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Abstract
Objective  To evaluate the medium- and long-term outcomes of diverticular peroral endoscopic myotomy (D-POEM) for 
symptomatic oesophageal diverticulum.
Methods  Consecutive patients with symptomatic oesophageal diverticulum who underwent D-POEM from 1st May 2016 to 
1st April 2020 in 6 centres were extracted and researched. Symptoms assessed by the modified Eckardt score were registered 
pre- and post-D-POEM at 1, 6, 12, 24 and 36 months.
Results  A total of 34 patients with Zenker’s diverticulum (ZD, n = 12), mid-oesophageal diverticulum (MED, n = 12), and 
epiphrenic diverticulum (ED, n = 10) were included. Complete septotomy was achieved in a mean of 39.15 min, with 100% 
technical success. No severe intraoperative or postoperative complications were observed. Five patients exhibited subcuta-
neous emphysema, while 1 had mucosal injury. The mean Eckardt score was 8.59 preoperatively and 2.56 at 1 month, 2.09 
at 6 months, 2.21 at 12 months, 2.15 at 24 months, and 2.21 at 36 months postoperatively. The total clinical success rates 
at 1, 6, 12, 24 and 36 months postoperatively were 97.1%, 97.1%, 94.1%, 91.2%, and 88.2%, respectively. With a median 
follow-up of 47.2 months, four patients suffered symptom relapse, with a total clinical success rate of 88.2%. A long disease 
duration, a high Eckardt score, and coexistence of achalasia were identified as risk factors for symptomatic recurrence by 
multivariable Cox analysis.
Conclusions  D-POEM is an effective and durable treatment for patients with symptomatic oesophageal diverticulum.
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Oesophageal diverticulum is a rare outpouching of the 
oesophagus, with a prevalence of 3% [1, 2]. Based on the 
location and characteristic pathophysiology, it is divided into 
three types: Zenker’s diverticulum (ZD), mid-oesophageal 

diverticulum (MED), and epiphrenic diverticulum (ED) 
[3]. The generally recognized reason for oesophageal diver-
ticulum is associated with increased intraluminal pressure 
secondary to dynamic abnormalities or a weakening of the 
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oesophageal mucosal membrane [4]. Patients suffering dis-
comfort, such as dysphagia, regurgitation, or chest pain, 
always need medical treatment [5].

Peroral endoscopic myotomy (POEM), a third-space 
endoscopy technology via submucosa creation, has been 
widely accepted in achalasia, gastroparesis and subepithelial 
tumours [6]. As submucosal tunnelling can totally expose 
the septum, D-POEM is deemed an innovative technique for 
complete diverticulum septum transection [6] and has shown 
satisfactory short-term outcomes [7, 8]. However, relevant 
data on the long-term efficacy and safety are still lacking. 
Herein, we summarize the technical points and lessons from 
the use of D-POEM for oesophageal diverticulum and evalu-
ate its medium- to long-term outcomes.

Methods

Patients

This was multicentre and retrospective study of a prospec-
tive database performed regarding patients with sympto-
matic oesophageal diverticulum who underwent D-POEM 
between 1st May 2016 to 1st April 2020. The six centres 
were as follows: Zhongda Hospital, Xuyi County Peoples’s 
Hospital, Xuzhou Central Hospital, Xuzhou First People’s 
Hospital, Changshu No. 1 People’s Hospital, and Chang-
zhou Jintan First People’s Hospital. The inclusion criteria 
were as follows: (1) oesophageal diverticulum diagnosed 
by contrast oesophagram using iodixanol, gastroscopy and 
clinical manifestations; (2) high-resolution manometry 
(HRM) performed to diagnose motility disorders, with or 
without achalasia but excluding other dynamic disorders 
(e.g., Killian-Jamieson oesophagus); and (3) no previous 
medical treatment (except drug therapy). The exclusion cri-
teria were patients who had general diseases and could not 
tolerate anaesthesia.

Eligible patients were followed up for at least 3 years (the 
last follow-up date was 1st April 2023). The study complied 
with the ethical requirements of the Declaration of Helsinki 
and was approved by our institutional research ethics board 
(No. ZDYJLY(2016)65). All patients enrolled were con-
firmed to be at risk of therapy, and informed consent was 
obtained before the procedure.

Technical aspects of the D‑POEM procedure

Procedures were performed by experienced, qualified 
endoscopists in our institution. All patients underwent sur-
gery under intubation anaesthesia. Carbon dioxide insuffla-
tion and a GIF-H260 endoscope (Olympus, Tokyo, Japan) 
fitted with a transparent cap (Tokyo, Japan) were used dur-
ing the therapy. A hybrid knife (ERBE, Tübingen, Ger-
many) was used during the procedures. The specific cutting 
parameters in the operation are as follows: ERBEVIO 300hf 
electrotome (ERBE, Germany), effect 3, cutting width 2, 
time interval 4 and power 50 W, while the electrocoagula-
tion parameters are ERBEVIO 300hf electrotome, effect 2, 
cutting width 2, time interval 4 and power 50/60 W.

The key notes of D-POEM were as follows (Fig. 1):

Step 1: Mucosal incision: a mixture of saline solution 
diluted with methylthionine chloride and epinephrine was 
used for injection submucosally. A 2-cm oblique mucosal 
incision was made approximately 3–5 cm above the diver-
ticulum.
Step 2: Submucosal tunnelling: A longitudinal sub-
mucosal tunnel was created between the mucosal and 
muscular layers using the hybrid knife. Tunnelling was 
performed and ended 1–2 cm distal to the bottom of the 
diverticulum.
Step 3: Septum division: muscle fibres of the septum were 
completely dissected down to the bottom of the diverticu-
lum and through to the normal oesophageal muscle. The 
key point was to dissect the septum from all around, ante-

Fig. 1   The key steps of D-POEM: A an oesophageal diverticulum 
was seen on the right side of the lumen, while on the left was the 
normal oesophageal cavity; B mucosal incision was performed at 
approximately 3  cm above the diverticulum; C muscle fibre expo-

sure of intervertebral ridge within submucosal tunnel; D muscle 
fibres of the septum were completely dissected down to the bottom 
of the diverticulum and through to the normal oesophageal muscle; E 
mucosal closure with clips
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riorly from the mucosa and laterally from the diverticular/
oesophageal side, until the septal muscle was exposed 
right to its base.
Step 4: Mucosal closure: after careful haemostasis, the 
mucosal incision was closed with haemostatic clips. At 
the end of the procedure, widening of the mouth of the 
diverticulum and shallowing of the septal height were 
observed, with free passage of the endoscope through the 
oesophageal lumen.

Postprocedural management

After the procedure, all patients fasted for 24 h and were 
treated with acid suppression and anti-infection agents for 
2–3 days. If no fever, chest pain or other discomfort was 
found, semifluid was taken orally on POD (postoperative 
day) 1.

Outcome measures and follow‑up

The primary outcomes were technical success (defined as 
achievement of complete septotomy) and clinical success 
(defined as improvements in symptom scores after the proce-
dure). The secondary endpoints included length of hospital stay 
(LOS), procedure time, and intraoperative and postoperative 
adverse events (AEs), according to the National Cancer Institute 
Common Terminology Criteria (NCI-CTCAE ver. 4.0).

Follow-up included the following timepoints: postopera-
tive 1 month, 6 months, 12 months, and once a year from 
the second year. Upper digestive tract angiography, endos-
copy and symptom scoring were performed 30 days after 
D-POEM. Clinical symptoms were assessed by telephone 
or outpatient follow-up every 6 months until 1st April 2023. 
If the symptom score was significantly worse than before, 
angiography and endoscopy were essential, and oesophageal 
HRM was performed when necessary.

The symptoms were scored using the modified Eckardt 
score: dysphagia, heartburn, vomiting/reflux, weight loss, 
and retrosternal pain on a scale of 0–3. The total scores 
range from 15 to 0, with higher scores indicating more 
severe symptoms. Patients scoring ≤ 3 points after D-POEM 
or reduced by ≥ 5 points before D-POEM were considered 
to have received effective treatment; otherwise, symptoms 
were deemed to have recurred. Those patients who refused 
to follow up by telephone or lost contact when their phone 
number changed were deemed as withdrawn.

Statistical analysis

Categorical data are expressed herein as counts and percent-
ages. Quantitative data are expressed as the mean ± SD or 
median (range). Categorical data were compared between 
groups by Fisher’s exact test or the chi-square test; for 

quantitative data with a nonnormal distribution, the nonpara-
metric Mann–Whitney U test was used. Multivariate logistic 
regression analysis was performed for the factors with statis-
tical significance in univariate analysis. Analyses were per-
formed using SPSS 26.0 statistical software (IBM, NY, United 
States). P < 0.05 was considered to indicate significance.

Results

Patient characteristics

A total of 34 patients with symptomatic oesophageal diver-
ticula were enrolled (Table 1). Four patients had coexist-
ent achalasia. There were 19 (55.9%) males and 15 (44.1%) 
females, with a median age of 63 years (range 39–92 years). 
Twelve (35.3%) patients were diagnosed with ZD, 12 
(35.3%) with MED, and 10 (29.4%) with ED. There were 
30 (88.2%) cases of a single diverticulum and 4 (11.8%) 
cases of multiple diverticula (2 diverticula, n = 3; 3 diver-
ticula, n = 1). The median disease duration was 33 months 
(range 3–168 months). Nineteen (55.9%) patients had drug 
treatment, including PPIs and prokinetics. The median pre-
procedure Eckardt score was 8.59 (range 5–13).

Early outcomes

D-POEM was performed successfully in all 34 patients, with 
a median procedure time of 39.15 min. Four patients who 
had coexistent achalasia underwent myotomy extending to 
the lower oesophageal sphincter (LES) to treat the motility 
dysfunction associated with the diverticulum. Subcutaneous 
emphysema occurred in 5 patients (14.7%), while mucosal 
injury occurred in 1 patient (2.9%). No intraoperative or 
postoperative perforation, haemorrhage, or any other severe 
AEs were observed. All patients resumed a liquid diet 24 h 
after the operation and gradually transitioned to semiliquids. 
The median LOS was 6 (range 4–10) days.

Table 1   The demographic characteristics of included patients

Characteristics Value

Age, median (range) (years) 62.8 (39–92)
Women, n (%) 15 (44.1%)
BMI, median (range) 23.2 (17.8–36)
Charleson comorbidity index, median (range) 5.6 (2–10)
Coexistent of achalasia, n (%) 4 (11.8%)
Prior drug treatment, n (%) 19 (55.9%)
Diverticula types, ZD/MED/ED 12/12/10
Multiple diverticulum, n (%) 4 (11.8%)
Disease duration, median (range) (months) 32.9 (3–168)
Eckardt score, median (range) 8.6 (5–13)
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Follow‑up

The median length of follow-up was 47.2 months (range 
36–84 months). No patients were lost to follow-up. The 
median Eckardt score at 1 month post-procedure was 2.56, 
while it was 2.09 at 6 months, 2.21 at 12 months, 2.15 at 
24 months, and 2.21 at 36 months. There was a significant 
reduction in the mean Eckardt score at 1 and 6 months 

compared to baseline (Fig. 2). The clinical success rates 
at 1, 6, 12, 24 and 36 months were 97.1%, 97.1%, 94.1%, 
91.2%, and 88.2%, respectively. Until the last follow-
up, 4 patients experienced symptom relapse, with a total 
clinical success rate of 88.2%. D-POEM was performed 
twice in 2 cases. There was no impact of gender, age, BMI 
index, drug treatment, number or type of diverticulum 
on the clinical outcome according to univariate analysis 
(Table 2). A long disease duration, a high Eckardt score, 
and coexistence of achalasia were identified as risk factors 
for symptomatic recurrence by multivariable or univariate 
analysis using the Cox model (Table 3).

Discussion

The traditional therapy of oesophageal diverticulum con-
tains open surgery, a rigid endoscope, and a flexible endo-
scope [9]. Since 1995, flexible endoscopic septum division 
(FESD) has been identified as a preferred option for treat-
ing symptomatic ZD [10, 11]. Nevertheless, subsequent 

Fig. 2   Mean modified Eckardt score at different time points. A sig-
nificant reduction in the mean Eckardt score was observed at baseline 
and post-procedure (P < 0.05)

Table 2   Univariate analysis: 
risk factors for clinical symptom 
relapse

ZD Zenker’s diverticulum, MED mid-esophageal diverticulum, ED epiphrenic diverticulum, BMI body 
mass index

Relapse
(n = 4)

No relapse
(n = 30)

Statistics P value

Gender, male (%) 4 (11.8) 15 (44.1) 1.84 0.113
Age (years), x̄ ± s 63.5 ± 9.95 62.73 ± 11.08 0.13 0.89
BMI, n (%) 0.076 0.322
 BMI < 18.5 1 (2.9) 2 (5.8)
 BMI ≥ 18.5 3 (8.8) 28 (82.4)

Drug treatment, n (%) 3 (8.8) 16 (47.1) 0.081 0.613
Disease duration, n (%) 10.31 0.002
   ≥ 48 months 4 (11.8) 4 (11.8)
 < 48 months 0 (0) 26 (76.5)

Single diverticulum, n (%) 3 (8.8) 27 (79.4) 0.002 0.409
Type of diverticulum 0.93 0.63
 ZD 1 (2.9) 11 (32.4)
 MED 1 (2.9) 11 (32.4)
 ED 2 (5.8) 8 (23.5)

Coexistent of achalasia, n (%) 3 (8.8) 1 (2.9) 11.24 0.003
Eckardt score, x̄ ± s 10.75 ± 2.22 8.3 ± 1.44 3.01 0.005

Table 3   Multivariate analysis: risk factors for clinical symptom 
relapse

Statistics P value

Coexistent of achalasia 22.79 0.00
Disease duration 13.82 0.00
Eckardt score 8.38 0.004
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trials reported that the median clinical recurrence rate of 
FESD reached 35% [2, 9, 12, 13]. Submucosal tunnel-
ling endoscopic septum division (STESD), a derivative 
technique from POEM, first reported by Li et al. in 2016, 
showed favourable short-term outcomes for patients with 
oesophageal diverticula [7]. Afterwards, case series have 
shown promising results for its use in oesophageal diver-
ticulum. However, the medium- and long-term follow-up 
results, especially the recurrence rate of this treatment, are 
still undetermined.

In the current research, 34 patients with oesophageal 
diverticula were followed for at least 3 years. None of 
them withdrew or was lost to follow-up. The mean Eck-
ardt scores of patients after D-POEM were significantly 
reduced compared to baseline, and the total clinical suc-
cess rate was 100%, which was consistent with previous 
results. Until the last follow-up, the total clinical success 
rate of our study was 88.2%. In terms of safety, during a 
median procedure time of 39.15 min, 5 patients exhibited 
subcutaneous emphysema, while 1 had mucosal injury. No 
severe AEs were observed.

In this study, four patients suffered symptom relapse 
at 1, 12, 22, and 40 months postoperatively. Two patients 
who experienced recurrence received D-POEM twice, 
with no complications observed. The Eckardt score was 
reduced and maintained at 3–4 until the latest date. Based 
on the multivariable analysis, a long disease duration, a 
high Eckardt score, and coexistence of achalasia were 
deemed risk factors for symptomatic recurrence.

To date, only a few studies have reported symptom 
recurrence. Zhang et al. followed up 21 cases of oesopha-
geal diverticulum with D-POEM for 39 months (range 
12–63) and found 1 (4.8%) symptom relapse [14]. Another 
study showed that 15 of 119 patients with ZD (12.6%) 
who received Z-POEM experienced symptom recurrence 
after a mean follow-up of 282 days [15]. In a multicentre 
international retrospective study of 75 patients with ZD, 
3.2% of them relapsed 12 months after Z-POEM [13]. The 
inconsistent recurrence rate among reported studies may 
account for the diverse follow-up periods and recurrence 
definitions. Large sample studies and long-term follow-up 
are needed to summarize the recurrence rate and analyse 
the associated risk factors for recurrence.

Past studies have compared the size of diverticula before 
and after D-POEM and found a significantly reduced depth 
after the procedure [16–18]. Nevertheless, it is undeter-
mined whether the size of the diverticulum affects the 
patient’s final prognosis. In our study, we did not record 
the size in particular. This was because we thought that the 
measurement of the diverticulum was more or less influ-
enced by the individual differences among examiners. In 
addition, we found that the comparison of preoperative and 
postoperative size was not obvious. This was also verified 

in another study reported by Zhang et al. [14]. In the fol-
low-up of our study, we always found an asymptomatic 
residual diverticulum in its original position. However, 
we only dealt with the residual diverticulum that had food 
retention.

The key point of D-POEM is to achieve complete septum 
division [19]. Although D-POEM has been considered supe-
rior to previous treatments, it can supply adequate septum 
exposure and achieve complete septotomy [6]. In clinical 
practice, we found that some patients suffer rumination and 
reflux after D-POEM. Gastroscopy revealed food retention 
in a residual diverticulum. We thought that simply cutting 
the fundus of the septum was inadequate. Therefore, in this 
circumstance, we modified the surgical approach, incised the 
upper and lower muscles of the diverticulum simultaneously, 
and excised the excess muscle in the centre. It has also been 
proven that D-POEM is feasible in patients with recurrent 
symptoms after prior surgical or endoscopic interventions 
[20]. To our knowledge, the prognosis for patients under-
going modified reoperation is satisfactory until the end of 
follow-up.

The other key step is to locate the septum [21], especially 
to ZD. Sometimes, it is not easy to perform submucosal tun-
nelling for diverticula located in the upper oesophagus. We 
believe that appropriate entry proximal to the diverticulum 
is important. In addition, it is vital to obtain sufficient sub-
mucosal blebs to give enough space for submucosal entry. 
A new technique called endoscopic transversal incision 
and longitudinal septostomy (TILS) was first reported by 
Hu et al., which does not require a submucosal tunnel and 
makes a transverse incision on the diverticulum septum [22]. 
They believed that TILS provided a large operational space 
and better surgical view, precisely achieving a complete 
and accurate septostomy. However, this was a preliminary 
attempt at a single centre, and further clinical studies with 
more patients are needed.

Oesophageal diverticula have been associated with motil-
ity disorders [23–25]. The mainstay of this condition is 
laparoscopic diverticulectomy, myotomy and anterior fun-
doplication [26]. However, due to the relatively high com-
plications, this surgery has been gradually phased out. Some 
researchers proposed S-POEM (salvage POEM), which only 
performed myotomy of the LES, leaving the diverticulum 
intact [27, 28]. Others preferred POEM with concurrent 
diverticulotomy [29]. Demeter et  al. performed modi-
fied S-POEM for patients with epiphrenic diverticula and 
achalasia [29]. Their approach to myotomy of the LES was 
according to the location of the diverticulum. If the diver-
ticulum was at the 2–5 O’clock position, posterior myotomy 
was performed at the 6–8 O’clock position. If the diverticu-
lum was at the 7–10 O’clock position, anterior myotomy 
was performed at the 1–2 O’clock position. The main con-
cern of this approach was reflux oesophagitis, which was 
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reported in approximately 30% of patients [29]. Here, we 
performed myotomy extending to the LES for patients with 
oesophageal diverticulum and achalasia and showed a fair 
prognosis. This is only our preliminary experience, and more 
studies are needed to explore the proper approach for par-
ticular populations.

In conclusion, our data showed that D-POEM is an effec-
tive and safe treatment modality for oesophageal diverticu-
lum that can provide durable medium-term clinical benefits 
in patients with symptomatic oesophageal diverticula.
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