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Abstract
Background  Peroral endoscopic myotomy (POEM) is a safe and effective approach for achalasia. However, the safety, fea-
sibility, perioperative and long-term efficacy in treating geriatric patients has not been well evaluated.
Methods  Data of 2367 patients diagnosed with achalasia and treated with POEM in the Endoscopy Center, Zhongshan Hos-
pital, Fudan University from August 2010 to December 2017 were retrospectively reviewed. Last follow-up was in December 
2018. Propensity score matching based on baseline characteristics was used to adjust for confounding. With a caliper of 0.01 
in propensity scoring, 139 patients aged ≥ 65 years were matched at a 1:2 ratio with 275 patients aged < 65 years. Periopera-
tive complications and long-term outcomes were compared between the two groups.
Results  After propensity score matching, the two groups had similar baseline clinical characteristics and distribution of 
propensity scores. The mean age was 70.22 years in geriatric patients and 42.02 in younger patients. Technical failure 
occurred in one geriatric and one non-geriatric patients (p = 0.485). The procedural time in geriatric patients was similar to 
younger patients [50 (interquartile range (IQR) 36–76) vs. 50 (IQR 36–70) min, p = 0.398]. There were also no significant 
differences in major perioperative adverse events (2.88% vs. 2.18%, p = 0.663) and hospitalization length (median 3 vs. 
3 days, p = 0.488). During a median follow-up period of 41 months (IQR 26–60), mean decrease in Eckardt score and pres-
sure of the LES were 6.63 and 11.9 mmHg in geriatric patients, which were similar to the change in non-geriatric patients 
(6.49 and 11.6 mmHg, p = 0.652 and 0.872, respectively). Clinical reflux occurred in 23.53% geriatric patients and 21.59% 
non-geriatric patients (p = 0.724). 5-year success rate of 92.94% was achieved in geriatric patients and 92.61% in younger 
patients (log-rank p = 0.737).
Conclusions  POEM is a safe and reliable treatment in geriatric achalasia patients with confirmed short-term and long-term 
efficacy compared with those in non-geriatric patients.
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Achalasia is a rare motility disorder of the esophagus charac-
terized by absence of peristalsis and impaired relaxation of 
the lower esophageal sphincter (LES), leading to symptoms 
of dysphagia, regurgitation, chest pain and weight loss [1, 
2].The incidence of achalasia is estimated to be 0.3–1.5 per 
100,000 per year, with the highest incidence appearing in 
the seventh decade of life [3]. The traditional treatment of 
achalasia primarily aims at relieving obstructive symptoms, 
including medication, endoscopic management and Heller 
surgery [4, 5].

Peroral endoscopic myotomy (POEM) is the creation 
of a submucosal tunnel followed by myotomy of the lower 
esophageal sphincter through flexible endoscopy without 
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surgical incisions. It has emerged as a safe and effective 
approach for the treatment of achalasia since the first report 
in 2010 [6]. However, the application of POEM in geriatric 
achalasia patients was rare due to higher comorbidities and 
assumed higher risk of invasive procedures in these patients. 
Moreover, the several studies of POEM in geriatric patients 
were limited by small sample size and short follow-up time. 
Therefore, we conducted this study based on a large acha-
lasia cohort to comprehensively evaluate the safety, feasibil-
ity, perioperative and long-term efficacy of POEM in treat-
ing geriatric achalasia patients, and to systemically compare 
them with adult patients. To minimize the potential effects 
of selection bias on the patient characteristics of the two 
groups, we used a propensity score matching model [5].

Methods

Patients

This is a single-center, retrospective cohort study. Data of 
2,367 patients diagnosed with achalasia and treated with 
POEM in the Endoscopy Center, Zhongshan Hospital Fudan 
University (Shanghai, China) from August 2010 to Decem-
ber 2017 were retrospectively reviewed. All patients had 
provided informed consent for the procedure. Preoperative 
evaluation of achalasia included Eckardt score [7], esopha-
geal high-resolution manometry (HRM), esophagogastrodu-
odenoscopy (EGD), and barium swallow. Demographic and 
clinical information, including patient age, sex, disease dura-
tion, sigmoid esophagus, prior treatment, residual contents, 
mucosal edema, and submucosal fibrosis were extracted 
from hospital charts. Geriatric was defined as age ≥ 65 years 
old. Study patients who had been included in previously 
published studies with more than 50 patients are shown in 
Supplementary Table S1. This study was approved by the 
local ethics committee. This study is presented according to 
the STROBE guidelines.

POEM procedure

The standard POEM procedure was performed as previously 
described: (1) submucosal injection and mucosal incision; 
(2) submucosal tunneling; (3) myotomy, from 2 cm proxi-
mal to mucosal entry to at least 2 cm below the cardia; and 
(4) mucosal entry closure [9]. All patients received general 
anesthesia and endotracheal intubation. Prophylactic antibi-
otic treatment was initiated 30 min before the procedure and 
continued until postoperative day 2. Postoperatively, regular 
proton pump inhibitors for 2 months were given. Procedural 
details including myotomy length, full-thickness resection 
and operation time were gathered from endoscopy reports, 
images, and videos.

Outcome measurements

Perioperative outcomes included technical failure and 
perioperative major adverse events. Technical failure was 
defined as the inability to finish the procedure after sub-
mucosal injection [8]. Major perioperative adverse events 
included conversion to laparoscopic or open procedure, 
blood transfusion, intensive care unit stay after the proce-
dure, invasive operation postoperatively, hospital readmis-
sion after discharge, and hospital stay of more than 5 days 
due to adverse events [9].

Clinical follow-up outcomes included clinical reflux and 
clinical failure. Clinical failure was defined as a postopera-
tive Eckardt score ≥ 4 [9]. Clinical reflux included sympto-
matic reflux and reflux esophagitis [10, 11]. Symptomatic 
reflux was defined as a score of 8 or more in the GerdQ 
questionnaire [11], and reflux esophagitis was diagnosed and 
graded by EGD based on Los Angeles (LA) Classification.

Follow‑up

Patients received regular follow-up at 1 month, 3 months, 
6 months, and 1 year postoperatively, and yearly thereafter. 
Eckardt score was obtained to evaluate clinical response. 
Barium swallow was performed to objectively assess treat-
ment efficacy and clinical failure. EGD was regularly per-
formed for both outcome evaluation and cancer screening. 
HRM was also advised, especially in patients with dys-
phagia. Detailed telephone interview was performed by 
trained physicians for patients who lived a long distance 
from our institution or who were unwilling to return for 
follow-up, which included questions about symptoms, as 
well as examinations and treatments at other hospitals. The 
last follow-up was in December 2018.

Propensity score matching

Propensity score matching (PSM) was performed to control 
for selection bias in studies comparing two nonrandomized 
treatment or exposure [5]. It works by matching patients 
according to their probability of being in the geriatric group 
or not. The propensity scores were estimated without regard 
to the outcome using a multiple logistic regression analy-
sis with the exposure group as the dependent variable and 
baseline variables shown in Table 1 as independent vari-
ables. With a caliper of 0.01 in propensity scoring, patients 
aged ≥ 65 years were matched at a 1:2 ratio with patients 
aged < 65 years. In the propensity score matched cohort, the 
effect of age on different outcomes were compared without 
need to control for baseline confounders.
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Statistical analyses

Categorical variables were compared using the χ2 test or Fish-
er’s exact test, and continuous variables were compared using 
the Student’s t test or Wilcoxon rank sum test. Logistic regres-
sion was used for binary outcomes. Log-rank test and Cox’s 
regression analysis were used for time-dependent outcomes. 
Missing values were handled using complete case analysis for 
exposure and outcomes and available case analysis for other 
covariates. Two-sided tests were used, and a p value < 0.05 was 
considered statistically significant. All statistical analyses were 
carried out with Stata 14.0.

Results

Patient characteristics and propensity score 
matching

Data of 2367 patients diagnosed with achalasia and treated 
with POEM were analyzed. Among them, 140 were defined 
as geriatric patients. Geriatric patients had longer disease 
duration (p < 0.001), lower Pre-POEM LES resting pressure 
on HRM (p < 0.001) and higher rate of sigmoid esophagus 
(p = 0.031) compared with non-geriatric patients (Table 1). 
Distribution of propensity score in two groups was also 

Table 1   Patients’ baseline characteristics before and after propensity score matching between geriatric and non-geriatric groups

IQR interquartile range, POEM peroral endoscopic myotomy, SD standard derivation, LES lower esophageal spincter, HRM high-resolution 
manometry

Characteristics Before matching After matching

Age ≥ 65 (n = 140) N 
(%)

Age < 65 (n = 2227) 
N (%)

p Age ≥ 65 (n = 139) N 
(%)

Age < 65 (n = 275) N 
(%)

p

Age 70.20 ± 5.70 38.40 ± 12.95 < 0.001 70.22 ± 5.68 42.04 ± 12.77 < 0.001
Sex 0.516 0.994
 Female 75 (53.57) 1130 (50.74) 74 (53.24) 148 (53.82)
 Male 65 (46.43) 1097 (49.26) 65 (46.76) 127 (46.18)

Disease duration, 
median (IQR)

8(2–20) 4 (2–8) < 0.001 8 (2–20) 9 (3–19) 0.938

Disease duration < 0.001 0.558
  < years 75 (53.57) 1707 (77.41) 75 (53.96) 42 (57.53)
 ≥ 10 years 65 (46.43) 498 (22.36) 64 (46.04) 31 (42.47)

Pre-POEM Eckardt 
score, mean ± SD

7.17 ± 1.94 7.15 ± 1.99 0.919 7.16 ± 1.94 7.08 ± 1.92 0.777

Pre-POEM LES resting 
pressure on HRM, 
median (IQR), mmHg

16 (10–24.3) 25.6 (17–36.2) < 0.001 15.7 (9.9–27.65) 20 (12.4–34) 0.398

Prior treatment 0.687 0.539
 No 106 (75.71) 1719 (77.19) 105 (75.54) 200 (72.73)
 Yes 34 (24.29) 508 (22.81) 34 (24.46) 75 (27.27)

Sigmoid esophagus 0.031 0.884
 No 124 (88.57) 2079 (95.35) 123 (88.49) 242 (88.00)
 Yes 16 (11.43) 148 (6.65) 16 (11.51) 33 (12.00)

Remnant contents 0.114 0.865
 No 122 (87.14) 2028 (91.11) 121 (87.05) 241 (87.64)
 Yes 18 (12.86) 198 (8.89) 18 (12.95) 34 (12.36)

Submucosal fibrosis 0.335 0.699
 No 122 (87.14) 1997 (89.71) 121 (87.05) 243 (88.36)
 Yes 18 (12.86) 229 (10.29) 18 (12.95) 32 (11.64)
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highly unbalanced (Fig. 1A). With a caliper of 0.1 in pro-
pensity scoring, 139 patients aged ≥ 65 years were matched 
at a 1:2 ratio with 275 patients aged < 65 years. One female 
geriatric patient aged 69 failed to match within a caliper of 

0.1, and the information of this patient was shown in Sup-
plementary Table S2. Three patients failed to have a second 
match within the caliper of 0.1 that was not duplicated with 
other matches. The mean age was 70.22 [standard deviation 
(SD) 5.68] years in geriatric group (range 65–98) and 42.04 
(SD 12.77) years in non-geriatric group. After propensity 
score matching, the two groups had similar baseline clinical 
characteristics and distribution of propensity scores (Table 1 
and Fig. 1B).

Procedural characteristics in geriatric 
and non‑geriatric patients

The procedural time in geriatric patients was similar to 
younger patients (50 (interquartile range (IQR) 36–76) vs. 
50 (IQR 36–70) min, p = 0.398). The myotomy length in ger-
iatric patients was 10.57 ± 1.81 cm, which was significantly 
longer than that in non-geriatric patients (10.22 ± 1.81 cm, 
p = 0.024). This was primarily due to the length of esopha-
geal myotomy (8.48 ± 1.78 cm vs. 8.10 ± 1.22 cm in geriat-
ric and non-geriatric patients, respectively, p = 0.012), while 
gastric myotomy length was comparable (2.12 ± 0.43 cm 
vs. 2.09 ± 0.29 cm in geriatric and non-geriatric patients, 
respectively, p = 0.385). Most patients, 82.73% geriatric 
patients and 83.64% non-geriatric patients received full-
thickness myotomy (p = 0.816). (Table 2)

Perioperative outcomes in geriatric 
and non‑geriatric patients

Technical failure occurred in one geriatric and one non-
geriatric patients (p = 0.485). Median hospitalization length 
was both 3 (IQR 2-4) days in both groups (p = 0.488). There 
were also no significant differences in the incidence of major 
perioperative adverse events (p = 0.663) (Table 2). Only 4 of 
the 139 geriatric patients (2.88%) had major perioperative 
adverse events, including 1 with delayed bleeding requir-
ing intervention or transfusion and 3 with pneumothorax 

Fig. 1   Distribution of propensity score before and after matching. A 
Distribution of propensity score before matching. B Distribution of 
propensity score after matching

Table 2   Procedural characteristics and perioperative outcomes in propensity score matched cohort

SD standard derivation, EGJ esophageal gastric junction, IQR interquartile range, LES lower esophageal spinchter, HRM high-resolution 
manometry

Age ≥ 65 Age < 65 p

Procedural characteristics Myotomy length (cm), mean ± SD 10.57 ± 1.81 10.22 ± 1.81 0.024
Myotomy above EGJ (cm), mean ± SD 8.48 ± 1.78 8.10 ± 1.22 0.012
Myotomy below EGJ (cm), mean ± SD 2.12 ± 0.43 2.09 ± 0.29 0.385
Operation time (min), median (IQR) 50 (36, 76) 50 (36, 70) 0.398
Full-thickness myotomy 115 (82.73%) 230 (83.64%) 0.816

Perioperative outcomes Technical failure, N (%) 1 (7.69%) 1 (3.03%) 0.485
Major perioperative adverse events, N (%) 4 (2.88%) 6 (2.18%) 0.663
Hospitalization days, median (IQR) 3 (2, 4) 3 (2, 4) 0.488
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requiring drainage. Major perioperative adverse events 
occurred in 6 (2.18%) of the 275 non-geriatric patients, 
among whom 2 had delayed mucosa barrier failure, 1 had 
hydrothorax requiring drainage, and 3 had pneumothorax 
requiring drainage. Detailed information of geriatric patients 
with major perioperative adverse events is provided in Sup-
plementary Table S2.

Long‑term outcomes in geriatric and non‑geriatric 
patients

Among the 2367 patients, 1540 patients had available fol-
low-up data with a median follow-up time of 56 months 
(IQR 27–56), and the remaining 827 (34.94%) patients were 
loss to follow-up. The loss to follow-up rate was comparable 
in geriatric and non-geriatric patients (38.57% and 34.71%, 
respectively).

In the propensity score matched cohort with 414 patients, 
261 patients were followed up and the loss to follow-up rate 
was also similar in geriatric and non-geriatric groups (38.85% 
and 36.00%, respectively). In the 261 patients with follow-up 
information, 85 were geriatric and 176 were non-geriatric 
patients. During a median follow-up period of 41 months 
(IQR 26–60), mean decrease in Eckardt score and pressure 
of the LES were 6.63 and 11.90 mmHg in geriatric patients, 
which were similar to the change in non-geriatric patients 
(6.49 and 17.60 mmHg, p = 0.652 and 0.872, respectively).

Clinical reflux occurred in 23.53% geriatric patients 
and 21.59% non-geriatric patients (p = 0.724). The rate of 

symptomatic reflux was also similar between geriatric and 
non-geriatric patients (10.59% vs. 10.23%, p = 0.928). 180 
patients received postoperative EGD. Reflux esophagitis was 
confirmed in 27.08% geriatric patients, which is significantly 
higher than the 10.61% non-geriatric patients (p = 0.006). 
Among the 27 patients with reflux esophagitis, 25 were graded, 
and most patients had LA Grade A esophagitis. (Table 3)

Clinical failure occurred in 19 patients (7.28%) during 
follow-up, of whom 6 were geriatric patients. 5-year success 
rate of POEM of 92.94% was achieved in geriatric patients 
and 92.61% in younger patients (log-rank p = 0.737). 

Table 3   Long-term outcomes in 
propensity score matched cohort

SD standard derivation, LES lower esophageal spincter, HRM high-resolution manometry, IQR interquartile 
range

Long-term outcomes Age ≥ 65 Age < 65 p

Eckardt score, mean ± SD 0.56 ± 1.27 0.62 ± 1.22 0.696
Decrease of Eckardt score, mean ± SD 6.63 ± 2.47 6.49 ± 2.16 0.652
LES pressure on HRM (mmHg), median (IQR) 9.05 (8.05, 11.45) 11.8 (9.1, 15.9) 0.336
Decrease of LES pressure (mmHg), median (IQR) 11.9 (8.1, 23.7) 17.6 (8.1, 27.1) 0.872
Clinical reflux, N (%) 20 (23.53%) 38 (21.59%) 0.724
Symptomatic reflux, N (%) 9 (10.59%) 18 (10.23%) 0.928
Esophagitis (n = 180), N (%) 13 (27.08%) 14 (10.61%) 0.006
Grade (n = 25) 0.772
 A, N (%) 8 (66.67%) 10 (76.92%)
 B + C, N (%) 2 (16.67%) 2 (15.38%)
 D, N (%) 2 (16.67%) 1 (7.69%)

Clinical failure, N (%) 6 (7.06%) 13 (7.39%) 0.737
 1 year 4 (4.715) 11 (6.25%)
 2 year 5 (5.88) 11 (6.25%)
 3 year 6 (7.06%) 13 (7.39%)
 4 year 6 (7.06%) 13 (7.39%)
 5 year 6 (7.06%) 13 (7.39%)
 6 year 6 (7.06%) 13 (7.39%)

Fig. 2   Kaplan–Meier curve of success in geriatric and non-geriatric 
patients
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Kaplan–Meier curve was shown in Fig. 2. In univariate Cox 
regression, the risk of clinical failure was similar in geriatric 
and non-geriatric patients (hazard ratio (HR) 0.94, 95% con-
fidence interval (CI) 0.38–2.30, p = 0.886). (Table 3)

Discussion

Although achalasia is a rare disease in population, older peo-
ple have a higher incidence compared to younger people 
[3]. As the cause and pathophysiology of achalasia remain 
largely unknown, present approaches used to treat achalasia 
are to lower the LES pressure, to improve empting of esoph-
agus and to relieve symptoms rather than try to correct the 
underlying abnormality [1].

POEM has recently been introduced as a new minimally 
invasive treatment for achalasia. However, there are only a 
few studies of POEM in geriatric achalasia patients, and the 
safety and efficacy has not been fully evaluated. In 2015, 
Chen et al. [12] prospectively recruited 15 achalasia patients 
aged ≥ 65, and treated them with POEM with a median oper-
ation time of 55 min. Median myotomy length was 10 cm. 
Three patients underwent circular myotomy and 12 under-
went  full-thickness myotomy. Symptoms remitted in all 
cases during post-POEM follow-up of 6–39 months. Eckardt 
score reduced from 8 pre-operatively to 1 post-operatively. 
Median LES pressure decreased from 27.4 to 9.6 mmHg. 
Median diameter of the esophagus was also significantly 
decreased from 51.0 mm to 30.0 mm. Only one patient 
had reflux and no serious complications related to POEM 
were found. In 2016, Wang et al. [13] reported 31 achalasia 
patients aged ≥ 65, 21 of which received POEM while the 
other 10 received pneumatic dilation. The 15 patients in the 
study of Chen et al. [12] were also included in this study. 
The mean follow-up time was 21.8 months in POEM group, 
and only one case suffered from treatment failure. No severe 
complications were observed during operation and periodi-
cal follow-up. Tang et al. [14] reported in 2017 the com-
parison of 18 achalasia patients aged 60 years and above 
(63 ± 3.9 years, range 60–74 years) and 95 patients aged < 60 
(37.7 ± 11.6 years, range 18–59 years). The procedural time 
was similar in both groups. There were also no significant 
differences in the incidence of intraoperative complications 
(defined as mucosal perforation, pneumothorax and bleeding) 
and gastroesophageal reflux rate. During the mean follow-up 
period of 25.2 months, treatment success defined as Eckardt 
score ≤ 3 was achieved in 92.9% of patients aged ≥ 60 years, 
and 89.9% of patients aged < 60 years, without statistical 
significance. Hermandez-Mondragon et al. [15] reported 
12 cases of achalasia patients aged ≥ 65 years treated with 
POEM, with a successful rate of 98%. The above studies sug-
gested the safety and efficacy of POEM in geriatric patients. 
However, these studies were limited by small sample size, 

lack of long-term follow-up, or lack of comparison with non-
geriatric patients.

In our study, data of 2367 patients diagnosed with acha-
lasia and treated with POEM were retrospectively reviewed, 
and 139 geriatric patients were matched with 275 non-ger-
iatric patients. Perioperative complications, pre- and post-
operative Eckardt score and pressure of the lower esopha-
geal sphincter, esophageal reflux and clinical failure were 
compared between the two groups. To our knowledge, this 
is the largest cohort of POEM information with the longest 
follow-up worldwide. Therefore, our study provides strong 
evidence of safety and efficacy of POEM for the treatment 
of achalasia in geriatric patients.

We performed PSM from a preexisting large volume of 
data to balance the baseline characteristics between geriatric 
and non-geriatric patients. After propensity score matching, 
geriatric and non-geriatric had similar baseline clinical char-
acteristics and distribution of propensity scores, suggest-
ing less chance of confounding in studying the outcomes. 
In the propensity score matched cohort, geriatric patients 
had longer myotomy length compared with non-geriatric 
patients. This is probably because operators intentionally 
make a longer myotomy as geriatric patients are generally 
considered to have a longer duration and higher severity. 
Operation time was comparable.

Perioperative outcomes indicate the safety and efficacy 
of POEM. The perioperative outcomes in our study were 
acceptable in both geriatric and non-geriatric patients. There 
was no significant difference in the incidence of technical 
failure and major perioperative adverse events, as well as 
and hospitalization length. All major perioperative adverse 
events were relieved by conservative therapy. Tradition-
ally, POEM was considered a procedure with high technical 
difficulty and risk in geriatric patients, particularly due to 
comorbidities and prior treatment related to long disease 
duration [16].Our findings demonstrate that POEM can be 
safely performed in geriatric patients.

In long-term follow-up, both groups experienced great 
decrease in Eckardt score and pressure of the LES. Clini-
cal reflux occurred in 23.53% geriatric patients and 21.59% 
non-geriatric patients, and most of them only developed mild 
esophagitis. 5-year success rate of POEM of 92.94% in geri-
atric patients compared with 92.61% in younger patients also 
suggested satisfactory long-term efficacy.

Several limitations should be addressed when interpret-
ing the results. First, known and unknown confounders may 
bias the result because of the retrospective and observational 
nature of this study. This is partly reduced by propensity 
score matching. In the matched cohort, all known baseline 
characteristics were well balanced between two groups, 
making it less likely to be confounded by these factors. Sec-
ond, the loss to follow-up rate is relatively high in our study. 
However, there is no differential loss to follow-up rate in two 
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groups. Third, our cohort only included Asian population, 
which limited the generalizability in other ethnicities.

In conclusion, we systematically analyzed the largest 
real-world database of long-term outcomes of POEM for the 
treatment of achalasia in geriatric patients compared with 
non-geriatric patients. POEM is a safe and reliable treat-
ment in geriatric achalasia patients with confirmed short-
term and long-term efficacy compared with those in non-
geriatric patients, making it a promising primary choice for 
geriatric achalasia patients. Multi-center clinical trials are 
warranted to compare POEM with other treatment options 
in geriatric patients.
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