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Abstract

Background Open surgical cricopharyngeal myotomy(CM) is considered standard of care for Zenker’s diverticu-
lum(ZD). Trans-oral CM has been described using a rigid stapling device for two decades; however, this remains
problematic for severely kyphotic patients. This problem can be overcome with flexible endoscopy utilizing an
electrosurgical needle knife. We sought to compare clinical outcomes between these techniques to stratify patient
selection.

Methods Patients undergoing ZD treatment from 1992 to 2015 were reviewed. Demographics, diverticulum size,
post-operative complications, and length of stay (LOS) were compared between open cricopharyngeal myotomy
(OpenCM), rigid trans-oral stapling myotomy (RigidCM), and flexible endoscopic myotomy (FlexCM). Dysphagia
scores (DS, O:best-4:worst) and pneumonia incidence were assessed pre-operatively and post-operatively.

Results 62 patients underwent OpenCM (39/62(63 %)) or endoscopic CM (23/62(37 %) (8 RigidCM/15 FlexCM)).
CM ssignificantly reduced dysphagia for all approaches [OpenCM:2(2-3)-0(0-0); RigidCM:2(2-2)-0(0-0);
FlexCM:3(3-3)-0(0-0)]. FlexCM patients had significantly worse pre-operative DS. Endoscopic CM was attempted
and completed in 23/35(66 %) patients. Reasons for OpenCM conversion included inability to position the diver-
ticular retractor due to patient body habitus (RigidCM), and the inability to position the overtube due to small ZD
(FlexCM). Major post-operative complications were rare and similar in all groups. Medium-to-long-term post-
myotomy pneumonia was comparable between groups. LOS (days) was reduced for FlexCM (1(1-2)) versus
RigidCM (3(2-6)) and OpenCM (4(3-7)).

Conclusions CM is highly effective for treating ZD. Open and endoscopic approaches offer comparable outcomes
and dysphagia resolution. FlexCM is efficacious for large ZD and can be performed in most patients irrespective of
body habitus. FlexCM represents an excellent approach for large ZD, while OpenCM should be reserved for small
ZD for which an overtube cannot be positioned.

Introduction
P< Daniel Jones
daniel.jones2 @mail.megill.ca Cricopharyngeal or pharyngo-esophageal diverticulum,
. more commonly known as Zenker’s diverticulum (ZD), is
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QC H3A 1G4, Canada the junction of the hypopharynx and esophagus [1]. This
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of the lower inferior pharyngeal constrictor and inferiorly
by the uppermost transverse fibers of the cricopharyngeus
muscle [1]. ZD is a relatively rare phenomenon, with a
suggested prevalence ranging from 0.06 to 4 % in the
United States [2]. Majority of patients are between 65 and
75 years of age [3], with a 1.5-fold male predominance [4].
Symptoms include worsening dysphagia, weight loss,
cough, and regurgitation of undigested food. Regurgitation
itself may be associated with recurrent aspiration, pul-
monary infections, and diminished quality of life. Diag-
nosis is confirmed by radiographic contrast swallowing
studies that reveal a posterior pharyngeal outpouching.
Endoscopic examination classically reveals a ‘dividing bar’
visualized as a median between the diverticulum and the
true esophageal lumen [5].

Originally described in 1769 by the British surgeon
Ludlow, it was only in 1877 when Friedrich Albert Von
Zenker was able to characterize the dorsal esophageal
diverticulum [6]. The incomplete sphincter opening is
thought to play a role in ZD dysphagia, where the associ-
ated increase in hypopharyngeal pressures during swal-
lowing propagates the diverticulum dorsally [7].
Histologically, there is fibroadipose tissue replacement of
normal mucosa, accounting in part for the diminished UES
opening in ZD patients [8].

Early surgical options focused on the diverticulum and
external approaches consisted of inversion, excision, or
suspension of the diverticulum alone [9]. As the role of
the cricopharyngeal muscle in ZD was further elucidated,
open surgical cricopharyngeal myotomy (OpenCM) with
or without diverticulectomy or diverticulopexy was
established, eventually becoming the standard of care.
These procedures are not benign; reported complications
include stricture, fistula formation, recurrent laryngeal
nerve palsy, infection, and mediastinitis [10-12]. Cur-
rently, minimally invasive trans-oral approaches are
coming into favor [13-15], and include rigid endoscopic
trans-oral stapling (RigidCM) and flexible, gastroscopic,
electrosurgical cricopharyngeal myotomy (FlexCM)
techniques. RigidCM avoids a skin incision, but requires
the placement of a large rigid retractor. This is not always
technically feasible, particularly in elderly patients who
frequently present with limited cervical extension.
FlexCM, utilizing an electrosurgical needle knife passed
through a standard flexible gastroscope, addresses this
issue. Despite these advances, treatment of ZD is largely
based on center-preference; superiority of one technique
over the other has not been established. We, therefore,
sought to compare our institutional outcomes between
open, rigid endoscopic, and flexible endoscopic
cricopharyngeal myotomy for ZD.

Methods

A retrospective review of all patients undergoing treatment
for ZD between May 1992 and December 2015 within the
division of thoracic surgery at a single university affiliated
hospital was performed. Patients with previous esophageal
surgery prior to CM were excluded from data analysis. Pre-
operative diagnosis of ZD was confirmed via esopha-
gogastroscopy and/or contrast esophagram. Patient demo-
graphics, diverticulum size, dysphagia severity, post-
operative complications (according to Clavien-Dindo
classification), and length of stay (LOS) were compared
between OpenCM, RigidCM, and FlexCM groups.

Dysphagia severity was determined pre-operatively
according to the previously validated model by Bergquist
et al. [16]. Briefly, dysphagia score (DS) ranged from O to
4, where 0 = no dysphagia, 1 = dysphagia to solids,
2 = dysphagia to semi-solids, 3 = dysphagia to liquids,
and 4 = dysphagia to saliva/complete inability to swallow.
Measurements were obtained at the initial clinic visit and
in the 1-6 months following operative repair. In addition,
follow-up consisted of office visits between 1 and 6 months
post-operatively. Pneumonia incidence was assessed pre-
operatively via chart review, and post-operatively by
chart review or telephone interview. Informed consent was
attained during the initial or subsequent pre-treatment
office clinic visit.

Statistical analysis and graphing were performed using
GraphPad Prism 6 software and Statistical Package for
Social Sciences (SPSS; SPSS, Inc, Chicago, IL.). Data are
presented as median (interquartile range). Fisher’s Exact,
%*, Wilcoxon Signed-Rank, non-parametric one-way and
two-way ANOVA tests, and multivariable linear regression
were performed. Statistical significance was set at a value
of p < 0.05.

Surgical technique

Cricopharyngeal myotomy (CM) procedure was selected
based on several factors, including diverticular size, pre-
vious neck operation, ability to hyperextend the neck, and
surgeon preference. A total of three surgeons performed
either open or endoscopic CM during the study period. If
an endoscopic approach revealed inadequate diverticulum
exposure, the procedure was converted to an open cervical
approach.

All techniques were performed under general anesthesia
with endotracheal intubation. For open operations, a left
cervical collar incision 1 cm above the sternal notch was
employed, sub-plastysmal planes developed, and the left
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Fig. 2 FlexCM approach

recurrent laryngeal nerve routinely identified. CM was
performed with a scalpel without energy devices for
3-5 cm onto the cervical esophagus after complete dis-
section of the diverticulum. Following dissection, the
diverticulum was either sutured at its apex to the posterior
larynx cephalad to its origin, or resected with a stapling
device after placement of an esophageal bougie.

For the RigidCM approach, a Weerda diverticular
laryngoscope (Karl Storz, Tuttlingen, Germany) was pas-
sed trans-orally to the level of the cricopharyngeus and a
5-mm 30° laparoendoscope was introduced trans-orally to
provide an image (Fig. 1a). An endostitch suture (Covi-
dien, Mansfield MA) placed into the cricopharyngeal
muscle was used to provide traction (Fig. 1b), as described
by Luigi Bonavina and colleagues [17] and used at our
institution since 2009, and a 30-mm endoscopic linear
stapler was subsequently advanced into the lower pharynx,
simultaneously cannulating both the diverticulum and
upper esophagus (Fig. 1c). Division of the cricopharyngeus
muscle in this manner opens the anterior wall of the
diverticulum into the posterior wall of the esophagus.

The flexible myotomy approach is performed using a
standard single channel diagnostic gastroscope placed
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LEGEND:

H NG = Nasogastric Tube
ES = Esophagus
ZD = Zenker’s Diverticulum

NK = Endoscopic Needle
Knife

through a specially designed duckbilled Zenker’s over-
tube (ZDO-22-30—Cook Medical, Bloomington IN)
(Fig. 2a). The overtube is positioned under endoscopic
guidance such that the short flange lies within the
diverticulum and the long flange within the esophagus
(Fig. 2b, ¢, d). Placing the cricopharyngeal muscle
under tension facilitates subsequent division with a
standard needle knife (Fig. 2e, f). An oral-gastric
tube can help orient the placement of the overtube.
Endoclips are placed at the base of the diverticulum to
re-approximate the esophageal and diverticular mucosa
(Fig. 2g). The procedure is safely performed as a day
procedure.

Results

62 patients underwent open or endoscopic cricopharyngeal
myotomy. Table 1 demonstrates demographics, diverticu-
lar size, and pre-operative symptoms of study participants.
39 patients received OpenCM (39/62(63 %)), and 23
patients underwent endoscopic CM (23/62(37 %)). Of the
23 patients treated endoscopically, 8/23 and 15/23 were
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Table 1 Patient demographics
Total N = 62; age (median) = 80 (74-85); sex (male:female) = 37:25
OpenCM RigidCM FlexCM p value
Number of patients 39 8 15
Diverticulum size (cm) 2 (2-3) 4 (2.75-4.5)* 4 (3.2—4)* 0.007*
Medium (IQR) 0.058*
Diverticulum size (> 3 cm) (%) 28 %* 83 % 92 % 0.03*
Non-dysphagia symptoms
Cough 8 4 4 NS
Regurgitation 10 4 5 NS
Weight loss 3 0 4 NS
Aspiration pneumonia 4 3 NS
None 12 1 0 NS

OpenCM open trans-cervical cricopharyngeal myotomy, RigidCM rigid trans-oral stapled cricopharyngeal myotomy, FlexCM flexible trans-oral

gastroscopic cricopharyngeal myotomy

* Statistical significance was set at a value of p < 0.05

Table 2 Change in clinical presentation and post-operative results

OpenCM RigidCM FlexCM p value
Post-op complications*
Overall 5/39 (13 %) 2/8 (25 %) 1/15 (7 %) NS
Minor (Clavien-Dindo 1-2) 3/39 (7 %) 2/8 (25 %) 1/15 (7 %) NS
Major (Clavien-Dindo 3-5) 2/39 (5 %) 1/8 (12 %) 0/15 (0 %) NS
Length of stay (days) T 4 (4-7) 3 (3-6) 1 (0-2)* <0.0001 versus OpenCM
0.01 versus RigidCM
Dysphagia resolution®
(dysphagia score 0—4)
Pre-op 2 (2-3) 2 (2-2) 3 (3-3)* 0.003 versus OpenCM
0.02 versus RigidCM
Post-op 0 (0-0) 0 (0-0) 0 (0-0) NS
Pneumonia
Pre-op 6/39 (15 %) 4/8 (50 %) 3/15 (20 %) NS
At 6 months 2/39 (5 %) 2/8 (25 %) 0/15 (0 %) 0.035

OpenCM open trans-cervical cricopharyngeal myotomy, RigidCM rigid trans-oral stapled cricopharyngeal myotomy, FlexCM flexible trans-oral

gastroscopic cricopharyngeal myotomy

* Complications based on Clavien-Dindo: Major > Grade 3; Minor Grade 1-2

‘
:

treated using the Rigid and Flexible approaches, respec-
tively. Median age for all three groups was 80 (74-85).
There was no significant difference in gender distribution
among the three groups. Diverticular size was greater in
patients treated endoscopically (Table 1). Pre-operative
dysphagia scores were significantly worse in the FlexCM
group compared to OpenCM and RigidCM patients.
Regardless of technique used, all patients had a significant
reduction in DS after myotomy (Table 2).

Accounting for age, sex, and post-operative complications: FLEXCM remained a significant determinant of LOS (p = 0.02)
Dysphagia resolution based on Dysphagia score (DS): 0 (no dysphagia) to 4 (complete inability to swallow)

Endoscopic myotomy was attempted in 35 patients
(Rigid 15; Flexible 20) and completed in 23/35 (66 %
overall—Rigid = 53 %; Flexible = 75 %). The reason for
conversion in the patients in which RigidCM was primarily
attempted related to a failure to position the Weerda
diverticular retractor (6/7 patients, while one patient had
too small a diverticulum). Small diverticulum size was the
sole reason for conversion in the group of patients in whom
FlexCM was attempted (five patients).
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Post-operative complications are listed in Table 2,
occurring in 5/39 (13 %) OpenCM, 2/8 (25 %) RigidCM,
and 1/15 (7 %) FlexCM patients. There was a trend toward
decreased major post-operative complications (>Clavien-
Dindo Grade 3) in the FlexCM group (0%—0/15) com-
pared to the OpenCM (5 %—2/39) and RigidCM (12 %—
1/8) groups. Major complications were related to esopha-
geal perforation requiring operative re-exploration for one
patient in the OpenCM, and one patient in the RigidCM
group, and one patient in the OpenCM (required closure of
gastrogastric fistula due to a surgically placed gastrostomy
performed at an outside institution). No difference in minor
complications was observed among groups. Incidence of
pneumonia in the first six-months following CM was 2/39
(5 %) in OpenCM, 2/8 (25 %) in RigidCM, and 0/15 (0 %)
in FlexCM patients. Overall, incidence of pneumonia was
significantly decreased at 6 months post-operatively com-
pared to the 6 months prior to myotomy regardless of
surgical technique (p = 0.035).

Length of stay (LOS) was significantly lower in the
FlexCM group compared to RigidCM and OpenCM groups
(Table 2). Furthermore, LOS did not differ between
RigidCM and OpenCM patients. In order to further estab-
lish the influence of surgical technique on LOS in the
context of confounding variables, multilinear regression
was employed. Variables of surgical technique, age, sex,
and surgical complications were included in the analysis.
Accounting for these variables on the outcome of LOS,
FlexCM remained a significant determinant of LOS
(p = 0.02). Age (p = 0.07), female sex (p = 0.08), and
surgical complications (p = 0.07) trended toward signifi-
cant determinates of LOS in this patient population.

Discussion

Zenker’s Diverticulum is primarily a disease of the elderly,
frequently presenting with dysphagia, weight loss, and
recurrent pneumonia. Definitive therapy consists of divid-
ing the dysfunctional cricopharyngeal muscle, achieved by
a variety of open and minimally invasive techniques. Given
the emergence of multiple modalities, the choice of tech-
nique to employ has become increasingly challenging. In
the present descriptive study, we report our experience in
the management of ZD patients undergoing CM at a ter-
tiary care referral center. Overall, the results of this study
demonstrate that all modalities are equally safe and
effective in alleviating dysphagia, with patient factors
dictating the technique of choice. This is evidenced by our
findings of equivalent complication rates and improved DS
score and incidence of post-operative pneumonia among all
three techniques employed.
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The choice of an open versus minimally invasive
approach is based on a number of factors, including size of
diverticulum, patient clinical status, and surgeon experi-
ence/preference. Our institutional data reveal that patients
with small diverticula are most amenable to treatment via
an open approach; patients in the OpenCM group harbored
smaller diverticulae [2 cm (2-3)] compared to the FlexCM
(»p = 0.007) and RigidCM (p = 0.058) groups. This find-
ing is in keeping with the literature to date, and an open
trans-cervical cricopharyngeal myotomy for small ZD is
well-established [18]. Furthermore, endoscopic manage-
ment of small ZD can be difficult for a variety of reasons
including inadequate exposure and incomplete myotomy
[19]. There is also evidence for increased complication
rates with endoscopic treatment of small ZD particularly in
patients with ZD <3 cm [20, 21].

In the present study, patients with larger ZD were
selected for endoscopic surgery (RigidCM 4 (2.75-4.5);
FlexCM (3.2-4). As previously stated, rigid and flexible
endoscopic modalities are equally effective in alleviating
dysphagia and demonstrate identical safety profiles. The
choice of which technique to employ was based on a
combination of patient factors and surgeon preferences. In
particular, our data support the use of a flexible cricopha-
ryngeal myotomy in patients with large diverticula and
challenging neck anatomy. While the RigidCM technique
has been widely accepted, it requires the patient to be
placed in a supine position, with hyperextension of the
neck. This allows proper placement of the rigid laryngeal
retractor prior to stapling. The severe cervical osteoarthritis
often seen in the elderly can greatly interfere with the
placement of this retractor, functionally limiting a
RigidCM approach. Indeed, we found that body habitus
(e.g., kyphosis of the cervical vertebrae) was the most
common cause for conversion to an open technique in
patients in whom a RigidCM was attempted. In such
patients, FlexCM can be performed with little technical
difficulty and allows for adequate visualization/exposure of
the diverticula, and subsequent division of the septum
between the diverticulum and esophagus.

FlexCM was successfully completed in 15 patients over
our study period. The majority of patients had larger ZD
[4 cm (3.2-4) vs. 4 (2.75-4.5) RigidCM] as evidenced by
their significantly worse pre-operative DS scores. In our
experience, larger diverticular size facilitates both visual-
ization and overtube placement thus making such patients
particularly amenable to this approach. Highlighting the
importance of diverticular size in the appropriate selection
of patients for FlexCM, all the conversions to OpenCM
from FlexCM were for small diverticular size. In an
attempt to demonstrate the ease of the FlexCM in appro-
priately selected patients, we quantified LOS in patients
with ZD. Patients treated using a FlexCM demonstrated a
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significantly lower LOS compared to those in the open and
rigid endoscopic groups. Given the retrospective nature of
the study and the relatively small number of patients
overall, we recognize that this finding must be interpreted
with caution. Furthermore, since we adopted FlexCM as
our procedure of choice for larger diverticulae in 2010, we
recognize temporally related changes in peri-operative
management may be in play, favoring a more rapid dis-
charge independent of the procedure. However, it does
serve to demonstrate that a flexible endoscopic approach
allows for the effective and safe management of ZD
patients in a day surgery setting. We interpreted this find-
ing as reflective of our comfort with the procedure and its
relative ease in patients with large (>2 cm) ZD.

Pneumonia in the elderly population is associated with
high rates of morbidity and mortality [22]. Given that
patients with ZD are prone to high rates of aspiration pneu-
monia, the incidence of post-cricopharyngeal myotomy
pneumonia is an important indicator of success of treatment.
In our study, we found the incidence of pneumonia after
6 months following surgical intervention was low and
comparable between groups (pNS). Due to the retrospective
nature of the study, we could not determine if the etiology of
the pneumonia was aspiration or community acquired. Irre-
spective of etiology, there was a reduction of pneumonia in
the 6-month period after myotomy nonetheless.

In conclusion, definitive therapy for ZD centers on
dividing the dysfunctional cricopharyngeal muscle, thus
alleviating dysphagia and restoring normal swallowing
mechanics. This has been achieved by a variety of open
surgical and minimally invasive techniques. We have
presented our institutional experience in performing CM
for symptomatic ZD via either an open trans-cervical route
or endoscopic trans-oral approaches, with either a rigid
stapling device or flexible endoscopic -electrocautery.
Although our surgical approach and selection thereof has
evolved over the study time period, our data highlight the
relative equivalence of all three techniques with respect to
safety and efficacy. These modalities offer comparable
post-operative outcomes and dysphagia resolution. Based
on our experience, we recommend a minimally invasive
flexible endoscopic approach for all large diverticulae, as
this approach can be employed in most patients irrespective
of body habitus, and importantly can be accomplished as a
day surgery procedure. If the diverticulum is small
(<2 cm), or the overtube cannot be positioned, we rec-
ommend converting to an open cervical cricopharyngeal
myotomy, recognizing that some surgeons would prefer a
rigid stapled myotomy.
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