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Objectives/Hypothesis: To describe the trans-
oral treatment of Zenker’s diverticulum with a har-
monic scalpel and review the initial outcomes of
patients treated with this technique.

Study Design and Methods: Retrospective
study of 25 patients with symptomatic Zenker’s diver-
ticula who were treated endoscopically with the har-
monic scalpel (Ethicon Endo-Surgery, Inc, Cincinnati,
OH). Electronic medical records were reviewed.
Extracted data included outpatient clinic notes, oper-
ative reports, hospital summaries, and follow-up
visits.

Results: All identified patients (N ¼ 25) were
treated successfully and safely with the harmonic
scalpel. All patients were observed overnight, and 21
(84%) were dismissed the day after surgery. One
patient with a history of cardiac disease had a non–
ST-elevation myocardial infarction, one patient had
aspiration pneumonia, and two patients had chest
pain (both stayed for complete evaluations with nega-
tive findings). One patient had subcutaneous emphy-
sema. No patients had hemorrhage, infection, medias-
tinitis, or death in the postoperative period. The
average length of follow-up was 10.3 months. One
patient had a recurrent diverticulum that was treated
with an open surgical technique.

Conclusions: Various treatment options are
available for Zenker’s diverticulum. There has been a
trend toward less invasive techniques, and the har-
monic scalpel is one useful treatment option. This
review demonstrates that the harmonic scalpel is a
safe and effective alternative. Longer follow-up time
is needed to assess long-term success and incidence of
recurrence with this new technique.

Key Words: Harmonic scalpel, Zenker’s
diverticulum.

Laryngoscope, 119:1265–1269, 2009

INTRODUCTION
A Zenker’s diverticulum is a specific type of esopha-

geal diverticulum that results in herniation of mucosa
between the inferior aspect of the inferior constrictor
muscle and the cricopharyngeus muscle. Zenker’s diver-
ticulum was first described by Ludlow1 in 1769;
however, Friedrich Albert von Zenker2 was the first to
recognize that it resulted from increased intrapharyng-
eal pressure and described 27 cases in 1877.

These diverticula occur in a natural area of weak-
ness, sometimes termed Killian’s triangle. They generally
are thought to result from poor relaxation of the crico-
pharyngeus muscle, which creates a zone of high pressure
in the hypopharynx. Gastroesophageal reflux disease has
been implicated as a possible cause, because it may lead
to scarring of the upper esophageal sphincter and also to
uncoordinated relaxation of this region. A bridge of tissue
between the esophageal lumen and the diverticulum is
composed of mucosa, submucosa, connective tissue, and a
cricopharyngeal muscle layer.3

Zenker’s diverticula typically affect the elderly and
predominantly occur in men. Although some patients
with small diverticula likely do not seek medical atten-
tion and are thus undiagnosed, the annual incidence
rate is estimated to be 2 per 100,000.4 The incidence
rate may also be low because many patients either
believe or are told by physicians that dysphagia, a com-
mon symptom of Zenker’s diverticula, is a normal part
of aging. Other common symptoms include regurgita-
tion of undigested food, halitosis, cough, and aspiration.
These symptoms can lead to decreased oral intake,
pneumonia, weight loss, or malnutrition. The diagnosis
of a Zenker’s diverticulum is made on the basis of the
patient’s history, but it typically is confirmed with a
barium swallow study. The risks of not treating a Zen-
ker’s diverticulum include aspiration, weight loss,
ulceration, bleeding, or, rarely, development of a carci-
noma within the pouch.

The treatment of Zenker’s diverticulum has evolved
over time, and the trend is to use less invasive surgical
methods.5-7 The main goals of surgery are to eliminate
the reservoir that collects food and to release the crico-
pharyngeus muscle. Initially, surgeons treated Zenker’s
diverticula through a transcervical approach, which typi-
cally consisted of an open diverticulectomy with or
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without a cricopharyngeal myotomy. Others favored a
diverticulopexy with a cricopharyngeal myotomy. With
time, surgeons began using endoscopic techniques to
decrease operative time and to avoid an external neck
incision, thereby decreasing the risk of serious
complications.

Endoscopic techniques are used to perform a diver-
ticulotomy, which is the division of the common wall of
mucosa and muscle between the diverticulum and esoph-
agus to create a common pouch and relieve the area of
functional stenosis.5 Depending on the length of the divi-
sion, a partial or complete cricopharyngeal myotomy is
performed with the endoscopic techniques. The endo-
scopic approach was first described in 1960 by Dohlman
and Mattsson,8 who used diathermy to cut the common
wall. Their report included 100 patients, and none died
or had serious complications. Use of the CO2 laser to
divide the septum was introduced as an alternative to
the diathermy technique in 1981 by van Overbeek.9 This
laser technique is still used frequently by many sur-
geons, although studies suggest it is associated with
some risks. Another popular technique is the endoscopic
gastrointestinal anastomosis (endo-GIA) stapler, first
introduced in 1993 by Collard et al.10 and Martin-Hirsch
and Newbegin.11 The laser and stapler techniques have
become the most popular, and numerous studies have
been conducted to determine whether one is superior.12

Some believe the endoscopic stapler is safer, because it
uses multiple rows of staples to seal the mucosal and
muscular edges before cutting between them, but many
surgeons use the laser technique effectively to treat
Zenker’s diverticula.13

The harmonic scalpel is an instrument that has
gained popularity among surgeons for various proce-
dures. It initially was used for laparoscopic surgery but
is increasingly common in otolaryngologic procedures,
especially thyroid and parathyroid surgery. It is also
being used by some surgeons to perform neck dissections
and parotid surgery. The harmonic scalpel uses ultraso-
nographic energy to coagulate and seal tissue before
dividing it. Similar to the stapling technique, it has the
security of sealing the tissue.

MATERIALS AND METHODS

Data Collection
This study was approved by the Mayo Clinic Institutional

Review Board. Our electronic medical records database was
searched to identify patients who had been treated for Zenker’s
diverticulum with the harmonic scalpel. We verified that all
patients in the study signed a release form to allow their
records to be reviewed for research purposes. Patient informa-
tion was abstracted from the database and retrospectively
reviewed. Abstracted data included outpatient clinic notes, oper-
ative reports, hospital summaries, and follow-up visits.

Surgical Technique
Each patient was placed under general anesthesia and in-

tubated. After the patient was prepared and draped, the teeth
were protected with an appropriate guard, and the head was
extended to expose the diverticulum. The exposure was accom-
plished with a diverticuloscope such as the Weerda (Karl Storz,
Tuttlingen, Germany). The anterior portion of the diverticulo-
scope was placed in the esophagus and the posterior portion in
the superior part of the diverticulum, exposing the intervening
septum or common wall. The harmonic scalpel (Ethicon Endo-
Surgery, Inc, Cincinnati, OH) was inserted with the shears
open, and they were closed around the septum. The machine
was set to a minimum value of 3 and a maximum value of 5.
The harmonic scalpel was activated to seal and divide the tis-
sue. After one cut, the intervening septum was reassessed; if
necessary, additional cuts were made to divide the septum down
to the inferior aspect of the diverticular pouch. After satisfac-
tory division and inspection of the area to ensure hemostasis,
the diverticuloscope was carefully removed. The patient was
awakened, extubated, and taken to recovery. Figures 1 and 2
show intraoperative photos representative of the surgical steps.

RESULTS
We identified 25 patients who were treated from

March 1, 2007 through August 1, 2008 for a Zenker’s di-
verticulum with the harmonic scalpel at Mayo Clinic
(Rochester, MN). Patient characteristics are shown in
Table I. All patients had preoperative barium swallow
studies to confirm the diagnosis (Fig. 3). Two patients had
been treated previously with the endo-GIA stapler tech-
nique but had recurrent symptoms; recurrent Zenker’s

Fig. 1. Treatment of Zenker’s diverticulum with the harmonic scalpel. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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diverticula were verified with barium swallow studies.
For five patients, surgery initially was performed with
the endo-GIA stapler, but because of a residual interven-
ing wall, surgery was completed with the harmonic
scalpel. Duration of surgery with the harmonic scalpel is
similar to that of other endoscopic techniques, and use of
this instrument is easy to learn. All patients were started
on a liquid diet the night of surgery.

Complications are outlined in Table II. At the time
of manuscript submission, no serious complications (e.g.,
hemorrhage, infection, mediastinitis, or death) had
occurred in any of the patients. One patient stayed 4
nights in the hospital for urinary retention and poor re-
spiratory status. He had multiple comorbid conditions
that included chronic obstructive pulmonary disease,
which was treated preoperatively with home oxygen
therapy. He received a diagnosis of aspiration pneumo-
nia and was dismissed home with antibiotics. One
patient with a history of cardiac disease had a non–ST-
elevation myocardial infarction. Two patients had chest
pain and stayed in the hospital for a complete evalua-
tion, and both had negative findings.

Of the 21 patients who were dismissed the day after
surgery, 20 had an uneventful hospital course with no
fever, chest pain, or subcutaneous emphysema, and all

were tolerating a liquid diet at the time of dismissal.
The remaining patient had cervical subcutaneous air
noted during a postoperative physical examination. He
was observed initially and dismissed home with instruc-
tions to watch for worrisome signs and symptoms. He
was seen 3 weeks postoperatively, and at that time, he
was tolerating a regular diet with no chest pain and had
resolution of neck and chest crepitus.

Patients typically were seen 6 to 8 weeks after sur-
gery. At the time of manuscript submission, the average

Fig. 2. The Weerda diverticuloscope is used to identify the intervening septum. The bougie here is in the esophageal lumen. The harmonic
scalpel is brought into the field and closed around the common wall. At the conclusion, the diverticular sac has a drainage pathway into
the esophagus. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]

TABLE I.
Patient Characteristics.

Characteristic Value

Male, No. of patients (%) 15 (60)

Age, y

Average 76

Range 62–85

Hospital stay, d

Average 1.3

Range 1–4

Dismissal the day after surgery, No. of patients (%) 21 (84)
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length of follow-up was 10.3 months. One patient had a
recurrence that was proven with a barium swallow study;
this patient was treated with an open surgical technique.

DISCUSSION
Zenker’s diverticulum is a cause of dysphagia in el-

derly patients, but it also can cause other disruptive
symptoms. Although various reasonable treatment
options have evolved over time, the benefits and risks to
the patient must be considered when choosing the treat-
ment method. Studies have demonstrated that less
invasive methods decrease the risk of postoperative com-
plications to the patient, operative time, length of
hospital stay, and time to oral intake.5–7,14

One of the most common endoscopic techniques cur-
rently used is the endo-GIA stapler. The stapler securely

seals the mucosal and muscular edges together; however,
it has limitations because of its physical design.6 The sta-
pler is a large instrument that can obstruct visualization
of the septum during surgery, and most surgeons find it is
beneficial only for diverticula >2 cm. Furthermore, the
anvil of the stapler extends beyond the end of the staples

Fig. 3. Preoperative barium swallow studies demonstrate various Zenker’s diverticula.

TABLE II.

Complications.

Complication No. of Patients

Chest pain 2

Non–ST-elevation myocardial infarction 1

Aspiration pneumonia 1

Subcutaneous emphysema 1
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and the cutting apparatus; therefore, some residual com-
mon wall is inevitably left behind when using this
technique.5,13,14 Some surgeons believe that leaving a
small intervening septum or residual pouch has no clini-
cal consequences, but others have demonstrated that this
may lead to a higher rate of persistent symptoms or an
increased risk of a recurrent diverticulum.5,14 Thus, some
surgeons perform the initial division with the stapler but
complete the procedure with a different technique.

Another common endoscopic technique is the CO2

laser. The drawback of the laser is that the surgeon
divides the intervening septum without a safe seal, and
some have noted difficulty in determining where to stop
dividing the tissue. Many have noted that air sometimes
leaks into the neck when dividing the septum, but the pro-
tective fascial layers around the pharynx and esophagus
seal off this opening.5,12 The incidence of postoperative
cervical emphysema with the laser technique is 0% to
11.1%.5,12 In these cases, the enveloping fascia is thought
to prevent the development of mediastinitis by separating
the diverticulum from the mediastinum. Again, with the
laser technique, the septum should be divided down to the
bottom of the diverticulum, but it is difficult to know at
what point to stop. Lastly, safety precautions are taken
any time a laser is used in surgery, but it is still associated
with a risk to the patient and a remote chance of fire.

Another technique recently developed is the use of
flexible endoscopes to divide the intervening septum.3

This technique is performed mostly by gastroenterolo-
gists. It has the benefits of not requiring general
anesthesia or hyperextension of the neck, although some
have noted difficulty in determining where to stop divid-
ing the intervening septum, and some patients thus
have required repeat treatment sessions.15 A number of
studies have been published using the flexible endo-
scopic technique, with great variability in results.3,15,16

The rate of cervical emphysema has ranged from 0% to
23%. The required number of treatment sessions has
ranged from 1 to 12, and recurrence rates were as high
as 39%.16 Although flexible endoscopic procedures are a
useful alternative for patients who are poor surgical can-
didates, details pertaining to safety and technique are
still being optimized.

The harmonic scalpel is an instrument that has
gained popularity in a number of surgical fields, including
otolaryngology. This report shows that it is a safe and reli-
able instrument for the endoscopic treatment of Zenker’s
diverticula. It is important to divide the intervening sep-
tum down to its base (that is, to perform an endoscopic
cricopharyngeal myotomy). Patients undergoing surgery
with the harmonic scalpel still need to be suitable surgical
candidates for a transoral rigid endoscopic approach, with
good oral cavity opening and neck extension. Patients
who did not meet these criteria or had previous surgery
typically had repairs made through an open incision. This
study did not objectively assess patient symptoms before
and after surgery, and although we have observed only
one recurrence, additional follow-up is necessary to deter-
mine long-term patient outcomes.

CONCLUSION
The harmonic scalpel is a safe and effective option for

endoscopic treatment of Zenker’s diverticula, and it has
become the treatment method of choice in our department.
It is associated with low risk to the patient, and the results
of this technique compare favorably with the recurrence
rates reported in other studies. We reported a low rate of
complications, most of which were due to the comorbid
conditions of an elderly patient population. Ultimately,
surgeons should use the technique that they are most com-
fortable with, but the harmonic scalpel is a useful option.
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