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ABSTRACT

Background Diverticular peroral endoscopic myotomy

(POEM) is an alternative to surgery for the management of

symptomatic thoracic esophageal diverticula. Convention-

ally, this requires proximal tunnel formation but a direct ap-

proach may simplify the technique. Herein, we report the

outcomes of direct diverticular-POEM (DD-POEM).

Methods We conducted a single-center prospective ob-

servational study evaluating DD-POEM. This involved a di-

rect approach to the diverticulum. Success was defined as

an Eckardt score of ≤3 without the need for reintervention.

Results 10 patients underwent DD-POEM (median age 72

years; interquartile range [IQR] 14.3; male 60% [n=6]). Me-

dian diverticulum size was 40mm (IQR 7.5) and median lo-

cation was 35 cm from the incisors (IQR 8.3). Five patients

(50%) had an underlying dysmotility disorder. The median

procedure duration was 60 minutes (IQR 28.8). There were

no adverse events. The median hospital stay was 1 day (IQR

0.75). The pre-procedure median Eckardt score of 6 (IQR 4)
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Introduction
Esophageal diverticula are uncommon, with a prevalence of
0.06%–4% [1]. Although they are often discovered incidentally,
they may present with debilitating symptoms such as dyspha-
gia, regurgitation, weight loss, and aspiration [2]. Esophageal
diverticula may occur in the upper esophagus (Zenker’s diverti-
culum) or the thoracic portion. Owing to their anatomic loca-
tion within the mediastinum, the management of thoracic di-
verticula is considered separately. Thoracic diverticula include
mid-esophageal “traction” diverticula, usually secondary to
mediastinal inflammation [3], and epiphrenic “pulsion” diverti-
cula, which are often associated with dysmotility, particularly
impaired relaxation of the lower esophageal sphincter [4].

Asymptomatic patients with thoracic diverticula typically do
not require treatment. Symptomatic patients should undergo
high resolution manometry and if present, treatment of the un-
derlying dysmotility disorder will often result in symptom reso-
lution [4]. Traditional management for patients with persistent-
ly symptomatic esophageal diverticula is surgical resection;
however, resection poses a considerable risk of morbidity and
mortality [5].

Flexible endoscopic septum division was developed as a
minimally invasive alternative to surgery for the treatment of
Zenker’s diverticula; however, it is associated with high recur-
rence rates due to incomplete septotomy, probably as a result
of operator fear of inadvertently dividing the esophageal wall
[6]. The application of this technique to the treatment of thor-
acic diverticula was limited by the potential risks of perforation
and mediastinitis in this location [7]. Advances in submucosal
tunneling techniques led to the development of a promising al-
ternative, diverticular peroral endoscopic myotomy (D-POEM),
which would allow complete dissection of the muscular septum
while preserving mucosal integrity, thereby reducing the risk of
complications and symptom recurrence [8]. However, submu-
cosal tunnel creation is time consuming and associated with a
steep learning curve. Furthermore, this cohort of patients have
often undergone prior surgical or endoscopic therapy to treat
underlying dysmotility, with resulting submucosal fibrosis mak-
ing third space navigation challenging.

We previously described a novel technique, transmucosal di-
verticular myotomy, herein referred to as direct diverticular
POEM (DD-POEM), which enables direct access to the diverticu-
lar septum while still preserving the mucosa, thereby simplify-
ing and shortening the procedure compared with previously
outlined techniques [9]. In this article, we describe the clinical
outcomes for patients who underwent DD-POEM for sympto-
matic thoracic diverticula at our center.

Methods
We conducted a single-center prospective observational study
of patients undergoing DD-POEM for the treatment of sympto-
matic thoracic diverticula. Consecutive patients referred to our
unit for endoscopic management of persistently symptomatic
thoracic diverticula were enrolled between May 2017 and
March 2023. Patients had to be aged over 16 years and provide
written consent to participate in the study. The diagnosis of
thoracic diverticula was based on endoscopic assessment and
contrast imaging (barium swallow). All patients underwent
high resolution manometry to investigate for the presence of
underlying esophageal dysmotility. If dysmotility was diag-
nosed, patients were only considered for endoscopic treatment
of their thoracic diverticula if they remained symptomatic fol-
lowing endoscopic and/or surgical management of the dysmo-
tility disorder. A validated symptom scoring system (Eckardt
score) was utilized and calculated prior to and after endoscopic
intervention [10]. The study was approved by the Human Re-
search Ethics Committee at Westmead Hospital.

Patients and equipment

All endoscopic procedures were performed by a study investi-
gator (accredited gastroenterologist with interventional
endoscopy training and an established tertiary referral prac-
tice). Procedures were performed under general anesthesia
with endotracheal intubation. A GIF-HQ190 high definition gas-
troscope (Olympus, Tokyo, Japan) was used. A transparent dis-
tal tapered cap (ST Hood; Fujifilm, Tokyo, Japan) was the prefer-
red distal attachment. Carbon dioxide insufflation was used for
all cases. A microprocessor-controlled generator (VIO 300D;
ERBE, Tübingen, Germany) was used for all cases. Large vessels
were avoided and significant intraprocedural bleeding was
treated with hemostatic forceps (Coagrasper; Olympus) using
soft coagulation (effects 5–7). A triangle tip electrosurgical
knife (Olympus Medical Systems, Tokyo, Japan) was used. Minor
bleeding was treated with soft coagulation.

DD-POEM procedure

Endoscopic assessment of the diverticulum was conducted
using a gastroscope. Any residual food or fluid within the diver-
ticulum was first cleared. DD-POEM was then performed fol-
lowing a four-step process (▶Fig. 1, ▶Video 1).

Step 1. Submucosal injection and incision. A submucosal in-
jection of succinylated gelatin with 0.4% indigo carmine and
1:100 000 epinephrine was performed to create a cushion, di-
rectly proximal to the diverticular septum. A 2 cm oblique mu-
cosal incision was made above the septum to enter the submu-
cosal plane (Endo Cut Q, effect 2).

significantly improved to 0 (IQR 0.75; P <0.001) at a median

follow-up of 14.5 months (IQR 13.8). Success was achieved

in all patients.

Conclusions DD-POEM was a safe technique for the man-

agement of thoracic esophageal diverticula. Owing to its

simplicity and excellent performance it should be further

evaluated for the treatment of this disorder.
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Step 2. Peri-septal submucosal dissection to isolate the mus-
cular bridge. Once the submucosal plane was entered, a sub-
mucosal tunnel was created on either side of the septum in or-
der to isolate the septal bridge. Tunnel creation was com-
menced distal to the mucosal incision just above the septum

(i. e. no tunnel creation proximal to the septum was required).
Submucosal dissection was performed using a combination of
Dry Cut (effect 4) and preciseSECT (effect 4). Dissection was
carried out on the luminal side of the septum and extended
≥2 cm below the inferior limit of the diverticulum. This was re-

▶ Fig. 1 Direct diverticular peroral endoscopic myotomy (DD-POEM) procedure. a Endoscopic assessment of the diverticulum was conducted
using a gastroscope. b Any residual food or fluid within the diverticulum was cleared. c–l DD-POEM was then performed following a four-step
process. c–e Step 1: submucosal injection just above the septum (c, d) and oblique mucosal incision to the long axis of the septum (e). f Step 2:
identification of the muscular bridge/septum. g Peri-septal dissection to achieve isolation of the septum and adequate exposure under direct
vision. h, i Step 3: complete myotomy of the muscular septal bridge. j–l Step 4: closure of the mucosal incision with through-the-scope clips.
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peated on the diverticular side of the septum extending to the
base of the diverticulum. The objective was to achieve isolation
of the septum and adequate exposure under direct vision.

Step 3.Diverticular myotomy. Full-thickness myotomy of the
diverticular septum was carefully performed using Dry Cut (ef-
fect 4) and preciseSECT (effect 4). The adventitia was pre-
served. The myotomy was extended ≥2cm below the inferior
aspect of the thoracic diverticulum.

Step 4. Closure of the mucosal incision. The first clip was
placed on the inferior aspect of the wound, without involving
the wound, to raise an uninvolved mucosal mound. This inverts
the raised edges of the incision into the lumen. The remainder
of the defect was then closed using small (11mm) through-the-
scope clips (Lockado; CK Surgitech, Arundel, Australia). It is im-
portant not to use large clips because this may result in too
much mucosa being dragged into the wound, which can result
in jagged, uneven, and incomplete closure.

The procedure time was recorded as the time taken to com-
plete all of the steps involved in DD-POEM (i. e. from the start of
submucosal injection to final clip placement). The presence or
absence of submucosal fibrosis was recorded.

Post DD-POEM management and follow-up

Following the procedure, patients were fasted and admitted to
hospital overnight. They received intravenous fluids and a sin-
gle dose of intravenous antibiotics (ceftriaxone and metronida-
zole). The following morning, they were clinically reviewed and,
if well, were started on clear fluids. They were discharged home
once afebrile, pain-free, and tolerating a liquid diet. Patients
were advised to gradually advance their diet as follows: free
fluids from Day 2, soft diet from Day 3, and then liberalize their
diet as tolerated from Day 5.All patients were prescribed pro-
ton pump inhibitors twice daily for 2 months, then as required.
Follow-up encounters, either clinical review or standardized

phone interviews, were conducted at 2 weeks, and 6, 12, 18,
and 24 months.

Outcomes

An excellent clinical outcome was defined as an Eckardt score
of≤3 without the need for reintervention. Technical outcomes,
including procedure duration, hospital length of stay, and ad-
verse events, were systematically recorded. Technical success
was defined as completion of all the steps involved in DD-
POEM and complete division of the muscular bridge.

Statistical analysis

SPSS version 27.0 (IBM Corp., Armonk, New York, USA) was
used for data analysis. Continuous variables were reported as
means and SDs or medians and interquartile ranges (IQRs), as
appropriate. Categorical data were expressed as frequencies
(%). Chi-squared tests were used to test for association be-
tween categorical variables. A P value of < 0.05 was used to de-
termine statistical significance.

Results
Between May 2017 and March 2023, 10 patients underwent
DD-POEM (median age 72 years [IQR 14.3]), the majority of
whom were male (n =6; 60%]) (see Table 1 s in the online-only
Supplementary material). The most common indication for re-
ferral was regurgitation, with all patients reporting this symp-
tom at least daily, followed by dysphagia, which was reported
in 9/10 patients (90%).

Esophageal diverticula were a median of 40mm in maximum
dimension (IQR 7.5) and located a median of 35 cm from the in-
cisors (range 25–42 cm; IQR 8.3) (Table 1 s). Six (60%) were lo-
cated at the 3 o’clock position, and the remaining 4 (40%) were
situated at the 9 o’clock position. The majority were epiphrenic
diverticula (n =7; 70%), and the remaining three esophageal di-
verticula (30%) were situated in the mid-esophagus. The latter
cases were not associated with dysmotility.

Five patients (50%) were diagnosed with an esophageal dys-
motility disorder, all of whom underwent endoscopic and/or
surgical treatment prior to referral for diverticulotomy (Table
1 s). Of these patients, one with Type I achalasia underwent
conventional POEM, whereas 2 /4 patients diagnosed with non-
achalasia esophageal motility disorder had previously under-
gone lower esophageal sphincter-preserving POEM. Two pa-
tients (20%) underwent prior laparoscopic myotomy, diverticu-
lectomy, and fundoplication at different centers; both experi-
enced a staple-line leak postoperatively.

DD-POEM was performed in all cases with no technical diffi-
culties. The median duration of DD-POEM was 60 minutes (IQR
28.8). A median of 7 clips (IQR 3.3) were needed for closure of
the mucosal incision. Submucosal fibrosis was noted in five pa-
tients (50%), all of whom had undergone prior endoscopic or
surgical intervention. There were no significant intraprocedural
or delayed complications. The median hospital length of stay
was 1 day (IQR 0.75). The pre-procedure median Eckardt score
was 6 (IQR 4); this significantly improved to 0 (IQR 0.75; P<
0.001) at a median follow-up of 14.5 months (IQR 13.8).

Video 1 Peri-septal dissection to achieve isolation of the sep-
tum and adequate exposure under direct vision prior to complete
myotomy of the septal bridge.
Online content viewable at:
https://doi.org/10.1055/a-2182-5853
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An excellent clinical response was achieved in all 10 patients
(100%). No patients developed recurrence of their symptoms
and no cases of reintervention were recorded during the fol-
low-up period.

Discussion
Thoracic diverticula are uncommon and usually detected inci-
dentally [1]. However, when symptomatic, they can significant-
ly impact quality of life and may result in complications such as
aspiration and nutritional failure [2]. Epiphrenic diverticula are
often associated with a hypercontractile dysmotility disorder
and symptoms usually resolve upon treatment of the underly-
ing spastic condition [2, 11]. A small cohort of these patients
are treatment refractory and require further intervention to
treat the diverticulum. We report the first case series of DD-
POEM, demonstrating that this novel technique is safe, simple,
and effective, with excellent clinical and technical success in all
patients, no recurrence, and no adverse events.

DD-POEM involves the creation of a dissection plane within
the submucosal space on both sides of the septum. As a result,
the endoscopist is able to view the muscular bridge in its entire-
ty, enabling complete septotomy to be achieved with confi-
dence. An excellent clinical outcome was achieved in all 10 pa-
tient (100%), which was sustained over a median follow-up
period of 14.5 months. In addition, our technique allows for
the preservation of the mucosal lining, reducing the risk of
mediastinal complications. The main innovation of DD-POEM
lies in performing a mucosal incision just above the septum,
without creating a long, proximal tunnel, making the technique
more precise. Technical success (i. e. completion of all steps in
DD-POEM and complete septotomy) was achieved in 100% of
patients, despite 50% of our cohort having undergone previous
endoscopic and/or surgical interventions. This approach was
demonstrated to be safe, with no intra- or post-procedural
complications, and was associated with a short hospital stay
(median 1 day). Moreover, our technique was efficient, with a
median procedure time of 60 minutes, which is shorter than
published reports for alternative endoscopic techniques [12,
13].

The current standard of care for patients with persistently
symptomatic thoracic diverticula is surgery, which typically in-
volves laparoscopic myotomy, diverticulectomy, and fundopli-
cation [5]. A meta-analysis of 25 studies (n=511) involving sur-
gical treatment of thoracic diverticula revealed a pooled treat-
ment success rate, morbidity, and mortality of 88.5%, 21.1%,
and 5.9%, respectively. Staple line leaks are particularly proble-
matic, occurring in as many as 13.3% of patients and often ne-
cessitating reoperation [14]. In our series, both patients who
underwent surgical diverticulectomy prior to referral to our
unit suffered a postoperative leak, which resulted in prolonged
and complicated inpatient admissions.

Flexible endoscopic septum division, developed as a mini-
mally invasive alternative for the management of Zenker’s di-
verticula, has a reported technical success rate of 91% and an
adverse event rate of 11.3% [6]. The main limitation of this
technique is the inability to visualize the distal end of the mus-

cular septum while performing myotomy. This results in high
rates of recurrence (up to 30%), most likely due to incomplete
septotomy, which often requires reintervention [15]. Further-
more, operators are reluctant to apply this technique to the
treatment of thoracic diverticula owing to the potential for per-
foration in the mediastinal space [16]. To overcome this prob-
lem, submucosal tunneling techniques, collectively termed di-
verticular POEM (or D-POEM), have been applied to the man-
agement of esophageal diverticula [17]. Working within the
submucosal space allows the base of the septum to be accu-
rately identified and safely divided. A recent meta-analysis
comparing D-POEM with flexible endoscopic septum division
in the management of Zenker’s diverticulum revealed that the
clinical success of D-POEM was significantly greater (risk ratio
[RR] 1.13, 95%CI 1.05–1.22), although interestingly there was
no significant difference in the technical success rates (RR 0.99,
95%CI 0.95–1.02) or adverse event rate (RR 0.77, 95%CI 0.26–
2.30); the procedure time and length of hospital stay were also
comparable [7]. However, the management of Zenker’s diverti-
cula is not readily applicable to thoracic diverticula; the thoracic
location presents unique endoscopic challenges and an in-
creased risk of mediastinal complications.

The published experience of D-POEM in the thoracic esoph-
agus is limited to a few small case series, with mostly short fol-
low-up periods [8, 12, 18–21]. The largest case series (n=13)
[12] reported clinical success, technical success, and adverse
events rates of 84.6%, 92.3%, and 30.4%, respectively, and me-
dian hospital stay of 3 days (range 3–5 days), all of which are in-
ferior to our findings. Complications included capnoperito-
neum, mucosal injury, and a delayed leak [12]. The only case
of technical failure in the latter cohort was as a result of submu-
cosal fibrosis [12]. Five (50%) of our cohort had documented
submucosal fibrosis, which did not preclude a successful out-
come. This group had a mean procedure duration of 70 minutes
(range 40–120 minutes); our median procedure time was
shorter, at 60 minutes [12]. Other case studies report mean
procedure times ranging from 36 minutes to 63.2 minutes [8,
18, 19]. These series included epiphrenic diverticula only,
whereas our cohort included complex patients who had under-
gone multiple interventions prior to referral, as well as three
patients with mid-esophageal diverticula, which are notorious-
ly challenging and underrepresented in the literature. The dura-
tion of hospital stay was much lower in our group, with a medi-
an of 1 day compared with 3.2–8.8 days in the published case
series of D-POEM for thoracic diverticula [8, 12, 18–21].

DD-POEM provides similar advantages to D-POEM by dis-
secting within the submucosal space while preserving mucosal
integrity. Our technique differs by obviating the need for crea-
tion of a proximal tunnel, which is time consuming, involves a
steeper learning curve, and is potentially responsible for the
higher adverse event rates and longer inpatient hospital stay
demonstrated in D-POEM. Our excellent clinical and technical
success rates suggest that long tunnel creation is of no addi-
tional benefit in the context of endoscopic diverticular myot-
omy. Furthermore, we suspect that eliminating proximal tunnel
creation reduces the risk of incurring mucosal injury, a reported
complication with D-POEM [12], which was not observed in our
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group. This is supported by large multicenter data showing that
tunnel creation during conventional POEM was associated with
inadvertent mucosotomy (2.8%) and bleeding (0.3%) [22]. Al-
though underreported in the literature, there is a recognized
risk of disorientation during tunnel creation that may result in
missing the diverticular septum altogether. This reflects the im-
precision of the long tunnel technique. Precision in medicine is
increasingly recognized as an essential pillar for the provision of
high quality patient care [23]. We postulate that direct access
to the septum is of particular benefit in the management of
thoracic diverticula, which are more challenging than Zenker’s
diverticula not only due to their anatomical location but also as
a result of their pathophysiology. A proportion of patients will
have already undergone endoscopic or surgical interventions
to treat dysmotility, which in our experience was associated
with significant scarring and submucosal fibrosis, making tun-
neling especially challenging and time intensive.

Our study is limited by its small size and involvement of a sin-
gle tertiary center. As previously stated, thoracic diverticula are
rare, even more so when selecting those patients who require
treatment due to persistent symptoms. The cohort was recruit-
ed over a 5-year period in a high volume tertiary center where
POEM procedures are performed on a weekly basis. Recruiting
large cohorts would take several years, which would not keep
up with the rate of technical advances in third space endos-
copy. Owing to their rarity and requirement for subspecialized
treatment skills, these cases should only be tackled by opera-
tors with significant experience in third space endoscopy.

Conclusion

DD-POEM is a novel third space technique, which allows for safe
and effective treatment of thoracic diverticula. Further studies
validating our results are needed. However, given the challen-
ges of obtaining large cohort studies with long-term follow-up
and the unacceptable complication rates associated with sur-
gery, we propose that DD-POEM should potentially be consid-
ered as standard of care for the management of symptomatic
thoracic diverticula.
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