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ABSTRACT

Background Treatment of Zenker's diverticulum has
evolved from open surgery to endoscopic techniques, in-
cluding flexible and rigid endoscopic septotomy, and more
recently, peroral endoscopic myotomy (Z-POEM). This study
compared the effectiveness of flexible and rigid endoscopic
septotomy with that of Z-POEM.

Methods Consecutive patients who underwent endo-
scopic septotomy (flexible/rigid) or Z-POEM for Zenker’s di-
verticulum between 1/2016 and 9/2019 were included. Pri-
mary outcomes were clinical success (decrease in Dakkak
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and Bennett dysphagia score to<1), clinical failure, and
clinical recurrence. Secondary outcomes included technical
success and rate/severity of adverse events.

Results 245 patients (110 females, mean age 72.63 years,
standard deviation [SD] 12.37 years) from 12 centers were
included. Z-POEM was the most common management
modality (n=119), followed by flexible (n=86) and rigid (n
=40) endoscopic septotomy. Clinical success was 92.7 % for
Z-POEM, 89.2% for rigid septotomy, and 86.7 % for flexible
septotomy (P=0.26). Symptoms recurred in 24 patients
(15 Z-POEM during a mean follow-up of 282.04 [SD
300.48] days, 6 flexible, 3 rigid [P=0.47]). Adverse events

occurred in 30.0% rigid septotomy patients, 16.8% Z-
POEM patients, and 2.3 % flexible septotomy patients (P<
0.05).

Conclusions There was no difference in outcomes be-
tween the three treatment approaches for symptomatic
Zenker’s diverticulum. Rigid endoscopic septotomy was
associated with the highest rate of complications, while
flexible endoscopic septotomy appeared to be the safest.
Recurrence following Z-POEM was similar to flexible and ri-
gid endoscopic septotomy. Prospective studies with long-
term follow-up are required.

Introduction

Zenker’s diverticulum is a sac-like protrusion of the pharyngeal
mucosa through a defect in the pharyngeal wall. It usually oc-
curs in the posterior wall of the pharynx at Killian’s triangle, an
area of natural weakness located between the inferior constric-
tor and cricopharyngeus muscles [1]. Although prevalence is
only 0.01%-0.11%, it is the most common false diverticulum
that arises in the esophagus [2]. Zenker’s diverticulum occurs
predominantly in elderly men, and prevalence is expected to in-
crease in the aging population [3].

Treatment for Zenker’s diverticulum is indicated for sympto-
matic patients, regardless of the size of the diverticulum. The
treatment approach basically consists of myotomy of the sep-
tum, composed of the cricopharyngeus muscle, which acts as
a partition between the Zenker’s diverticulum and the esopha-
gus. Earliest treatment approaches dating back to 1886 began
with transcervical surgery involving pharyngeal pouch excision
[3]. Endoscopic septotomy using rigid endoscopy was de-
scribed in 1917, and involved division of the cricopharyngeus
muscle to create a common cavity to allow more adequate pro-
pulsion of the food bolus into the esophagus [4]. In the early
1990s, laparoscopic surgery techniques were introduced, com-
prising division of the cricopharyngeus muscle and sealing of
the opposing walls of the pouch and esophagus using a stapling
device [5, 6]. At around that time, flexible endoscopic septot-
omy was introduced and was found to be an effective approach
in patients who were poor surgical candidates [7].

Over the past two decades, there have been significant ad-
vancements in endoscopic techniques and instrumentation
that have led to widespread recognition of endoscopic treat-
ment as an alternative to surgery [8]. More recently, Zenker’s
peroral endoscopic myotomy (Z-POEM) was introduced, with
promising results [9-11]. The main premise of Z-POEM is the
utilization of submucosal endoscopy techniques to fully expose
and dissect the septum, which in turn may diminish the rela-
tively high recurrence rates associated with flexible [12] and ri-
gid [13] endoscopic septotomy. In Z-POEM, the mucosal sep-
tum is left intact whereas it is sectioned in endoscopic septot-
omy, and comparative data are needed to evaluate the clinical
impact of this difference.

The effectiveness of flexible and rigid endoscopic tech-
niques compared with Z-POEM has not been evaluated. This
study aimed to compare this novel technique with both rigid
and flexible endoscopic septotomy in terms of clinical success,
technical success, adverse events, and long-term symptom re-
currence.

Methods

The study was a multicenter, international, retrospective co-
hort study involving 12 centers: one from Asia, two from Eur-
ope, one from Mexico, and eight from the USA (see Table 1s in
the online-only Supplementary material for case contribu-
tions). The study was approved by individual institutional re-
view boards at participating centers.

Consecutive patients who underwent Z-POEM, flexible
endoscopic septotomy, or rigid endoscopic septotomy be-
tween January 2016 and September 2019 were included. Zen-
ker’s diverticulum was diagnosed on imaging studies, including
barium esophagram and/or computed tomography, and con-
firmed by endoscopy. Dysphagia score was quantified accord-
ing to the Dakkak and Bennett score (0, no dysphagia; 1, dys-
phagia to solids; 2, dysphagia to semisolids; 3, dysphagia to li-
quids; 4, complete dysphagia) [14]. Patient dysphagia scores
were collected during clinical follow-ups, phone calls, and/or
chart reviews. Patients were identified using center-specific
endoscopic or billing databases. Electronic records were re-
viewed to capture the following variables: demographics, diver-
ticulum size (determined either endoscopically or radiographi-
cally), dysphagia score, other symptoms (aspiration, choking,
halitosis, requrgitation, weight loss, and others), imaging find-
ings, prior surgical or endoscopic interventions, procedure
time, clinical success, technical success, type of anesthesia,
length of hospital stay, symptom recurrence at follow-up, ad-
verse events with severity graded according to the American
Society for Gastrointestinal Endoscopy (ASGE) lexicon [15],
and duration of follow-up.The authors acknowledge that 43
patients from this study have been included in previous publi-
cations [10,16,17]; however, no analysis comparing the three
procedures has been performed previously.
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Procedure techniques

Z-POEM was performed as previously described under deep se-
dation or general anesthesia using a flexible endoscope. Briefly,
a longitudinal mucosal incision was made, allowing for creation
of a submucosal tunnel extending up to the diverticular sep-
tum. The tunnel was then continued on both sides of the sep-
tum (esophageal and diverticular side) until it was completely
exposed. Myotomy of the septum was then extended to the
base of the septum until the longitudinal muscle fibers of the
esophagus proper were exposed. Mucosal closure was achieved
using clips [18,19] (» Fig. 1, Fig.1s).

Flexible endoscopic septotomy was performed under con-
scious sedation or general anesthesia. A nasogastric tube,
hood, endoscopic cap, or overtube were used to help visualize
and stabilize the septum between the diverticulum and esoph-
ageal lumen, thus avoiding neck hyperextension. As the sep-
tum was exposed, dissection was performed by dividing the cri-
copharyngeus muscle [20]. For both Z-POEM and flexible endo-
scopic septotomy, different cutting devices and techniques
have been described to incise the septum [1] (» Fig. 2).

Rigid endoscopic septotomy was carried out under general
anesthesia with the patient in the supine position with manda-
tory neck hyperextension to facilitate placement of the rigid di-
verticuloscope. To visualize and expose the posterior wall se-
parating the diverticular sac from the esophageal lumen, a spe-
cial diverticuloscope was used. Several techniques have been
implemented for the division of the septum, including electro-
cautery, carbon dioxide laser, KTP/532 laser, stapler, or Harmo-
nic Ace (Ethicon Endo-Surgery, Inc., Cincinnati, Ohio, USA) [21,
22]. The main difference is that the mucosal septum is left in-
tact in Z-POEM whereas it is sectioned in endoscopic septot-
omy.

Outcomes

The primary outcome was clinical success, defined as a de-
crease in the Dakkak and Bennett dysphagia score [14] to <1
(or to 0 in patients with baseline score of 1). In those patients
with no dysphagia at baseline, clinical success was defined as
complete resolution of other symptoms. Patients who did not
achieve clinical success at first follow-up were considered to
have “clinical failure” (i.e. had persistence of symptoms at first
follow-up). Patients who achieved clinical success at initial fol-
low-up visit but recurrence of symptoms at later visits were
classified as having “clinical recurrence.” Secondary outcomes
included technical success (defined as successful completion
of all procedural steps), and adverse event rate, timing (timing
classified into intraprocedural and post-procedural), and sever-
ity (graded as per the ASGE lexicon [15]).

Statistical analysis

The Fisher’s exact test or chi-squared test for categorical vari-
ables was used to analyze the clinical outcomes and adverse
event rates. Continuous variables were reported as mean and
standard deviation (SD) or median and range, where appropri-
ate, and compared by one-way analysis of variance. The dys-
phagia score was analyzed as a continuous variable. Subgroup

» Fig.1 Zenker’s peroral endoscopic myotomy technique. a Longi-
tudinal mucosal incision. b Submucosal tunnel extending up to the
diverticular septum and extending to both esophageal and diverti-
cular sides of the septum. ¢ Myotomy of the septum. d Complete
myotomy.

» Fig.2 Flexible endoscopic septotomy technique. a A nasogastric
tube is used to help visualize and stabilize the septum between the
diverticulum and esophageal sides. b,c Dissection is performed by
dividing the cricopharyngeus muscle. d Mucosal closure with clips.

analysis was performed to identify factors associated with clin-
ical success. Statistical significance of P<0.05 was adopted for
all inferential testing. The analysis was performed using SPSS
software (SPSS 16.0, Chicago, Illinois, USA).

Results

A total of 245 consecutive patients (110 females, mean age
72.63 [SD 12.37] years) from 12 centers were included. Z-
POEM was the most common management modality (n=119),
followed by flexible (n=86) and rigid (n=40) endoscopic sep-
totomy. Baseline patient characteristics were generally similar
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> Table 1 Baseline demographics.

Total (n=245)
Female sex, n (%) 110 (44.9)
Age, mean (SD), years 72.63(12.37)

Symptoms, n (%)

= Dysphagia 230(93.9)
= Regurgitation 165 (67.3)
= Weightloss 51(20.8)
= Halitosis 22 (9.0)

Prior Zenker’s diverticulum treatment, n (%) 46 (18.8)

Baseline diverticulum size, mean (SD), mm 32.96 (14.55)

ASA score, mean (SD) 2.35(0.69)
Sedation, n (%)

= General anesthesia 232 (94.7)
= Conscious sedation 13(5.3)
Antibiotics, n (%)

= None 27(11.0)

= Periprocedure 215(87.8)
= Unknown 3(1.2)

Z-POEM (n=119) Endoscopic septotomy P value
Flexible (n=86) Rigid (n=40)
52 (43.7) 38(44.2) 20(50.0) 0.79
72.49 (13.23) 72.21(12.37) 73.98 (9.60) 0.74
116 (97.5) 77 (89.5) 37(92.5) 0.06
79 (66.4) 64 (74.4) 22(55.0) 0.12
18 (15.1) 24(27.9) 9(22.5) 0.08
13(10.9) 8(9.3) 1(2.5) 0.27
25(21.0) 14(16.3) 7(17.5) 0.61
34.85 (14.68) 28.65 (12.33) 36.47 (16.73) 0.003
2.45(0.69) 2.32(0.71) 2.15(0.69) 0.05
<0.001
119(100) 73 (84.9) 40(100)
0 13(15.1) 0
0.04
7(5.9) 14(16.3) 6(15.0)
111(93.3) 70(81.4) 34(85.0)
1(0.8) 2(2.3) 0

Z-POEM, Zenker’s peroral endoscopic myotomy; SD, standard deviation; ASA, American Society of Anesthesiologists.

among the three groups. This included mean age (72.49 [SD
13.23] years for Z-POEM vs. 72.21 [SD 12.37] years for flexible
endoscopic septotomy vs. 73.98 [SD 9.60] years for rigid endo-
scopic septotomy; P=0.74), sex (female 43.7% vs. 44.2% vs.
50.0%, respectively; P=0.79), and prior treatment for Zenker’s
diverticulum (21.0% vs. 16.3% vs. 17.5%; P=0.61) (»Table1).
The American Society of Anesthesiologists score was highest
in the Z-POEM group, followed by the flexible then rigid endo-
scopic septotomy groups (2.45 [SD 0.69], 2.32 [SD 0.71], and
2.15 [SD 0.69], respectively; P=0.05). The mean size of the di-
verticulum was smallest in the flexible endoscopic septotomy
group, followed by Z-POEM and rigid endoscopic septotomy
groups (28.65 [SD 12.33] mm, 34.85 [SD 14.68], and 36.47
[SD 16.73] mm, respectively; P=0.003).

The most common symptoms at the time of the index proce-
dure were dysphagia (93.9%) and requrgitation (67.3 %), with a
mean preprocedure dysphagia score of 1.74 (SD 1.04]. Other
baseline symptoms included weight loss (20.8%) and halitosis
(8.9%). The majority of procedures were performed under gen-
eral anesthesia (94.7%). Antibiotics were administered more
frequently during Z-POEM procedures (P=0.04) (» Table 1).

Procedural and clinical outcomes

Technical success was achieved in 95.0 % of Z-POEM procedures
(113/119, 95 % confidence interval [Cl] 90.97-98.95), 95.3 % of
flexible endoscopic septotomy procedures (82/86, 95%Cl

90.81-99.89), and 87.5 % of rigid endoscopic septotomy proce-
dures (35/40, 95%Cl 76.79-98.21) (P=0.18). The mean proce-
dure time for flexible endoscopic septotomy (33.72 [SD 22.34]
minutes) was significantly shorter than that for both rigid
endoscopic septotomy (54.03 [SD 22.45] minutes; P<0.001)
and Z-POEM (46.13 [SD 20.34] minutes; P<0.001). The mean
length of hospital stay was 1.47 [SD 0.97] days in the flexible
endoscopic septotomy group, followed by 1.66 [SD 1.55] days
in the Z-POEM group and 4.94 [14.75] days in the rigid endo-
scopic septotomy group (P=0.006). Resolution of Zenker’s di-
verticulum on barium esophagram was similar in all three
groups (75% in the Z-POEM group, 68% in the flexible endo-
scopic septotomy group, and 80% in the rigid endoscopic sep-
totomy group; P=0.34).

Overall, 23/245 patients (9.4%) were lost to follow-up (9/
119 Z-POEM, 11/86 flexible endoscopic septotomy, and 3/40 ri-
gid endoscopic septotomy). Patients who were lost to follow-up
were not included in analysis of clinical success or failure. Clini-
cal success was evaluated at the first post-procedure follow-up
in the remaining 222 patients, after a mean of 148.92 (SD
154.8) days post-procedure. The rate of clinical success was
equivalent between the three groups: 92.7% (102/110) in the
Z-POEM group, 89.2% (33/37) in the rigid endoscopic septo-
tomy group, and 86.7 % (65/75) in the flexible endoscopic sep-
totomy group (P=0.26). Clinical failure occurred in 22 patients
(10 flexible endoscopic septotomy, 8 Z-POEM, 4 rigid endo-
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scopic septotomy; P=0.28). A comparison between clinical and
technical success is depicted in » Fig. 3. When comparing tech-
nical and clinical success between centers with low and high vol-
ume of procedures (cutoff for low/high, median 16 patients),
there was no significant difference in outcomes (Table 25s).

Symptoms recurred in 24 patients (14.7%, 95%Cl 6.86-
19.46, 15/102 Z-POEM patients with a mean follow-up of
282.04 [SD 300.48] days; 9.2 %, 95%Cl 1.52-12.77, 6/65 flex-
ible endoscopic septotomy patients with a mean follow-up of
262 [SD 266] days; 9.1%, 95%Cl 0-16.03, 3/33 rigid endo-
scopic septotomy patients with a mean follow-up of 125 [SD
237] days; P=0.47). A compilation of primary outcomes (clini-
cal success, failure, and recurrence) is shown in » Fig. 4.

Adverse events

Adverse events occurred in 34/245 patients (13.9%), including
14 (5.7 %) intraprocedural events and 20 (8.2 %) post-procedur-
al. Adverse events occurred in 30.0% of rigid endoscopic sep-
totomy patients, 16.8% of Z-POEM patients, and 2.3 % flexible
endoscopic septotomy patients (P<0.05 for all comparisons).
Most adverse events were mild/moderate (13.1%, 32/245),
and the remainder were severe/fatal (0.8%, 2/245). Both se-
vere/fatal adverse events occurred in the rigid endoscopic sep-
totomy group. Esophageal mucosotomies occurred in four pa-
tients in the Z-POEM group and were identified intraprocedu-
rally. Three of these patients were treated with endoscopic clip
closure, two of whom showed a leak on barium esophagram the
following day and underwent repeat endoscopy and treatment
with cyanoacrylate glue to close the defect [23]. In the fourth
patient with mucosotomy, closure with endoscopic clips was
unsuccessful, so an esophageal stent was placed. Hematomas
occurred in two patients, one following Z-POEM and one follow-
ing rigid endoscopic septotomy associated with wound infec-
tion. Both were managed conservatively, with antibiotics and
symptom control. Leaks were seen on esophagrams the day
after the procedure in five patients; four occurred following Z-
POEM, with contrast leakage within the submucosal tunnel.
These were managed endoscopically with cyanoacrylate glue.
One severe adverse event occurred, an esophageal perforation,
which was treated conservatively but resulted in prolonged
hospitalization (16 days). A second patient in the rigid endo-
scopic septotomy group developed a leak on computed tomog-
raphy scan on post-procedure Day 1. This was treated surgically
but hospital course was complicated and resulted in the pa-
tient’s death 94 days following the procedure. Further stratifi-
cation of adverse events can be found in Table 3s.

Discussion

Owing to the significant morbidity associated with open sur-
gery, the management of Zenker’s diverticulum has transi-
tioned to less invasive endoscopic techniques [24]. Currently
available endoscopic techniques include rigid endoscopic sep-
totomy, flexible endoscopic septotomy, and the relatively new
Z-POEM approach. To our knowledge, no prior studies have
compared the effectiveness and safety of Z-POEM with those
of flexible and rigid endoscopic techniques.

B Z-POEM [ Flexible Rigid

95 %

113/11
31119 92.7 %

102/110

89.2%
87.5% 33/37

35/40

Technical success Clinical success

» Fig.3 Comparison between technical success (P=0.18) and
clinical success (P=0.26). Z-POEM, Zenker’s peroral endoscopic
myotomy.

Total patients (n = 245)
= Z-POEM (n = 119)

= Flexible septotomy (n = 86)
= Rigid septotomy (n = 40)

Lost to follow-up
(n=23)

« Z-POEM (n = 9)
= Flexible septo-

tomy (n=11)
= Rigid septotomy
(n=3)

Clinical success

(n =200, P=0.26)

= Z-POEM (n =102,
92.7 %)

= Flexible septotomy

(n=65,86.7 %)
= Rigid septotomy
(n=33,89.2 %)

Clinical recurrence

(n=24,P=0.47)

= 7/-POEM
(n=15,14.7 %)

= Flexible septotomy

(n=6,9.2%)
= Rigid septotomy
(n=3,9.1%)

» Fig.4 Compilation of outcomes (clinical success, failure, and
recurrence). Z-POEM, Zenker’s peroral endoscopic myotomy.
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Our results are mostly compatible with available literature.
In the previously mentioned retrospective study [11], clinical
success of Z-POEM was found to be 92 %, which is comparable
to the 92.7 % in our study. In this previous study, Z-POEM was
associated with promising short-term outcomes, with only one
symptom recurrence (1.3%) at 3 months’ follow-up, which re-
quired repeat endoscopic septotomy. In our study, symptoms
recurred in 15/102 (14.7 %) Z-POEM patients over a mean fol-
low-up time of 282.04 [SD 300.48] days. This rate is higher
than expected and could be attributed to inclusion of initial Z-
POEM procedures at the various participating centers. Another
point worth addressing is whether the length of septotomy cor-
relates with the rate of recurrence. It is not possible to deter-
mine the exact length of the septotomy retrospectively. How-
ever, during Z-POEM, a complete septotomy is typically
achieved whereas during flexible and rigid endoscopic septo-
tomy some septum is left to avoid the risk of perforation and
leakage. This should be further investigated in future studies.

A recent systematic review of 20 flexible endoscopic septot-
omy studies by Ishaq et al. demonstrated a pooled clinical suc-
cess rate of 91% (95%Cl 86 %-95%), which is slightly greater
than the 86.7 % achieved in our cohort [25]. Leong et al. dem-
onstrated a 12.8% recurrence rate after rigid stapled endo-
scopic septotomy in a meta-analysis including 585 patients;
our study reported a lower recurrence rate of 9.1% [26]. A re-
cent retrospective study demonstrated fewer residual symp-
toms and better postoperative quality of life following flexible
endoscopic septotomy when compared with rigid endoscopic
septotomy [27].

The literature pertaining to both flexible and rigid endo-
scopic septotomy varies widely with regard to adverse event
rate. The systematic review and meta-analysis by Ishaq et al.,
which included 813 patients from 20 studies that examined
the effectiveness and safety of flexible endoscopic septum divi-
sion, demonstrated a pooled adverse event rate of 11.3% [25].
Our flexible endoscopic septotomy cohort had a much lower
adverse event rate (2.3%). Multiple retrospective studies have
evaluated the adverse event rate following rigid endoscopic
septotomy, reporting a range of 8.3%-12% (mostly minor,
with one death that was not directly related to the surgery)
[28,29]. Compared with these studies, our study had an overall
higher adverse event rate of 30.0% (mostly minor/moderate,
with one severe esophageal perforation and one fatal post-
operative leak). For Z-POEM, the adverse event rate was pre-
viously reported to be 6.7% in an international multicenter
study including 75 patients [11]. The adverse event rate in our
Z-POEM group was 16.8 % (all minor/moderate). This discrepan-
cy could be explained by the greater number of patients includ-
ed and the variable level of expertise in performing this novel
procedure.

The retrospective observations made in this study harbor
some expected limitations. This was a multicenter study with
potentially significant variability in techniques and follow-up
protocols across multiple centers. There is also a potential for
bias with regard to under-reporting of adverse events. In addi-
tion, the number of patients in each category was relatively
low, potentially reducing the power to observe significant dif-

ferences. However, this was the first study to formally compare
these treatment modalities and, as it includes many centers
from across the world, the findings may reflect outcomes of
real-life experience in managing Zenker’s diverticulum.

In conclusion, in this international multicenter study, our
data suggest that all three techniques are effective in the treat-
ment of symptomatic Zenker’s diverticulum. However, Z-POEM
had a higher than expected recurrence rate. Flexible endo-
scopic septotomy had a shorter procedure time, similar clinical
success, and fewer adverse events than Z-POEM and rigid endo-
scopic septotomy. Prospective studies with long-term follow-
up are required to establish more definitive conclusions regard-
ing outcomes of each approach.
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