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Flexible endoscopic treatment for Zenker’s diverticulum: from the 
lumen to the third space
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Abstract Zenker’s diverticulum (ZD) is a rare outpouching of the esophageal mucosa herniating posteriorly 
through Killian’s triangle. Treatments of ZD aim to dissect the cricopharyngeal muscle to remove 
the underlying dysfunctional condition. In the last decade, a septotomy performed utilizing a 
flexible endoscope has been reported as a safe and effective alternative to both open surgery 
and rigid endoscopic diverticulotomy. More recently, Li et al described a novel endoscopic 
technique to treat ZD, named “submucosal tunneling endoscopic septum division”, inspired by 
the peroral endoscopic myotomy (POEM) procedure developed for achalasia. Subsequently, the 
term Z-POEM was introduced and has become the most frequently used acronym to define the 
tunneling technique for ZD. This article describes the flexible therapeutic endoscopic strategies for 
treating ZD, including the novel third space approach, which seems to show promising potential 
in terms of clinical efficacy and safety.
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Introduction

Zenker’s diverticulum (ZD) is a pulsion diverticulum 
deriving from the herniation of both the mucosa and the 
submucosa of the posterior pharyngeal wall through Killian’s 
triangle, a locus minoris resistentiae situated between the oblique 

muscle fibers of the lower pharyngeal constrictor muscle 
(thyropharyngeus) and its transverse fibers, the so-called 
cricopharyngeal muscle (CM) [1]. The CM itself, together with 
the intrinsic musculature of the upper esophagus, forms the 
upper esophageal sphincter (UES). The pathogenesis of ZD is 
not completely understood; however, it appears to be related 
to impaired UES compliance [2]: the altered relaxation of the 
CM during swallowing causes an inadequate clearance of the 
bolus from the hypopharynx, leading to increased intraluminal 
pressure and the development of a ZD over time [3].

ZD is the most common hypopharyngeal diverticulum, 
with an estimated prevalence of 0.01-0.11%. Since the number 
of asymptomatic patients is unknown [4], the true prevalence is 
likely to be significantly higher. It is more frequently diagnosed 
in the “western world” (Northern Europe, the United States, 
Canada and Australia), with a prevalence in males in the 7th 
and 8th decades of life, while it is a very rarely reported finding 
in Eastern countries [4]. 

The major symptom is dysphagia, which occurs in 80-
90% of patients. Other reported symptoms are regurgitation, 
foreign body sensation, halitosis, chronic cough and systemic 
complications such as weight loss, and aspiration pneumonia. 

Treatment is indicated for symptomatic ZD [5]. The 
treatment of ZD aims to transect the CM to eliminate the 
septum between the diverticulum and the upper esophagus, 
thus relieving the dysfunctional condition. Currently there are 3 
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main therapeutic approaches for dealing with symptomatic ZD: 
open trans-cervical diverticulectomy [6], and cricopharyngeal 
septotomy using either a rigid [7] or a flexible endoscope. The 
decision as to whether to use an open or a transoral approach 
is based on weak recommendations and low-quality evidence, 
given the lack of high-quality comparative studies [5]. In daily 
practice, it depends on several factors, including the anatomy 
and size of the diverticulum, the patient’s current health status, 
comorbidities, patient preference, and local expertise.

Transcervical diverticulectomy is an effective option, with 
both a low risk of technical failure and a low recurrence rate [6]; 
however, septotomy performed through a rigid endoscope 
has been shown to achieve comparable efficacy outcomes [8], 
resulting in quicker diet resumption, lower adverse event rates 
and a shorter inpatient stay [8-11].

Nevertheless, approaches using rigid endoscopy have 
several limitations, such as the need for general anesthesia 
and significant rates of intraoperative failure (5-10%). Small 
diverticular size (<3 cm), inadequate jaw opening and 
restricted neck mobility are the main causes of technical 
failure [10,11]. During the last few decades, in an effort to 
overcome such limitations, flexible endoscopic approaches 
have been established as safe and effective alternatives to 
both open surgery and the rigid endoscopic treatments [12]. 
This paper aims to provide a comprehensive point of view on 
flexible endoscopic therapies for ZD, from the “classic” flexible 
endoscopic septum division (FESD), to the most cutting-edge 
third space approaches.

Luminal flexible endoscopic approaches

FESD (Fig.  1A) was first described by Mulder and 
Ishioka   [13,14] more than 20 years ago. It shares the same 
principles and rationale as rigid endoscopy: it involves a full 
thickness incision of the mucosa, submucosa and the muscular 
fibers that form the diverticular septum. By cutting the entire 
septum and creating a common cavity between the esophagus 
and diverticulum, a myotomy is automatically performed 
(Fig. 2).

Procedure

Differences in the sedation approach to these patients have 
been recorded in the published papers. Several authors still 
prefer to perform FESD under general anesthesia [15], with 
many others preferring propofol-based deep sedation in the 
majority of patients [16].

The procedure is performed with the patient in the left 
lateral decubitus position. No prophylactic antibiotic therapy 
is required. It begins with initial endoscopic examination 
of the pouch and suction of any retained material from 
the diverticulum. Prior to performing the procedure, it is 
common practice to introduce a nasogastric/orogastric tube 
via a guidewire that has been advanced under endoscopic 

guidance into the gastric cavity. It is useful to constantly 
recognize the esophageal lumen by visualizing this tube during 
myotomy [17]. Less commonly, instead of the orogastric tube, 
some endoscopists use a soft diverticuloscope (ZD overtube, 
ZDO-22-30; Cook Medical, Winston-Salem, North Carolina), 
placed as an overtube in the hypopharynx, to stabilize and 
visualize the septum. Even though the diverticuloscope might 
potentially improve safety and maneuverability, there are 
no significant differences in clinical outcomes between the 
different approaches [18-21].

A distal attachment, such as a standard short transparent 
cap, is also frequently used to enhance visualization, improve 
endoscope stability, and gently stretch the septum at the time 
of its incision. In addition to the different accessories that 
can be selected to improve septum exposure, varying cutting 
techniques and devices can be used (needle-knife, hook-knife, 
monopolar forceps, argon plasma coagulation) depending on 
the endoscopist’s training and personal experience, with the 
most commonly used devices being the hook knife and the 
needle knife (Olympus medical, Tokyo, Japan) (Electrocautery 
settings: Endocut 1.0, Forced coag 4.0) [19,21-25]. Submucosal 
injection is not required before septotomy. After septotomy, 
one or more endoclips (usually up to 3 clips) are routinely 
placed to close the incision to reduce the likelihood of delayed 
perforation or bleeding.

Additional endoscopic approaches have been described, 
involving harmonic scalpels, stapling devices, the stag beetle 
knife (SB Knife, Sumitomo Bakelite, Tokyo, Japan), and 
polypectomy snares [26-28]. However, they are still anecdotal. 

Clinical follow up is indicated and postprocedural 
radiography via barium esophagography or computed 
tomography scan is not advised, unless there is persistence or 
recurrence of symptoms.

Outcomes

Available data from published series have reported safety and 
efficacy using various techniques and devices, with a high rate 
of durable symptom relief (>90%) and a low rate of diverticular 
recurrence. In 2016, Ishaq et al [29] investigated outcomes of 
FESD by pooling data from the available series, reporting a 
success rate of 91% with a recurrence rate of 11.6%. However, 
most of these studies were retrospective, and comparison 
among different studies is biased because there is no consensus 
as to the definition of post-procedural clinical success.

In terms of safety, a pooled adverse event rate of 13%, mainly 
due to perforation (7%) and bleeding (5%), was reported by 
a more recent meta-analysis [30], in line with the previous 
findings by Ishaq et al [29]. Rarer adverse events, including 
pneumonia, fever, subcutaneous emphysema and neck abscess 
formation, were also reported. The risk of complications does 
not appear to be related to either clinical (ZD size or previous 
treatments) or technical aspects, such as the type of sedation or 
the cutting device used [29,31].

There are no studies comparing the open (surgical) approach 
and flexible endoscopic treatment. However, FESD efficacy and 
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safety outcomes were shown to be comparable to those achieved 
by transoral septotomy with a rigid endoscope  [16,32], yet 
with a less invasive approach. As a matter of fact, it can be 
performed without general anesthesia and does not require 
neck hyperextension (as is necessary for the rigid endoscopic 
procedure) [13,24]. Consequently, the procedure can be safely 
performed in the gastrointestinal endoscopy suite, even in an 
outpatient setting [16].

The need for general anesthesia and the high rate of 
intraoperative abandonment owing to restricted neck mobility, 
combined with comparable success and adverse events rates 
have led the European Society of Gastrointestinal Endoscopy 
(ESGE) to recommend the use of FESD as the first-line therapy 
for ZD [5].

Third-space flexible endoscopic approaches

Recent advances in natural orifice transluminal 
endoscopic surgery (NOTES) have given rise to novel 

myotomy techniques  [33]. Recently, Li et al described a 
novel endoscopic technique to treat ZD, named “submucosal 
tunneling endoscopic septum division” [34], inspired by the 
peroral endoscopic myotomy (POEM) procedure developed 
for achalasia [35]. Subsequently, the term Z-POEM was 
introduced by Hernández Mondragón et al [36] and was 
adopted in further studies as the preferred acronym to define 
the tunneling technique for ZD (Fig. 1B).

The theoretical advantage of this approach is that it can 
more readily perform a complete transection of the entire 
muscular septum by operating within a submucosal tunnel, 
thus maintaining the mucosal integrity (Fig. 3). This procedure 
has the potential to reduce the risk of perforation, mediastinitis 
and recurrence [34].

As with the FESD technique, the procedure is performed 
with the patient in the left lateral decubitus position. No 
prophylactic antibiotic therapy is required. Submucosal 
injection and subsequent longitudinal mucosotomy are 
performed 3 cm proximal to the septum as the tunnel entry. 
A submucosal tunnel is then created along both sides of the 
septum, ending 1-2 cm distal to the bottom of the diverticulum, 
in order to have an adequate endoscopic view of the entire 
muscular septum. The CM fibers of the septum are then 
transected down to the bottom of the diverticulum and further 
into the normal esophageal muscle. The mucosal incision site 
is finally sealed with up to 3 clips.

After preliminary reports [34-37], Yang et al [38] collected 
data from an international multicenter cohort showing a 
promising clinical success rate of 92% with a perforation 
rate of 5.5%. Even if a direct comparison with standard 
FESD is lacking, a mean procedural time of around 50 min is 
undoubtedly longer compared to the standard approach. This 
was perhaps to be expected, considering that all participating 
centers shared their initial Z-POEM cases at the beginning 
of their learning curve. However, these data were confirmed 
by the first comparison study presented at the 2020 Digestive 
Diseases Week by Aslan et al [39]. Still, retrospectively matching 
20 FESDs and 9 Z-POEMs might not be considered a reliable 
way to corroborate the strength of a third space approach; thus, 
future studies are needed. 

Figure  2 Endoscopic view after complete septotomy by flexible 
endoscopic septum division approach
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Figure 1 Flexible endoscopy options: (A) Flexible endoscopic septum division, (B) Zenker peroral endoscopic myotomy (Z-POEM), (C) Peroral 
endoscopic septotomy (POES)
*Submucosal access in Z-POEM is located proximally to the septum, in the hypopharynx. **Submucosal access in POES is located at the top of the 
septum
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More recently, Repici et al [40] conceived of an alternative 
third space approach, called peroral endoscopic septotomy 
(POES), to overcome the technical challenges of the Z-POEM 
technique. In the “standard” Z-POEM approach, the initial 
mucosotomy has to be created approximately 1-3 cm proximal 
to the septum, at the boundaries between the pharynx and 
the UES. In this area, muscular spasm as well as anatomical 
limitations may reduce the ability to properly open and close 
the mucosal incision. Hence, in order to gain direct access to 
the ZD muscular septum without the need of long tunneling 
starting at pharyngeal level, they proposed to perform the 
mucosal cut alongside the long axis of the septum, and directly 
on top of it [40,41] (Fig. 4).

Unlike the “classic” Z-POEM, a procedural time of 
13.8±5.1  min seems to be comparable with standard FESD. 
Further, a clinical success rate of 95% with no intra- or 
postprocedural adverse events and only 4 instances of mild 
asymptomatic subcutaneous emphysema were reported. The 
procedure was performed on 16 of 20 patients in an outpatient 
setting with same-day discharge. Overall, the mean hospital 
stay was 1.2±0.4 days.

Discussion

The flexible endoscopic approach is recommended over 
surgery (transcervical diverticulectomy and rigid endoscopic 
septotomy) by current guidelines [5]. The next step will be the 
understanding of the clinical indication for each technique. 
Currently, there are no randomized trials or long-term studies 
to determine which is the most effective procedure and which 
one is durable. This is directly reflected in the lack of high-
quality, strong recommendations for the management of ZD. 
For instance, in the choice of best therapeutic approach the most 
important factor is the experience of the operator (both surgeon 
and endoscopist). Unfortunately, the low incidence of the 
condition makes it more difficult to conduct a large-scale study 
and therefore to personalize the therapeutic approach in ZD.

Concerning the FESD technique, both the efficacy and 
the safety seems to be related to a simple question: how 
much to cut? Unfortunately, this topic is still difficult to 
standardize, mainly because of the lack of unequivocal 
anatomic landmarks. The only advice to be given is to 
reach the end of the pouch in order to have a unique cavity 
along with the esophageal lumen. Of course, third space 
approaches bypassed this problem by taking advantage of a 
tunneling technique. This permits the performance of longer 
myotomies without the fear of serious complications related 
to myotomy extension.

On the other hand, several issues are still open regarding 
tunneling techniques. First of all, the anatomical site is 
quite different from the distal esophagus where POEM was 
developed. The narrower location and the lack of an external 
muscular layer at the hypopharyngeal site may lead to a more 
challenging procedure with the risk of serious adverse events 
and a longer learning curve. However, in the first reports no 
cases of mediastinitis were reported. Secondly, third space 
approaches involve dissection of the CM, leaving the pouch 
sac unchanged. In large diverticula, the remnant mucosal 
excess might potentially result in a pseudo-diverticulum 
that could theoretically lead to persistence of symptoms. Of 
course, in the initial experience by Yang et al [38] no size-
limits were applied, yet the treatment still showed promising 
efficacy. Thus, hopefully future evidence will rule out this 
potential drawback, eliminating the clinical relevance of 
the mucosal excess in larger diverticula. With this in mind, 
in Fig. 5 we have summarized the difference instances in an 
attempt to outline a hypothetical flowchart, as evidence-based 
as possible, to help the reader’s orientation in this evolving 
scenario.

In conclusion, flexible endoscopic approaches are effective 
and safe options for managing ZD. Data on third space 
techniques are promising as regards the further improvement 
in patient outcomes; however, further studies are required to 
define which patients could benefit the most from such an 
approach.

Figure 3 Endoscopic view after complete myotomy by Zenker peroral 
endoscopic myotomy (Z-POEM) approach (intra-tunnel view)

Figure  4 Mucosal incision at the top of the septum for third-space 
access during peroral endoscopic septotomy (POES) approach
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