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Abstract 
Zenker’s diverticulum is an alimentary tract pouch localized in the area of the upper esophageal sphincter. Treatment proce-

dure complications and coexisting diseases constitute a serious diagnostic and therapeutic problem. Characteristic symptoms 
and signs facilitate differential diagnosis, simultaneously being real patient maladies. There are many treatment procedures 
leading to pouch septum reduction and decrease of upper esophageal sphincter pressure. After years of experience in operating 
and endoscopic treatments we found it necessary to compare these different methods.

Introduction
Zenker’s diverticulum (ZD) was first described in 

1877 by German pathologists Friedrich Albert von Zenk-
er and Hugo Wilhelm von Ziemssen. However, the first 
observation was made by Abraham Ludlow in 1679 
[1–3]. Zenker’s diverticulum is a rare condition, but it 
is the most common diverticulum in the upper gastro-
intestinal tract. Less common locations are midesoph-
ageal and supradiaphragmatic [1]. The incidence rate 
is 0.01–0.11% in the American population and it occurs 
more often in men with the peak incidence between 
the 7th and 9th decade of life [1, 4–6].

Zenker’s diverticulum is commonly located on the 
posterior pharyngeal wall within the upper esophageal 
sphincter (UES) between the lower pharynx and esoph-
agus [7, 8]. It may occur above the UES in the lower 
pharyngeal sphincter muscle suture line, less commonly 
in the lateral or posterolateral esophageal wall. There 
are also a few case reports on double diverticulum oc-
currence in these localizations [4].

The length of ZD may reach up to 15 cm, but diver-
ticula of that size are very rare [9]. More frequently ZD 
are less than 4 cm in length. According to Morton-Bart-
ney’s classification, diverticula are divided into small 
(less than 2 cm), medium (between 2 cm and 4 cm), 

and large (more than 4 cm) [4]. Other classifications 
compare the length of the diverticulum to the cervical 
spine vertebrae indicated on the radiograms. Accord-
ing to these classifications, small diverticula are shorter 
than one vertebra, whereas large ones are longer than 
three vertebrae [4]. Histologically, ZD is composed of all 
esophageal wall layers: mucosa membrane, submucosal 
membrane, muscle layer and adventitia [1, 4–6, 10].

The most common muscle structure where ZD is lo-
cated is Killian’s triangle. It is a space on the posterior 
esophageal wall limited by the thyropharyngeal mus-
cle at the top, and cricopharyngeal muscle fibers at the 
bottom that compose the UES [4, 5]. Killian’s triangle 
is the location of the highest susceptibility to create 
diverticula (locus minoris resistantiae). The second lo-
cation of lower resistance in the esophageal wall is Kil-
lian-Jemison’s space. For pouches in this location the 
lateral position of the diverticulum is characteristic [5]. 

In relation to the esophageal lumen, ZD may occur 
in different positions (Figure 1). Most commonly ZD oc-
curs with the fundus at the bottom and the entrance 
at the top, which makes the highest risk of retention 
of ingesta [7].

Zenker’s diverticulum occurrence is the consequen-
ce of esophageal mucosa membrane weakening with 
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coexisting increase in UES tension. The increase in 
pressure during ingesta swallowing pushes esophageal 
tissue layers outside the esophagus to the mediasti-
num retropharyngeal space, forming a pouch with gates 
limited by muscles [1]. Increase in pressure of the crico-
pharyngeal muscle results in decreased UES relaxation 
and subsequent further increase in pressure within the 
sphincter. The described mechanism results in the cre-
ation of an alternative route for ingesta [1, 4]. Individual 
susceptibility to diverticula occurrence is caused by fi-
brosis and histologically described inflammation within 
Killian’s triangle muscles fibers [5, 11].

The muscle dysfunction may be the consequence of 
diseases causing esophagus contraction, e.g. achalasia. 
In other cases the reason may by gastro-esophageal 
reflux disease with cricopharyngeal muscle cramp [12].

A genetic predisposition to ZD occurrence has not 
been proven so far. The existence of such a predisposi-
tion is possible due to described congenital UES muscle 
weakness [11]. Zenker’s diverticulum is located more 
often on the left side of the esophageal wall, which has 
given rise to the suggestion that ZD occurrence may 
be dependent on whether the individual is right- or 
left-handed. In right-handed patients diverticulum more 
often occurs on the left side of the esophagus [4].

Diagnosis
Zenker’s diverticulum manifests itself with charac-

teristic symptoms and signs. The first and most com-
mon symptom is a gradually increasing dysphagia [5, 
7, 13]. In consequence of regurgitations the aspiration 
of ingesta into the bronchial tree may appear and sub-
sequent dyspnea due to Mendelson’s syndrome. Char-
acteristic are loud swallowing of liquids, cough and 

hoarseness [5]. Over time the diverticulum grows and 
patients complain of dysphagia due to esophagus con-
striction by the filled diverticulum. Voice alteration and 
halitosis may also occur (Table I).

Zenker’s diverticulum may be perceptible in physical 
examination as a tumor in the neck. During palpation 
Boyce’s sign may be triggered – a noise of splashing fluid 
accumulated in the diverticulum. The diagnosis is based 
on a radiogram with barite that reveals a diverticulum 
filled with contrast on the side of the esophagus [14]. 

Figure 1. Ways of emptying Zenker's diverticu-
lum to digestive tract lumen

Table I. Selected presenting complaints of 
patients with Zenker's diverticulum [5, 7, 13]

Dysphagia 80–90%

Regurgitation 60%

Cough 30–40%

Loud swallowing of liquids 30%

Hoarseness 20%

Loss of body weight 20%

Foreign body in throat 
sensation

20%

Figure 2. Normal esophagus
Figure 3. Typical medium sized Zenker's diver-
ticulum
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Esophagogastroduodenoscopy may be useful in ZD and 
operation conditions assessment (Figures 2–5). Anoth-
er valuable, but technically difficult examination is UES 
manometry. Manometry is not useful in the routine di-
agnostic approach due to, among others, catheter dislo-
cation during examination impeding the proper analysis.

Treatment
The decision on the therapeutic approach depends 

on diverticulum size and clinical manifestation. Usually, 
ZD that are less than 1 cm in length, asymptomatic and 
incidentally revealed are disqualified from intervention. 
In such cases, ZD is treated conservatively, until symp-
toms occurrence or diverticulum enlargement. For ZD 
larger than 5 cm in length, the classic operating meth-
od is preferred, whereas diverticula less than 2 cm long 
are usually treated with endoscopic methods [10]. Some 
centers prefer treatment with fiberoptic endoscopy irre-
spectively of diverticulum size. The endoscopic approach 
should be considered in those patients who are disqual-
ified from general anesthesia, or due to age and coex-
isting conditions are unable to undergo an operation. 

There are several therapeutic approaches concern-
ing open and endoscopic treatment. Open surgery may 
be performed in combination with cricomyotomy, or, 
less commonly, without myotomy. 

Conservative treatment is adapted in case of con-
traindications to surgery. The best therapeutic effect is 
achieved by using calcium channel antagonists and ni-
trates. In some centers injections with botulinum toxin 
within UES is implemented in order to decrease sphinc-
ter tension [15]. 

Diverticulopexy consists of anchorage of the diver-
ticular pouch to the posterior pharyngeal wall or to the 
prevertebral fascia. It is commonly performed in com-
bination with cricopharyngeal myotomy, resulting in 
decrease of muscular tension within the UES.

Diverticulectomy is a total diverticular pouch re-
section performed commonly in combination with 
cricomyotomy. This method is still the most common 
therapeutic approach. The open surgery is performed 
through left cervical incision [1, 15, 16]. Open surgery is 
recommended for small or very large ZD or in patients 
at low surgical risk.

Endoscopic treatment with a rigid Weerda diver-
ticuloscope consists of dividing the septum between 
the diverticula and the esophageal wall simultane-
ously with suturing the diverticular and esophageal 
walls using a laparoscopic stapler. During septotomy, 
the anterior wall of the ZD and the posterior wall of 
the esophagus are sealed with a double row of staples  
[4, 10, 15, 17–21]. 

The endoscopic approach with a fiberoptic endo-
scope is similar to treatment with a Weerda divertic-
uloscope concerning diverticulostomy as a therapeutic 
aim. The approach to the operating area and obtaining 
a good view of the septum are very easy using a flexible 
endoscope. Dividing the septum between the esopha-
gus lumen and the diverticulum using a fiberoptic en-
doscope is valuable in elderly patients at high surgical 
risk or with other contraindications [2]. In this method, 
there is no need to obtain deep head pronation to insert 
a rigid endoscope. The endoscopic approach is assisted 
with three main techniques: argon plasma coagulation 

Figure 4. Corresponding radiological image of 
Zenker's diverticulum

Figure 5. Septum between diverticulum (right) 
and esophageal lumen (left)
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(APC) or the CO
2
-laser, needle-knife incision, and mo-

nopolar forceps coagulation.
Using monopolar forceps, a part of the septum be-

tween the diverticulum and the esophagus is caught 
with forceps and an incision is made with coagulation. 
Christiaens et al. [13] suggested that this method is tol-
erated very well due to limited endoscope manipula-
tions. All manipulations are performed with instruments 
entered through the endoscope biopsy working chan-
nel. The procedure is commonly assisted with a nasoga-
stric tube not only to better visualize the area of septum 
incision but also to protect the anterior esophageal wall 
against thermal injury during diverticulostomy.

The endoscopic procedure assisted with nee-
dle-knife may be performed both from the diverticu-
lum and esophagus lumen depending on the individual 
variability [2, 5]. The incision is performed from the 
septum edge towards the fundus of the diverticulum 
with a 2–3 cm tissue margin left [2]. Due to better 
incision area exposure, a cap inserted on the endo-
scope is commonly used. This method is preferred in 
individuals whose septum between the diverticulum 
and esophageal lumen and ZD is easily endoscopically 
visualized. In order to protect against esophagus per-
foration, endoclips are applied on the septum tissue 
remains. The endoclips protect against incision en-
largement. The recurrence of symptoms is observed in 
up to 20% of patients who undergo this procedure and 
the incision with the needle-knife was not sufficiently 
extended [5].

Argon plasma coagulation and CO
2
-laser are non- 

contact methods. The incision with APC is performed 
starting from the lowest desired point of the septum 
near the ZD fundus towards the edge of the septum 
between the diverticulum and esophageal lumen. There 
is also a possibility to start the incision on the septum 
and moving towards the fundus of the diverticulum. In 
some cases, two procedures are performed to obtain 
full septotomy. Usually two procedures are performed 
with a 2-day interval leading to separate diverticular 
and esophageal lumens gradually [5]. 

In the postoperative period, some clinicians recom-
mend performing chest radiography in order to exclude 
pneumomediastinum and subcutaneous emphysema. 
The presence of air in the mediastinum is diagnosed 
in up to 23% of patients [2, 22]. Another severe com-
plication of ZD treatment is bleeding into the gastro-
intestinal tract, occurring in 0–10% of cases. The site 
of bleeding may be treated with APC, endoclips, epi-
nephrine injection, biopsy forceps or with needle-knife 
coagulation [5] (Figure 6–8). 

There is no need of special postoperative treatment 
in patients treated endoscopically. The first liquid meals 

Figure 6. APC catheter at position before starting 
cutting the septum

Figure 7. Beginning of coagulation using APC 
catheter

Figure 8. The septum is now partially cut from 
the upper part
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are provided parenterally as early as 1–2 days after the 
procedure under condition of perforation, pneumome-
diastinum or bleeding presence exclusion. Solid meals 
are incorporated gradually into the diet.

The surgical approach, in comparison with sta-
pler-assisted endoscopic treatment, is associated with 
a longer period of hospitalization (5–6 days) and feed-
ing through a nasogastric tube in order to facilitate 
the pharyngotomy wound healing process. Oral feed-
ing is implemented after 5–6 days in comparison with  
2 days after the stapler-assisted procedure [10, 15]. 
There are also differences in procedures length. Ac-
cording to Smith, Genden and Urken, the mean surgical 
operation lasts 87.6 ±35.1 min [15]. There are no signifi-
cant differences in costs between open and endoscopic 
approaches; however, surgically treated patients stay 
longer in hospital, increasing total expenses [10, 15, 
19]. Studies showed no differences in clinical recovery 
between patients treated surgically and endoscopically 
[15]. Costantini et al. presented studies showing higher 
symptoms relief frequency after open surgery in com-
parison with stapler-assisted treatment in groups with 
ZD < 3 cm long (98% vs. 57%) and with ZD > 3 cm long 
(96% vs. 80%) [10]. Studies suggest that the frequency 
of reoperations is higher in the group of patients treat-
ed endoscopically. This percentage is higher probably 
due to the shorter septum incision in the endoscopic 
approach (usually 1.5–2.0 cm) and/or because of the 
safeness and easiness of this procedure, in compari-
son with surgical treatment which is performed less 
willingly [2, 10].

Patients are hospitalized longer and oral feeding is 
implemented later in the case of diverticulum resection 
with or without myotomy compared to all endoscopic 
procedures and classic myotomy with or without ZD 
anchorage [23]. The time of hospitalization and time of 
oral food implementation are shorter in patients treated 
with the stapler-assisted method in comparison with 
fiberoptic endoscopic methods [3, 23].

There are several differences between rigid en-
doscope and fiberoptic endoscope procedures. In the 
rigid endoscope approach, the operation is conducted 

by a surgeon and performed under general anesthesia 
with deep head pronation. Fiberoptic endoscope assist-
ed technique is performed with a standard endoscope 
by a gastroenterologist. The patient is usually under 
deep sedation or general anesthesia. The comparison 
of fiberoptic endoscopic septotomy techniques aims 
to evaluate therapeutic effects using the frequency of 
symptoms demonstrated in point scales assessed be-
fore and after the procedure (Table II).

Complications
During a flexible upper endoscopy there is a risk of 

ZD perforation. The magnitude of this risk is difficult 
to assess because small diverticula are mostly undi-
agnosed during endoscopy in patients with unrelated 
symptoms. An undiagnosed ZD may make endoscopy 
difficult and, due to manipulations in the diverticulum 
lumen, lead to gastrointestinal tract perforation. At-
tempts to examine the ZD with the endoscope are also 
at risk of perforation. Diverticula filled with undigest-
ed food usually displace the esophagus lumen, and in 
consequence promote endoscope insertion. Endoscopes 
with axial and lateral optics are at risk of diverticulum 
perforation, because the moment of endoscope inser-
tion through the UES is performed blind. The difficulty 
in endoscope insertion is an indication to interrupt the 
procedure [4]. In order to avoid undiagnosed ZD perfo-
ration, chest X-ray with barium contrast may be per-
formed prior to flexible upper endoscopy. 

The most frequent complications of ZD are bezoar 
formation, foreign body presence, fistula between the 
diverticulum and trachea lumen formation, vocal cords 
paralysis due to the impact of undigested food, fistu-
la to the prevertebral ligament formation with cervical 
vertebrae malacia, ventricular ulceration formation and 
bleeding into the gastrointestinal tract [29]. 

Patients with ZD are at risk of neoplasia in the di-
verticulum. The most common is a squamous planoep-
ithelial carcinoma, present in 0.4–1.5% of individuals [4, 
5]. Squamous planoepithelial carcinoma is most often 
located in the 2/3 lower part of the pouch. The risk of 
neoplasia occurrence is higher in the group with ZD due 

Table II. Comparison of fiberoptic endoscopic procedures. Arithmetic mean value of original research 
outcomes [2, 22, 24–28] 

Technique Bleeding  
[%]

Emphysema  
[%]

Number of 
procedures (mean)

Recurrences  
[%]

Symptoms relief 
[%]

APC [24, 25] 1.6 10.5 2.4 17 97.5

Needle-knife  
[2, 22, 26, 27]

5.45 14 1.33 15 86.7

Monopolar forceps 
coagulation [28]

0 0 3 No data No data
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to the presence of chronic inflammation inside the di-
verticulum as a consequence of undigested food degra-
dation. The biopsy of pouch fundus mucosa should be 
routinely performed for neoplasia exclusion. In patients 
with ZD there were more often described tumors of the 
plain muscles and of thyroid cartilage [5]. 

Although characteristic symptoms of ZD are less 
frequently present in patients comparing to dyspepsia, 
gastroesophageal reflux disease or irritable bowel syn-
drome, its presence should be always taken into consid-
eration during differential diagnosis of diseases of the 
digestive tract [30].

Summary
Zenker’s diverticulum is a rare upper gastrointes-

tinal tract condition. The possibility of its presence 
should always be considered in clinical practice not 
only due to the severe consequences, but also due to 
the existence of effective therapeutic methods when 
diagnosed. There is substantial progress in endoscopic 
techniques for ZD treatment; however, the effectiveness 
needs further consideration and assessment in compar-
ison to the open surgery approach. 
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