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Abstract

Background: Per-oral endoscopic myotomy (POEM) is a rapidly 
emerging minimally invasive procedure for management of achalasia. 
Same-day discharge after POEM is safe and feasible; however, some 
patients may need hospitalization. We aimed to identify character-
istics and outcomes for achalasia patients requiring hospitalizations 
after POEM in the United States (US).

Methods: The US National Inpatient Sample was utilized to identify 
all adult achalasia patients who were admitted after POEM from 2016 
to 2019. Hospitalization characteristics and clinical outcomes were 
highlighted.

Results: From 2016 to 2019, we found that 1,885 achalasia patients 

were admitted after POEM. There was an increase in the total number 
of hospitalizations after POEM from 380 in 2016 to 490 in 2019. The 
mean age increased from 54.2 years in 2016 to 59.3 years in 2019. Most 
POEM-related hospitalizations were for the 65 - 79 age group (31.8%), 
females (50.4%), and Whites (68.4%). A majority (56.2%) of the study 
population had a Charlson Comorbidity Index of 0. The Northeast hos-
pital region had the highest number of POEM-related hospitalizations. 
Most of these patients (88.3%) were eventually discharged home. There 
was no inpatient mortality. The mean length of stay decreased from 4 
days in 2016 to 3.2 days in 2019, while the mean total healthcare charge 
increased from $52,057 in 2016 to $65,109 in 2019. Esophageal per-
foration was the most common complication seen in 1.3% of patients.

Conclusion: The number of achalasia patients needing hospitaliza-
tion after POEM increased. There was no inpatient mortality confer-
ring an excellent safety profile of this procedure.

Keywords: Per-oral endoscopic myotomy; Achalasia; Outcomes; 
Mortality; Costs

Introduction

Achalasia is a rare chronic neurodegenerative motility disor-
der of the esophagus resulting in ineffective lower esophageal 
sphincter (LES) relaxation and peristalsis leading to progressive 
dysphagia [1]. The annual prevalence rate of achalasia is esti-
mated to be 9 per 100,000 persons worldwide [2]. The exact eti-
ology implicated in the development of achalasia is unknown but 
is believed to be of multi-factorial origin [2]. From a pathophysi-
ological standpoint, patients with achalasia have inflammation 
and degeneration of the myenteric plexus resulting in the loss 
of inhibitory neurons [3]. This ultimately leads to an imbalance 
between the inhibitory (nitric oxide) and excitatory (acetylcho-
line) neurons with subsequent loss of relaxation of the LES and 
impaired peristalsis [4]. Patients with achalasia may present with 
a wide variety of clinical symptoms, progressive dysphagia be-
ing the most prominent, which leads to significant impairment in 
functional status and overall decreased quality of life [5, 6]. Man-
agement is primarily focused on reducing the LES hypertonicity 
by pharmacological, endoscopic, or surgical interventions [7].

Per-oral endoscopic myotomy (POEM) is a relatively re-
cent minimally invasive endoscopic procedure used in the man-
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agement of patients with achalasia [8, 9]. Since its inception in 
Japan in 2008, it has been endorsed by the American Society 
for Gastrointestinal Endoscopy (ASGE) in clinical practice [9]. 
POEM is performed by submucosal tunnel creation, and selec-
tive myotomy of the muscularis propria layer after a mucosal 
incision, decided on a case-by-case basis, proximal to the es-
ophagogastric junction (EGJ) [10]. Recent studies have dem-
onstrated that the short-term curative efficacy rate of POEM is 
> 90% [10-13]. Furthermore, clinical success rates of POEM at 
12, 24 and 36 months have been estimated to be 92.9%, 90.6% 
and 88.4% respectively [14]. From an adverse event perspec-
tive, a study by Nino-Ramirez et al compared POEM to con-
ventional treatments of achalasia such as laparoscopic Heller’s 
myotomy (LHM) and endoscopic balloon dilation (EBD) [15]. 
The authors reported that the proportion of adverse events was 
3.6% for POEM, 4.9% for LHM, and 3.1% for EBD [15].

Multiple studies have been published on POEM; however, 
most of these studies are small or single-center experiences. 
At a national level, there is a significant knowledge gap on 
the outcomes and healthcare utilization by achalasia patients 
who underwent POEM and required hospitalization, as most 
of these patients are usually discharged the same day or after 
a 23-h observation period. Hence, this study aimed to investi-
gate hospitalization characteristics, healthcare utilization, and 
clinical outcomes of POEM for achalasia patients that required 
hospitalization. Furthermore, we also estimated the rates of the 
common complications associated with the procedure.

Materials and Methods

Design and data source

The study population was extracted from the National Inpatient 
Sample (NIS) database, a part of the Healthcare Cost and Utili-
zation Project (HCUP) databases by the Agency for Healthcare 
Research and Quality (AHRQ). The NIS is a large, all-payer, 
multi-ethnic database derived from collection of billing data 
submitted by United States (US) hospitals to state-wide data 
organizations covering > 95% of the US population [16]. It 
approximates a 20% stratified sample of discharges from US 
community hospitals. The data are further weighted to obtain 
national estimates. For the 2016 - 2019 study period, the NIS 
database was coded using the International Classification of 
Diseases Tenth Revision, Clinical Modification/Procedure 
Coding System (ICD-10-CM/PCS).

Study population

We identified all adult (≥ 18 years) achalasia patients who un-
derwent POEM from January 1, 2016 to December 31, 2019.

Statistical analysis and outcome measures

The statistical analysis was conducted using SAS 9.4 (SAS 
Institute Inc., Cary, NC). A weighted sample was used during 

the statistical estimation process by incorporating variables for 
strata, cluster, and weight to discharges in the NIS database. 
Descriptive statistics were identified, including mean (stand-
ard error) for continuous variables and count (percentage) for 
categorical variables.

Ethical considerations

The NIS database contains numerous safeguards to protect pa-
tient privacy. It also lacks patient- and hospital-specific identi-
fiers. Therefore, our study was exempt from Institutional Re-
view Board (IRB) evaluation as per guidelines put forth by our 
institutional IRB for analysis of HCUP databases. The study 
was conducted in compliance with the ethical standards of the 
responsible institution on human subjects as well as with the 
Helsinki Declaration.

Results

Hospitalizations characteristics

A total of 1,885 achalasia patients who underwent POEM re-
quired hospitalization during the 2016 - 2019 study period. 
There was an overall annual increase in the total number of 
these hospitalized patients from 380 in 2016 to 490 in 2019, 
without a statistically significant trend (Fig. 1). The mean age 
for these patients increased from 54.2 (± 1.4) years in 2016 
to 59.3 (± 2.0) years in 2019. Females made up 50.4% of the 
study cohort. For the study period, the 65 - 79 age group had 
the highest proportion (31.8%) of patients, followed by the 50 
- 64 and the 35 - 49 age groups (Table 1). A White (68.4%) 
predominance was also noted for the study period (Table 1). 
From a comorbidity perspective, a majority (56.2%) of the 
study population had a Charlson Comorbidity Index (CCI) of 
0, while only 10% of the study cohort had a CCI score ≥ 3, 
representing selective patient cohort (Table 1).

Regional and hospital distribution

Most (33.7%) hospitalizations for achalasia after POEM were 
at the hospitals in the Northeast region (Fig. 2). There was a 
substantial increase in POEM-related hospitalization from 
21.1% in 2016 to 39.8% in 2019 in the Southern region (Table 
1). As expected, most of these patients were at large (86.2%) 
and urban teaching (96.3%) hospitals as most POEMs are 
performed in large academic hospitals (Table 1). Medicare 
(43.8%) was the largest primary payer for the hospital charge.

Clinical outcomes

Most of these patients (88.3%) were discharged home. There 
was no inpatient mortality from the procedure (Table 2). The 
average mean length of stay (LOS) was 3.7 days. Overall, the 
mean LOS decreased from 4 days in 2016 to 3.2 days in 2019. 
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However, the mean total healthcare charge (THC) increased 
from $52,057 in 2016 to $65,109 in 2019.

Complications

Esophageal perforation was identified as the most common com-
plication associated with the procedure and was seen in 1.3% of 
the study population (Table 2). Post-procedural pneumonia was 
seen in only 0.8% of all patients. Complications such as post-pro-
cedural hemorrhage and sepsis were not noted in the study cohort.

Discussion

POEM is used to treat a wide variety of esophageal motility 
disorders. This is the only study that evaluates hospitalization 
characteristics and outcomes for achalasia patients that were 
admitted after POEM in the USA using a national database. 
An understanding of data for those patients who required hos-
pitalization post POEM is crucial as it provides endoscopists a 
better understanding of potential complications which needs to 
be recognized early and may lead to refinement of techniques 
or change in patient selection. In this study, we noted an over-
all increase in the number of admissions for achalasia patients 
who underwent POEM from 2016 to 2019. While the inpatient 
rate rose, likely so did national performance of POEM proce-
dures. Esophageal perforation was the most common compli-
cation of the procedure but was seen only in a small proportion 
of patients, and no mortality was noted in the study.

The potential use of POEM for managing achalasia was 
first hypothesized in porcine animal models where endoscopic 
LES myotomy led to a significant fall in LES pressures [17]. 
Since its first utilization in patients with achalasia by Inoue et 

al, it has gained immense popularity and spread quickly world-
wide to treat numerous esophageal motility disorders [18]. The 
Society of American Gastrointestinal and Endoscopic Sur-
geons (SAGES) has also issued strong recommendations for 
utilization of POEM in the management of achalasia [19]. In 
this study, we noted an overall increase in the total number of 
admissions for achalasia patients who underwent POEM from 
380 in 2016 to 490 in 2019. However, it should be noted that a 
majority of the POEMs are performed at large urban teaching 
hospitals. This may partly be because these hospitals are usu-
ally tertiary care referral centres that are well equipped with 
the necessary resources and advanced endoscopists to perform 
this complex procedure. Furthermore, the Northeast hospital 
region had the highest proportion of hospitalizations of acha-
lasia patients that underwent POEM (Table 1).

Literature reports that the mean age for patients with acha-
lasia that undergo POEMs may range from 34 to 59 years, with 
a median age of approximately 51 years [20, 21]. The proce-
dure has been established to be highly effective and safe in 
the elderly demographic, thereby increasing its utilization in 
the subset population [22, 23]. In our study, the mean age for 
achalasia patients that required hospitalization after POEM in 
the USA was 57.6 ± 0.9 years, with an increase in mean age for 
the 2016 - 2019 study period (Table 1). There was a substantial 
increase in the total number of POEM-related admissions from 
90 in 2016 to 200 in 2019 for the 65 - 79 age group. Moreover, 
the 65 - 79 age group had the highest (31.8%) proportion of 
hospitalizations after POEM amongst all groups for the study 
period. These findings may be because endoscopists did not 
feel comfortable sending this older demographic home on the 
same day of the procedure. Additionally, the lack of immedi-
ate availability of a family caregiver at home may have also 
played a role. Interestingly, we also noted that 56.2% of all 
patients had a low comorbidity burden (CCI = 0). Furthermore, 

Figure 1. Achalasia patients requiring hospitalizations after per-oral endoscopic myotomy (POEM) in the United States from 
2016 to 2019.
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Table 1.  Hospitalization Characteristics for Patients With Achalasia That Underwent POEM in the Unites States From 2016 to 2019

Variable
Years

2016 2017 2018 2019 2016 - 2019 (overall)
Total number of POEM 380 570 445 490 1,885
Mean age (years) ± standard error 54.2 ± 1.4 56.8 ± 1.5 59.6 ± 1.9 59.3 ± 2.0 57.6 ± 0.9
Age group distribution (years)
  18 - 34 80 (21.1%) 105 (18.4%) 40 (9.0%) 60 (12.2%) 285 (15.1%)
  35 - 49 75 (19.7%) 80 (14.0%) 75 (16.9%) 75 (15.3%) 305 (16.2%)
  50 - 64 115 (30.3%) 155 (27.2%) 155 (34.8%) 115 (23.5%) 540 (28.7%)
  65 - 79 90 (23.7%) 195 (34.2%) 115 (25.8%) 200 (40.8%) 600 (31.8%)
  ≥ 80 20 (5.3%) 35 (6.1%) 60 (13.5%) 40 (8.2%) 155 (8.2%)
Gender
  Male 185 (48.7%) 270 (47.4%) 220 (49.4%) 260 (53.1%) 935 (49.6%)
  Female 195 (51.3%) 300 (52.6%) 225 (50.6%) 230 (46.9%) 950 (50.4%)
Race
  White 275 (76.4%) 380 (69.7%) 270 (62.1%) 320 (66.7%) 1,245 (68.4%)
  Black 45 (12.5%) 90 (16.5%) 75 (17.2%) 60 (12.5%) 270 (14.8%)
  Hispanic 30 (8.3%) 45 (8.3%) 50 (11.5%) 50 (10.4%) 175 (9.6%)
  Asian < 11 (1.4%) 0 (0.00%) 15 (3.5%) 30 (6.3%) 50 (2.8%)
  Others < 11 (1.4%) 30 (5.5%) 25 (5.8%) 20 (4.2%) 80 (4.4%)
CCI
  CCI = 0 230 (60.5%) 350 (61.4%) 220 (49.4%) 260 (53.1%) 1,060 (56.2%)
  CCI = 1 55 (14.5%) 130 (22.8%) 120 (27.0%) 150 (30.6%) 455 (24.1%)
  CCI = 2 50 (13.2%) 40 (7.0%) 50 (11.2%) 40 (8.2%) 180 (9.6%)
  CCI ≥ 3 45 (11.8%) 50 (8.8%) 55 (12.4%) 40 (8.2%) 190 (10.1%)
Hospital region
  Northeast 135 (35.5%) 205 (36.0%) 120 (27.0%) 175 (35.7%) 635 (33.7%)
  Midwest 125 (32.9%) 135 (23.7%) 85 (19.1%) 60 (12.2%) 405 (21.5%)
  South 80 (21.1%) 165 (29.0%) 170 (38.2%) 195 (39.8%) 610 (32.4%)
  West 40 (10.5%) 65 (11.4%) 70 (15.7%) 60 (12.2%) 235 (12.5%)
Hospital bed size
  Small < 11 (1.3%) 0 (0.0%) 15 (3.4%) 25 (5.1%) 45 (2.4%)
  Medium 25 (6.6%) 95 (16.7%) 45 (10.1%) 50 (10.2%) 215 (11.4%)
  Large 350 (92.1%) 475 (83.3%) 385 (86.5%) 415 (84.7%) 1,625 (86.2%)
Hospital location and teaching status
  Rural < 11 (1.3%) < 11 (0.9%) 0 (0.0%) 0 (0.0%) < 11 (0.5%)
  Urban nonteaching 15 (4.0%) 25 (4.4%) < 11 (1.1%) 15 (3.1%) 60 (3.2%)
  Urban teaching 360 (94.7%) 540 (94.7%) 440 (98.9%) 475 (96.9%) 1,815 (96.3%)
Expected primary payer
  Medicare 140 (36.8%) 250 (43.9%) 205 (46.1%) 230 (46.9%) 825 (43.8%)
  Medicaid 65 (17.1%) 55 (9.7%) 35 (7.9%) 60 (12.2%) 215 (11.4%)
  Private 165 (43.4%) 230 (40.4%) 170 (38.2%) 175 (35.7%) 740 (39.3%)
  Self-pay < 11 (1.3%) < 11 (1.8%) 20 (4.5%) 15 (3.2%) 50 (2.7%)
  Other < 11 (1.3%) 25 (4.4%) 15 (3.4%) < 11 (2.0%) 55 (2.9%)
Median household income (quartile)
  First (0 - 25th) 100 (27.0%) 105 (18.4%) 125 (28.1%) 110 (23.2%) 440 (23.7%)
  Second (26th - 50th) 90 (24.3%) 165 (29.0%) 145 (32.6%) 110 (23.2%) 510 (27.4%)
  Third (51st - 75th) 75 (20.3%) 150 (26.3%) 70 (15.7%) 100 (21.1%) 395 (21.2%)
  Fourth (76th - 100th) 105 (28.4%) 150 (26.3%) 105 (23.6%) 155 (32.6%) 515 (27.7%)

CCI: Charlson Comorbidity Index; POEM: per-oral endoscopic myotomy.
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as with achalasia, studies on the utilization of POEM have not 
supported a specific gender predominance [20, 21, 24-26]. 
Similarly, in our study, a specific gender predominance was 
absent (Table 1). From a race perspective, much of our study 
cohort was White. This may be due to a higher overall num-
ber of achalasia patients of Caucasian background in the USA 

compared to other races [27].
Although the overall clinical success rate for POEM pa-

tients with achalasia ranges 82-100% and same-day discharge 
after a few hours of observation is feasible, there may be un-
planned and prolonged hospitalizations in a minority of pa-
tients due to intra- or post-procedural complications [20, 

Table 2.  Trends of Outcomes for Patients With Achalasia That Underwent POEM in the Unites States From 2016 to 2019

Outcomes
Years

2016 2017 2018 2019 2016 - 2019 (overall)
Disposition
  Routine (home) 340 (89.5%) 495 (86.8%) 390 (87.6%) 440 (89.8%) 1,665 (88.3%)
  Transfer to short-term hospital 0 (0.0%) 10 (1.8%) < 11 (1.1%) < 11 (1.0%) 20 (1.1%)
  Transfer to another type of facility (SNF and ICF) 20 (5.3%) 20 (3.5%) 20 (4.5%) 20 (4.1%) 80 (4.2%)
  Home health care 15 (4.0%) 45 (7.9%) 25 (5.6%) 25 (5.1%) 110 (5.8%)
  Discharge against medical advice < 11 (1.3%) 0 (0.00%) < 11 (1.1%) 0 (0.00%) < 11 (0.5%)
Inpatient mortality 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Length of stay (days) 4.0 3.7 3.9 3.2 3.7
Total healthcare charge (USD) 52,057 75,240 67,520 65,109 66,151
Complications
  Major post-procedural hemorrhage 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
  Esophageal perforation < 11 (1.3%) < 11 (0.9%) < 11 (1.1%) < 11 (2.0%) 25 (1.3%)
  Post-procedure sepsis 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
  Post-procedure pneumonia < 11 (1.3%) 0 (0.0%) < 11 (1.1%) < 11 (1.0%) 15 (0.8%)

ICF: intermediate care facility; POEM: per-oral endoscopic myotomy; SNF: skilled nursing facility; USD: United States Dollars.

Figure 2. Geographical distribution of achalasia patients requiring hospitalizations after per-oral endoscopic myotomy (POEM) 
in the United States between 2016 and 2019.
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28-33]. For our study cohort, the mean LOS in the hospital 
decreased from 4 days in 2016 to 3.2 days in 2019, indicating 
significant improvements in inpatient management strategies. 
There was no inpatient mortality related to the procedure dur-
ing the study period. This is in agreement with current litera-
ture which reports no POEM-related deaths [11, 34, 35].

POEMs can be safely performed in an endoscopy suite as 
major adverse events are fairly uncommon, and patients usual-
ly tolerate the procedure well [36]. Early complications of the 
procedure include direct mucosal injury, intra- and post-pro-
cedural hemorrhage, esophageal perforation, pneumothorax, 
pneumomediastinum, pneumoperitoneum, aspiration pneumo-
nia and subcutaneous emphysema [36, 37]. Gastroesophageal 
reflux and erosive esophagitis are late complications [38]. Most 
complications can be managed conservatively, with only a few 
requiring aggressive interventions. At a national level, esopha-
geal perforation was the most common (1.3%) complication 
seen in these patients (Table 2). Post-procedural pneumonia 
was seen in 0.8% of all hospitalizations. We did not notice any 
cases of major post-procedural hemorrhage and sepsis in the 
study population. These low rates of complications associated 
with the procedure further reiterate its excellent safety profile.

POEM is a cost-effective procedure and is expected to 
continue to improve as familiarity and experience with the pro-
cedure increases [39]. However, in our study, the mean THC 
increased (Table 2). This may, in part, be attributed to increase 
in the total number of patients that were admitted after POEM 
and an increased healthcare utilization with the involvement of 
a multi-disciplinary team of specialists to manage these com-
plex inpatient admissions. Additionally, the need for adequate 
training and maintenance of proficiency for POEM cannot be 
overemphasized. POEM continues to be a complex endoscop-
ic procedure and due to the niche cohort of patients requir-
ing POEM, reduction of cost is important. The best outcomes 
from the procedure are achieved with routine procedural per-
formance in expert hands.

Our study has numerous strengths and limitations. A major 
strength of this study is the study population, which was ob-
tained from one of the largest multi-ethnic databases available 
in the USA. An analysis over the 4-year study period allowed 
us to obtain meaningful information on characteristics and out-
comes for achalasia patients who required hospitalization after 
POEM. Furthermore, as the NIS database covers greater than 
95% of the US population, the results of our study are appli-
cable to almost all achalasia hospitalizations that are managed 
with POEM in the USA, offering a national perspective on the 
procedure.

However, we do acknowledge all limitations associated 
with our study. As the ICD-10 procedure code for POEM is 
fairly recent, POEMs performed prior to the availability of the 
code may have been coded elsewhere, but the POEMs coded 
within the POEM procedure code are believed to be highly 
accurate. The NIS database does not contain information on 
the patients that were not admitted after POEM, time from hos-
pitalization to discharge, hospital course, type/stage of acha-
lasia treated, and other treatment aspects. It also lacks data on 
patient selection for the procedure, intra-procedural details, 
specific procedural techniques utilized during the procedure, 
operator preferences, and pharmacological aspects of manage-

ment before, during or after the procedure. The study popula-
tion was strictly limited to all achalasia patients who under-
went POEM and were admitted after or specifically for the 
procedure. Additionally, the results of our study are not appli-
cable to hospitalizations outside the USA. Furthermore, due to 
the retrospective nature of the study design, all biases associat-
ed with retrospective studies are applicable. Lastly, the NIS is 
an administrative database maintained through data collection 
organizations that use the ICD coding system to store inpatient 
data. Hence, the possibility of human coding errors cannot be 
excluded. However, despite these limitations, we believe that 
the large sample size and a comprehensive analysis technique 
help us better understand the characteristics, and outcomes of 
POEM for patients with achalasia in an inpatient setting.

Conclusion

There were 1,885 achalasia patients who underwent POEM 
that required hospitalization between 2016 and 2019 in the 
USA. These were mainly at large urban teaching hospitals as 
these larger centers have the necessary resources and expertise 
in performing this complex advanced procedure. Our study 
noted an expected rise in hospital charges during this period. 
The total number of achalasia patients that were admitted af-
ter POEM rose from 380 in 2016 to 490 in 2019 and 31.8% 
of them were in the 65 - 79 age group. This may be because 
endoscopists may not be comfortable sending these older 
patients home on the same day, or due to procedure-related 
complications emphasizing the need for extended training and 
maintenance of proficiency of the procedure through routine 
practice by subspecialized experts. Eventually, most of these 
patients were discharged home and there was no inpatient mor-
tality highlighting the excellent safety profile of the procedure. 
In years to come, the trends of the utilization of POEM are ex-
pected to rise, and the focus on safety and same day discharge 
or observation may be one key measure of POEM quality.
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myotomy; LOS: length of stay; NIS: National Inpatient Sam-
ple; POEM: per-oral endoscopic myotomy; SAGES: Society 
of American Gastrointestinal and Endoscopic Surgeons; THC: 
total healthcare charge; US: United States
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