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Esophageal Diverticula 1 5

Andrew T. Strong and Jeffrey L. Ponsky

Introduction

Esophageal diverticula are outpouchings of esophageal mucosa and submucosa
classified based on both anatomic location and presumed mechanism leading to
their formation and enlargement. Possible locations include hypoesophageal (pha-
ryngoesophageal), mid-esophageal, or epiphrenic. Mechanisms of formation are
traction and pulsion. Traction diverticula result from pulling forces that originate
external to the esophagus. Classic examples are inflammatory reactions and scar
tissue formation from anterior spinal fixation and stabilization hardware or medias-
tinal lymphadenopathy. Pulsion diverticula result from a pushing forces created
from pressurization of the esophageal lumen, with mucosa herniating through
weaknesses in esophageal musculature. The most common esophageal diverticulum
is widely known by its eponymous designation, a Zenker’s diverticulum. A Zenker’s
diverticulum is a pulsion diverticulum that occurs in the posterolateral esophagus in
a natural weakness located superior to the cricopharyngeus muscle and inferior to
the thyropharyngeus (both are portions of the inferior constrictor muscle), known as
Killian’s triangle. Presentations and symptoms of esophageal diverticula vary some-
what by location within the esophagus. Diagnosis of esophageal diverticula typi-
cally follows a similar algorithm and is primarily made using barium contrast
esophagrams. Hypopharyngeal diverticula will be discussed in detail, as there has
been a wide array of advances in surgical approach over the past two decades and
these are the most common. Other esophageal diverticula, including mid-esophageal
and epiphrenic diverticula, will be discussed briefly as well. We use the term diver-
ticulum throughout this chapter; however, most diverticula discussed are in fact
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pseudodiverticula, wherein the mucosa and submucosa are herniated. True diver-
ticula of the esophagus do exist that involve all layers of the esophageal wall.
However, these are quite rare and are primarily traction-type diverticula of the prox-
imal and middle esophagus.

Incidence of Esophageal Diverticula

Hypopharyngeal diverticula are the most common diverticula of the esophagus,
they and make up more than 70% of all esophageal diverticula. A prototypical
patient presenting with a symptomatic hypopharyngeal diverticulum will be a male
sexagenarian or septuagenarian. While presentation at a younger age is possible,
hypopharyngeal diverticula noted under the age of 40 is virtually unheard of [1, 2].
Most published series report incidence of symptomatic hypopharyngeal diverticula,
and as such the true prevalence including asymptomatic individuals is likely
unknown. The best estimates of incidence that are published originate from England,
with an estimated incidence of roughly 2 hypopharyngeal diverticula per 100,000
persons per year [1, 3]. Prior studies have noted geographic variation in terms of
incidence of hypopharyngeal diverticula, which appear to occur with greater fre-
quency in Europe, the United States, and Canada when compared to Japan and
Indonesia, which may be related to variations in neck length [1, 4]. Mid-esophageal
diverticula comprise 10—15% of esophageal diverticula [5]. As opposed to hypopha-
ryngeal diverticula, mid-esophageal diverticula may arise from both pulsion and
traction mechanisms, and as such may also be either pseudodiverticula or true diver-
ticula involving all layers of the esophagus. Mid-esophageal diverticula are often
related to other disorders such as mediastinal lymphadenopathy, which may be
either extrinsic or intrinsic to the esophagus. Epiphrenic diverticula make up the
remainder of esophageal diverticula and are quite rare. Only hundreds of epi-
phrenic diverticula are reported in the literature [6]. Increased use of upper endos-
copy and cross-sectional imaging over the past three decades have led increased
detection of smaller, asymptomatic diverticula at all levels of the esophagus.

Pathophysiology of Hypopharyngeal Diverticula

The classically described Zenker’s diverticulum occurs superior to the cricopharyn-
geus in the previously described Killian’s triangle above the cricopharyngeal mus-
cle and inferior to the thyropharyngeus [7]. This occurs at the level of the sixth
cervical vertebrae. Two other rarer types of hypopharyngeal diverticula exist. One is
a herniation within the cricopharyngeus muscle where the upper oblique fibers of
the cricopharyngeus diverge from the lower transverse fibers (Killian-Jamieson tri-
angle), known as Killian’s diverticulum. The second occurs at the inferior border of
the cricopharyngeus and above the confluence of the longitudinal muscle fibers of
the esophagus (Larimer’s triangle), known as Larimer’s diverticulum. All produce
similar symptoms and are treated similarly. They are collectively referred to as
hypopharyngeal diverticula (see Fig. 15.1).
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Fig. 15.1 Potential anatomic locations of hypopharyngeal diverticula in relation to musculature
of the pharynx and proximal esophagus. (Reproduced from Kroh and Reavis [134]; Fig. 18.1)

The etiologic origin of hypopharyngeal diverticula has been a matter of debate
since it was first described by Zenker as a pulsion diverticulum. Specifically, it was
unclear if there was an antecedent disorder of coordination, muscle tone, or compli-
ance that initiated the process of diverticulization through over pressurization of the
hypopharyngeal region. Contemporary understanding is derived from both video-
fluorometric and manometric studies and focus on two abnormalities: anatomic
weakness of the muscles of the posterior pharynx adjacent to the upper esophageal
sphincter, and/or muscular dysfunction of the upper esophageal sphincter. The best
evidence comes from studies published in the early 1990s where a 6 cm sleeve cath-
eter for manometry with concurrent videofluorometric recording was performed in
patients with symptomatic hypopharyngeal diverticula [8, 9]. The experiments
showed that there was full manometric relaxation realized by the upper esophageal
sphincter, as defined by the hypopharyngeal wall losing contact with the recording
catheter. However, videofluorimetry revealed that relaxation was incomplete, and
specifically was reduced in comparison to controls. This resulted in increased pres-
sure through the segment as a food bolus passed, which was termed intrabolus pres-
sure [8, 9]. Thus, incomplete relaxation of the upper esophageal sphincter led to
increased hypopharyngeal pressurization, in particular in response to food bolus.
Histologic studies and muscle contractility studies of the cricopharyngeus offer
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additional supporting evidence for this theory [10]. Compared to normal controls,
patients with hypopharyngeal diverticula have slower and weaker muscular contrac-
tion with delayed relaxation of the cricopharyngeus. This is partially related to more
predominate type 1 muscle fibers [10]. Enzymatic function studies of histologic
sections have demonstrated decreased acetylcholinesterase and fewer neurofila-
ments, suggesting denervation may play a role as well [10]. In addition, histologic
samples of the cervical mucosa show an increase in overall collagen fibers and a
decrease in elastin content in the muscularis mucosa of the cervical esophagus,
which may indicate that the mucosa is also less compliant [11]. Worth noting for
these studies, however, is that the majority have been performed in patients that
have already developed symptomatic hypopharyngeal diverticula, thus it is difficult
to determine if noted changes were present and contributed to the formation of
diverticula, or occured secondarily after development of the diverticulum. While it
is most likely that a constellation of neuromuscular and histological changes must
exist to initiate the pathologic process leading to formation of a hypopharyngeal
diverticulum, a unifying theory does not yet exist. The ideal study to discover that
condition once would have to obtain functional studies, dynamic anatomic studies,
and histological samples from the hypopharynx and its associated musculature and
regular time points from a population with normal baseline structure and function of
their inferior pharynx and proximal esophagus, following by post hoc analysis to
compare those that eventually developed diverticula to those that did not. It is
unlikely, however, that a study of that nature could be feasibly accomplished.

Theories of impaired musculature relaxation and discoordination do not
stand opposed to complementary theories that anatomic variations may also
contribute. The hypopharynx has an inherent defect that behaves as a natural
point of weakness occurring between the oblique fibers of the thyropharyngeus
and the horizontal fibers of the cricopharyngeus, also known as Killian’s trian-
gle. Jos van Overbeek proposed individuals with longer necks may have a larger
Killian’s triangle. This may also explain regional variations in incidence, as
individuals from Western countries, where hypopharyngeal diverticula are more
common, tend to have both longer necks and a longer pharynx [4]. However,
this has not been supported by anatomic studies [12].

More recent technological advances shine new light on this subjection. The
advent of high-resolution video manometry has led to new classification schema for
motility disorders of the esophagus. High-resolution manometry studies detailing
the pharyngeal phase of swallowing are currently limited; however, comparison
between patients with hypopharyngeal diverticula and normal controls may better
elucidate and/or classify the nature of motility disorders associated with hypopha-
ryngeal diverticula. Impedance planimetry may also offer new insight. Impedance
planimetry uses an electrode area on a catheter surrounded by a balloon containing
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a conductive fluid. Signal processing is able to use the change the minor alteration
in the electric field produced by the changes in the balloon diameter to reconstruct
a profile of the upper esophageal sphincter. Measures of esophageal distensibility,
diameter, relaxation time, and pressure may be determined within the upper esopha-
geal sphincter [8, 13, 14].

Symptoms of Hypopharyngeal Diverticula

The predominant symptom of hypopharyngeal diverticula is progressive dysphagia,
which is present the vast majority of patients. There are two mechanisms that may
underlie dysphagia. The first is the aforementioned impaired relaxation of the upper
esophageal sphincter. The second is an effect of content of a food bolus preferen-
tially filling the diverticulum, impeding distension of the esophageal lumen by mass
effect. Filling of the diverticulum may also distort the esophagus, as the weight of
the contents of diverticulum causes traction and angulation of the esophagus. In
addition to dysphagia, regurgitation of undigested food even hours after ingestion
may occur. There are numerous reports of pills being found within hypopharyngeal
diverticula at the time of operative intervention, which would reduce the efficacy of
medications, since they are undigested. Other symptoms include halitosis, belching,
cervical borborygmi, globus pharyngeus, and recurrent respiratory infections from
unprovoked aspiration events. Boyce’s sign is a physical exam finding of a gurgling
mass present in the lateral neck, which, while rare, is pathognomonic for hypopha-
ryngeal diverticula.

Diagnosis of Hypopharyngeal Diverticula

When symptoms are present, diagnosis of hypopharyngeal diverticulum is typically
made by barium esophagography (see Fig. 15.2). In most cases flexible endoscopic
evaluation is also pursued to rule out other causes for dysphagia, in particular neo-
plasm (see Fig. 15.3). Given the increased use of both endoscopic investigations and
cross-sectional imaging, there is a proportion of hypopharyngeal diverticula that are
discovered incidentally in asymptomatic individuals. Diverticula vary in size, and
presumably grow slowly over time. Measures of diverticular size from the operating
room correlated well with radiographic studies, but do not correlated well with
dimensions determined endoscopically [15]. A number of authors have attempted to
classify hypopharyngeal diverticula in terms of size and presumed disease severity
[7]. These are summarized in Table 15.1, though their utility in a clinical setting is
relatively limited.
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Fig. 15.2 Lateral view of
the neck obtained from a
barium esophagram
demonstrating a typical
appearance of a
hypopharyngeal
diverticulum. The inset
depicts where size of the
diverticulum is measured
radiographically

Fig. 15.3 Endoscopic
view of a hypopharyngeal
diverticulum. In this
image, an endoscopic cap
has been attached to the
end of the endoscope. The
esophageal lumen (E)
appears on the left of the
image, and the
diverticulum (D) on the
right, separated by the
common wall or septum,
which contains the
cricopharyngeus muscle
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Table 15.1 Classification systems for Zenker’s diverticulum
Author/year Basis Stage 1 Stage 2 Stage 3 Stage 4
Lahey/1930 Appearance | Small Pear shape Glove- (No stage 4)
only mucosal fingered
propulsion shape
with
spherical
shape
Brombart and | Appearance/ | Thorn-like Club-like Bar-shaped Compression
Monges/1964 | size and diverticulum | diverticulum | diverticulum | of the
phase of (2-3 mm) (7-8 mm) (>1 cmin esophagus
deglutition visible only visible only length) with ventral
during during without displacement
contraction contraction esophageal
phase of phase of the compression
upper upper
esophageal esophageal
sphincter sphincter
Morton and Size <2cm 2-4 cm >4 cm (No stage 4)
Bartley/1993
Van Size One vertebral | One to three More than (No stage 4)
Overbeck and body vertebral three
Groote/1994 bodies vertebral
bodies

Notes: Adapted from Scher and Puscas [7]

Treatment of Hypopharyngeal Diverticula and Defining
Treatment Success

Surgical treatment of hypopharyngeal diverticula is generally reserved for individu-
als with symptoms. Both open transcervical and transoral options exist to treat
hypopharyngeal diverticula, with the best outcomes for smaller diverticula. Increases
in the use of cross-sectional imaging and endoscopy have increased the diagnosis of
small diverticula that are asymptomatic. While these do not warrant surgical repair
when asymptomatic, patients should be followed to expedite repair early, when
diverticula are smaller and result in less severe complications. In most studies, the
primary outcome has been resolution of symptoms, as this is the most clinically
meaningful outcome. However, metrics to track this quantitatively or semiquantita-
tively are varied by study. There are a number of scoring systems that have been
validated that assess severity of dysphagia and degrees of dysfunction. A full review
of these scoring systems is outside the scope of this chapter, and they are of greatest
utility in the research setting. In general, with current surgical techniques, greater
than 95% of patients should expect to garner symptomatic relief after surgical inter-
vention, though durability of symptom resolution will vary.

Recurrence may be defined based on symptoms or radiography. However, simi-
lar to paraesophageal hernia, radiographic evidence of recurrence may not corre-
late with symptomatic recurrence. The authors advise caution when interpreting
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studies that quote recurrence rates, as they are a function of both follow-up time
and the definition used to define recurrence in that particular manuscript. This is
particularly important in the literature that has emerged using flexible endoscopic
techniques in the past decade, as some patients undergo “multiple sessions” of
endoscopic intervention in a short time frame, with the recurrence quoted as the
recurrence from the time of full symptom resolution to relapse, as opposed to the
first intervention. Also, given that there may be underlying an esophageal motility
disorder in conjunction with hypopharyngeal diverticula, some recurrence of
symptoms may be attributable to dysmotility and not the presence of a new or
recurrent diverticulum.

Historical Perspectives on Surgical Management
of Hypopharyngeal Diverticula

An investigation into the management of hypopharyngeal diverticulum includes a
history of surgical innovation and ingenuity spanning more than a century. Both
open and transoral techniques have been developed and will be detailed. Given the
rarity of this condition, the bulk of the accumulated evidence is comprised of case
series and retrospective comparison studies. The evidence that is summarized below
demonstrates that there is a tremendous heterogeneity in techniques and devices
employed both historically and contemporarily. While the past two decades have
seen new application of a flexible endoscope, surgical treatment of hypopharyngeal
must simultaneously address two separate issues: division of cricopharyngeus mus-
cle to decrease pharyngeal pressurization and eliminating the ability of the pouch to
fill. The latter may be accomplished either by resection, inversion, suspension, or
elimination of the common wall shared by the diverticulum and esophagus.

Open Surgical Approaches for Hypopharyngeal Diverticula

Open Hypopharyngeal Diverticulectomy

Some of the earliest descriptions of surgical therapy for hypopharyngeal diverticula
came in 1830, with a description by Bell (of Bell’s palsy fame). The described tech-
nique was the surgical creation of a diverticulocutaneous fistula [12]. The first
recorded attempt at this surgical technique came in 1877, and resulted in the patient’s
death [12]. The following decade saw the first attempts at surgical resection through
a left lateral neck incision, which again resulted in the patient’s death from medias-
tinal sepsis [12]. Early series of single stage diverticulectomy and esophageal clo-
sure were beset by frequent, and often fatal mediastinal sepsis [16]. One of the
earliest publications on the surgical treatment of hypopharyngeal diverticula that
was published in 1910 included 60 patients from multiple centers and prior publica-
tion. The pooled mortality rate reported in that manuscript was 16.6%, with numer-
ous additional complications including bleeding, pneumonia, recurrent laryngeal
nerve paralysis, and esophageal stricture [12]. While tragic, these early publications
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were part of what spurned later innovation, in a century-long drive toward safer
operative approaches.

The first innovation, which became the most widely accepted in the early twen-
tieth century was a two-stage approach, introduced by Goldmann in 1909, and prac-
ticed and promoted by Charles Mayo and Frank Lahey [12, 17]. In the first stage, a
lateral neck incision was made over the anterior border of the sternocleidomastoid,
and the diverticulum completely dissected from its surrounding attachments, but not
divided. The mobilized diverticulum was then temporarily suspended within the
deeper layers of the surgical wound, which was then closed. Patients remained in
the hospital for 7-10 days, until the second stage operation was performed 7-10 days
later. The same incision was reopened and the neck of the diverticulum ligated and
divided, and the esophagus closed. The proposed advantage of this technique was
that fascial planes contiguous between the neck and the mediastinum would be
obliterated at the time of the second operation, preventing mediastinitis as a conse-
quence of esophageal leak, relegating it rather to the surgical space in the neck
where drainage was simpler and complications were decreased [16, 18]. A single
stage transcervical approach to hypopharyngeal diverticulectomy was popularized
later especially after publications by Sweet in 1956 [19, 20] and Payne [21] in that
showed a similar profile of complications compared to the two stage diverticulec-
tomy [17]. However, it should be noted that these series with single stage diverticu-
lectomy were largely performed in the era where antibiotics were more readily
available, arming the surgeon with more than scalpel and a drain to treat mediastinal
sepsis, and leading to better outcomes [16]. Open, transcervical diverticulectomy
continues to be a viable option for operative management of symptomatic hypopha-
ryngeal diverticula, though typically when other approaches are nonfeasible.

Open Hypopharyngeal Diverticulopexy

Schmid proposed diverticulopexy alone as a treatment option in 1912. In this tech-
nique, the diverticulum was approached from an identical left lateral neck incision.
After complete dissection of the diverticulum, permanent sutures secured the fun-
dus to the prevertebral fascia, inverting the diverticulum, and positioning the fundus
cephalad to diverticular neck. This configuration both allows dependent drainage of
any accumulated food and inhibits accumulation of new debris [17]. Importantly,
diverticulopexy avoided violation of the mucosa and resultant esophageal leak [16].
However, in some patients this leads to a caudally extending diverticulum [16, 17].
Diverticulopexy was later incorporated into combination procedures, but is no lon-
ger acceptable as a standalone surgical therapy.

Open Hypopharyngeal Diverticular Invagination

Invagination of a hypopharyngeal diverticulum was reported in 1896 by Girard [16,
17]. In this technique, the diverticulum was approached trough a lateral neck inci-
sion and completely dissection. To avoid violation of the mucosa, the fundus of the
diverticulum was pushed though the diverticular neck and inverted into the esopha-
geal lumen. The muscular defect was then oversewn. A high recurrence rate made
this therapy nonviable, and it is rarely used in clinical practice.
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Open Cricopharyngeal Myotomy

Better understanding of role that the cricopharyngeal muscle, including both spasm
and impaired relaxation, has in the development of hypopharyngeal diverticula led to
a new phase in open surgical management and helped to lay the surgical framework
that later supported endoscopic approaches. Cricopharyngeal myotomy was first
reported in 1958 by Harrison [17, 22]. Sutherland followed this report in 1962, with
an accompanying proposal that myotomy alone may be effective therapy for small
diverticula and that resection or inversion of the diverticulum was not necessary [17,
23]. Belsey demonstrated complete radiographic resolution of small diverticula after
cricopharyngeal myotomy alone [24]. Several other series that mainly included small
hypopharyngeal diverticula noted that cricopharyngeal myotomy was efficacious in
reducing symptoms, without addressing the diverticulum itself. Cricopharyngeal
myotomy was performed through a lateral neck incision as well, but, because it avoids
the extensive dissection that leads to the more severe complications (recurrent laryn-
geal nerve injury, esophageal leak), there was significantly less morbidity compared
to diverticulectomy. However, in a series that included patients with larger pouches,
cricopharyngeal myotomy alone failed to resolve symptoms, likely because some of
the symptoms were directly derived from the presence of a large pouch and not the
underlying dysmotility. Later studies evaluated the influence of the myotomy length
on efficacy and duration of symptomatic relief. Lerut et al advocated a 5 cm myotomy
based on histologic analysis suggesting muscular abnormalities extended beyond the
cricopharyngeus to the esophagus itself among patients with hypopharyngeal diver-
ticula [25]. Using intraoperative manometry, Pera and colleagues demonstrated that
esophageal pressurization was significantly reduced after cricopharyngeal myotomy.
They additionally demonstrated that extending the myotomy 2 cm further into the
hypopharyngeus led to an even greater reduction in esophageal pressurization [26].

Open Combination Procedures: Cricopharyngeal Myotomy

with Other Open Techniques

Current understanding supports the notion that symptoms may arise from either the
pouch or from the pharyngeal constriction and pressurization from a hypertonic or
dysfunctional cricopharyngeus muscle. Simultaneously addressing both the crico-
pharyngeus and the pouch had guided surgical thought for the past six decades.
Reports of both cricopharyngeal myotomy in combination with both diverticulec-
tomy and diverticulopexy were published from several centers beginning in the
1960s. Interestingly, the addition of cricopharyngeal myotomy to transcervical
diverticulectomy actually reduced complications, likely because the decreased pres-
surization of the pharynx did not promote esophageal leaks [16].

There is little comparative literature with regard to open techniques to treat hypo-
pharyngeal diverticula and no randomized trails. However, taken altogether, the lit-
erature best supports myotomy alone from pouches <1 cm. Moderate-sized pouches
may be treated with combination of cricopharyngeal myotomy and diverticulopexy,
while large pouches are best suited with cricopharyngeal myotomy and diverticu-
lectomy if an open technique is pursued [16]. For patients with large pouches, but
significant comorbid disease, cricopharyngeal myotomy, and diverticulopexy may
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be entertained as an option as it may avoid mucosal breach and resultant risk of
complications related to diverticulectomy [17]. However, as discussed below, there
are currently other, less invasive options that exist, provided the surgeon has experi-
ence with these techniques.

Transoral Surgical Approaches for Hypopharyngeal Diverticula

Primarily in an attempt to reduce morbidity and mortality associated with open
approaches, surgeons have sought less invasive therapeutic options. Literature pub-
lished regarding these techniques is highly varied, and suffers from a terminology
that has co-evolved with technology. The term endoscopic is frequently used; how-
ever, this may refer to an esophagoscope, a rigid diverticuloscope (Weerda-scope),
or a flexible endoscope, among others. We have chosen to refer to all these tech-
niques collectively as transoral approaches and divide between rigid and flexible
devices. Rigid or fixed devices are traditionally used to position the head and neck
and/or provide a conduit to visualize the hypopharynx or diverticulum directly.
Flexible endoscopic approaches use a flexible bronchoscope or endoscope more
typically used for gastrointestinal endoscopy, where the effector end of the scope is
manipulated by hand controls, and the device integrates a channel or channels
through which instruments may be introduced. The majority of literature on tran-
soral techniques is retrospective series typically of single centers. Where compara-
tive literature does exist, it is in comparison to open surgical approaches.
Comparisons between two or more transoral techniques are generally lacking.

Transoral Hypopharyngeal Diverticulotomy

The first report of a transoral therapy for a hypopharyngeal diverticulum was made
in 1917 by Mosher [27]. Using esophagoscopic visualization, he described dividing
the common wall between the esophagus and the diverticulum using a scissor punch
[12]. However, as the base of the divided wall was unable to be sealed, the risk of
leak increased. Unfortunately leaks almost certainly lead to mediastinitis, which
proved to be a fatal complication in one of his first patients. As a result, he aban-
doned the technique. The technique of dividing the common wall, almost certainly
accomplished a cricopharyngeal myotomy, a fact that was only recognized in hind-
sight as the cricopharyngeal myotomy was developed and studied in the open
technique.

Before discussing further transoral therapies, we would be remiss to not mention
the contributions of Chevalier Jackson on this field. His report in 1915 was the first
use of an esophagoscope to aid in diverticulopexy [28, 29]. While his manuscripts
did more to support a one-stage approach to transcervical diverticulectomy, he was
one of the first surgeons to utilize an endoscope intra-operatively as a tool to facili-
tate identification of anatomy and to complete an open operation. He used an endo-
scope to first visualize the diverticulum, then to clear the pouch of its food debris.
Advancing the esophagoscope into the pouch, he capitalized on transillumination of
the pouch to identify the pouch externally. Then, following resection the endoscope
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was advanced into the esophageal lumen and the closure performed around the
endoscope to ensure the lumen was not narrowed [12]. While it would be difficult to
confirm whether this was the first instance of endoscopic assistance for open sur-
gery, it is worth noted that this technique elegantly mirrors contemporary use of a
flexible endoscope to perform multiple intraoperative functions.

Transoral Hypopharyngeal Diverticulotomy with Thermal Devices

The next major advance in transoral therapy for hypopharyngeal diverticula was in
1960, by Dohlman and Mattsson. In a report of 100 patients, they described using a
modified rigid esophagoscope (Weerda-scope®, Karl Storz, Fig. 15.4) to visualize
a hypopharyngeal diverticulum and the common wall, similar to that described by
Chevalier Jackson). Dohlman’s advance in terms of technique over that of Mosher
was the use of electrocautery to complete the division of the common wall [30].
Based on his own prior radiographic studies, this work both described the impor-
tance of the cricopharyngeus muscle and properly described the endoscopic divi-
sion of this muscle. The series described the “endoscopic esophagodiverticulostomy”
included no cases of mediastinitis and a recurrence rate of 7%, which was notewor-
thy for the time. Additionally, the assertion was made that in the setting of a recur-
rent diverticulum previously treated with a transoral approach, a transoral reoperation
was likely to be considerably easier than repeating an open surgical approach, where
natural planes would be obscured [10, 12].

In the subsequent three decades, a number of authors offered improvements on
the Dohlman diverticulotomy technique, using a variety of instruments and new
thermal technologies to divide the common wall shared between the diverticulum
and esophagus, with division of the cricopharyngeus muscle. This included addi-
tional centers reporting us of laparoscopy scissors connected to an electrosurgical
unit [31, 32]. In the late 1990s, Lippert introduced a microendoscopic approach
using a CO, laser to divide the mucosa and the cricopharyngeus muscle contained
within the common wall [33, 34]. Results were similar; however, electrocautery was
still needed often to seal the distal dissection flaps or any mediastinal opening.

Fig. 15.4 Rigid
distracting
diverticuloscope, without
attached stabilization arm
(Weerda® scope, Karl
Storz). (Reproduced from
Kroh and Reavis [134];
Fig. 18.3)




15 Esophageal Diverticula 185

Another laser (KTP/532 nm) was also adapted in a similar technique by other
authors [35]. Taken together, each of these authors used a thermal energy device to
expose and divide the diverticular septum and seal the exposed edges. These reports
were generally associated with short hospital stays, more rapid resumption of diet,
and similar efficacy to trans-cervical surgery. There were more risks of mediastinitis
using thermal devices for transoral diverticulotomy, though this was typically less
severe than mediastinitis associated with open approaches likely because the defects
were small. Mediastinitis after these transoral approaches more often responded to
medical therapy alone. Moreover, the risk of recurrent laryngeal nerve injury is
decreased with transoral approaches over that of transcervical approaches. The lack
of widespread use of laser technology in general limited more general use of those
techniques. There was also a general sense among most surgeons treating hypopha-
ryngeal diverticula that the lack of mechanical device to seal the edges increased the
risk of mediastinitis and thus “suture-less endoscopic esophagodiverticulostomy”
fell out of favor [10].

Transoral Stapled Hypopharyngeal Diverticulotomy

The next major advance in transoral approach to hypopharyngeal diverticula was
the use of a stapling device to both divide and seal the common wall between the
diverticulum and the esophagus, in conjunction with the cricopharyngeus muscle
contained therein. The first of these reports was by Collard and colleagues in 1993
[36], in a contemporary patient cohort to those advocating microendoscopic laser-
based approaches. Collard and colleagues modified a rigid transoral diverticulo-
scope to have narrower lips. They introduced a 12 mm diameter laparoscopic
gastrointestinal stapler (30 mm cartridge length) through the diverticuloscope and
then use a 5 mm endoscopic camera to verify position prior to firing the stapler (see
Fig. 15.5) [36]. They also point out that the divided cricopharyngeus muscle, since
it is sealed by the overlying stapled mucosa, provides lateral retraction to the cut
edges, creating a wide opening between the diverticulum and the esophagus [36].
Their report included 6 patients, 5 of who had complete resolution of dysphagia and
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Fig. 15.5 Position of laparoscopic linear stapler/cutter in trans-oral stapled diverticulotomy.
Image shown without the accompanying rigid diverticuloscope. (Reproduced from Fisichella and
Patti [135]; Fig. 11.5)
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the last was improved. Numerous additional publications replicated these results
using very similar techniques [37-52]. One of the challenges of this technique is
that the stapling devices have a small portion at the tip, beyond the cut line, which
results in a small residual septum. To overcome this, some authors modify the sta-
pler by filing down the end of the anvil to ensure the staple line reaches as far into
the diverticulum as possible [36]. Several authors also report placement of tempo-
rary traction sutures at either end of the septum to aid in pulling the septum into the
stapler jaw and positioning it appropriately. The largest study included a total of 585
patients who were culled from previously published literature between 1995 and
2010 (534 patients) and 51 patients retrospectively identified at the study center
(1999-2011) [53]. There were 92.3% of attempted transoral stapling procedures
completed, in a mean 22 minutes. Of those with completed operations, 91% reported
improved symptoms. Most aborted procedures were due to small diverticula
(<3 cm), or inability to adequately extend the neck to position the diverticuloscope.
Complications occurred in a total of 9.6% of patients, though most were minor [53].
The most common complication was iatrogenic perforation (n = 26, 4.8%), and
most complications were managed with medical therapy alone. There was one death
included in that study (0.2%). Recurrence of symptoms was estimated to be 12.8%
[53]. However, they stated that restapling with a transoral approach for recurrence
can be accomplished with little additional risk compared to index stapling proce-
dures [16, 54]. Similar results to this study were noted in a in a recent systematic
review [55]. Transoral stapling may be difficult in patients with diverticula that are
small (<2 cm) as the stapler may not be able to engage the short septum, or very
large diverticulum, where the stapler may not be able to reach the furthest extent of
the common septum [16]. For larger diverticula, more than one staple cartridge may
be necessary and are allowable [43]. Patient satisfaction is noted to be higher among
patients undergoing transoral stapled diverticulotomy compared to open techniques,
though this is likely related to decreased pain, shorter hospitalization and generally
shorter convalescent period [16]. Overall, transoral stapled diverticulotomy is likely
the most widely practiced transoral technique to treat hypopharyngeal diverticula
and is likely the first-line operation practiced at most centers.

Transoral Flexible Endoscopic Hypopharyngeal Diverticulotomy

A major limitation to the rigid transoral techniques is that they are dependent on
using a rigid device to visualize the diverticulum and septum. The rigid diverticulo-
scope functions in a linear fashion, demanding that the neck be extended, to allow a
direct line of visualization to the junction between the hypopharynx and the esopha-
gus. Osteoarthritis, prior cervical disk fusion, or kyphosis, which is common in the
population among whom hypopharyngeal diverticula are more prevalent, may limit
neck extension such that a rigid scope cannot be properly positioned. Advances in
flexible endoscopic techniques in general, largely afforded by advances in instru-
mentation, have led to new approaches to treat hypopharyngeal diverticula.
Figure 15.6 depicts barium esophagograms obtained before and after a flexible
endoscopic transoral hypopharyngeal diverticulotomy.
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Fig. 15.6 (a) A lateral view of the neck obtained from a barium esophagram demonstrating a
hypopharyngeal diverticulum filling with contrast. This image was obtained prior to a flexible
endoscopic transoral diverticulotomy. (b) An endoscopic view of the cricopharyngeus muscle from
a submucosal tunnel. The red line outlines the edges of the muscle, “e” marks the true lumen of the
esophagus. (¢) Lateral view of the neck obtained from a barium esophagram after a flexible endo-
scopic transoral diverticulotomy demonstrates that contrast enters the persistent pouch but is still
able to empty freely into the esophagus

While the first description of a flexible endoscopic approach to treatment of
hypopharyngeal diverticulum was made in 1982 [56], the first case series with
follow-up data available were not made until 1995, with reports from two centers
using similar techniques [57, 58]. Ishioka and colleagues utilized a needle knife
to perform mucosal incision and myotomy, while Mulder and colleagues reported
using monopolar coagulation forceps. Both techniques utilize an electrosurgical
instrument to both divide and seal the common wall shared between the esopha-
gus and the diverticulum, as well as the underlying cricopharyngeus muscle [57,
58]. In these series, complications were rare and success rates were high in terms
of short-term symptomatic relief. However, there were patients included in those
(and subsequent) series that needed multiple endoscopic sessions, wherein partial
division was accomplished, and then symptoms evaluated. If symptoms persisted,
a subsequent endoscopic session was scheduled for further division, separated by
at least 1 day [57-59]. While there may be some theoretical advantage in titrating
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the extent of division to the minimum possible to produce symptomatic relief, this
is likely offset by the need for multiple rounds of sedation/anesthesia and its asso-
ciated risks. These early reports were followed by other series utilizing other
endoscopic devices, including argon plasma coagulation [59, 60], hook knife [61,
62], and more recently knifes that were developed for endoscopic mucosal resec-
tion and endoscopic submucosal dissection, including the Dualknife™ [63], insu-
lated tip knife [64], and the stag beetle knife [65, 66]. Various assistive devices
have been reported as well, including endoscopic caps [61, 67, 68] and endo-
scopic clips to seal mucosal edges, or the inferior extent of resection. However,
the most commonly mentioned device is a flexible diverticuloscope (see Fig. 15.7)
[63-66, 69, 70]. Most studies that utilize a flexible diverticuloscope originate
from centers in Europe, where commercial devices are more readily available
[71]. Other centers have reported modifying the end of endoscopic overtubes to
resemble a flexible diverticuloscope. The purpose of the flexible diverticuloscope,
which is introduced over the endoscope, is to isolate and stabilize the septum dur-
ing division. A summary of early manuscripts, endoscopic devices, complica-
tions, and reported outcomes is given in Table 15.2.

One of the reported advantages of flexible endoscopic approaches to hypopha-
ryngeal diverticula is that they may be performed without general anesthesia. As is
well stated in an anecdote in an editorial by Sakai, “...open surgery has been advised
for patients at excessive surgical risk...[however] the same rationale has been used
to suggest the opposite, namely flexible endoscopy” [56]. That is to say, patients
with severe respiratory comorbidities, such that it may be difficult to wean the
patient from intraprocedural mechanical ventilation, may be better suited to a flex-
ible endoscopic approach. This is an inversion of conventional thought, where open

Fig. 15.7 (a) This part
depicts a flexible
diverticuloscope (ZD
Overtuube, Cook
Endoscopy); (b) The
septum or common wall of
a hypopharyngeal
diverticulum and the
esophagus, visualized and
stabilized by a flexible
diverticuloscope.
(Reproduced [136] from
Kroh and Reavis [134];
Fig. 18.5)
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transcervical approaches were the most conservative, and reserved for higher risk
individuals. Many of the early reports of flexible endoscopic approaches reported
use of conscious sedation [57, 58, 60, 72, 74]. This was likely largely driven by
provider comfort, in that most authors were endoscopists and were comfortable
performing similar procedures under conscious sedation. However, later series used
intubation and general anesthesia, and or allowed for selective use of general anes-
thesia. Procedure times are on the order of 15-25 minutes in most series reporting
outcome of flexible endoscopic approaches.

Most published techniques, including all those in the Table 15.2, employ a single
incision technique, in which a single liner cut is made from the septum toward the
base of the diverticulum. This maneuver replicates the division accomplished via
rigid transoral endoscopic stapling. There have been recent publications that have
advanced that approach to a two-incision approach, where two parallel incisions are
made 1 cm apart and continued to the base of the diverticulum, with the distal extent
taken by an endoscopic snare [82, 83]. The resultant wedge-shaped resection does
remove a larger portion of tissue and may result in less frequent recurrence, but data
are lacking long term [84].

The extent of resection with flexible endoscopic approaches to hypopharyngeal
diverticula is also a matter of debate. While few would argue that complete division
of the septum is most likely to resolve symptoms and reduce recurrence [70], when
facing a screen and deciding which will be the last fibers to cut is another matter
entirely. One of the justifications of the step-wise, multisession approach in early
publications was likely fear to free perforation into the mediastinum and resultant
mediastinitis; however, this leads to a similar problem noted with transoral stapling,
where residual septa can contribute to persistent symptoms. Over time, accumulated
evidence demonstrates that even when perforations occur, they are generally small
and can be managed with endoscopic clips and do not often need surgery. Some
even advocate that the dissection can be readily advanced into the neck, up to a
centimeter beyond the base of the diverticulum to extend the myotomy onto the
esophagus [85]. They note a reduction in postprocedure dysphagia rates when the
myotomy is extended [79].

One of the implications of the introduction of the flexible endoscopic platform
to treat hypopharyngeal diverticula was a shift in the medical providers that were
providing therapy. Transcervical and most rigid transoral techniques were devel-
oped by surgeons with specialization in general surgery, otolaryngology, or tho-
racic surgery. On the other hand, many of the authors of papers involving flexible
endoscopy arose from gastroenterology. Gastroenterologists, while facile with
endoscope and therapeutic devices that can be introduced through them, are not
typically trained in principles of surgical practice. These complementary special-
izations have a history of collaboration and co-evolution as organized under the
auspices of Natural Orifice Trans-Endoscopic Surgery (NOTES). There are some
gastroenterologists that remain trepid regarding their specialties’ role in treating
hypopharyngeal diverticula [71]. However, as is noted in the next section, the
most recent advances in the treatment of hypopharyngeal diverticula, from within
the submucosal plane, would have likely not been possible without this history of
cross-specialty collaboration.
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Transoral Flexible Endoscopic Submucosal Approach

Hypopharyngeal Diverticula

As submucosal tunneling technique has become more prevalent for the treatment of
various malignant and benign conditions of the gastrointestinal tract, including
early stage colon, rectal and gastric cancers, leiomyomas, gastroparesis, and acha-
lasia, submucosal treatment of hypopharyngeal diverticula has begun to be explored
as well. In this technique, the cricopharyngeus is approached with a submucosal
tunnel [85-89]. The endoscope is oriented such that the septum is vertical, as
opposed to horizontal. A mucosal incision is made roughly 3 cm proximal to the
septum and extended longitudinally to accommodate the endoscope. A tunnel is
made to the septum and then developed on either side of the muscle. The muscle
fibers are then divided. This myotomy may be extended as distally as desired, even
beyond the base of the diverticula if needed. The mucosal incision is then closed
with clips. While currently limited to only select centers which have broad experi-
ence with submucosal tunneling, this is an emerging area of application to hypopha-
ryngeal diverticula.

Preoperative Assessment

The diagnosis of hypopharyngeal diverticulum is confirmed using the methods
described above. It is often helpful for the surgeon performing the procedure to
perform their own endoscopic inspection for operative planning, and is typically
best accomplished with a flexible endoscopy. This may also reveal evidence of con-
comitant disease, including reflux associated esophagitis that may be comorbid in
these patients. Physical examination should include an evaluation of active next
extension and inspection of the mouth opening. A review of comorbidities, espe-
cially cardiac and pulmonary conditions, will guide the provider toward an anes-
thetic approach; however, we most often prefer general anesthesia.

Postoperative Care

A wide variety of protocols exist regarding postoperative care, without any compara-
tive studies to suggest superiority of one over another. The time to resumption of diet,
content of diet, duration of antibiotics if they are used at all, and radiographic esopha-
geal imaging are all variable. We typically use a transoral flexible endoscopic
approach, performed in the operating room, under general anesthesia. Our typical
approach is to keep patients with only sips of clear liquids on the day of the procedure.
On the following day, a contrast esophagram is obtained both to verify no leak and to
establish a new baseline should symptoms recur in the future. If there is no leak or
perforation and the patient is able to perform the study without bothersome dysphagia,
then they are advanced to a thick liquid diet. This diet is continued for 1-2 weeks
thereafter to allow healing of the mucosa and to reduce mechanical insult to the tissue.
Hospitalization is typically only the night of surgery in our practice.
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Contemporary Surgical Techniques to Hypopharyngeal
Diverticula: Open Approach to Hypopharyngeal Diverticula

The patient is positioned supine on the operating room table, often with a shoulder
roll to facilitate neck extension. In some practices, a preincision flexible endoscopy
is performed and the diverticulum packed with gauze to aid in identification of the
diverticulum. A nasogastric tube and/or esophageal dilator may also be passed to
aid in identification of the true esophageal lumen. An incision is made over the
anterior border of the sternocleidomastoid muscle ipsilateral to the diverticulum,
typically the left side. Alternately a transverse incision is made in a skin crease
between the hyoid and the clavicle. Subplatysmal flaps are developed. Posterolateral
retraction of the sternocleidomastoid is performed. As the posterior pharynx is iden-
tified, the recurrent laryngeal nerve is identified, as well as the thyroidal vessels.
These may need to be ligated depending on the size and position of the diverticu-
lum. The diverticulum is then identified and freed from the surrounding attach-
ments. Once this is completed, the diverticular sac may be resected or suspended. A
cricopharyngeal myotomy is nearly always performed as well. Numerous studies
have demonstrated that leaving the cricopharyngeus intact leads to frequent recur-
rence. For small diverticula, cricopharyngeal myotomy may be a sufficient treat-
ment alone.

In early descriptions, the need for multiple interventions and the lack of antibiot-
ics contributed to a high rate of morbidity and even mortality. In contemporary
series, open techniques for hypopharyngeal diverticula have an aggregate mortality
rate of around 1.5% and morbidity of around 11.5%. Complications include fistula
formation, recurrence, recurrent laryngeal nerve injury, mediastinitis, and esopha-
geal strictures [90].

Rigid Transoral Approach to Hypopharyngeal Diverticula

The patient is positioned supine on the operating room table, often with a shoulder roll
to facilitate neck extension. General anesthesia is induced and the patient is intubated.
A bivalve diverticuloscope is positioned, with the anterior (upper) blade within the
esophageal lumen and the posterior (lower) blade within the diverticulum. A telescope
is used to visualize the septum and the diverticuloscope is suspended. Temporary trac-
tion sutures may be placed at the lateral aspect if desired. Any bezoar is removed from
the diverticulum. The endoscopic stapler is then introduced. The stapler cartridge (the
hammer portion) of the stapler is often easier to position in the diverticulum, as this is
often a larger orifice in this view, and the anvil is positioned in the esophageal lumen.
Once the stapler has been fired, the septum is divided and a common opening (diver-
ticulo-esophagostomy) is created in the posterior wall of the esophagus. The edges of
this divided tissue included both mucosal edges, and the underlying muscle is sealed
by the staple rows. Multiple firings may be necessary depending on the size of the
stapler cartridges used and the size of the diverticulum. Because the anvil of the sta-
pler always extends beyond the cutting blade, there may be a small remnant septum.
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There are descriptions of division of this remaining septum using ultrasonic shears or
monopolar forceps. Limitations to this technique include inability to extend neck or
position the diverticuloscope due to small mouth opening or prominent dentition.
Small diverticula (<3 cm) are difficult to treat using this technique. For both reasons,
up to 30% of eligible patients will be not be able to be managed with this approach,
and an alternative approach should be sought.

Flexible Endoscopic Approach to Hypopharyngeal Diverticula

The patient is positioned supine on the operating room table, often with a shoulder roll
to facilitate neck extension. Numerous publications report performed flexible endo-
scopic treatment of hypopharyngeal diverticulum under conscious sedation or moni-
tored anesthesia care/deep sedation. While this in an option, we prefer intubation and
general anesthesia, in case an open approach is needed. Moreover, as scope stability
is the most challenging aspect of this approach, general anesthesia, and resultant mini-
mal patient movement may make the procedure more facile. We would recommend a
general anesthetic approach in particular for providers that have less experience with
the flexible endoscopic techniques, as prolonged procedure times may not be well
tolerated by less sedate patients. A standard gastroscope is used, fitted with a transpar-
ent cap, which helps to maintain visualization of the tissue. A diagnostic endoscopy is
performed first. We typically place a nasogastric tube into the true esophageal lumen
under endoscopic guidance; a guidewire may be used for the same purpose. This helps
to maintain orientation and may aid in scope stability as well. While there are numer-
ous reports of using a flexible diverticuloscope, or modified overtube, we do not prefer
this approach. The main benefit of the flexible diverticuloscope is scope stabilization,
but we often find the resultant limitation in scope mobility to be detrimental. Any
bezoar is removed from the diverticulum. We prefer to use a triangular tip knife for the
procedure. A cut current is used to divide the mucosa and a coagulation current there-
after. The triangular tip knife is larger than most other endoscopic knives, so caution
must be exercised as thermal spread can also be greater. However, the increased sur-
face area allows the knife to be used to push fibers or edges away, and the corners may
be used to pull fibers as well; the multiple ways to use the knife may be advantageous
in the small space.

There are two approaches we use the first is a cutting only technique. The mucosa
overlying the central part of the septum is divided, orthogonal to the long axis of the
septum. This is carried distally toward the base of the diverticulum. The pressure
applied from the cap will tend to spread the mucosal edges apart and the underlying
muscle and connective tissue will appear as a V. If areolar fibers are visualized with
no muscle beyond, the mediastinum has been reached. Clips should be placed at the
base to help reduce the risk of leak into the mediastinum in case an unnoticed iatro-
genic peroration has occurred.

The alternative approach is a submucosal tunneling technique, which exposes
the underlying cricopharyngeus muscle while maintaining musical flaps to later
close. In this case, the mucosotomy is along the long axis of the septum, long
enough to accommodate the endoscopic cap. The loose connective tissue of the
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submucosal is then carefully teased away to separate the mucosa from the underly-
ing muscle on both sides of the septum. The cricopharyngeus can then be com-
pletely divided once its fibers are exposed. The mucosotomy can then be closed
with endoscopic clips. In this technique, there may be a partial persistent septum;
however, the complete cricopharyngeal myotomy that is accomplished will still pro-
duce durable symptomatic relief.

Non-Zenker’s Diverticula of the Esophagus

Mid-esophageal and epiphrenic diverticula occur within the general population,
though with less commonality compared to hypopharyngeal diverticulae. Given
their more distal location, management differs from hypopharyngeal diverticula,
and given their relative rarity, evidence to guide treatment is more limited.

Mid-Esophageal Diverticula

Mid-esophageal diverticula occur in an area with 5 cm above or below the carina and
make up roughly 10-17% of all esophageal diverticula [5, 91]. While these anatomic
limits are somewhat arbitrary, diverticula in this region are unique, in that they have
traditionally demanded transthoracic procedures for treatment. Mid-esophageal
diverticula are often related to underlying conditions, in particular conditions leading
to paraesophageal inflammation. Early studies linked many mid-esophageal diver-
ticula to tuberculosis-related lymphadenitis, or histoplasmosis. The inflammation of
peri-bronchial lymph nodes results in a true traction diverticulum, where all layers of
the esophageal wall are pulled into an outpouching. Most often diverticula occurring
by this mechanism form on the right side of the esophagus, just below the carina, as
the subcarinal lymph nodes lie nearest the esophagus in this position [5]. More con-
temporary studies have demonstrated that pulsion diverticula may also occur, and
may be related to neuromuscular dysfunction of the esophagus [5, 92]. Specifically,
hypertonicity or hyperactivity of the distal esophagus may lead to an area of hyper-
pressurization at the proximal aspect of the abnormal segment [92]. However, it
should be noted that most studies that have established hyperpressurization as a
causitive factor were performed prior to the availability of high-resolution manome-
try, which has resulted in substantial changes in classification of some subsets of
esophageal motility disorders. There may also be congenital attachments that act as
traction lead points in the mid-esophagus and contribution to enlargement of pulsion
diverticula [5]. An alternative explanation is that mid-esophageal pulsion diverticula
form through a weakness in the esophageal wall where a congenital foregut cyst is
present. This also fits with observed patterns of pulsion diverticula occurring primar-
ily on the left side of esophagus [5].

Symptoms of Mid-Esophageal Diverticula
Small mid-esophageal diverticula may be asymptomatic, as they were often small
and wide mouthed. This appearance was typical of diverticula associated with
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tuberculosis. However, complications including hemorrhage, and/or fistulous con-
nections to the aerobronchial or central vasculature have been reported [5]. The
association between mid-esophageal diverticula and neuromuscular or motility dis-
orders of the esophagus, may make it difficult to ascertain what if any symptoms
arise from the diverticulum as opposed to the underlying motility disorder.

Diagnosis of Mid-Esophageal Diverticula

Diagnosis of mid-esophageal diverticula is typically made radiographically. An
esophagram is the best for diagnosis and characterization of mid-esophageal
diverticula. Similar to hypopharyngeal diverticula, some mid-esophageal diver-
ticula are discovered incidentally as the use of cross-sectional imaging continues
to be more common. Endoscopy may be useful in evaluating complications of
diverticula, but it is of little additional diagnostic yield. Manometric analysis may
be useful in determining etiology. Manometric catheters may be difficult to place
when large diverticula are present, as the catheter may preferential course into the
diverticulum; endoscopic guidance may be necessary to ensure passage into the
esophageal lumen.

Surgical Treatment of Mid-Esophageal Diverticula

Indications for treatment of mid-esophageal diverticula are symptoms or compli-
cations. Traction type diverticula of the mid-esophagus may be treated by diver-
ticulectomy. Traditionally, this was performed via a right-sided thoracotomy, with
the assistance of an esophageal bougie to avoid narrowing the esophageal lumen.
Myotomy is traditionally performed on the opposite side of the esophagus in this
approach, and is associated with a significant decrease in leak rates [93]. The
defects were closed in with absorbable sutures in two layers and often buttressed
with the pleuropericardial fat pad, or pleura [5]. Alternatives include diverticulo-
pexy with suspension to the prevertebral fascia [5]. Where this is an associated
motility disorder, myotomy alone may be sufficient to relieve symptoms.
Thoracoscopic approaches are possible, but are likely best performed by surgeons
in centers with significant experience with minimally invasive esophageal surgery
[91, 94]. Robot-assisted approaches have also been reported. There are also
increasing reports of using submucosal tunneled approaches to perform myoto-
mies for mid-esophageal diverticula similar to those discussed above with hypo-
pharyngeal diverticula [86, 95]. Given the likely association with motility
disorders for some mid-esophageal diverticula, this therapy is intriguing; how-
ever, long-term data are lacking.

Intramural Pseudodiverticula of the Esophagus

Intramural pseudodiverticula appear on barium esophagram. Multiple small (usu-
ally <5 mm) cystic structures appear in the esophagus, perpendicular to the esopha-
geal wall [96]. Patients presenting with intramural pseudodiverticula often do not
have associated endoscopic abnormalities. However, intramural psuedodiverticula
are typically associated with a distal stricture, and may not resolve with treatment of
the distal stricture. They do not warrant surgical intervention.
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Epiphrenic Diverticula of the Esophagus

Epiphrenic diverticula are pulsion type diverticula that form in the distal portion of
the esophagus, typically in the distal 10 cm. They are quite uncommon, with an esti-
mate incidence of 1 in 500,000 per year [97]. Typically epiphrenic diverticula occur
on the right side of the esophagus [98]. The first description is attributed Hoxie in
1804 based on anatomical studies, and then radiographically by Zeitstein in 1898 [6].
Mondiere described symptoms attributed to epiphrenic diverticula and was the first
to postulate in 1833 that intraluminal pressure played a role in the development epi-
phrenic diverticula [99]. Current understanding is the epiphrenic diverticula are pul-
sion-type diverticula that result from herniation of the mucosa and submucosa
through an intrinsic weakness in the esophageal wall. Similar to hypopharyngeal
diverticula, most epiphrenic diverticula are related to an underlying motility disorder
that results in a functional distal obstruction and hyper-pressurization of the esopha-
geal lumen [24, 99, 100]. One group was able to perform barium videoesophagogra-
phy, upper gastrointestinal endoscopy, and esophageal manometric in patients with
symptomatic epiphrenic diverticula [98]. By performing this complement of studies,
they were able to demonstrate that all of the patients had a concomitant motor abnor-
mality, and were distributed across five separate diseases: achalasia, diffuse esopha-
geal spasm, hypertensive lower esophageal sphincter, nutcracker esophagus, and
vigorous achalasia [98]. However, even in the absence of a diagnosed esophageal
motility disorder, patients with epiphrenic diverticula will have alterations in the
myenteric plexus leading to poor coordination of muscular contraction [101].

Symptoms of Epiphrenic Diverticula

As with other esophageal diverticula, the association with motility disorders can
make it difficult to ascertain what symptoms may be due to an epiphrenic diverticu-
lum. Dysphagia and reflux are the most common symptoms experienced by patients
[102]. Regurgitation, chest pain, epigastric pain, reflux, and aspiration pneumonia
have been additionally reported. Severity of symptoms and size do not appear to be
correlated [102].

Diagnosis of Epiphrenic Diverticula

Most epiphrenic diverticula are diagnosed on barium esophagram. An upper endos-
copy should be pursued as well, to rule out associated malignancy or dysplasia. The
frequency with which esophageal motility disorders are co-morbid also warrants
esophageal manometry. Mobile esophageal monitoring may be necessary and/or
illuminating in some patient who only experience symptoms intermittently or with
food [98]. Manometry catheters may need to be placed under endoscopic guidance
if diverticula significantly distort the distal esophagus. Esophageal manometry is
particularly helpful to aid in operative planning regarding the length of myotomy
required and whether a simultaneous antireflux procedure should be performed.

Surgical Treatment of Epiphrenic Diverticula

While there is general consensus that surgery should be reserved only for symptom-
atic patients, even this is not without controversy. While some authors have used a
size criteria for indication for operation for epiphrenic diverticula [103], both the
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poor correlation between size and symptoms and better understanding of the under-
lying pathophysiology have removed this an indication alone [104]. Additionally,
while some authors advocate all patients with a known epiphrenic diverticulum
should be operated upon [105], this must be balanced against the significant risk of
morbidity, and a mortality rate as high as 11.1% in published series [106]. Moreover,
many patients with minimal symptoms do not progress, or at least progress slowly
over time [107]. Perhaps the best summary statement was crafted by Orringer,
“masterful inactivity is generally the best approach” in describing annual surveil-
lance for patients with minimal symptoms from epiphrenic diverticula [6, 108].
When surgical intervention becomes necessary, frequently diverticulectomy and
esophageal myotomy are performed [93, 109].

Surgical approach is also a matter for debate. Classically, the distal esophagus
was best accessed from a left thoracotomy, and was the preferred approach, despite
the more frequent right-sided location of epiphrenic diverticula. Over the past sev-
eral decades, there has been a progression toward minimally invasive approaches in
published literature, either thoracoscopic, laparoscopic, or both [93, 109, 110]. It is
worth noting that even in centers that perform high volumes of minimally invasive
esophageal surgery, complications of surgical procedures to address epiphrenic
diverticula are substantial [104].

Given that esophageal motility disorders underlie the development of epiphrenic
diverticula, myotomy has been advocated as part of the surgical treatment. Myotomy
is now considered routine, and is performed in the majority of cases (85.5%) in the
reported literature, and is selectively employed without intervention on the epi-
phrenic diverticulum itself [93]. Myotomy is intended to relief the high pressure
zone, similar to cricopharyngeal myotomy for hypopharyngeal diverticula; failure
to eliminate the high pressure zone is associated with increased risk of perioperative
leak, and recurrence of an epiphrenic diverticula [110]. Accordingly, extension of
the myotomy of onto the stomach has been advocated [104, 110, 111]. However,
this puts patients at risk for postoperative reflux. Thus, selective myotomy or limited
myotomy is employed in some centers, guided by the esophageal manometry results
from preoperative testing [98, 112].

An antireflux procedure performed in conjunction with epiphrenic diverticulec-
tomy and myotomy was introduced as an option in the open surgical era [107]. Among
published studies, less than 70% of patients have undergone concomitant antireflux
operations [93]. Some feel that there is limited risk of reflux, if the lower esophageal
sphincter is not divided, which generally implies a transthoracic approach with a lim-
ited myotomy [6, 109]. What emerges from the literature is that nonobstructing anti-
reflux procedures are preferred over a full fundoplication. The most common antireflux
operations and Dor type (anterior, 180° wrap) or a Belsey-Mark IV (anterior 220-240°
wrap with diaphragmatic plication) [93]. Overall, a recent meta-analysis of surgical
options for epiphrenic diverticulum concludes that diverticulectomy with myotomy is
likely the best operation in most circumstances, with our without an antireflux proce-
dure [93]. Given that open and minimally invasive approaches had similar outcomes
in terms of morbidity and mortality, the approach is best left to the discretion of the
surgeon, and which approach they are most comfortable (Table 15.3).
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Emerging Transoral Endoscopic Treatment of Epiphrenic Diverticula
Given the development of the per-oral esophago-myotomy (POEM) procedure
[113] as a treatment for achalasia and other esophageal motility disorders, and that
these same motility disorders occur in conjunction with epiphrenic diverticula, it is
perhaps not surprising that POEM and submucosal tunneling have been applied to
epiphrenic diverticula. There are scattered case reports of this technique and single
multicenter study that includes three patients [86, 114]. Initial technical success has
been good, with symptomatic relief noted in the short term [86]. We expect there to
be more reports similar to this in the coming years, and eagerly look to studies
describing selection criteria, correlation with high-resolution manometry pre- and
postprocedure, as well as longer term outcomes.

Conclusions

Surgeons evaluating published literature reports results of operative management of
esophageal diverticula are left wanting for comparative literature. The rarity of
esophageal diverticula and diversity of presentation likely render randomized con-
trolled trials impossible. The heterogeneity of techniques and nonstandardized
reporting of symptoms and success rates make direct comparison difficult. No stan-
dard set of criteria for preoperative currently exist that comprise symptoms (dyspha-
gia, odynophagia, aspiration, reflux, regurgitation), assessment of symptom severity
(dysphagia scoring), indications for operation (size vs symptoms vs comorbidities),
definition of clinical success (elimination or symptoms, improvement of symptoms)
recurrence (after multiple or single procedures) or time-frame for follow-up (early
vs late). There is no way for us to recommend substantial superiority of one proce-
dure in comparison to another. Moreover, operative approaches offered to symp-
tomatic patients are increasingly likely to be a function of the specialty training of
the provider. However, given that the majority of the procedures described here have
a high degree of efficacy, and fairly low risk of complications, the best approaches
are likely best left to the surgeon or endoscopist to determine the best approach
based upon their training, experience, and most importantly the patient sitting in
front of them.
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