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Introduction

Zenker’s diverticulum (ZD) is a rare disease with an 
incidence of <1/100,000 cases with a higher prevalence 
in the elderly population (patients aged between 70 and  
80 years) (1), usually with a high comorbidity. It is the most 
common diverticulum among hypopharyngeal diverticula. 
The pharyngeal pouch includes the mucosal and the 
submucosal layers only, hence making it a false pulsion-
type diverticulum (2,3). Abraham Ludlow first described 
ZD in 1,769 during an autopsy. However, it was not until 
1877 that the German pathologists von Zenker and von 

Ziemssen fully described the disease based on a large series 
of patients, thereby obtaining the eponym (4). 

Pathophysiology

ZD occurs in a region of muscle weakness, located between 
the inferior pharyngeal constrictor and the cricopharyngeal 
muscle (CPM). This triangular-shaped region is referred 
to as Killian’s triangle (5) (Figure 1). Although the 
pathophysiology has not been completely elucidated, ZD 
is considered to originate from uncoordinated pharyngeal 
contractions and upper esophageal sphincter (UES)  
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dysfunction. The increased hypopharynx intraluminal 
pressure during swallowing combined with incomplete 
CPM relaxation and inadequate opening of the UES result 
in luminal pressurization forcing the mucosa and submucosa 
to posterior herniation (6). In addition, age-related 
anatomical and physiological changes such as impaired 
pharyngeal swallowing phases, decreased cells in Auerbach’s 
plexus, and functional changes such as fibrosis, atrophy, 
hypertrophy and inflammation may contribute to the 
higher incidence in the elderly population (7). Additionally, 
in aged population, numerous swallows requiring bolus 
clearance can also produce an increased intrabolus pressure, 
explaining the disease’s high incidence in the elderly (8). 

Studies have also suggested that gastroesophageal reflux 
disease can predispose to increased pressure in the UES (9).

Diagnosis

Diagnosis of Zenker diverticula is symptom-driven. The 
primary leading symptomatology includes dysphagia, 
regurgitation, halitosis, weight loss, malnutrition, and 
aspiration pneumonia, which is the most severe adverse 

event that increases morbidity and considerably affects 
quality of life (10,11). The diagnosis of ZD is mostly based 
on barium esophagogram, which is the reference standard. 
Radiologically, ZD appears as an outpouched sac filled with 
contrast in the posterior aspect of the pharyngoesophageal 
junction (Figure 2). In 1953 Brombart described ZD 
classification according to the disease progression from 
initial to advance stages (12). It consists of 4 types: type I 
diverticula are only visible during the UES’s contraction 
phase, whereas type IV diverticula are large and resulting in 
esophageal compression.

Small diverticula can be missed out during the 
radiographic examination due to image superimposition. 
Dynamic fluoroscopy can improve detection as it allows 
for patient rotation (13). Esophagogastroduodenoscopy 
(EGD) provides anatomical information. It is essential 
before surgical management to rule out malignancy 

Inferior pharyngeal 
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Figure 1  ZD occurr ing  in  Ki l l i an ’s  t r iangle  which i s 
located between the inferior pharyngeal constrictor and the 
cricopharyngeal muscle. ZD, Zenker’s diverticulum.

Figure 2 Anterior-posterior view of a barium esophagogram 
showing contrast within a Zenker’s diverticulum. 
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(0.4% to 1.5% incidence) (14,15). Although esophageal 
manometry (EM) is not mandatory, it can be used to 
evaluate pharyngoesophageal motility during swallowing. 
It can detect a hypertonic UES or any dyskinesia and 
document maximal pressure in the ZD (16). However, 
pharyngoesophageal pressure monitoring is complex due 
to asymmetric sphincter pressures and sphincter movement 
during swallowing (17) conditioning failure to detect 
abnormalities in 40% to 60% of patients with ZD (18). 
Recently, high‐resolution manometry (HRM) thanks to 
high spatial and temporal resolution has improved our 
ability to capture pharyngeal pressure events demonstrating 
that the changes occurring at the CPM appear to result in 
persistent UES pressurization during UES opening, rather 
than in a high tonic resting pressure (19). 

Treatment

Therapeutic management of ZD is guided by two main 
factors; patient’s symptoms and diverticular size. For 
asymptomatic diverticula <1 cm a conservative treatment 
is indicated with regular esophagograms during the  
follow-up (20). Surgical treatment should be addressed 
to symptomatic patients with or without associated 
complications with the objective of relieve symptoms 
and improve quality of life (11). Alarm symptoms that 
should prompt treatment because of the high risk for 
developing pulmonary aspiration are coughing while eating, 
regurgitation of food and choking.

Two main approaches for the ZD management have 
been described, namely open and transoral (endoscopic) 
approaches. Historically, ZD was treated with an open neck 
cervicotomy and diverticula excision, later associated with 
a CPM myotomy (21,22). The open approach morbidity 
includes recurrent laryngeal nerve injury in 3%, leak or 
perforation in 3% and cervical infection in 2% with an 
overall morbidity of 11%. Yuan et al. reported a success 
rate in symptoms resolution after the open approach of 
93–95% and a recurrence rate of 2.9%. However, compared 
to endoscopic therapy higher morbidity and mortality were 
reported (11% vs. 8.7% and 0.9% vs. 0.4% for the open and 
endoscopic approach respectively) (23). 

Nowadays the open surgical approach is no longer the 
gold standard. With the evolution of endoscopic techniques 
as well as an improved understanding of the underlying 
pathophysiology, ZD is mainly treated with transoral 
endoscopic flexible or rigid techniques due to their cost-
effectiveness and lower risk of adverse events as compared 

to the conventional open approach (9). As a matter of fact, 
the endoscopic approach has shown its superiority in terms 
of shorter operative time, shorter length of hospital stay, 
and a faster oral intake resumption. Additionally, flexible 
endoscopy is not limited by the diverticula size. Smaller 
1–2 cm diverticula are more challenging to treat surgically, 
as advancing a stapling device into a smaller space can be 
difficult. The open approach continues to be an efficient 
option for patients with complex ZD endoscopic exposure, 
reported in 4.4–18% (24,25) of the procedures, and in 
selected cases such as patients in whom symptomatology 
persists after the initial therapy and are suitable for 
reintervention (26). It could also serve as a therapeutic 
option in younger and healthy patients who desire lasting 
symptoms resolution, given the higher success rate and the 
lower likelihood of recurrence (26). 

Rigid endoscopy 

First described by Mosher in 1917 (4), this technique is 
performed by means of a rigid diverticuloscope with CPM 
myotomy as the key component. The procedure can be 
performed using electrocautery, also referred as Dolhman 
technique (27), carbon-dioxide laser therapy (28) or the 
presently more popular stapling technique (29,30) (Figure 3). 
The stapler-assisted septotomy allows to create a common 
cavity between the esophagus and ZD through a delta-
shaped anastomosis (31). Endoscopic staplers do not staple 
and cut until the tip. Modifications can be performed by 
shortening the anvil or lowering the blade to achieve a more 
complete septum division (2). For the stapling technique, 
it is recommended that ZD should measure at least  
2 cm, although clinical success has been correlated with a 
diverticular size of >3 cm (16,32). In addition, as reported in 
the literature, large diverticula can require more than one 
cartridge to divide the common wall. The use of multiple 
cartridges is associated with an increased risk of pouch and 
esophageal perforation (33). 

Better outcomes in terms of oral diet resumption, 
complication rate, length of hospital stay and mortality have 
been reported for transoral endostapling techniques in the 
two largest retrospective studies (16,24). 

Chang et al. (34) asserted these results in a review that 
included studies during a twelve year period [1990–2002]. 
Authors reported better outcomes for the transoral 
endostapling compared to the open transcervical approach 
in terms of morbidity (2.6% versus 11.8%), mortality (0.3% 
versus 1.6%), hospital stay (1.8 versus 7.6 days) and oral 
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diet resumption (1 versus 4.5). Overall comparable efficacy 
in symptoms resolution (94% versus 95%) was reported 
among the studies. 

The rigid endoscopic stapl ing technique has a 
complication rate of 7% accounting for dental injury 
(2%) and perforation (2%), while the reported recurrence 
rate is 10% (17). The ultrasonic scalpel (Ultracision®, 
Ethicon EndoSurgery, Cincinnati, Ohio) (35), the vessel-
sealing system (LigaSureTM, Medtronic, Mansfield,  
MA) (36), and the carbon dioxide laser have been proposed 
as alternatives to the stapler for septum transection (37). 
Unlike the stapler-assisted technique, the use of these tools 
can potentially leave unsealed edges during transection, 
leading to leakage and mediastinitis. Outcomes after 
myotomy with ultrasonic dissection device are scarce, the 
mean complication rate of 8%, with 2% of mediastinitis 
and an overall symptom resolution rate of 93% have been 
reported. Results were similar compared to carbon dioxide 
laser technique (17). 

To  i n t r o d u c e  a  r i g i d  d i v e r t i c u l o s c o p e ,  n e c k 

hyperextension is mandatory and is correlated with 
technical success. Neck hyperextension can be burdensome 
for older patients with poor neck flexibility. In addition, 
inadequate jaw opening and upper teeth protrusion can 
make difficult the insertion of the rigid diverticuloscope. 
These cumbersome conditions can lead to a higher risk of 
adverse events and force to conversion (38). This procedure 
is generally not indicated in small diverticula (<3 cm). 

Flexible endoscopy 

The flexible endoscopic treatment of ZD with septotomy 
was introduced in 1995 by Mulder (39) and Ishioka (40). 
It was rapidly adopted due to its reproducibility, safety, 
and efficacy. This technique has been previously applied to 
poor surgical candidates with anatomical conditions which 
made difficult to achieve an adequate exposure under rigid 
esophagoscopy. As a matter of fact, it can be performed 
without neck hyperextension. An obvious advantage of the 
flexible endoscopic technique lies in the fact that it does 

Figure 3 Rigid endoscopic stapled technique. (A) Sutures are placed for adequate traction; (B) endoscopic stapler [Endo GIATM, Medtronic, 
(Mansfield, MA) placement]; (C) endoscopic view once the first stapler has been fired; (D) sutures are placed before the stapler is fired for 
the second time; (E) endoscopic view after the stapler has been fired for the second time (the complete septum transection can be observed); (F) 
division of the last adhesions with a hook. 
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not depend on the diverticula size. Since small diverticula 
(1 to 2 cm) are challenging when treated surgically or 
by transoral stapling technique, flexible endoscopy is 
considered the first-line therapy in ZD <30 mm. Flexible 
endoscopy can be performed under conscious sedation, 
without requiring general anesthesia and neck overextension 
which are required for open or rigid endoscopic approaches. 
Nevertheless aspiration is a concern and many surgeons 
prefer general anesthesia to secure airway protection as 
the procedure is performed in close proximity to the vocal 
cords.

The objectives of the procedure are similar to rigid 
endoscopy and open techniques, namely CPM myotomy, 
and septum reduction to less than 1 cm (20). To enhance 
septal exposure, the tip of the gastroscope is fitted with a 
transparent cap (41). Like any other therapeutic endoscopic 
procedures, the use of carbon dioxide is warranted due 
to the potential micro-perforation. A nasogastric tube 
can be placed to delimitate the anterior esophageal 
wall intraoperatively. A soft diverticuloscope (Zenker’s 
diverticulum Overtube; Cook Endoscopy, Winston-Salem, 
North Carolina, United States) can be used to enhance 

exposure. Similarly to the rigid diverticuloscope, the soft 
diverticuloscope has two distal flaps (40 and 30 mm), which 
help to protect the posterior diverticular wall and the 
anterior esophageal wall. It carries a black marking indicator 
to measure the distance from the teeth line to the septum  
(16 cm). It is inserted by means of a stiff guidewire. The 
long valve (40 mm) is positioned in the esophagus and the 
short valve (30 mm) in the diverticulum (Figure 4A). 

The septum is commonly divided in a proximal-to-distal 
fashion using a needle knife, a Triangle Tip Electrosurgical 
Knife or the hook knife especially used for endoscopic 
submucosal dissection (ESD) (Figure 4B,C,D,E). Other 
means of division include argon plasma coagulation, bipolar 
or monopolar forceps, or instruments passed alongside the 
endoscope, such as ultrasonic and stapling devices (9,42). 
Currently the optimal cutting technique remains unknown 
since comparative trials have not been conducted. The most 
commonly used system is the hook knife (43). 

Once the septotomy has been completed, endoscopic clips 
are placed to secure the distal edge of the incision to prevent 
any delayed perforation and bleeding (Figure 4F) (38). 

Due to the potential risk of mediastinal perforation, some 
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Figure 4 Flexible endoscopy. Diverticuloscope-assisted myotomy. (A) ZD septum identification after the introduction of a soft 
diverticuloscope (Zenker’s Diverticulum Overtube; Cook Endoscopy, Winston-Salem, MA, USA); (B) beginning of the septotomy with 
the Triangle-Tip Electrosurgical Knife (KD-640L, Olympus); (C) progression of the septotomy; (D) transparent cap used to enhance 
visualization of the CPM fibers; (E) distal septal division; (F) clips (Instinct™ Endoscopic Clips, Cook Medical, Bloomington, IN, USA) 
placement at the distal end of the septotomy. ZD, Zenker’s diverticulum; CPM, cricopharyngeal muscle.
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authors have adopted a limited septotomy, which consists 
in a short myotomy of the common wall (1). However, 
this approach leads to higher recurrence rates, requiring 
reintervention (20). 

To prevent recurrence, other groups have used an 
extended myotomy into the esophageal wall for 5 to 10 mm  
beyond the diverticular tip. This extended approach 
reduced the dysphagia rate from 12% with the standard 
technique to less than 5% (2). 

The ability to correctly visualize the septum may 
vary depending on the devices used. Costamagna et al. 
compared two different techniques for flexible needle-
knife diverticulotomy, i.e., the cap-assisted versus the 
diverticuloscope-assisted technique. The cap-assisted group 
showed significantly longer operative times and a higher 
complication rate of 32% versus 0% in the diverticuloscope-
assisted group. A higher recurrence rate during the follow-
up period (3 to 60 months) was also observed in the cap-
assisted group compared to the diverticuloscope-assisted 
group (29% vs. 9%, respectively) (44). 

Another technical modification to enhance visualization 
of the septum is the “open window” technique. This 
technique consists in removing a 5 mm piece of square-
shaped mucosa, which is closed with clips after myotomy 
completion (45). 

To overcome the drawbacks of the previously mentioned 
endoscopic modalities, and to reduce recurrence, a 
submucosal tunneling technique similar to the one used 
in per-oral endoscopic myotomy (POEM) for achalasia 
has been reported. It is referred as Z-POEM (POEM 
for Zenker’s diverticulum) (46 ) or STESD (Submucosal 
Tunneling Endoscopic Septum Division) (47). This 
submucosal tunneling technique allows for a complete 
exposure and visualization of the septum, which is divided 
selectively, sparing the overlying mucosa (48). The 
advantages of this approach include a more profound 
resolution of symptoms and a lower recurrence rate due to 
a more precise septum transection. A lower leakage rate has 
also been described since the site in the mucosal entry is 
closed with endoscopic clips (47). 

The technical steps are comparable to those described 
for POEM. After septum visualization (Figure 5A), a 
mucosal lift and incision are carried out (Figure 5B,C); 
then a submucosal tunnel (Figure 5D) on both sides of 
the septum is created, extended 1 to 2 cm distally to the 
diverticulum’s base. A complete septum division is obtained 
under endoscopic control in order to prevent from any 
unintentional injury (Figures 5E,F,G,H). The mucosal 

incision site is finally closed with several endoscopic clips 
(Figure 5I). 

A mucosal incision with muscular interruption also 
known as the “MIMI” approach has been proposed as a 
modification of the Z-POEM. MIMI allows a direct access 
to the septum, reducing the need for the submucosal 
tunnel. In this technique, a methylene blue dye is injected 
into the submucosa directly on the CPM. A longitudinal 
incision of 1 to 1.5 cm is made on the mucosal septum. The 
submucosa is dissected bluntly on both sides of the CPM 
with the aid of the cap. The CPM is transected transversely 
until the base and the mucosal entry point is sealed with 
clips (49). A small retrospective cohort study which 
compared the MIMI technique (19 patients) versus non-
tunneled flexible endoscopy (7 patients with conventional 
endoscopic septotomy) reported an 89.5% rate of clinical 
success in the MIMI group versus 100% in the non-
tunneled group (P=0.101). The dysphagia score improved 
in the MIMI group as compared to the non-tunneled group 
(mean dysphagia scores from 1.74 to 0.39, P=0.0018, and 
1.29 to 0.71, P=0.129, respectively). There was one major 
complication that required open surgical repair due to 
pharyngeal perforation in a patient with a small ZD in the 
MIMI group. Recurrence occurred in 11.7% of MIMI 
patients and 42.9% of non-tunneled flexible endoscopic 
patients (P=0.096) (49). 

Outcomes following endoscopic transoral myotomy 

Outcomes following transoral approaches have been 
extensively analyzed. The success rate of rigid endoscopy 
(90–100%) is comparable to the conventional open 
approach (80–100%) (9). A meta-analysis published in 
2016 with including 11 articles compared the surgical 
approach with the endoscopic treatment (50). The most 
common endoscopic techniques included endoscopic 
stapling diverticulotomy (30), carbon dioxide laser (51), 
and electrocautery (52). After a pooled analysis, the 
endoscopic treatment was found superior in terms of 
shorter procedure times and lengths of hospital stay, earlier 
oral diet resumption, and lower complication rates. The 
surgical group presented a lower rate of recurrence (SMD 
0.08, 95% CI: 0.03, 0.13). The high heterogeneity in the 
recurrence rate of the endoscopic group ranged from 3% 
to 32%, and this could be explained by the vast variety of 
septotomy techniques used. 

Another relevant meta-analysis of 115 studies (mostly 
retrospective case series) which compared adverse events 
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after rigid endoscopy and flexible endoscopy therapies 
reported a similar rate of mortality, infection, and 
perforation in the rigid and the flexible groups. However, 
bleeding and recurrence were more likely after flexible 
endoscopy (20% vs. <10% and 4% vs. 0% respectively) (53). 
The results are probably explained by the stapling technique 
used in the rigid endoscopic approach which allows for a 
complete septal division with sealed edges.

The evidence of flexible endoscopic myotomy is scant 
and mostly derived from case series (18 case series with 
650 patients) in which the long-term follow-up is missing. 
Additionally, there is a lack of consensus on the definition 
of recurrence (17). The reported clinical resolution of 

90% does not reflect the long-term follow-up recurrence. 
Evidence has shown that the best clinical success for 
flexible endoscopy is correlated with a small diverticular 
size (54). Recently Perbtani et al. (55) published a review of 
all the patients presenting a ZD who underwent a flexible 
endoscopic treatment. In terms of morbidity authors 
described an incidence of 11.8%. The most frequent 
complication were microperforations mostly treated 
conservatively. Only four cases presented macroscopic 
perforations detected either during the intervention or with 
subsequent oral contrast leak. All the macroperforation were 
managed successfully with endoscopic clipping. Six patients 
presented with intraoperative bleeding and it was treated 
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Figure 5 Z-POEM technique. (A) Septum identification; (B) submucosal space injection of methylene blue 2 cm above the ZD septum using 
a standard injection catheter (23G Interject, Boston Scientific, Natick, Massachusetts, USA); (C) 15 mm mucosotomy with the Triangle-
Tip Electrosurgical Knife (KD-640L, Olympus); (D) introduction of a 15 mm stone extraction balloon (Olympus, Singapore) to create the 
submucosal space; (E) beginning of the myotomy; (F) CPM myotomy progression; (G) revision of the esophageal mucosa; (H) endoscopic 
view of the complete myotomy; (I) mucosal entry site sealed with InstinctTM endoscopic clips (Cook Medical, Bloomington, IN, USA). ZD, 
Zenker’s diverticulum; CPM, cricopharyngeal muscle.
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with epinephrine, endoscopic clips or electrocautery. Only 
one patient presented post-operative bleeding which was 
managed with epinephrine injection. The most common 
reported sign of infection was fever requiring antibiotic 
therapy. Mortality was reported only in one patient of the 
series because of pulmonary embolism.

Long-term outcomes of flexible endoscopy were 
evaluated by Costamagna et al. in an intention-to-treat 
analysis on 89 patients. The clinical success rate was 69% 
at 6 months and only 46% at 48 months after flexible 
endoscopic myotomy (using the diverticuloscope-assisted 
technique). Authors also described the prognostic variables 
associated with clinical success. These variables include 
ZD length of ≤25 mm at 6 and 48 months, ZD size before 
treatment of ≥5 cm at 6 and 24 months, and ZD size after 
treatment of ≥10 mm at 48 months (54). Bresteau et al. 
reported a similar recurrence rate of 34% after a mean 
follow-up of 23 months (56). 

The high recurrence rate (~50%) after flexible endoscopy 
can be explained by incomplete septotomy due to poor 
visualization or resulting from the concern related to risk 
of mediastinal perforation. The submucosal tunneling 
technique was developed to overcome this limitation. 
The current clinical evidence on Z-POEM is still scarce 
and limited mostly to case series reports (46,57,58). 
Recently, the first multicenter international retrospective 
trial evaluated the use of Z-POEM in 75 patients with 
symptomatic ZD, with a mean age of 73.3±1.2, and a mean 
Charlson Comorbidity Index of 4±0.2. Mean procedure 
time was 52.4±2.9 minutes. Adverse outcomes occurred 
in 6.7% of cases. One bleeding, managed conservatively, 
and 4 perforations were observed (1 severe and 3 moderate 
as reported by American Society for Gastrointestinal 
Endoscopy lexicon) (59). The severe perforation required 
intensive care unit monitoring and was self-resolved 
afterwards. The other 3 moderate perforations were 
treated as follows: two with cyanoacrylate glue, and one 
with endoscopic clipping. The overall mean hospital stay 
was 1.8±0.2 days. The overall technical success rate was 
97.3% (73/75) while clinical success was achieved in 92% of 
patients with a decrease in the mean dysphagia score from 
1.96 to 0.25 (P<0.0001). Two failures were described due to 
the lack of septum location and failure to create the tunnel. 
At 12 months of follow-up, only one patient presented 
dysphagia recurrence and was treated with repeated 
endoscopic diverticulotomy (60).

Stronger clinical evidence will come from the ZIPPY 
trial, a prospective, international, multicenter, double-blind, 

randomized study, with the aim to compare the short-term 
and long-term clinical outcomes of Z-POEM versus flexible 
endoscopic septotomy which will start in 2021 (61). 

Conclusions

Rigid and flexible transoral approaches have become 
the first-line therapy of ZD management, replacing the 
traditional open approach, due to the consistent superiority 
in terms of faster oral intake resumption, shorter operative 
times and shorter length of hospital stay. Submucosal 
tunneling techniques comparable to the POEM for 
achalasia have been recently implemented in the algorithm 
of management showing potential advantages such as lower 
risk of perforation and recurrence. This movement toward 
a flexible approach would benefit from the standardization 
of the available techniques and instrument refinement. 
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