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Abstract

Purpose Transoral resection of Zenker’s diverticulum (TORD) was first reported in 2010. We present results for our modified
approach to transoral resection (MTORD)—full-thickness cricopharyngeal myectomy, diverticulum sac excision, and suture
closure of the pharyngotomy—and evaluate its safety and efficacy compared to endoscopic stapling and open approaches.
Methods A retrospective study was performed in patients who underwent transoral resection of Zenker’s diverticulum using
MTORD, endoscopic stapler-assisted diverticulotomy (ESD), or trancervical diverticulectomy (TCD) from July 2009 to
August 2017. Pre-operative evaluation included barium swallow and subjective characterization of swallowing dysfunction
using the EAT-10 and Reflux Symptom Index (RSI). Complications, length of hospitalization, recurrence, and revision rates
were also evaluated.

Results Of 92 patients reviewed, 18 underwent MTORD, 45 underwent ESD and 29 underwent TCD. Major complications
were only observed in ESD and TCD. Recurrence which required revision surgery was only observed in ESD. EAT-10 and
RSI scores significantly improved and RSI scores normalized post-operatively for all approaches in short-term (< 1 year)
follow-up.

Conclusions MTORD is a safe and effective option for complete Zenker’s diverticulectomy. Complication rates are low.
To date, no patient has required reoperation, although more cases and longer term follow-up are needed for more complete
comparison to ESD and traditional open excision.

Keywords Modified transoral resection of diverticulum - Endoscopic laser approach - Diverticulectomy - Zenker’s
diverticulum - Outcomes - Recurrence

Introduction

Zenker’s diverticulum is a rare disease affecting 2 in 100,000
people. The incidence is most common in elderly men.
Zenker’s diverticulum is a herniation of esophageal mucosa
and submucosa at Killian’s triangle, a diastasis between the
inferior pharyngeal constrictor and the cricopharyngeus
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muscles, that is caused by excessive contraction or disco-
ordination in the pharyngeal muscles in conjunction with a
hypertensive cricopharyngeus (CP) muscle [1, 2]. Dysphagia
is the most common complaint in patients with Zenker’s
diverticulum. A large diverticulum can produce regurgita-
tion of undigested food, aspiration, gurgling in the throat,
neck mass, dysphonia, halitosis, and malnutrition. Diagnosis
is confirmed by barium esophagography which demonstrates
a pouch filled with contrast material. The pouch’s depth can
be estimated and used to counsel patients on the possible
surgical options. Furthermore, concomitant esophageal dis-
eases or motility disorders can be evaluated by the barium
study. Esophagoscopy is performed at the time of surgery
to confirm the diagnosis and suitability for an endoscopic
approach, and to exclude concurrent esophageal pathology
(i.e., stricture, eosinophilic esophagitis, carcinoma, etc.) [3].

The mainstay of treatment is surgery. Conventional tran-
scervical diverticulectomy (TCD) has excellent outcomes
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although a higher complication rate. Endoscopic surgical
treatment of Zenker’s diverticulum was first performed by
Mosher in 1917 and a large series was later reported by
Dohlman [4, 5]. The carbon dioxide laser was first intro-
duced to the endoscopic technique by van Overbeek [6]. The
endoscopic approach can be performed by flexible or rigid
endoscopy; the latter technique is usually completed with
a laser or stapler. Endoscopic stapler-assisted diverticulot-
omy (ESD) offers a lower complication rate and more rapid
recovery, but has a greater rate of recurrence, likely owing
to incomplete transection of the CP muscle and preserva-
tion of remnant diverticulum. The endoscopic laser approach
is considered superior to endoscopic stapling approach for
addressing small diverticula (<2 cm) since the distal 1 cm
of current staplers does not cut or staple [7].

Transoral resection of diverticula (TORD) was reported
by Mortensen et al., but no studies have evaluated long-term
outcomes and efficacy [8]. In this procedure, the diverticu-
lar sack is grasped, everted and resected with endoscopic
scissors, followed by division of the cricopharyngeus mus-
cle by electrocautery. The modified transoral resection of
diverticula (MTORD) is theorized to reduce recurrence rates
by performing a complete wedge resection of cricopharyn-
geus muscle, removal of the pouch, and suture closure of
the resultant pharyngotomy. MTORD can be performed in
patients with prior neck surgery, significant comorbidities,
elderly patients or patients with recurrent symptoms. This
study seeks to establish the outcomes of MTORD when
compared to other approaches.

Methods

This study was approved by the Stanford Institutional
Review Board and Research Compliance Office. A retro-
spective study was conducted on patients aged 18 and older
who underwent transoral resection of Zenker’s diverticu-
lum using our modified approach (MTORD), endoscopic
stapler-assisted diverticulotomy (ESD) and transcervical
diverticulectomy (TCD) from July 2009 to August 2017 in
the Department of Otolaryngology-Head and Neck Surgery,
Stanford University Medical Center. Pre-operative data col-
lected included patient demographics, barium swallow, and
subjective characterization of swallowing dysfunction using
the Eating Assessment Tool (EAT-10) and Reflux Symp-
tom Index (RSI). Complications, operative time, estimated
blood loss, length of hospitalization, EAT-10, and RSI were
evaluated.

The Weerda distending diverticuloscope is placed into
position and suspended from the Mayo stand with good
delineation of the esophageal lumen, diverticulum and the
CP bar in an atraumatic fashion. The operating microscope
is then brought into position and the carbon dioxide laser
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with micromanipulator is prepared with settings of 8 watts
in continuous mode. A horizontal incision is made in the
mucosa to expose the CP bar. Submucosal flaps are elevated
anterior and posterior to the cricopharyngeal bar using Kitt-
ners and the laser. The full thickness of muscle is grasped,
and then a wedge cricopharyngeal myectomy is performed
by cutting through all of the muscle fibers in two vertical
incisions in an anterior to posterior direction. The diver-
ticulum is grasped, advanced, and excised with the laser. A
tension-free primary closure is performed in a horizontal
fashion using interrupted 4-0 vicryl sutures with a TF needle
(Ethicon, Inc., a Johnson & Johnson company; Somerville,
NJ, USA). A nasogastric feeding tube may then be placed
under direct visualization.

Statistical analysis

The quantitative data are presented in mean + standard
deviations (SD). The qualitative data were calculated with
Pearson’s chi-square test. For comparison of means, we
used a t-test for pairwise comparison and one-way analysis
of variance (ANOVA) for comparison across three groups.
Wilcoxon rank-sum test was used for non-normal distributed
data. Chi-square and Fisher’s exact tests were used to com-
pare dichotomous variables. SAS 9.4 (SAS Institute Inc.,
Cary, NC, USA) was used for the statistical calculations in
this study. Significance level was accepted at p <0.05 in two-
tailed tests.

Results

A total of 92 subjects (62 males and 30 females) with a mean
age of 74 + 12 years were reviewed. There were 18 cases of
MTORD, 45 cases of ESD and 29 cases of TCD. Preexisting
gastroesophageal reflux disease (GERD) was present in 40%
of the patients. The demographic data of subjects are shown
in Table 1. Most of the demographic characteristics showed
no significant difference among the groups of patients except
for age where statistically significant differences were found
only between MTORD and ESD. The patterns of pooling
of secretions from pre-operative flexible fiberoptic laryn-
goscopy are shown in Table 2 and 41% of patients had no
pooling of secretions.

The procedure characteristics included size of Zenker’s
diverticulum, type of surgery, operative time, estimated
blood loss (EBL) and length of hospital stay (LOS), and
are shown in Table 3. Most of the procedure characteristics
showed a significant difference among the groups of patients
(p <0.05), and most of these statistically significant differ-
ences were found between MTORD and ESD.

The subjective characterization of swallowing dysfunc-
tion using the EAT-10 and RSI is shown in Tables 4, 5
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Table 1 Demographic data of

. Groups MTORD (n=18) ESD (n=45) TCD (n=29) p values
subjects

Sex
Male (%) 10 31 21 0.466
Female (%) 8 14 8

Age (years)
Mean 68+ 14 76 +11 74+13 0.020%*
Range 35-86 44-95 63-94

BMI (kg/m?)
Mean 25.6+4.4 25.6+5.0 26.5+4.4 0.656
Range 19.7-35.7 16.5-42 17-34.4

Preexisting
GERD (%) 8 (44.4) 20 (44.4) 12 (41.4) 0.963
CVA (%) 3 (16.7) 7 (15.6) 4 (13.8) 0.961

Previous open neck surgery (%) 3(16.7) 4(8.9) 5(17.2) 0.511

Smoking
Never smoker (%) 5(27.8) 18 (40) 13 (44.8) 0.501
Former smoker (%) 12 (66.7) 26 (57.8) 15 (51.7)
Current smoker (%) 1(5.6) 1(2.2) 1(3.4)

Alcohol
Yes (%) 15 (83.3) 27 (60) 21 (72.4) 0.170
No (%) 3(16.7) 18 (40) 8 (27.6)

The quantitative data are presented as mean +standard deviation (SD), but the qualitative data are pre-

sented as number (%)

MTORD modified transoral resection of diverticulum, ESD endoscopic stapler-assisted diverticulotomy,
TCD transcervical diverticulectomy, BMI body mass index, GERD gastroesophageal reflux disease, CVA

cerebrovascular accident

*Statistically significant differences were found only between MTORD and ESD

Table 2 Patterns of pooling of

. No secretion (%) 37 (40.7)
secretions
Left side (%) 23 (25.3)
Right side (%) 4(4.4)
Both sides (%) 27 (29.7)

The qualitative data are pre-
sented as number (%)

and 6. Both EAT-10 and RSI were evaluated pre-opera-
tively and post-operatively short term and long term (at
< 1-year follow-up and 1-7-year follow-up). Among all
groups (MTORD, ESD, TCD), pre-operative EAT-10 and
RSI were the same (Table 4). Statistically significant dif-
ferences among all groups (MTORD, ESD, and TCD)
of EAT-10 and RSI were found between pre-operative
and post-operative short-term (< 1 year) follow-up and
between pre-operative and long-term (1-7 years) follow-
up except for MTORD where statistically significant dif-
ferences were not found between pre-operative and post-
operative long-term (1-7 years) follow-up (Tables 5, 6).
Box plots comparing RSI and EAT-10 at pre-operative,
short-term and long-term follow-up following MTORD,
ESD and TCD are shown in Figs. 1 and 2.

Complications following MTORD, ESD and TCD are
shown in Table 7. For intra-operative complications, two
esophageal perforations were observed in TCD. Major post-
operative complications were defined as complications that
required reoperation or prolonged hospitalization. Major
post-operative complications were only observed in ESD and
TCD. One case of a hematoma needing wound exploration
was reported following TCD and three cases of retropharyn-
geal space abscess requiring wound exploration were reported
one for ESD and two for TCD. Other minor complications
following TCD were ecchymosis of anterior neck, left vocal
fold paresis, left Horner’s syndrome, aspiration, and cellu-
litis. Transient tongue anesthesia was noted following both
MTORD and ESD.

Recurrence and revision are shown in Table 8. Of the seven
patients with recurrence, five patients were noted following
ESD. Moreover, three cases of recurrence with required revi-
sion were only observed in ESD.
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Table 3 Procedure
characteristics

Table 4 Pre-operative scores on reflux and dysphagia

Groups MTORD (n=18)

ESD (n=45) TCD (n=29) p values
Size of Zenker’s diverticu-
lum (cm)
Mean 2.1+14 3.1x13 3114 0.008°
Range 0.5-6.8 1-7 1-6
Type of surgery
New patient (%) 10 (55.6) 38 (84.4) 23 (79.3) 0.045?
Revision (%) 8 (44.4) 7 (15.6) 6 (20.7)
Operative time (min)
Mean 102.4+30.2 42.4+16.2 175.2+46.2 < 0.00012%¢
Range 53-158 18-87 107-341
EBL (ml)
<25 (%) 18 (100) 44 (97.8) 19 (65.5) < 0.0001%
25-50 (%) 0(0) 1(2.2) 10 (34.5)
LOS (day)
Mean 3+0.9 2+22 4+34 <0.0001%*
Range 14 0-12 1-15

The quantitative data are presented as mean +standard deviation (SD), but the qualitative data are pre-
sented as number (%)

MTORD modified transoral resection of diverticulum, ESD endoscopic stapler-assisted diverticulotomy,
TCD transcervical diverticulectomy, EBL estimated blood loss, LOS length of hospital stay

Statistically significant differences were found only between MTORD and ESD
PStatistically significant differences were found only between MTORD and TCD
“Statistically significant differences were found only between ESD and TCD

Discussion

Groups MTORD (n=17) ESD (n=38) TCD (n=24) p values

RSI 203+11.4
EAT-10 19.4+9.5

20.9+8.2
19.3+10.5

Endoscopic treatment of Zenker’s diverticulum is a popular
option because of the early resumption of oral alimentation,
shorter hospital stay, and lower complication rates compared

237+7.6 0.437
19.1+£109  0.992

The quantitative data are presented as mean =+ standard deviation (SD)

MTORD modified transoral resection of diverticulum, ESD endo-
scopic stapler-assisted diverticulotomy, TCD transcervical diverti-
culectomy, RSI Reflux Symptom Index, EAT-10 Eating Assessment
Tool

to transcervical excision [7-9]. Many endoscopic techniques
have been developed and ESD is currently the most com-
monly performed approach; however, it cannot effectively
address small diverticula (<2 cm). The distal 1 cm of the
stapler does not cut or staple, which leaves part of the com-
mon party wall, including cricopharyngeus muscle, intact
[7]. An endoscopic laser approach with partial resection of

Table 5 Outcomes on reflux

. Groups RSI EAT-10
and dysphagia on short-term
follow-up PRE Tl p values PRE T1 p values
MTORD (n=16) 203+114 6.9+6.3 0.0005* 19.4+9.5 42+5.0 <0.0001*
ESD (n=30) 21.3+8.2 6.7+£89 < 0.0001* 19.0£10.5 37+5.6 <0.0001*
TCD (n=20) 23.7+7.6 89+8.2 < 0.0001* 19.1+10.9 6.0+8.8 <0.0001*
Total (n=66) 21.8+8.8 7.5+82 < 0.0001* 19.1+£10.3 45+6.6 <0.0001*

@ Springer

The quantitative data are presented as mean =+ standard deviation (SD)

MTORD modified transoral resection of diverticulum, ESD endoscopic stapler-assisted diverticulotomy,
TCD transcervical diverticulectomy, RSI Reflux Symptom Index, EAT-10 Eating Assessment Tool, PRE
pre-operative, T/ post-operative < 1 year

*Statistically significant differences were found between PRE and T1
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Table 6 Outcomes on reflux

; Groups RSI EAT-10
and dysphagia on long-term
follow-up PRE T2 p values PRE T2 p values
MTORD (n=3) 203+114 9.3+5.1 0.0005 19.4+9.5 6.7+£3.5 <0.0001
ESD (n=20) 21.3+8.2 9.6+9.1 < 0.0001* 19.0+10.5 5779 <0.0001*
TCD (n=10) 23.7+7.6 8.8+8.2 < 0.0001* 19.1+£10.9 5.0+79 <0.0001*
Total (n=33) 21.8+8.8 9.5+8.4 < 0.0001* 19.1+10.3 55+75 <0.0001*

The quantitative data are presented as mean =+ standard deviation (SD)

MTORD modified transoral resection of diverticulum, ESD endoscopic stapler-assisted diverticulotomy,
TCD transcervical diverticulectomy, RSI Reflux Symptom Index, EAT-10 Eating Assessment Tool, PRE
pre-operative, T2 post-operative 1-7 years

*Statistically significant differences were found between PRE and T2
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Fig.2 Box plot comparing pre- and post-EAT-10 following opera-
tions

cricopharyngeus muscle has been reported with excellent
outcomes [9]. MTORD is our preferred endoscopic laser
approach because it allows a cricopharyngeal myectomy

that traverses the full thickness of the muscle with diver-
ticular sac removal. To facilitate the partial resection of
cricopharyngeus muscle and mucosal closure, a horizontal
mucosal opening is performed by our technique.

Candidates for the MTORD technique are the same as
for other endoscopic approaches. It is not recommended
for patients likely to have limited intra-operative exposure
via the Weerda diverticuloscope, such as those with lim-
ited mouth opening, prominent front teeth, cervical spine
disease, short necks, decreased hyomental distance or high
body mass index [10, 11]. Adequate surgical exposure is
defined as concomitant visualization of the esophageal open-
ing, Zenker’s diverticulum and cricopharyngeal bar using
the diverticuloscope. For this reason, pre-operative coun-
seling should be performed for the possibility of conversion
to an open transcervical approach due to limited intra-oper-
ative exposure or for intra-operative complications. Further
counseling, especially for younger and healthy patients, is
needed for possible revision surgery due to recurrent or per-
sistent symptoms [12].

In this study, in concordance with other reports, ESD was
the most frequently utilized approach, with Zenker’s diver-
ticulae occurring most commonly in elderly male patients
[13]. Prior reports have revealed the association between
GERD and Zenker’s diverticulum, presumably secondary
to spasm or fibrosis of the cricopharyngeus muscle [14, 15].
In this study, 43.5% of patients had concomitant GERD,
supporting prior observations. A previous study by Ong-
kasuwan et al. reported patients with Zenker’s diverticulum
had increased pooling of secretions in the left compared with
the right piriform 52% of the time, but our study observed
this pattern in only 25.3% cases [16]. Most of our patients
(40.7%) had no pooling of secretions on pre-operative exam-
ination, followed by bilaterally equal hypopharyngeal secre-
tions (29.7%). For this reason, prediction of the presence of
a Zenker’s diverticulum by patterns of pooling secretions
should be made with some caution.

A previous study reported effective treatment of recur-
rent Zenker’s diverticulum with endoscopic laser division

@ Springer
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Table 7 Complications

Groups MTORD (n=18) ESD (n=45) TCD (n=29) Total (n=92)

Intra-operative
Esophageal perforation (%) 0(0) 00 2(6.9) 22.2)
Post-operative

Major
Hematoma (%) 0(0) 0(0) 13.4) 1(1.1)
Retropharyngeal abscess (%) 0(0) 12.2) 2(6.9) 3(3.3)
Minor
Ecchymosis of anterior neck (%) 0 (0) 0(0) 13.4) 1(1.1)
Left vocal fold paresis (%) 0(0) 0(0) 13.4) 1(1.1)
Left Horner’s syndrome (%) 0(0) 0(0) 1(3.4) 1(1.1)
Aspiration (%) 0 (0) 0 (0) 1(3.4) 1(1.1)
Cellulitis (%) 0 (0) 0(0) 134 1(1.1)
Transient tongue anesthesia (%) 1(5.6) 1(2.2) 0(0) 2(2.2)

The qualitative data are presented as number (%)

MTORD modified transoral resection of diverticulum, ESD endoscopic stapler-assisted diverticulotomy,
TCD transcervical diverticulectomy

Table 8 Recurrence and

o Groups MTORD (n=18) ESD (n=45) TCD (n=29) Total (n=92)
revision
Recurrence
Without revision (%) 1(5.6) 2(4.4) 1(33.4) 4(4.3)
With revision (%) 00 3(6.7) 0(0) 33.3)

The qualitative data are presented as number (%)

MTORD modified transoral resection of diverticulum, ESD endoscopic stapler-assisted diverticulotomy,

TCD transcervical diverticulectomy

of the remnant party wall [17]. In our study, 22.8% of cases
were for revision surgery, and of these 38.1% underwent
were treated via MTORD. Operative time and length of hos-
pitalization were lowest in ESD, and longest in TCD. The
mean operative time and mean length of hospitalization of
MTORD were 102.4 min and 3 days, respectively.

Significantly improved short-term post-operative EAT-
10 and RSI were observed in all groups (MTORD, ESD,
TCD). There were only three cases of MTORD with follow-
up beyond 1 year, so long-term improvement of EAT-10 and
RSI did not reach significance. Long-term follow-up with a
larger sample size is needed to confirm the improvement of
these two scores.

Complications that required prolonged hospitalization
or reoperation were defined as major complications; oth-
erwise they were categorized as minor complications. In
our study, intra-operative esophageal perforation, post-
operative hematoma, and retropharyngeal space abscess
were the major complications that occurred. In concord-
ance with previous studies, the open approach had more
complications than endoscopic approaches [18, 19]. The
overall post-operative complications following TCD
(27.6%) were more frequently observed compared to the
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recent systematic review (11%) [18]; however, the major
complications were comparable to our study. Intra-opera-
tive esophageal perforation and post-operative hematoma
were major complications that were only noted in TCD,
but retropharyngeal abscesses were observed in both ESD
and TCD. Many previous studies reported endoscopic
laser approach is an effective operation associated with
low complications rates. MTORD is a novel endoscopic
laser approach that can be considered a safe procedure,
without major complications [20, 21]. Transient tongue
anesthesia, a minor post-operative complication associated
with the suspension of the Weerda diverticuloscope, was
noted in MTORD and ESD.

Many studies have reported better long-term results
with TCD but our study showed that the recurrence rates
of MTORD (5.6%), that were comparable to TCD (3.4%)
[21-25], has a lower rate of recurrence than the recent sys-
tematic review (21.7%) [18] because the selected case for
MTORD had a smaller size of Zenker’s diverticulum than
other approaches. ESD was associated with the highest rate
of recurrence (11.1%). However, more cases and longer term
follow-up may be needed for more complete comparison to
traditional open excision. Limitations of this study include
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the retrospective nature and the limited long-term follow-up
data on patients.

Conclusions

MTORD is considered a safe and effective endoscopic
treatment for Zenker’s diverticulum. Complication rates
are lower than ESD and TCD. Dysphagia and regurgitation
greatly improved after surgery. The long-term recurrence
and revision rates are low, comparable to TCD. MTORD
offers high success rates and rapid improvement of symp-
toms because of the complete diverticular sac removal and
cricopharyngeal myectomy. However, delayed resumption
of oral diet and inpatient observation are disadvantages of
this therapeutic approach.
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