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Abstract

Background/Aims

While surgery remains a standard treatment for primary esophageal motility disorders
(PEMDs), per-oral endoscopic myotomy (POEM) has recently evolved as an alternative.
Systematic data on current trends of invasive procedures for PEMDs in Germany are
missing.

Methods

Hospital discharge data were used to evaluate trends and mortality of invasive treatment
options for PEMDs in Germany between 2011 and 2019.

Results

4543 cases of PEMDs (achalasia: n = 4349, dyskinesia of the esophagus: n = 194) receiving
open surgery (n = 200), minimal invasive surgery (n = 2366), or POEM (n = 1977) were iden-
tified. The relative proportion of POEM significantly increased from 10.9% (2011) to 65.7%
(2019). Hospital mortality was 0.2%. The median duration of mechanical ventilation was sig-
nificantly lower in POEM patients (29.4 hours) compared to open (274.0 hours) or minimal
invasive (91.9 hours) surgery. The duration of hospitalization was lowest among POEM
patients (5.7 days) compared to surgical procedures (13.7 and 7.7 days).

Conclusion

While the low in-hospital mortality of all procedures combined confirms the solid safety
profile of invasive procedures in general, our findings show that POEM has the lowest
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duration of mechanical ventilation and hospitalization compared to invasive surgical
options.

Introduction

Primary esophageal motility disorders (PEMDs), including idiopathic achalasia and spastic
esophageal disorders (SEDs), are a group of diseases in which impaired swallowing occurs due
to an alteration in esophageal neuromuscular structures. With an estimated annual incidence
of 1 to 3 cases per 100,000 individuals, achalasia is considered a rare disease [1-3]. The etiology
remains still unclear. Presumably, viral infections might trigger autoimmunological processes,
causing chronic inflammation in the inhibitory neurons in the esophageal myenteric plexus,
leading to selective loss of these neurons [4]. This causes cessation of the relaxation of the
lower esophageal sphincter (LES) as well as the propulsive peristalsis of the tubular esophagus,
resulting in an insufficient relaxation of the LES combined with a lack of esophageal peristalsis
[5]. Main symptoms of achalasia include dysphagia, regurgitation, retrosternal pain, and
weight loss, which have a considerable negative impact on the quality of life of patients [6].
SEDs such as esophageal spasm (DES), Jackhammer esophagus (JE), and esophagogastric junc-
tion out-flow obstruction (EGJOO) are a rare group of PEMDs that, given the introduction
and evolution of high-resolution manometry (HRM), are now better characterized and lead to
symptoms quite similar to those of achalasia [7-9].

PEMDs traditionally were treated pharmacologically (e.g., calcium channel blockers), endo-
scopically (pneumatic dilatation, PD; injection of Botulinum toxin A, BTX), or surgically
(myotomy). In achalasia, a step-up approach had been established. In most cases, PD of the
LES was used as the primary treatment, followed by a surgical myotomy in refractory cases
[10]. PD is a minimally invasive procedure with a long-term therapeutic success rate between
50% and 85% [10]. However, a major disadvantage of PD is that repetitive dilations are
required in up to 25% to achieve these success rates [11]. Surgical therapy for achalasia consists
of a myotomy of the LES, which is nowadays performed laparoscopically (laparoscopic Heller
myotomy, LHM) [12] providing good functional results but without superiority over PD
[13,14]. In 2008, per-oral endoscopic myotomy (POEM) was introduced as an endoscopic,
incisionless alternative to LHM for the treatment of achalasia [15]. POEM has shown excellent
clinical response rates (80% to 90%), including long-term follow-up studies [10,13,16-19],
with limited numbers of serious adverse events that usually can be treated intraprocedurally
[20]. In achalasia, POEM is superior to PD and non-inferior to LHM [10,13,19,21,22]. Given
the general lack of standardized treatment strategies as well as the limited efficacy of nonsurgi-
cal treatment options for SEDs [23,24], POEM has also recently been investigated with promis-
ing results for the treatment of SEDs [25-32].

However, systematic data on current trends of invasive treatment strategies for PEMDs in
Germany are widely missing. In the present manuscript, we therefore used standardized hospi-
tal discharge data from the Federal Statistical Office of Germany to evaluate current clinical
developments as well as the hospital mortality of invasive PEMD treatments between 2011 and
2019.

Materials and methods
Study design

This study aims at the retrospective evaluation of recent trends, hospital mortality and associ-
ated clinical parameters of invasive treatment procedures for esophageal motility disorders in
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Germany. The analyses are based on standardized hospital discharge from 2011 to 2019 that
were provided by the Federal Statistical Office of Germany (Wiesbaden, Germany). To access
the data via remote data extraction an official contract was signed between the University Hos-
pital Diisseldorf/Medical Faculty of the Heinrich-Heine-University and the Federal Statistical
Office in Wiesbaden in 2021. Ethical approval was granted by the Ethics Committee at the
Medical Faculty of Heinrich Heine University Diisseldorf under the study number 2022-1856.
The authors had no access to information that could identify individual participants during or
after data collection.

Patient eligibility criteria and variables

We identified and grouped patients undergoing invasive treatment procedures for esophageal
motility disorders during the observation period using the OPS codes for a) open esophago-
myotomy/ esophago-gastromyotomy (open heller myotomy [OHM], OPS 542000, 542001,
542004, 542005, 542020, 542021, 542024, 542025,) “minimal invasive” esophagomyotomy/
esophago-gastromyotomy (laparoscopic or thoracoscopic Heller myotomy [LHM], OPS
542002, 542003, 542022, 542023) and c) endoscopic esophagomyotomy/ esophago-gastro-
myotomy (per-oral endoscopic myotomy [POEM]; OPS 542006, 542026). Only patients with
primary diagnosis of an esophageal motility disorder (K22.0: Achalasia of cardia or K22.4:
Dyskinesia of oesophagus) were included. K22.4 applies to the diagnosis of “corkscrew esopha-
gus”, “diffuse esophageal spasm” and “spasm of the esophagus”. Hospital mortality was evalu-
ated by the coded discharge type "death" (entl_grd = 7) in relation to the other discharge types.
Additionally, we analyzed the duration of hospital stay (days) and the mean duration of
mechanical ventilation (hours). The mean duration of mechanical ventilation was only evalu-
ated for patients who required prolonged mechanical ventilation after the procedure itself.
Tables 1 and S1 provide detailed information on the study population.

Statistical analysis

Analyses were performed via remote data access at the Federal Statistical Office of Germany
(Wiesbaden, Germany) using SPSS (v23.0, IBM Corporation, Armonk, USA) and Excel
(v16.71, Microsoft, Redmond, USA). Descriptive analyses are based on cross-tabulations. The
comparison between binary variables (e.g., hospital death yes/no) were performed using Pear-
son’s chi-square test [33]. Variations of the dependent and independent variables over time
were analyzed using Pearson’s R and linear regression. All statistical tests were two-sided. A
two-sided p-value of p<0.05 was considered statistically significant.

Results

Current trends of invasive treatments for esophageal motility disorder in
Germany between 2011 and 2019

We first aimed at gaining an overview of the invasive treatment landscape for esophageal
motility disorders in Germany within the last decade. Interestingly, the total number of per-
formed procedures significantly increased over time and more than doubled from 285 proce-
dures in 2011 to 694 procedures in 2019 (Fig 1A). The majority of patients were male (54.9%,
Fig 1B) and aged between 31 and 70 years (Fig 1C). About 15% of patients (n = 678) received
invasive treatment for esophageal motility disorders at an age above 70 years (Fig 1C). The
mean patients’ age significantly increased over time from 44.7 years in 2011 to 49.6 years in
2019 (S1 Fig). Achalasia of cardia (K22.0) represented the main treatment indication (95.7%,
Fig 1D). Notably, we observed significant differences regarding the regional distribution of
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Table 1. Characteristics of study population.

Study population
Total number of patients 4,543
Hospital death [total] 10
Hospital mortality rate [%] 0.22%
Sex [total]
male 2,494
female 2,049
Age [Mean and SD] 49.36 (17.95)
Age group [total]
0-17 Years 161
18-30 years 649
31-50 years 1,551
51-70 years 1,504
>70 years 678
Federal state [total]
Baden-Wiirttemberg 327
Bavaria 886
Berlin 117
Brandenburg 13
Bremen 22
Hamburg 809
Hesse 351
Lower Saxony 145
Mecklenburg-Western Pomerania 17
North Rhine-Westphalia 1,354
Rhineland-Palatinate 194
Saarland 6
Saxony 218
Saxony-Anhalt 42
Schleswig-Holstein 12
Thuringia 30
Disease [total]
Dyskinesia of esophagus 194
Achalasia of cardia 4,349
Procedure [total]
Open heller myotomy (OHM) 200
Lap./thorac. Heller myotomy (LHM) 2366
per-oral endoscopic myotomy (POEM) 1977

https://doi.org/10.1371/journal.pone.0297265.t001

performed procedures (Fig 1E). As such, the number of procedures per 100.000 inhabitants
were highest in Hamburg (45.45), North Rhine-Westphalia (7.63) and Bavaria (6.94), while
invasive treatment for esophageal motility disorders was decisively less common in Saarland
(0.60), Brandenburg (0.52) or Saxony-Anhalt (0.42). Tables 1 and S1 provide a detailed over-
view on the study population.

Surgical vs. endoscopic treatment of esophageal motility disorder

Next, we compared the frequency of the three major invasive treatment strategies for esoph-
ageal motility disorders in Germany (open Heller myotomy (OHM), laparoscopic/
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Fig 1. Invasive treatment for esophageal motility disorder in Germany between 2011 and 2019. (A) The total number of performed procedures increases
between 2011 and 2019 over time. (B) Most patients are male (54.9%). (C) Most patients are aged between 31 and 70 years. (D) Achalasia of cardia (K22.0)
represents the major treatment indication (95.7%). (E) There are significant differences regarding the regional distribution of performed procedures (BB:
Brandenburg, BE: Berlin, BW: Baden-Wiirttemberg, BY: Bavaria, HE: Hesse, HB: Bremen, HH: Hamburg, MV: Mecklenburg-Western Pomerania, NI: Lower
Saxony, NW: North Rhine-Westphalia, RP: Rhineland-Palatinate, SH: Schleswig-Holstein, SL: Saarland, SN: Saxony, ST: Saxony-Anhalt, TH: Thuringia).

https://doi.org/10.1371/journal.pone.0297265.9001

thoracoscopic Heller myotomy (LHM) and per-oral endoscopic myotomy (POEM, see Materi-
als & Methods for details). Within the total study period, the majority of patients (52.1%)
underwent LHM followed by POEM (43.5%), while OHM was only rarely performed (4.4%,
Fig 2A). Interestingly, we observed a significant increase in the number of patients undergoing
POEM during the observation period. The relative proportion of POEM showed a stepwise
increase from only 10.9% in 2011 to 65.7% in 2019, with 2016 being the year POEM surpassed
LHM in number for the first time (Fig 2B). The sex ratio of each procedure was comparable
(Fig 2C). When comparing the frequency of the three procedure between different age groups,
we observed a higher proportion of POEM in patients older than 70 years (50.3%), compared
to younger age groups (<18 years: 26.1%, 18-30 years: 42.1%, 31-50 years: 42.0%, 51-70 years:
44.4%).

Evaluation of the post-interventional clinical course following invasive
treatment for esophageal motility disorder

In order to dissect potential differences in the individual post-interventional course of patients
with esophageal motility disorder between the different treatment approaches, we subse-
quently evaluated the duration of post-interventional mechanical ventilation (MV) and hospi-
talization. Importantly, we observed a significantly lower mean duration of post-interventional
MYV in patients undergoing POEM (29.4 hours) compared to both OHM (274.0 hours) and
LHM (91.9 hours, Fig 3A). In line, there was a significant difference in terms of the duration of
hospital stay between the procedures. As such, the mean duration of hospitalization was only
5.7 days following POEM, which was significantly lower compared to patients undergoing
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https://doi.org/10.1371/journal.pone.0297265.9g002

OHM (13.7 days) or LHM (7.7 days, Fig 3B). When looking at the duration of hospitalization
over time, we observed a significant reduction from 9.5 days (2011) to 7.7 days (2019) with
respect to LHM (p = 0.008), while there was no significant change for OHM or POEM during
the observation period. The overall hospital mortality of all procedure combined was only
0.2% (Fig 3D). A detailed comparison of hospital mortality between procedures was not feasi-

ble due to small number of events and the strict anonymization measures of the Federal Statis-
tical Office.

Discussion

PEMDs significantly affect the quality of life of patients, as the leading symptoms of dysphagia,
regurgitations, weight loss, and pain may result in psychosocial impairment in addition to the
primary disabling features. In a recently published study, we could demonstrate that patients
with achalasia suffer from depression significantly more frequently than patients without acha-
lasia, which further limits patient’s quality of life [6]. Consequently, effective and sustainable
therapy is essential for affected individuals. Due to their irreversible and in case of achalasia
neurodegenerative nature, there are currently no causal therapeutic approaches for PEMDs.
All therapeutic measures therefore aim at symptom relief, prevention of disease progression,
and avoidance of therapy-associated complications. For achalasia, outstanding improvements
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https://doi.org/10.1371/journal.pone.0297265.9003

in therapeutic approaches have been made in the last decade. With the introduction of POEM
in particular, an effective non-surgical endoscopic procedure has become available, which is
meanwhile established worldwide as an integral part of the therapeutic spectrum [2,34,35].
Through numerous studies, there is a fairly robust data base for the safety and efficacy of the
various therapeutic options. In summary, the two myotomy performing procedures (Heller
myotomy and POEM) have the highest efficacy, as demonstrated by two recently published
meta-analyses, which compared POEM, LHM, and PD. For this purpose, 6 and 9 randomized
controlled trials were analyzed, respectively, comparing the three procedures, which showed
equivalence of POEM and LHM and inferiority of PD in treatment response [21,22]. Regard-
ing complications, one meta-analysis showed no difference, whereas in the other, reflux was
slightly more common with POEM [21,22]. Despite this apparently obvious data base, recom-
mendations from international professional societies are reluctant to make definitive treat-
ment recommendations [1,2,34,35]. Recommendations are limited to the three modalities PD,
LHM and POEM which are mentioned as interventions with comparable efficacies for
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therapy-naive patients; BTX is only considered for patients who are not eligible for more inva-
sive definitive therapy due to comorbidities or limited life expectancy. The choice between the
three different therapeutic modalities should therefore depend on patient-specific characteris-
tics, patient preference, manometric subtype, potential complications, secondary post-thera-
peutic conditions (such as reflux disease, Barrett’s esophagus, esophageal cancer), and the
experience of the particular institution, and should include a detailed explanation to the
patient of the advantages and disadvantages of each procedure.

For the treatment of SEDs, the situation is different. Here, no high-quality studies are avail-
able that would justify a clear therapy recommendation based on evidence. However, since
there is overlap with achalasia (in particular with type III) in pathophysiology and symptoms,
patients with SEDs are usually treated with the same therapeutic modalities as for achalasia.
Thus, after the introduction of POEM, it seemed logical to treat SEDs, which were difficult to
treat anyway, with this novel effective procedure. Preliminary smaller studies, mostly retro-
spective or uncontrolled, indicate a high level of efficacy and safety [25-30,32,36-38]. Never-
theless, due to insufficient high-quality data, POEM should currently be considered with
caution for the treatment of SEDs, providing there has been careful diagnostic workup,
exhaustion of other therapeutic options, including pharmacologic therapy, interdisciplinary
team discussion and detailed patient informed consent. Since the guideline recommendations
for achalasia consider the two most effective methods (POEM, LHM) as equivalent, first prom-
ising data for the use of POEM for the treatment of SEDs are available, and no data on the cur-
rent reality of PEMDs treatment in Germany are existent so far, our aim was to investigate this
in more detail.

To our knowledge, our study is the first comprehensive analysis evaluating invasive treat-
ment options for PEMDs in Germany. By analyzing a total of 4543 hospitalized PEMD cases,
which were predominantly (95.7%) achalasia patients, we show that the total number of inva-
sively treated PEMD cases more than doubled between 2011 and 2019. Interestingly, we
observed a large geographical heterogeneity with respect to the total number of interventions
performed that ranged from 0.60 to 45.45 per 100,000 inhabits. This observation reflects the
high level of technical expertise required in the invasive treatment of PEMDs, which leads to a
concentration of experts in centers of expertise that are not geographically balanced in Ger-
many. We show that there was a steady increase in POEM cases since its introduction in Ger-
many in 2011, which even became the most commonly performed procedure from 2016. This
trend, which is likewise observed in other geographical regions worldwide [39], is most likely
ongoing until today. Another important aspect which can be observed is that patients treated
by POEM require significantly shorter post-interventional ventilation times and can be dis-
charged from the hospital more quickly than patients treated surgically. In contrast, the overall
in-hospital mortality of all procedures was very low (0.2%), which precluded comparative anal-
ysis of the different procedures.

Our observation of an increase in overall treatment rates for PEMDs is consistent with the
fact that the prevalence of PEMDs, and in particular achalasia with its low mortality, is increas-
ing in the aging population [40]. This can certainly be attributed to the widespread use of
HRM, but probably also to growing awareness among physicians to these overall rare diseases.
Some authors mention concern that the use of HRM prior to the introduction of the CCv4 in
2020 may have caused overdiagnosis of PEMDs and consequently overtreatment, particularly
in the form of POEM [41]. Since the changes in CCv4 mainly refer to type III achalasia and
EGJOO and we could not further differentiate the diagnoses "achalasia” and "dyskinesia of the
esophagus" in its subtypes in our work, the assumption of a PEMD overdiagnosis cannot be
confirmed but also not definitely excluded. However, a relevant bias in diagnosis seems
unlikely because type IIT achalasia is the rarest form of achalasia, accounting for approximately
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10-15% of cases [42], and non-achalasia PEMDs, which include EGJOO, accounted for only
4.3% of all cases in our analysis. What might speak for the hypothesis of a PEMD overdiagnosis
with the result of increasing POEM rates is the fact that we were able to show that the increase
in total intervention numbers was mainly driven by an increase in POEMs, with OHM and
LHM rates remaining relatively stable over the study period. On the other hand, the increase
in POEMs may also reflect a preference by many patients for the endoscopic, less invasive pro-
cedure over surgical alternatives. Additionally, there are hints in our analysis that an increase
in the number of interventions could also be explained by an increase in the treatment of older
patients. Firstly, a significant increase in the average age of patients was observed during the
study period, and secondly, 15% of all patients treated were in the age group >70 years. In this
elderly age group, the most frequently performed form of treatment was POEM. This could be
explained by the lower invasiveness of POEM compared to the surgical procedures and sup-
ports the observation of smaller studies showing that POEM is a safe and effective treatment
modality even in this age group [43,44].

Furthermore, we demonstrate that patients treated with POEM required significantly less
post-interventional mechanical ventilation and were hospitalized significantly shorter than
patients treated surgically. These two aspects may also indicate the lower invasiveness of
POEM compared to surgery and are in line with the results of a recently published surgical
study, which showed that patients who underwent POEM had better perioperative outcomes
in terms of shorter operative room time, less estimated blood loss, and shorter length of stay
compared with patients who underwent LHM [45]. Furthermore, POEM patients had less
pain at discharge, stopped taking narcotic analgesics earlier, and returned to their activities of
daily living earlier than patients who underwent LHM [45]. In addition, there are studies
showing that POEM is sufficiently safe to be performed on an outpatient basis in a large num-
ber of cases (48-62%) [46,47], which highlights its minimal invasive nature even compared to
laparoscopic surgery and may contribute to even more patients opting for this procedure in
the future. These aspects regarding patient safety, shorter ventilation, shorter hospital stay or
even the possibility of outpatient treatment may certainly contribute to the fact that POEM
can be classified as more cost-effective compared to surgical procedures, as several studies
have recently demonstrated [45,48-51]. Overall, the mean duration of post-interventional ven-
tilation in the POEM group (29.4 hours) seems quite high to us, since in our experience the
majority of patients can be extubated in the intervention room immediately after POEM.
Whether these relatively long postinterventional ventilation times are attributable to the first
years after the introduction of the procedure, in which ventilation may have been continued
postinterventionally as a prophylactic measure for safety reasons, or necessarily had to be con-
tinued because of higher intraprocedural complication rates, cannot be answered.

Our study has several limitations inherent to database analysis research. Most importantly,
no information on coding quality is available and the database is not subject to systematic
quality control between hospitals. Diagnoses are coded using ICD-10 codes, which can lead to
misclassification and undercoding of certain diagnoses. For example, there is no information
on whether the coding of "dyskinesia of the esophagus" actually includes diseases such as JE,
DES, and EGJOO, which can now be classified with HRM and CCv4. Regardless of coding
quality, accurate identification of these non-Achalasia PEMDs is very difficult anyway, as defi-
nitions have changed steadily over time [7,52]. Furthermore, OHM, LHM, and POEM have
been identified using OPS codes. What may have led to a bias in the data in this regard is the
fact that, after the introduction of POEM in 2011, there was no specific OPS code for this new
type of procedure initially. Therefore, the codes used for POEM were 5-420.06 and 5-420.26,
which until then had been used for "simple endoscopic esophageal / esophagogastric myot-
omy" without submucosal tunneling, meaning full-thickness myotomy. Thus, it cannot be
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excluded that among the cases we enrolled were not only POEMs but also cases of this "simple
full-thickness myotomy". However, since this procedure, which was introduced in the 1970s, is
of no relevance in clinical practice nowadays, the bias is likely to be minor. Nevertheless, as the
use of codes 5-420.06 and 5-420.26 did not represent the significantly higher expense of
POEM compared with "simple full-thickness myotomy" in the German DRG system, it cannot
be ruled out that some centers may have used other codes in the first years, such as 5-420.0x
or 5-420.2x (“other access”), in order to obtain higher per-case charges for POEM patients. As
we believe that the additional evaluation of these codes, which are no longer used for POEM
today, would have caused further imprecision in the data, we decided against the inclusion of
the codes 5-420.0x and 5-420.2x in our analysis. In addition, although nationwide systematic
databases offer the potential for statistically reliable large-scale data analysis, the depth of avail-
able parameters is often limited and important clinical factors such as socioeconomic status
are missing. Finally, the small number of deaths and cases needing prolonged mechanical ven-
tilation in the total cohort prevented a dedicated subgroup analysis of these parameters
between the individual treatment methods, as the legal restrictions of the Federal Statistical
Office had to be respected with regard to a potential threat to anonymity.

In conclusion, our data provide a systematic overview of the invasive treatment landscape
for PEMDs in Germany over the last decade. We demonstrate the increasing importance of
POEM as a minimally invasive endoscopic procedure, appearing to emerge as the predomi-
nantly performed treatment. POEM is associated with shorter post-interventional ventilation
times and hospital length of stay, supporting the already reported data regarding safety, effi-
cacy, and cost-effectiveness. The combined in-hospital mortality of all procedures is very low,
highlighting the high safety profile of all invasive procedures for the treatment of PEMDs.
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