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Abstract
Background: The incidence of Zenker�s diverticulum is
low (2/100,000). Standard surgical treatment is cri-
copharyngeal myotomy with diverticulectomy. Various
minimally invasive surgical approaches pursued recently
have treated Zenker�s diverticulum adequately. The
functional minimally invasive therapy is performed
alternatively using an Endo-Gia stapler inserted
transorally to perform an esophageal diverticulostomia,
or using thermal coagulation applied by a carbon
dioxide (CO2) or argon plasma laser. The key to a suc-
cessful procedure is adequate exposure of the divertic-
ulum by insertion of a pharynx spreader before the
surgery.
Methods: Since 1996, 31 patients who underwent mini-
mally invasive diverticulostomies performed in our clinic
have been included prospectively in the current study. All
the patients were examined endoscopically before and
after surgery. Furthermore, the intraesophageal and in-
tragastric pressure was examined by transesophageal
manometry, and the pH in the esophagus and stomach
was determined by pH-metry. A barium swallow was
performed to exclude leakage at the stapler suture line as
proof of sufficient anastomoses. Manometry showed that
the upper esophageal sphincter functioned normally be-
fore and after surgery. The results were compared with
those of patients undergoing conventional procedures.
Results: The median follow-up period after resection of
the diverticulum was 46 months. Both the Gastrointesti-
nal Quality-of-Life Index (GQLI) (p < 0.001) and the
modified dysphagia score (GHDS) increased signifi-
cantly, indicating that the operationswere successful. The
minimally invasive procedure is faster than cricopharyn-
geal myotomy and significantly safer. It is better tolerated
by patients, and they are discharged earlier.
Conclusion: Transoral esophagodiverticulosomy has be-
come the standard procedure for Zenker�s diverticulum in
the authors� department. The endoscopic minimally
invasive approach proved to be safer than standard sur-

gical procedures. It offers a significantly shorter operation
time and postoperative hospital stay (p < 0.001).

Key words: Diverticulostomy — Minimally invasive —
Operative therapy — Quality of life — Zenker�s
diverticulum

Zenker�s diverticulum, first observed by Ludlow in 1769
[11], became widely known after it was described in a
surgical book by Zenker and von Ziemssen [24] in 1878.
The anatomy of the Zenker�s diverticulum was precisely
described by Kilian in 1908.

Diverticula develop in the Kilian triangle and occur
twice as often in men than in women approximately 40
years of age. The symptoms are increased dysphagia and a
globus sensation in the throat combinedwith foetor ex ore
and regurgitation of undigested food. The diagnosis is
based on radiography of the esophagus and endoscopy.

The standard surgical procedure for Zenker�s diver-
ticulum is the resection of the diverticulum through an
incision on the left side of the neck combined with my-
otomy of the musculus cricopharyngeus. This surgical
approach was first described byMosher [13] in 1917. The
first alternative approaches using minimal surgery were
published in 1960 by Dohlman and Matisson [6], who
applied diathermia to treat the diverticulum. In 1984,
Overbeek et al. [16] endoscopically treated Zenker�s
diverticulum with lasers. In 1993, Collard performed the
first esophagodiverticulostomy using an endoscopic sta-
pler [3]. The treatment is based on a functional resection
of the diverticulum by anastomosis of the esophagus and
the diverticulum wall using an Endo-Gia stapler inserted
transorally. We summarize our long-term experience
with therapy of Zenker�s diverticulum using a modified
multifire Endo-Gia linear stapler (Tyco Health Care,
Neustadt an der Donau, Germany) (Fig. 3) in combi-
nation with the Kastenbauer–Wollenberg spreader
(developed by Professors Kastenbauer and Wollenberg,
Munich, Germany, Fig. 1).Correspondence to: R. A. Lang
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Materials and methods

From 1996 to 2005, we included 31 patients (24 men and 7 women,
ages 68 ± 10 years) with a symptomatic Zenker�s diverticulum in a
prospective trial to evaluate the safety and long-term results for eso-
phagodiverticulostomy using a modified Endo-Gia stapler (Tyco
Healthcare). Before and after the planned procedure, we performed an
esophagogastroduodenoscopy, a gastrografin radiography of the
esophagus, and a stationary manometry.

Each patient was evaluated by the Gastrointestinal Quality-of-Life
Index (GQLI) according to Eypasch et al. [8], and a dysphagia score
(GHDS) was determined on the basis of the following parameters
(Table 3): dysphagia, odynophagia, foetor ex ore, regurgitation,
awakening at night, cough, and vomiting. These symptoms were
ranked according to their frequency as follows: 4 (always), 3 (more
than once weekly), 2 (less than once weekly), 1 (less than once
monthly), or 0 (no symptoms). All the patients were questioned about
their subjective comfort, which was ranked according to a ‘‘smiley
score’’ by the patient using the following choices: 1 (very good), 2
(good), 3 (satisfactory), 4 (bad), or 5 (very bad).

Intra- and postoperative complications as well as adverse events
during the follow-up period after the operation and the length of
hospital stay were evaluated. The intraoperative course, operation
time, and length of hospital stay were compared with those for a group
of 32 patients (24 men and 8 women, ages 65 ± 11 years) treated with
standard operation procedures between January 1992 and December
2004. Before the operation, the patients were informed about the dif-
ferent surgical techniques and treated with surgery according to their
choice.

Surgical technique

All the patients were intubated transorally and positioned on the back
with a reclined throat. To enable insertion and positioning of the
modified Endo-Gia, the oropharynx and the entrance to the divertic-
ulum were exposed by insertion of the Kastenbauer–Wollenberg
spreader in collaboration with our Head–Neck–Ear Department. As
compared with a conventional spreader, which opens in a duck beak
manner two-dimensionally, the Kastenbauer–Wollenberg spreader
enables the spreading of height and width at the same time (Fig. 1).

One arm of the spreader is positioned in the esophagus, and the other
is positioned at the entrance of the diverticulum (Fig. 2).

The Endo-Gia stapler is modified as shown in Fig. 3. The anvil is
shortened on an abrasive belt as close as 1 mm to the metal clips by a
medical technician. This is performed at low speed to avoid plastic
deformation of the material attributable to extensive heat. Burrs are
removed, and the stapler is resterilized. The tip of the anvil is shortened
to allow the cutting and stapling line to reach as close as possible to the
bottom of the diverticulum (Fig. 3). This results in a complete dis-
ruption of the tissue between the diverticlum and the esophagus.

The Endo-Gia stapler is inserted into the esophagus such that the
short end is introduced into the diverticulum and the stapler branch
with the magazine is positioned in the esophagus (Fig. 4). In the case
of a large diverticulum, more than one stapler magazine can be applied
to ensure a complete esophagodiverticulostomy. If the incision of the
esophagodiverticulostomy is not completely to the bottom of the
diverticulum, the incision is lengthened with a microtome up to an
additional 2 mm. During the operation, the length of the staple suture
is measured.

Results

A total of 31 planned minimally invasive diverticulos-
tomies were performed successfully. One conversion to a

Fig. 1. Kastenbauer–Wollenberg spreader with parallel adjustable
branches.

Fig. 2. Exposed Zenker�s diverticulum after insertion of the
Kastenbauer–Wollenberg spreader.

Fig. 3. Modified stapler with shortened counterpressure plate for the
transoral diverticulostomy.
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conventional cricomyotomy with resection of the
diverticulum had to be performed because 2 cm of
the esophagus had been dissected during insertion of the
Kastenbauer–Wollenberg spreader. The operation was
successful, and the patient recovered without further
complications (Table 1).

The median operation time was 35 min (range, 15–
115 min). The median operation time was significantly
shorter (35 vs 80 min; p < 0.001) than for the patients in
the open surgery group (n = 32, Table 5). The longest
operation time (115 min) was caused by a difficulty
placing the Kastenbauer–Wollenberg spreader in the
diverticulum because of a difficult esophageal anatomy.
The median stapler suture length was 3.5 cm, and the
maximum length was 7.5 cm (Table 2).

All the transoral minimally invasive procedures were
performed without measurable blood loss. In one pa-
tient, visible bleeding from the suture line was treated
successfully with a 5-mm metal clip (Fig. 5). In one
patient, a prosthesis broke due to the insertion of
the Kastenbauer–Wollerberg spreader. In six patients, a
1- to 3-mm-long dissection at the aboral end of the es-
ophagodiverticulostomy occurred. All of these patients
were treated successfully with fibrin glue applied endo-
scopically (Table 1). All the treated patients recovered
without further complications and remained relapse free
after the minimally invasive procedure.

Patients who did not experience any complications
were fed with tea in the evening and a normal diet from
postoperative day 2. All six patients with dissection of
the esophagodiverticulostomy were fed with tea on
postoperative day 1, light food on postoperative day 2,
and a normal diet on postoperative day 3. The median
postoperative hospital length of stay was 4 days for the

24 patients without complications and 10.5 days for the
patients who experienced dissections. The overall hos-
pital length of stay was 5 days (Table 2). The median
postoperative stay (5 vs 10 days; p < 0,001, Table 5)
was significantly shorter than for the 32 patients who
underwent standard operation procedures between
January 1992 and December 2004.

The median follow-up time for 30 (97%) of the 31
patients was 46 months. One patient who experienced
relapse symptoms of dysphagia because of an insuffi-
cient esophagodiverticulostomy was treated successfully
by minimally invasive surgery 22 months after his first
procedure.

One patient who experienced a relapse decided to
undergo open resection of the diverticulum and a
cricomyotomy. One of the patients had to undergo

Fig. 4. Stapler anastomosis using a modified Endo-Gia stapler with
shortened anvil.

Table 3. Median (minimum–maximum) dysphagia score: reevaluation
46 months postoperativelya

n = 30 Preoperatively
46 Months
postoperatively

Wilcoxon test
(p value)

Dysphagia 3 (0–4) 0 (0–4) <0.001
Odynophagia 2 (0–4) 0 (0–4) <0.001
Foetor ex ore 2 (0–4) 0 (0–4) <0.001
Regurgitation 2 (0–4) 0 (0–4) <0.001
Awakening at night 3 (0–4) 0 (0–4) <0.001
Choking 0 (0–4) 0 (0–4) 0.41
Wheeze 3 (0–4) 2 (0–4) <0.01

a Score options: 4 (always), 3 (more than once per week), 2 (less than
once per week), 1 (less than once per month), 0 (no symptoms)

Table 1. Intraoperative complications

Complications n Treatment

Dissection (spreader) 1 Conversion
Dissection (stapler) 6 Fibrin glue (2 ml)
Bleeding 1 Clip application
Dental prosthesis 1 Refixation

Table 2. Comparison of perioperative progress: median (minimum–
maximum) for patients with and without dissection

Without dissection
(n = 31)

With dissection
(n = 6)

Operation time (min) 35 (15–115) 50 (25–115)
Suture length (cm) 3.5 (2.5–7.5) 3.5 (2.5–7.5)
Postoperative complications (n) 0 0
Nutrition (days) 2 (1–8) 7 (2–8)
Hospital length of stay (days) 5 (2–13) 10.5 (7–13)

Fig. 5. Management of a bleeding complication during surgery:
Application of a metal clip onto the stapler suture.
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reoperation with transoral minimally invasive surgery
due to incomplete dissection of the diverticulum. Both
of these patients remained relapse free after the second
operation. Of the patients who had a control gas-
troscopy, 28 did not show any signs of a relapse. In
some of the patients, staples of the esophagodiverti-
culotomy could be detected endoscopically or by
radiography. In none of these patients did the gast-
rografin swallow detect any residuum of the divertic-
ulum in the proximal esophagus.

The majority of the patients who experienced
symptoms such as dysphagia, odynophagia, foetor ex
ore, regurgitation, or awakening at night because of
reflux had significantly fewer symptoms after the sur-
gery (Table 3). Most of the patients were free of any
symptoms after surgical therapy. This is documented
by the significant increase in their GQLI after therapy
as well as the significant increase in their subjective
comfort, as measured by the smiley score (p < 0.001)
(Table 4).

Discussion

In 1998, the National Confidential Enquiry Into Peri-
operative Deaths (NCEPOD 1998, London) in head and
neck surgery concluded that endoscopic procedures used
to manage Zenker�s diverticulum are safer, faster, and
less invasive than conventional surgical approaches,
causing less comorbidity [19]. We show that the mini-
mally invasive stapler esophagodiverticulostomy using a
modified Endo-Gia stapler is safer than a diverticulo-
somy performed with other techniques. We found a
morbidity rate of 2.6% in our patient cohort, as com-
pared with 7.4% in the literature for patients treated
with a carbon dioxide (CO2) laser, 8.1% for patients
treated with electrocauter, and 11.8% for patients trea-
ted with conventional open surgery.

The better outcome probably is attributable to a
complete staple suture, which reduces the risk for per-
foration of the esophagus and thus reduces the risk for
mediastinitis. Although we observed small dissections of
the esophagus in 6 of 31 patients after stapler eso-
phagodiverticulostomy, we were able to treat the dis-
section endoscopically with fibrin glue successfully.
Most important for a successful minimally invasive
intervention is complete exposure of the diverticulum
lumen by insertion of the Kastenbauer–Wollenberg
spreader. This exposes the hypopharynx in width and
height at the same time.

In our cohort of patients, a normal diet was
achieved within 3 days (median), and the mean hospital
length of stay was 6 days. With the conventional sur-
gical treatment of Zenker�s diverticulum, the mean
hospital length of stay is 7 days (range, 4–11 days), and
the time until a normal diet is achieved varies between
4 and 9 days [2, 7, 10, 15, 21, 23]. Our results agree
with those of other studies reporting 0.6 to 4 days as
the mean hospital length of stay and 0.1 to 3 days for
recovery of a normal diet among patients treated with
endoscopic diverticulostomy [1, 4, 7, 9, 14, 17, 18, 21,
22].

The relapse rates for patients treated with conven-
tional diverticulectomy and cricomyotomy vary from
0% to 19% (mean, 6.8%) during median follow-up times
of 36 months [2, 5, 12, 20, 23]. In contrast, the relapse
rates for patients treated with minimally invasive eso-
phagodiverticulostomies in studies that have median
follow-up times of 16 months vary between 0% and 9%
(mean, 3.6%) [1, 17, 14, 22].

These results are in contrast to those reported by
Counter et al. [4], who investigated the long-term results
61 months after surgery for patients treated with mini-
mally invasive diverticulostomies. These authors re-
ported relapse rates of 22%. In contrast to our surgical
approach, these authors used conventional, nonmodi-
fied stapler tips for the surgery.

We found recurring diverticula in 6.5% of our
patients (n = 2) treated with the modified Endo-Gia
stapler. We hypothesize that this favorable result is
attributable to the shortened anvil of the applied Endo-
Gia, which allows the complete lumen of the diverticu-
lum to be dissected to the base. In case of a diverticulum
relapse, these patients could successfully be resubmitted
to a transoral reesophagodiverticulostomy with an
Endo-Gia stapler.

To our knowledge, the transorally performed diver-
ticulostomy with the modified Endo-Gia stapler is the
safest surgical procedure for the treatment of Zenker�s
diverticulum. In contrast to the conventional surgical
procedure and other minimally invasive surgical ap-
proaches such as diathermia and use of a CO2 laser,
diverticulostomy with the Endo-Gia stapler leads to
fewer postoperative complications, fewer relapses, and a
shortened hospital length of stay. Therefore, it is thus
superior to the other approaches.

Our results, as compared with others, presumably
arise from modification of the Endo-Gia stapler anvil,
which allows a deeper, more complete anastomosis of
the diverticulum and the esophageal lumen.

Table 5. Stapler diverticulostomy and standard surgery: median
(minimum–maximum)

Transoral
diverticulostomy

Standard
surgery

n (male/female) 31 (24/7) 32 (24/8)
Age (years) 67 (39–88) 67 (47–85)
Operation time (min) 35 (15–115) 75 (37–170)
Hospital length of stay (days) 5 (2–13) 10 (8–38)

Table 4. Median (minimum–maximum) subjective well-being score:
reevaluation 46 months postoperativelya

n = 30 Preoperatively
46 Months
Postoperatively

Wilcoxon
test (p value)

Subjective
well-being (1–5)

4 (3–5) 2 (1–4) < 0.001

GQLI 104 (73–117) 133 (84–142) < 0.001

GQLI, Gastrointestinal Quality-of-Life Index [8] (maximum, 144
points)
a Choice options: 5 (very poor), 4 (poor), 3 (satisfactory), 2 (good), 1
(very good)
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