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ABSTRACT

Background and study aims Although several endo-
scopic techniques have been described for Zenker’s diverti-
culotomy, no standardized endoscopic approach has been
established in clinical routine to date. This study aimed to
assess the efficacy and safety of endoscopic diverticulot-
omy using the Clutch Cutter.

Patients and methods Cricopharyngeal myotomy was
performed in six prospectively enrolled patients with symp-
tomatic Zenker’s diverticulum, using the Clutch Cutter.
Procedural details such as duration, complications, and
technical success were recorded and compared to the out-
comes of 15 patients who received needle-knife-based
myotomy.

Results Myotomy with the Clutch Cutter was feasible in all
six patients with complete diverticulotomy in a single ses-
sion in all patients. Mean procedure time of the Clutch Cut-
ter myotomy was 19 minutes without major complications.
During follow-up, one patient had diverticulum recurrence
after 10 months, which was successfully re-treated. Mean
procedure time with the needle-knife was 43 minutes and
a mean of 2.7 myotomy sessions was required for complete
diverticulotomy.

Conclusion Endoscopic diverticulotomy using the Clutch
Cutter is safe, effective, and fast. Larger studies comparing
myotomy using the Clutch Cutter with other endoscopic
techniques are highly warranted.

Introduction

Zenker’s diverticulum (ZD) is an acquired pulsing diverticulum
with an outpouching of the mucosa and submucosa through
Killian’s triangle dorsally at the pharyngoesophageal junction.
Impaired opening of the upper esophageal sphincter, increased
hypopharyngeal bolus pressure, and reduced wall compliance
[1-3] are etiologically involved in the development of ZD and,
based on the pathophysiology of disease, myotomy of the cri-
copharyngeal muscle is the method of choice in symptomatic
patients.

Techniques for the endoluminal therapy of ZD are mainly
based on dissection of the cricopharyngeal muscle with argon
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plasma coagulation [4,5], monopolar coagulation using for-
ceps, or knife-based incisions (needle-knife, Hook-knife) [2,6 -
11]. However, no standardized endoscopic approach has been
established in clinical routine to date.

Originally developed for endoscopic submucosal dissection,
the Clutch Cutter (CC; FUJIFILM Corporation, Tokyo, Japan) is a
forceps-type resection device that can simultaneously grasp
and cut or coagulate tissue with electrosurgical current that is
concentrated at the closed blade to avoid unintentional incision
[12,13].

After a previous case report had shown successful cricophar-
yngeal myotomy with the CC [14], the aim of our study was to
validate these findings in a larger cohort and to compare the
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» Fig.1 Zenker’s diverticulotomy with the Clutch Cutter. a All patients had a Zenker’s diverticulum Grade 4 on the Brombart scale as assessed
by barium swallow. b The Clutch Cutter has a rotatable serrated jaw and is available in two sizes (3.5mm and 5 mm jaw length). To concentrate
electrosurgical current energy at the closed blade, the outer side of the CCis insulated. c Endoscopic view 12 months after the CC myotomy.

outcome of diverticulotomy with the CC against a needle-knife-
based approach.

Patients and methods
Patients and outcome measurement

From 2015 to 2017, six patients (three female, three male) with
symptomatic ZD were treated with diverticulotomy using the
CC. Written informed consent was obtained from all patients.
Before endoscopic diverticulotomy, barium swallow enema
was performed to assess size and radiologic classification [15].
The study was approved by our institutional review board. The
procedure time (time from first insertion to final withdrawal of
the endoscope), amelioration of symptoms, and complications
were assessed using a database prospectively formatted from
the medical records.

Patients were followed up for a mean of 12 months. During
follow-up, one patient died from non-Hodgkin lymphoma 4
weeks after myotomy. Results of the CC myotomy were com-
pared to retrospectively analyzed outcomes of a total of 15 pa-
tients (nine male, six female) who received near complete di-
verticulotomy with needle-knife myotomy.

Myotomy of the cricopharyngeal muscle with the
Clutch Cutter

The CC s a rotatable forceps-type resection device that can si-
multaneously grasp and cut or coagulate tissue with electrosur-
gical current. The CC is rotatable to the desired orientation and
has a 0.4-mm-wide and 3.5-or 5-mm-long serrated cutting
edge to facilitate grasping (> Fig. 1b). Furthermore, the outer
side of the forceps is insulated, therefore electrosurgical cur-
rent energy is concentrated at the closed blade to avoid unin-
tentional incision.

All endoscopies were performed under propofol sedation.
Diverticulotomy with the CC was performed using a standard-
ized protocol. In brief, esophagus, duodenum, and the stomach
were examined initially. After having withdrawn the endoscope,
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a conventional feeding tube was placed through the nose of the
patient. The endoscope was then re-inserted with a 4-mm dis-
tal cap (MH-464; Olympus) on the tip and placed in front of the
septum between the ZD and the esophageal lumen (> Fig. 2a).
Tissue of the septum was then grasped with the opened CC
(» Fig.2b). With tissue inside the forceps, the CC was gently
pulled back to avoid cutting too deeply and electrocautery
was applied using an Erbe Vio 200 D-system (Erbe, Tiibingen,
Germany) with the following settings: Forced coagulation 30
W, Endo Cut Q with effect 1, duration 3, interval 1.The initial
cut led to exposure of the cricopharyngeal muscle underneath
the septum (> Fig. 2c).

The procedure for selectively grasping muscle fibers
(» Fig. 2d), gentle pull-back of the CC, and finally electrocau-
tery of septum muscle fibers (» Fig. 2e) to dissect the muscle
fibers was repeated until the septum had been cut a few milli-
meters above the bottom of the diverticulum, resulting in a
near complete diverticulotomy (> Fig. 2f). Importantly, during
the whole procedure, the CC allowed the selective grasping
and cutting of the muscle fibers while avoiding cutting too dee-
ply through gentle pull-back maneuvers with the closed CC. A
complete procedure for cricopharyngeal myotomy with the CC
is shown in » Video 1.

Results

Clinical characteristics of the patients and outcomes of the CC
myotomy are summarized in » Table1. All patients had a ZD
grade 4 on the Brombart scale (> Fig. 1a). Myotomy with the
CC was feasible in all six patients with a technical success rate
of 100%. Near complete diverticulotomy was achieved in a sin-
gle session in all patients (> Fig. 2). Mean procedure time for di-
verticulotomy with the CC was 19 minutes (range 10-30 min-
utes). There were no major complications such as obvious per-
forations, or severe bleeding requiring re-intervention. » Fig.1c
shows an endoscopic view 12 months after the CC myotomy. In
one patient, minor bleeding occurred during myotomy which
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» Fig.2 Different steps of cricopharyngeal myotomy with the Clutch Cutter. a In the first step, after placement of a nasogastric tube, the
endoscope with a 4-mm distal cap is placed right above the septum between the Zenker’s diverticulum and the esophageal lumen. b Tissue of
the septum is then grasped with the opened CC and with tissue inside the closed forceps, the CC is gently pulled back to avoid cutting too
deeply and electrocautery is applied during retraction. ¢ The initial cut led to exposure of the cricopharyngeal muscle underneath the septum.
d With the CC, muscle fibers of the cricopharyngeal muscle are grasped and gently pulled back. e During retraction, electrocautery is applied
to achieve myotomy of the grasped muscle fibers. The procedure for selectively grasping muscle fibers, gentle pull-back of the CC, and finally
dissection of septum muscle by electrocautery is repeated until the septum has been completely cut. f Final result of myotomy using the CC
with a near complete diverticulotomy.

was stopped immediately during the procedure through coag-
ulation with the closed CC. Mean hospital stay was 3 days
(range 2-4 days). All patients had symptomatic relief after
myotomy with the CC, and a single patient experienced a diver-
ticulum recurrence 10 months after the initial myotomy which
was then successfully treated with a second diverticulotomy
using the CC.

In comparison, mean procedure time during needle-knife
myotomy was 43 minutes per session and to achieve near com-
plete diverticulotomy, a mean of 2.7 myotomy sessions was re-
quired per patient. Bleeding occurred in seven patients under-
going needle-knife myotomy. While in six patients, bleeding
was immediately recognized during the procedure and con-
trolled through argon plasma coagulation, in one patient, de-
layed and severe bleeding occurred requiring a second emer-
gency gastroscopy with argon plasma coagulation and subse-
quent hemoclip application. In three out of the 15 patients un-
dergoing needle-knife myotomy, cervical emphysema devel-
oped shortly after the procedure and CT scan showed pneumo-
mediastinum without any signs of gastrografin leakage in these
patients. Under conservative management, cervical emphyse-
ma progressively declined in all three patients. In one patient,

DvVideo 1 Complete procedure for cricopharyngeal myotomy
with the Clutch Cutter.
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> Table1 Patients’ clinical characteristics and outcomes of Zenker’s diverticulotomy with the CC.

Patient  Sex Age, Zenker Grade on Symptoms
years size, Brombart
mm scale

1 F 94 15%15 4 Dysphagia,
regurgitation

2 M 84 56x33 4 Aspiration,
dysphagia

3 M 65 42 %30 4 Dysphagia

4 F 80 28x23 4 Dysphagia,
weight loss

5 M 74 30x%20 4 Aspiration,
dysphagia

6 F 71 50%30 4 Dysphagia, re-

fractory cough

Procedure Hospital Compli- Follow- Symp-  Recur-
time, min stay, days cations up, tom rence
months relief
10 3 N 9 Y N
18 2 Minor 3 Y N
bleeding’

30 3 N 10 Y N

25 2 N 24 Y N

15 4 N 12 Y N

15 4 N 25 Y e

T Minor bleeding was defined as bleeding that occurred and was successfully treated during CC myotomy. Major bleeding was defined as bleeding that occurred after

CC myotomy and required a second emergency endoscopy.
2 This patient died from non-Hodgkin lymphoma 4 weeks after CC myotomy.

3 Recurrence occurred 10 months after the initial CC myotomy as a Zenker’s diverticulum Brombart Grade 3 which was then successfully treated with a second

diverticulotomy using the CC.

a small mediastinal perforation occurred during needle-knife
myotomy and was immediately closed via hemoclips. Under
close monitoring, no signs of mediastinitis developed in this pa-
tient. Mean hospital stay was 7 days (range 3-10 days) for pa-
tients with needle-knife myotomy.

Discussion

As a common principle across all techniques used for endo-
scopic treatment of ZD, the septum between the diverticulum
and esophagus within which the cricopharyngeal muscle is con-
tained is dissected along its entire longitudinal content, result-
ing in a cricopharyngeal myotomy. During this procedure, iden-
tification of the depth of incision is the most critical aspect of
endoscopic Zenker’s treatment. If the incision is too short, this
can result in incomplete cricopharyngeal myotomy, thereby
predisposing for clinical recurrence, which has been reported
in up to 25% of patients with endoluminal treatment of ZD
[16]. On the other hand, cutting too deeply can result in med-
iastinal perforation. However, due to the absence of reliable
anatomic landmarks defining the depth of incision during
endoscopy, the inferior border is difficult to define endoscopi-
cally and with mediastinal perforation rates as high as20% [11],
this represents the most frequent and most serious complica-
tion of endoluminal ZD treatment. Unfortunately, with the
techniques mentioned above, the direction of incision is inevi-
tably directed from proximal to distal and in the absence of se-
cure landmarks other than the muscular fibers, this harbors the
risk of cutting too deeply with subsequent perforation.

This led some investigators to assess devices where the inci-
sion can be controlled from bottom to top. Repici and co-work-
ers used an approach in which the hook knife is used to hook
into the tissue and pull upwards before cutting, thus inverting
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the direction of the cut [8]. In that report, the technical success
of the hook-knife-based myotomy was 91.7 % and of the 32 pa-
tients treated, one patient developed cervical emphysema after
the procedure which disappeared under conservative manage-
ment [8]. In our study, we used the CC for cricopharyngeal
myotomy. Because of its ability to grasp, thereby enabling ac-
curate and selective targeting of muscle fibers, and to pull the
target tissue in an upward direction away from the proper mus-
cle layer along with coagulation concentrated at the closed
blade, the CC allowed for very controlled and precise move-
ments at the target site with a direction of incision from distal
to proximal, as described by Repici et al. with the hook-knife
[8].

This careful selection of the amount of tissue to be cut
seems to be especially critical when approaching and dissecting
the very distal part of the septum. With the CC, technical suc-
cess was 100 % and complete diverticulotomy was achieved in a
single session in all patients with a mean duration of 19 min-
utes. No major complications such as perforation, or severe
bleeding requiring re-intervention were observed during diver-
ticulotomy with the CC.

In contrast, with needle-knife-based myotomy performed in
15 patients with ZD in our department, a mean of 2.7 treat-
ment sessions was required for complete diverticulotomy and
with a mean duration of 43 minutes per session, procedure
time was considerably longer compared to the CC. At the
same time, our data illustrate that needle-knife myotomy might
be more prone to the development of complications such as
bleeding and mediastinal emphysema or perforation, an obser-
vation which can most likely be attributed to the inability to
cauterize with the same instrument and to precisely control
the depth of incision when cutting downwards.
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As a major limitation of our study, the number of patients
treated with the CC is relatively small, so that far reaching con-
clusions cannot be drawn. Because of the different patient
numbers treated with needle-knife and CC, and the current
study design in which patients underwent cricopharyngeal
myotomy with either of these devices consecutively, learning
curve effects might have biased the results in favor of the CC.
Hence, a direct comparison of the outcomes and complications
may not be feasible from the current study and clearly, sys-
tematic analyses by randomized trials are necessary to address
these aspects. Furthermore, with a mean of 12 months, the fol-
low-up time was relatively short. Therefore, long-term recur-
rence of ZD after CC diverticulotomy cannot be excluded.
Nevertheless, from these first experiences, we believe that, in
our series, the CC allowed a precise and deep incision with al-
most complete disappearance of the septum after a single
treatment session. Future randomized studies comparing dif-
ferent endoscopic approaches for diverticulotomy are highly
warranted to identify the most effective and safest technique
for endoluminal therapy of ZD.
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