laparotomy in advanced gastric cancer. Currently, staging laparoscopy is
recommended in select patients with high probability of having distant metastatic disease in the
abdomen, based on the tumor location (GE junction and whole-body tumors), and in patients who are
medically fit but have unresectable disease by noninvasive staging investigations. The role of
laparoscopic intraoperative ultrasonography to stage the gastric cancer is still to be defined by
systematic studies.

Preoperative risk stratification for surgery includes nutritional, cardiovascular, pulmonary,
central nervous system and functional assessment, clinically and by appropriate investigations and to
optimize the medical comorbidities.

The patient described in the scenario above had an unremarkable clinical examination. He had no
relevant family history. He had an upper GI endoscopy that revealed a Siewert type III GE junction
tumor (i.e., tumor lying within 2 to 5 cm distal to the GE junction). Upper endoscopy revealed an
irregular mass below the GE junction. Biopsies from the mass were consistent with moderately
differentiated adenocarcinoma. A multiphase CT scan of his chest, abdomen, and pelvis with contrast
revealed thickening of stomach wall at the GE junction and a few perigastric lymph nodes less than 1
cm in size. There was no evidence of invasion/encasement of any major vascular structures, distant
metastasis, or peritoneal seeding. PET-CT showed an FDG (flurodeoxyglucose) avid lesion in the
proximal stomach corresponding to the lesion seen on the CT scan. The subcentimeter lymph nodes
seen on the CT scan were also FDG avid on the PET-CT, indicating metastatic spread. EUS showed
the lesion to be invading muscularis propria (T2) and EUS-guided FNA of the perigastric lymph
nodes were positive for adenocarcinoma (N1).

Diagnosis and Treatment
The diagnosis of gastric cancer is established by histopathologic assessment of biopsies or cytology



from gastric washes/brushing. Two most commonly used pathologic classifications of gastric cancer
based on microscopic configuration are that of Lauren and World Health Organization (WHO)
systems. The Lauren classification divides gastric cancer into two major histologic types: intestinal
and diffuse. The intestinal form is often seen arising in a setting of chronic atrophic gastritis (e.g.,
Helicobacter pylori and autoimmune gastritis), whereas the diffuse form is less related to
environmental influences and may arise as single cell mutations within normal gastric glands. The
WHO classification has five subtypes: adenocarcinoma (intestinal and diffuse), papillary, tubular,
mucinous, and signet-ring cell. Staging of gastric cancer is currently based on the American Joint
Committee on Cancer recommendation of the TNM staging (seventh edition, 2010) with the addition
of the term “R status™ denoting the status of resection margins after surgery (R0, negative margins; R1,
microscopic residual disease; R2, gross residual disease).

Surgical resection is the mainstay of treatment of gastric cancer. However, a multidisciplinary
team approach with combined modality therapy (surgery, chemotherapy, and radiation) is most
effective especially in patients who have locoregional disease. Clinically, gastric cancer can be
classified into early, locoregionally advanced (but resectable), nonresectable, and metastatic.

For patients with early gastric cancer (Tis, T1 tumors limited to mucosa), gastrectomy with
D1/D2 lymphadenectomy remains the treatment of choice. Endoscopic mucosal resection (EMR) is
being performed on select patients but is not yet the standard of care.

For patients with locoregionally advanced resectable gastric cancer, recent evidence supports
neoadjuvant therapy prior to surgery. In a recent randomized trial, preoperative chemotherapy has
been shown to improve survival, improve local failure rates, and increase the proportion of patients
with RO resection rates (MAGIC trial).

For patients with locally advanced but initially nonresectable disease, neoadjuvant chemotherapy
or chemoradiotherapy has also been tried in with an intention to convert it into a potentially
resectable disease with a curative intent, but the approach has not yet been standardized. Patients with
metastatic disease need palliative therapy, depending on their symptoms and functional status.

Postoperatively, after gastric resection, current NCCN guidelines recommend adjuvant
chemoradiation with SFU following RO resection of T3, T4, or node-positive cancers.

Surgical Approach

The extent of gastric resection is a crucial part of surgical plan. Since gastric carcinoma has the
propensity to spread via submucosal and subserosal lymphatics, a resection margin of at least 5 cm is
advocated. Curative resection with microscopically negative margins (RO resection) involves
resection of the tumor with lymphatics and lymph nodes and any adjacent organ involved by direct
extension of the tumor (e.g., tail of pancreas, spleen). Hence, selection of appropriate surgical
procedure is determined by location of the tumor, lymph nodal status, and extragastric extension into
the adjacent organs.

A total gastrectomy with esophagojejunostomy is appropriate for proximal (upper third) gastric
tumors. GE junction tumors predominantly involving cardia (Siewert type [Il-—tumor lying within 2 to
5 cm distal to the “Z” line) should be treated by an extended total gastrectomy with a segment of
esophagus for a safe margin. On the other hand, GE junction tumors with predominant involvement of
the esophagus (Siewert type [—tumor lying within 1 to 5 cm proximal to the “Z” line) should be
treated by transhiatal/transthoracic esophagectomy with proximal gastrectomy and gastric pull-up
with cervical/thoracic esophagogastrostomy. The necessary extent of resection for Siewert type Il
(tumor lying within 1 cm proximal or 2 cm distal to the “Z” line) has been controversial and



intraoperative assessment of the tumor by an experienced surgeon and frozen section of the resected
margins help decide the course—either a total gastrectomy or a transhiatal esophagectomy. For
tumors in the distal stomach (lower two-thirds), a subtotal gastrectomy with Bilroth II or Roux-en-Y
reconstruction is appropriate (Tables 1 and 2).

TABLE 1. Total Gastrectomy—Key Technical Steps

1. Midline laparotomy and full exploration

2. Mobilize GE junction and esophagus, taking a margin of
diaphragratic crura.

3. Separate the omenturm and lesser sac lining en bloc
from the transverse colon.

4. Divide the short gastric vessels and skeletonize the
celiac, splenic, and common hepatic arteries, taking
their lymph nodes.

5. Ligate left and right gastric and gastroepiploic arteries
at their bases.

6. Divide esophagus, stomach, and jejunum.

7 Reconstruction with esophagojejunostomy and
jgjunojejunostony

TABLE 2. Total Gastrectomy—Potential Intraoperative Pitfalls

1. Accessory/replaced left hepatic artery arising from tha
left gastric artery [16%—20%)

Injury to the spleen

Positive tumor margins of esophagus and stomach
Ischemic-looking duodenal stump

o L3 D

The extent of lymphadenectomy for gastric cancer remains controversial. Western as well as
Asian studies could not show any survival benefit with D2 dissections (lymph nodes along the named
arteries of the stomach) over D1 (immediate perigastric lymph nodes). Moreover, few studies
demonstrated increased morbidity and mortality with extended lymph nodal dissections. Current
AJCC guidelines state that pathologic examination of at least 15 lymph nodes 1s required for adequate
staging (Tables 3 and 4).

TABLE 3. American Joint Committee on Cancer (AJCC) TNM Staging Classification for Staging of the Stomach (7th ed.,
2010)



Primary Tumor (T)

T Primary tumor cannot be assessed

T Mo evidence of primary turmor

Tis Carcinoma in situ: intraepithelial tumor without
invasion of the lamina propria

T1a Tumor invades lamina propria or rmuscularis
rmucosae

Tib Tumor invades submucosa

I Tumor invades muscularis propria

T3 Tumor penatrates subserosal connective tissue

without invasion of visceral peritonsum or
adjacent structures
T4a Tumor invades serosa (visceral peritoneum)
Tab Tumor invades adjacent structures

Begional Lymph Nodes (M)

MNX Regional lymph node (s) cannot be assessed
MO Mo regional lymph node metastasis

M1 Metastasis in 1-2 regional lymph nodes

N2 Metastasis in 3-6 regional lymph nodes

N3 Metastasis in 7 or more regional lymph nodes
M3a Metastasis in 7-15 regional lymph nodes
MN3b Metastasis in 16 or more regional lymph nodes
Distant Metastasis (M)

Mo Mo distant metastasis

M1 Distant metastasis

Histologic Grade (G)

GX Grade cannot be assessed

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Undifferentiated

ized with the permission of the Amencan Joint Committze on
Cancer (AJCC), Chicago, lllinois. The original source for this mate-
rial is the AJCC Cancer Staging Manual Tth ed. (2010) published
by Springer Science and Business Media LLC, www springer.com.

TABLE 4. American Joint Committee on Cancer (AJCC) TNM Staging Classification for Staging of the Stomach (7th ed.,
2010, Table 2)



Stage = 2 N G

Stage 0 Tis MNO MO
Stage A T1 NO MO
Stage IB T2 NO MO
T1 N1 MO
Stage |IA T3 NO MO
| N1 MO
T1 N2 MO
Stage lIB T4a NO MO
13 N1 MO
| s N2 MO
T N3 MO
Stage llIA T4a N1 MO
13 N2 MO
12 N3 MO
Stage |IIB Tdb NO MO
T4b N1 MO
T4a N2 MO
13 N3 MO
Stage llIC T4b N2 MO
Tdb N3 MO
T4a N3 MO
Stage IV Any T Any N M1

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is
the AJCC Cancer Staging Manual, 7th ed. (2010) published by Springer Science and Business Media LLC, www.springer.com.

It is our preference and practice to perform gastrectomy with D2 lymphadenectomy after
neoadjuvant chemotherapy. Depending on the extent of tumor, a splenectomy and/or a distal
pancreatectomy is performed to achieve negative margins (RO resection). This strategy maximizes the
chances of RO resection and provides adequate number of lymph nodes for accurate staging of the
disease.

The patient in our case scenario had a moderately differentiated adenocarcinoma of the stomach
(Siewert type III) with T3, N1, MO—stage 1IB, that is, locally advanced but was resectable. Hence,
as a part of multimodality treatment, he underwent neoadjuvant chemotherapy with Etoposide,
Cisplatin, and 5-FU. He then underwent a total gastrectomy with Roux-en-Y esophagojejunostomy.

Operative procedure The patient is placed in a supine position with consideration given to the
possibility of right thoracic or cervical approach in case of GE junction tumors needing
esophagectomy. The skin from the chin to the pubic symphysis is prepared and draped. We prefer a
midline incision extending from the xiphoid process to just below the umbilicus for most patients
undergoing a total gastrectomy. A fixed retractor (e.g., Thomson) is used for adequate exposure of the
GE junction. Careful methodical exploration of the abdomen is performed to exclude metastasis,
assess extent of resection, resectability, and local extension to other viscera. The gastrohepatic
omentum is divided closer to the liver, closely watching for accessory left hepatic artery, which
should be preserved in most cases. Dissection in the region of the esophagus and the fundus of the
stomach starts by taking a ring of diaphragmatic crura, dividing the phrenic vein en route and taking
the pericardial lymph node packet en bloc with the specimen (Figure 1). The omentum and the lesser
sac with the lining are separated en bloc from the transverse colon. The short gastric vessels along the
greater curvature of the stomach are divided close to the spleen (Figure 2), dissection facilitated by a
vessel-sealing device. The celiac, splenic, and common hepatic arteries are skeletonized and the
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nodal tissue swept up the left gastric artery. The left and right gastric arteries and the gastroepiploic
vessels are ligated at their bases and the lymph nodes are taken with the specimen. Duodenum is then
divided with a GIA stapler 2 to 3 cm distal to the pyloric vein (Figure 3). GE junction is mobilized
and esophagus is divided with a transverse anastomosis (TA) stapler. The specimen is sent to
pathology and a frozen section obtained from the proximal and distal margins of the specimen to
check for adequacy of resection. Reconstruction after a standard D2 total gastrectomy is by a Roux-
en-Y esophagojejunostomy (Figure 4). We prefer to perform this with an end-to-end anastomosis
(EEA) stapling device. Alternately a hand-sewn anastomosis or anastomosis to a jejunal pouch could
also be performed. A jejunostomy feeding tube is placed routinely. We use two closed su