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Zenker’s diverticulum: advancing beyond the tunnel
VIDEO
Linda Y. Zhang, MBBS,1 Jose Nieto, DO,2 Saowanee Ngamruengphong, MD,1

Alessandro Repici, MD, PhD,3 Mouen A. Khashab, MD1
Background and Aims: Zenker’s diverticulum (ZD) is attributed to a poorly compliant cricopharyngeus muscle,
and the mainstay of treatment is a cricopharyngeal myotomy. We present a video series summarizing endoscopic
treatment options for ZD and related conditions.

Methods: We review the rationale and key technique for various endoscopic treatment modalities for ZD, crico-
pharyngeal bar, and other esophageal diverticula.

Results: Standard flexible endoscopic cricopharyngeal myotomy involves the division of the common wall or
septum of the ZD, aiming for complete transection of the cricopharyngeus. However, recurrence rates are
high, likely owing to incomplete myotomy. Zenker’s peroral endoscopic myotomy (Z-POEM) uses a proximal sub-
mucosal tunnel to provide direct visualization of the cricopharyngeus and septum, allowing confirmation of com-
plete myotomy. We demonstrate an over-the-septum modification to simplify the technique. Submucosal fibrosis,
commonly seen in patients with prior treatment, limits submucosal dissection. We present a hybrid technique to
overcome this, whereby a traditional septotomy is performed until submucosal tissue is visualized. The intact
mucosal flap after Z-POEM in a large ZD may contribute to residual dysphagia. We propose Z-POEM with muco-
sotomy for large ZD. Finally, we demonstrate modifications for treatment of other esophageal diseases, including
cricopharyngeal bar and non-Zenker’s esophageal diverticula.

Conclusion: Endoscopic treatment options for ZD and related conditions are rapidly expanding. With careful
tailoring to individual patient characteristics, our expanding arsenal of options allows effective and safe treatment
of a broad spectrum of patients. (VideoGIE 2021;6:562-7.)
INTRODUCTION

Zenker’s diverticulum (ZD) is attributed to impaired cri-
copharyngeal muscle distensibility during swallowing1 and
can result in symptoms including dysphagia, regurgitation,
aspiration, cough, and weight loss. The mainstay of
treatment is a cricopharyngeal myotomy. Traditional
management options include open surgery (transcervical
diverticulectomy, diverticulopexy, or diverticular
inversion with or without cricopharyngeal myotomy) and
rigid endoscopy (using stapling or CO2 laser treatment).
However, these options are limited by significant
morbidity and mortality, particularly in the elderly and
often comorbid ZD population.2

Since its introduction, flexible endoscopic ZD treatment
has rapidly gained traction and emerged as an excellent
first-line treatment option, particularly for small to moder-
ate diverticula.3 The past decade has seen multiple
emerging techniques in flexible endoscopic ZD treatment
(Table 1). This case series will review these advances in
the treatment of ZD and related conditions (Video 1,
available online at www.giejournal.org). We will detail the
key steps and technical tips behind each procedure.
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METHODS

Patients reporting typical symptoms as described earlier
are comprehensively evaluated with a full clinical history,
contrast swallow study, and diagnostic upper endoscopy.
If there is any concern for impaired swallow initiation or
coordination, patients are referred for a modified barium
swallow and review by speech/language therapy. If there
is concern for esophageal dysmotility, patients undergo
high-resolution esophageal manometry. Symptomatic pa-
tients with ZD as confirmed on contrast swallow study
and/or upper endoscopy are offered treatment. Procedures
are performed with the patient under general anesthesia
and in a supine position.

The traditional method of flexible endoscopic crico-
pharyngeal myotomy (FECM) involves the division of the
entire common wall or septum of the ZD, aiming for a
complete myotomy of the cricopharyngeus. Zenker’s
peroral endoscopic myotomy (Z-POEM) uses a proximal
submucosal tunnel to provide direct visualization and
exposure of the cricopharyngeus and septum. Because
the mucosa is kept intact, aggressive myotomy can then
be performed. We demonstrate a modification to simplify
www.VideoGIE.org
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TABLE 1. Summary of flexible endoscopic Zenker’s diverticulum treatment

Procedure Technique summary Pros Cons

Traditional FECM � Single midline incision and division
of entire septum

� Incision extends to base of
diverticulum

� Most available literature
� Does not require submucosal

tunnel

� Unable to assess myotomy
completeness

� Potentially higher recurrence rates*

Flexible endoscopic
cricopharyngeal
myectomy8,y

� Double incision technique resulting
in wedge-shaped resection of
septum

� May reduce recurrence rate*
� Does not require submucosal

tunnel

� Unable to assess myotomy
completeness

� Limited long-term data

Z-POEM � Proximal mucosal incision and
submucosal tunnel

� Muscular septum is exposed before
myotomy

� Overlying mucosa left intact

� Ensures complete myotomy
� May reduce recurrence rate*
� Intact mucosal layer protects

against leak*

� Technically challenging
� Limited long-term data
� Closure within limited working

space
� Residual mucosal flap may cause

dysphagia in large Zenker’s
diverticula*

Modified over the
septum Z-POEM

� Z-POEM with mucosal incision and
submucosal tunnel at level of
septum

� Reduces submucosal tunnel and
improves working space during
closure

� Ensures complete myotomy
� May reduce recurrence rate

and leak*

� Technically challenging
� Technique limited to small

series and case reports
� Residual mucosal flap may cause

dysphagia in large
Zenker’s diverticula*

Modified Z-POEM
with
mucosotomy

� After modified Z-POEM, the mucosal
flap is stabilized and incised to the
base of the diverticulum

� Entire incised area is closed

� Exposing the muscular septum
allows complete myotomy

� Reduces postprocedure dysphagia
due to residual mucosal flap*

� Additional technical challenges
� Technique limited to case reports

Hybrid Z-POEM � Used if submucosal scarring limits
tunnel formation

� Standard FECM performed until
submucosal tissue visualized

� Z-POEM technique then used to
expose muscular septum

� Allows treatment of recurrent/
residual Zenker’s diverticula

� Exposing the muscular septum at
the base of the diverticulum
allows complete myotomy

� May reduce recurrence rate*

� Additional technical challenges
� Technique limited to case reports

FECM, Flexible endoscopic cricopharyngeal myotomy; Z-POEM, Zenker’s peroral endoscopic myotomy.
*Perceived theoretical benefit; no high-quality data available.
yNot included in video case series.
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the technique by performing submucosal injection and
mucosal incision directly over the septum. Proposed ad-
vantages of this technique include shorter procedure
time and potentially decreased risk, although this remains
to be proven in prospective comparative studies.

Submucosal fibrosis, commonly seen in patients who
have undergone prior treatment, limits submucosal dissec-
tion. In this setting, a hybrid technique can be adopted,
whereby a traditional septotomy is performed until submu-
cosal tissue is visualized. Submucosal tunneling then allows
exposure of the base of the septum for a full-thickness my-
otomy. A major difference between Z-POEM and standard
FECM is that the mucosal flap is left intact after Z-POEM.
For management of large ZD, where persistence of the
mucosal flap may contribute to residual dysphagia, we pro-
pose Z-POEM with mucosotomy. The added tunneling
technique in Z-POEM with mucosotomy allows exposure
of the muscular layer at the critical point (ie, at the base
of the diverticulum). This helps to ensure that a complete
myotomy is achieved, theoretically reducing the risk of
recurrence, although comparative trials are awaited to
confirm this. Finally, the demonstrated techniques can be
www.VideoGIE.org
adapted to treatment of other esophageal diseases. For
example, despite the absence of a diverticular pouch or
septum in cricopharyngeal bar, a modified Z-POEM can
be performed. Furthermore, concurrent cricopharyngeal
bar and distal esophageal diverticulum can be treated in
a single session.

PATIENTS

Flexible endoscopic cricopharyngeal myotomy
The rationale behind FECM is a complete division of the

septum, including the cricopharyngeus muscle (Fig. 1). The
aim is for a complete myotomy; however, this can be
difficult to gauge endoscopically, and an incomplete
myotomy is believed to be a large contributor to reported
recurrence rates of 11%.4 Multiple variations in technique
exist between institutions, including cutting device, use of
a diverticuloscope or other accessory, and whether a
prophylactic clip is placed at the apex of the incision.

A septal exposure device, including a diverticuloscope
or a transparent distal attachment, is often used. The diver-
ticuloscope is specifically designed to straddle the
Volume 6, No. 12 : 2021 VIDEOGIE 563

http://www.VideoGIE.org


Figure 1. Traditional flexible endoscopic cricopharyngeal myotomy. A, The septum separates the Zenker’s diverticulum (D) from the esophageal lumen
(E). A nasogastric tube is placed to delineate the true esophageal lumen. B, After transection of the septum including the cricopharyngeal muscle,
through-the-scope clips are placed at the apex of the defect.
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cricopharyngeus between 2 flaps. In the absence of a diver-
ticuloscope, nasogastric tube placement can be used to
delineate the esophagus. This is often placed under endo-
scopic visualization or over a guidewire to prevent inadver-
tent injury to the ZD during passage. We prefer the use of a
transparent distal attachment, which improves visualiza-
tion, increases working space, and optimizes equipment
positioning. In our first case, a nasogastric tube was used
to delineate the true esophageal lumen. A stag beetle knife
(Olympus America, Center Valley, Pa, USA) was used to
transect the septum until the most inferior aspect of the
diverticulum was reached. Through-the-scope clips
(TTSCs) then were placed at the apex of the incision to
prevent perforation. There is controversy regarding the
need for a prophylactic clip at the base of the defect,
and this practice differs among institutions.
Z-POEM
Z-POEM follows a principle similar to that for treatment

of achalasia by standard esophageal POEM. That is, submu-
cosal tunneling starting proximal to the diverticular septum
allows full exposure of the muscular layer, thereby allowing
a complete myotomy (Fig. 2). Because an incomplete
myotomy is believed to be a large contributor to
recurrence after standard septotomy, this theoretically
reduces the risk of recurrence. In case 2, a submucosal
injection using a premixed solution of indigo carmine and
normal saline solution was performed 1.5 cm proximal to
the Zenker’s septum to create a mucosal bleb. A mucosal
incision was then made along the axis of the septum. The
submucosal space was then entered and tunneling was
performed to the septum. Intraprocedural bleeding was
treated using coagulation graspers (Coagrasper, Olympus
America) and soft coagulation (ERBE Medical, Marietta,
Ga, USA). Submucosal dissection was continued until the
septum was completely exposed on both sides. A
complete myotomy was then performed, transecting
564 VIDEOGIE Volume 6, No. 12 : 2021
through the cricopharyngeal muscle and extending a few
centimeters into esophageal muscle. Mucosal closure was
attained using TTSCs placed sequentially in close
approximation across the entire defect. Short-stemmed
clips are preferred in this proximal location, because this de-
creases the foreign body sensation for patients.

Notably, despite the positive outcomes, Z-POEM has not
attained widespread uptake, being a technically chal-
lenging procedure. Long-term outcomes and comparative
trials are awaited. Pending this, the only guideline so far
considers Z-POEM and other tunneling techniques to be
experimental.5

Modified over-the-septum Z-POEM
In a modified Z-POEM, submucosal injection followed

by mucosal incision is performed directly over the septum
(Fig. 3). In contrast to achalasia, visualization of the
Zenker’s septum negates the need for proximal
tunneling. In the third case, a submucosal injection was
performed directly over the septum, followed by a
mucosal incision along the axis of the septum.
Subsequent steps, including dissection to expose the
septum and full-thickness myotomy through the cricophar-
yngeus into esophageal muscle, are as per the prior itera-
tion. Notably, the modification negates the need for
proximal tunneling, improves working space during
mucosal closure, and improves visualization of closure ad-
equacy. This theoretically reduces the risk of leak and is
now the preferred technique at our institution.

Z-POEM with mucosotomy
Importantly, during FECM or Z-POEM, diverticulec-

tomy is not performed. However, particularly because
the mucosa is left intact during Z-POEM, a large mucosal
flap can contribute to residual symptoms (Fig. 4). In case
4, we demonstrate the addition of a mucosotomy in a
large ZD (Fig. 5). After completion of myotomy as part
www.VideoGIE.org
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Figure 2. Standard Zenker’s peroral endoscopic myotomy (Z-POEM). A, Submucosal injection is performed a short distance proximal to the septum.
B, Mucosal incision is performed. C, The submucosal space is entered. D, Submucosal tunneling is performed until the septum is reached. E, Submucosal
dissection is performed on either side of the muscular septum. F, A stag beetle knife is used to transect the septum. G, Myotomy of the entire cricophar-
yngeus and extending a short distance distally. H, Mucosal closure using through-the-scope clips.

Figure 3. Standard Zenker’s peroral endoscopic myotomy (Z-POEM) versus modified over-the-septum Z-POEM. A, Standard Z-POEM with submucosal
injection (blue circle) proximal to the septum to allow mucosal incision (black dotted line) and submucosal tunnelling (blue dotted line). Once the
septum is exposed, dissection is performed on either side, before a myotomy is performed (red arrow) to transect the septum including the cricophar-
yngeal muscle. B, Over-the-septum Z-POEM with submucosal injection (blue circle) directly over the septum and mucosal incision (black dotted line)
along the axis of the septum. Submucosal dissection is performed on either side of the septum (blue asterisks) to expose it before full-thickness myotomy
(red arrow). D, Diverticulum; E, esophageal lumen.
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of an over-the-septum Z-POEM, the residual mucosal flap
was stabilized with placement of TTSCs at either end of
the mucosal incision. The mucosa between the 2 clips
was then transected sequentially until the most inferior
aspect of the diverticulum was reached. This technique
allows a wider communication between the diverticulum
and esophageal lumen, thereby improving preferential
passage of food contents to the true esophageal lumen.
Complete closure is vital and was achieved by sequential
clip placement in our patient, although this could be
tailored to the endoscopist’s technical skill set and
preference.

Hybrid technique for treatment of recurrent ZD
Recurrence of ZD after treatment is not uncommon,

and patients increasingly present after prior surgical or
www.VideoGIE.org
endoscopic treatment. In case 5, a patient with prior surgi-
cal ZD treatment presented with recurrent symptoms. At
endoscopy, surgical staples were seen, consistent with
prior therapy. Submucosal injection resulted in minimal
lift, and the submucosal plane was not readily identifiable.
Thus, a standard septotomy was commenced. The septot-
omy was continued through fibrotic tissue until submuco-
sal tissue was visualized. Injection of the premixed indigo
carmine and normal saline solution into the submucosal
tissue was then able to delineate the submucosal plane, al-
lowing a submucosal tunnel to be created. The benefit of
this procedure over standard FECM is that tunneling can
be performed at the crucial pointdthe base of the divertic-
ulumdto allow direct visualization and confirmation of a
complete myotomy, again theoretically reducing the risk
of recurrence.
Volume 6, No. 12 : 2021 VIDEOGIE 565
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Figure 4. Zenker’s peroral endoscopic myotomy (Z-POEM) with mucosotomy. A, The septum separates the Zenker’s diverticulum from the true esoph-
ageal lumen. B, After Z-POEM, a large residual mucosal flap can contribute to persistent symptoms. C, Transection of the mucosal flap to the most inferior
aspect of the diverticulum widens the communication between the diverticulum and the esophagus, thereby favoring preferential passage into the true
esophageal lumen.

Figure 5. Mucosotomy. A, After over-the-septum Z-POEM, the mucosal flap is stabilized with placement of one through-the-scope clip at either end.
B, The stag beetle knife is used to transect the mucosal flap. C, The mucosal flap is incised down to the most inferior aspect of the diverticulum.
D, The entire mucosal defect is closed with through-the-scope clips. Z-POEM, Zenker’s peroral endoscopic myotomy.
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Treatment of other upper esophageal disorders
The submucosal tunneling technique is highly modifi-

able and can be tailored for the management of other up-
per esophageal disorders.

In a cricopharyngeal bar, there is no diverticulum or
septum; however, a similar technique can still be adopted.
Case 6 demonstrates a patient with a prominent cricopha-
ryngeal bar. In this setting, mucosal incision and tunneling
was commenced proximal to the cricopharyngeus, which
allowed clear identification of the thickened cricopharyng-
566 VIDEOGIE Volume 6, No. 12 : 2021
eus. This allowed a full-thickness myotomy of the crico-
pharyngeus, extending a short distance distally.

The final case demonstrates treatment of a combination
of prominent cricopharyngeus and an upper esophageal
diverticulum distally. The submucosal tunnel was
commenced proximal to the cricopharyngeus and
extended beyond the diverticular septum to normal esoph-
ageal muscle. This exposed both the cricopharyngeus and
the muscular diverticular septum, allowing full-thickness
myotomy of both. Closure was then attained with TTSCs.
www.VideoGIE.org
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This case demonstrates that the technique can be extrapo-
lated for treatment of other esophageal diverticula, so-
called diverticular POEM, or D-POEM.6

Prevention and management of adverse events
Case 2 demonstrated the management of intraproce-

dural bleeding. The cutting knife with the tip retracted
can be used to treat small vessels; however, there should
be a low threshold to use coagulation graspers for treat-
ment of larger vessels. Treatment should be applied away
from the mucosa where possible. Any active bleeding
should be promptly addressed because even a small
amount of blood within the tight submucosal tunnel can
rapidly obscure views, making not only hemostasis but
also the remainder of the procedure more difficult. The
bleeding point should be identified, and the clear cap
should be carefully but firmly pressed against the area to
provide tamponade should there be any delay in obtaining
the necessary equipment.

Another adverse event that can cause significant
morbidity is perforation. Before closure, the entire treated
area, particularly the mucosa on both the diverticular and
esophageal sides, should be closely inspected for inadver-
tent injuries. Intraprocedural identification of inadvertent
mucosotomies can usually be successfully closed with
TTSCs and/or suturing. Secure closure of the mucosal inci-
sion site is key. TTSCs are commonly used; however, equip-
ment choice can depend on endoscopist experience and
preference. Clip loss in edematous mucosa in the setting
of peroral endoscopic myotomy for achalasia is a significant
predictor of closure site dehiscence.7 Accordingly, we
recommend delaying the procedure, if possible, if
significant mucosal inflammation is encountered. If the
procedure cannot be postponed, we recommend
consideration of an alternate closure modality such as
suturing. Routine postprocedure contrast swallow study is
frequently used for early detection of leaks, although no
studies have specifically addressed its utility.
RESULTS

All patients were successfully managed with no postpro-
cedure adverse events or residual dysphagia at time of last
follow-up.
CONCLUSION

Endoscopic treatment options for ZD and similar esoph-
ageal diseases are rapidly expanding. There is heterogene-
ity in techniques and equipment used. However, the
techniques are highly modifiable, and with careful tailoring
to individual patient characteristics, our expanding arsenal
www.VideoGIE.org
of options has resulted in the ability to treat a broader
spectrum of patients and conditions.
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