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Abstract

Background The rarity of esophageal achalasia has resulted in little being known about the characteristics of its three sub-
types. The upper esophageal sphincter is considered one key factor to prevent aspiration pneumonia, a serious complication
of esophageal achalasia. This study aimed to reveal the subtype characteristics of esophageal achalasia and how the upper
esophageal sphincter functions and relates to other clinical parameters of the disease.

Methods We retrospectively investigated the clinical records of patients diagnosed with esophageal achalasia. All participants
underwent esophagogastroduodenoscopy and then, within 2 weeks, high-resolution manometry. Gastrointestinal symptoms
were assessed using a previously validated self-reported questionnaire.

Results A total of 110 patients with esophageal achalasia were enrolled: 50 with type I, 40 with type II, and 20 with type
III. Mean age at diagnosis was 54.5, 50.4, and 66.1 years for types I, II, and III, respectively. Mean resting upper esophageal
sphincter pressure was 28.0, 51.8, and 43.6 mmHg for patients with types I, II, and III, respectively (p <0.01). Patients with
type III esophageal achalasia more frequently reported stomachache than those with type I (p=0.03). A negative correlation
between resting upper esophageal sphincter pressure and age was observed in all subtypes.

Conclusions A negative correlation was confirmed between resting upper esophageal sphincter pressure and age in all sub-
types of esophageal achalasia. Type III patients were older at diagnosis, type II patients showed higher upper esophageal
sphincter pressure, and type I patients showed a lower upper esophageal sphincter pressure at the early life stage.
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Introduction

Esophageal achalasia is a rare refractory functional disor-
der presenting with aperistalsis in the esophageal body and
impaired relaxation of the lower esophageal sphincter (LES)
[1]. This disease can cause a wide variety of symptoms,
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including dysphagia, chest pain, regurgitation, and aspiration
[2]. The assumed etiology is degeneration of neurons in the
myenteric plexus ganglion leading to motor dysfunction, but
its pathophysiology is currently not fully understood.
Recently, it has become possible to classify patients with
esophageal achalasia into three subtypes (I, II, or III) accord-
ing to the Chicago Classification of esophageal motility dis-
orders, v3.0 (Chicago Classification) [3]. Classification is
achieved using the findings of high-resolution manometry
(HRM). Several studies have revealed characteristics of each
subtype: symptom severity [2, 4, 5], degree of weight loss
[6], HRM findings [7], histologic pattern [8], immunologi-
cal status on a molecular basis detected by serum cytokines
[2], and treatment response to peroral endoscopic myotomy
[9] have been reported to be different among each subtype.
A theory has been proposed that each esophageal acha-
lasia subtype is a consecutive status and constellation of the
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same disease, from type III to type II, and finally to type I
[10]. However, as insufficient data have been accumulated
regarding this disease—especially for type III esophageal
achalasia—full understanding of the characteristics of each
subtype is not possible. Furthermore, most reports are from
Western countries [5, 6, 11, 12], with little data available
on differences in esophageal achalasia subtypes in Asian
populations [7, 13, 14].

One of the most serious complications of esophageal
achalasia is aspiration pneumonia. The upper esophageal
sphincter (UES) is a crucial barrier between the esopha-
gus and pharynx, preventing aspiration. Dysfunction of this
sphincter is associated with laryngeal symptoms [15], and
UES dysfunction was proved to be associated with more
frequent regurgitation and an elevated risk for aspiration
[16, 17]. Although the UES consists of skeletal muscle and
abnormality of the UES is not considered a criterion in the
Chicago Classification [3], it has been proven that patients
with esophageal achalasia also show abnormal function of
the UES [18]. Currently, little is known about the factors
connecting esophageal achalasia with UES functionality.
Generally, older patients demonstrate lower UES pressures,
which is related to a higher risk of aspiration pneumonia
[19]. However, the influence of age on UES function in
patients with esophageal achalasia remains unclear. Addi-
tionally, only a few reports have been published regarding
the relationship between esophageal achalasia subtypes and
UES pressure, and no study has reported on the disease
activity in Asian countries.

This study aimed to elucidate the function of the UES and
the clinical characteristics of each subtype of esophageal
achalasia as well as investigate the relationship between UES
pressure and other variables (including clinical backgrounds
and symptoms) in the Japanese population.

Methods
Participants

This was a retrospective observational study conducted at
the Kawasaki Medical School General Medical Center and
Kawasaki Hospital in Japan. Throughout this study, we fol-
lowed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [20]. This
study was reviewed and approved by the Research Ethics
Committee of Kawasaki Medical School and Hospital (IRB
No. 2010, 2061 and 3912).

We initially enrolled consecutive patients diagnosed
with esophageal achalasia from March 2010 to April 2021.
Patients were diagnosed by at least three members of the
Japan Esophageal Society (RK, MA, and NM), two of whom
are board-certified gastroenterologists of The Japanese

Society of Gastroenterology (MA and NM). Patients were
diagnosed using the Chicago Classification [3] and clinical
findings, such as symptoms, endoscopic images, and upper
gastrointestinal series, were investigated. Clinical data for
age, sex, body mass index (BMI), alcohol intake (classi-
fied into two groups: none; drinker, > 12.6 g/day of ethanol),
and smoking history (classified into three groups: never, ex-
smoker, and current smoker) were gathered from medical
records held in an electronic database.

All patients underwent an esophagogastroduodenoscopy
after fasting for at least 8 h, and subsequently underwent an
HRM examination to rule out organic disorders, including
esophageal cancer, and we denied the presence of esopha-
geal residue. The interval between the esophagogastroduo-
denoscopy and HRM examinations was 2 weeks at most.
Endoscopies used in this study were conducted using either
a GIF-260 series, GIF-290 series, GIF-1200 N (Olympus
Medical Systems, Tokyo, Japan), or EG-L580NW (FUJI-
FILM Co., Tokyo, Japan).

The following were the exclusion criteria: (1) patients
who underwent therapeutic procedures, such as endoscopic
pneumatic dilation, peroral endoscopic myotomy, and surgi-
cal myotomy; and (2) patients who had a history of abdomi-
nal surgery.

HRM

We performed HRM with a Sandhill Scientific INSIGHT
G3 with HRiM2 Prove (Diversatek Healthcare, Milwaukee,
USA). The manometric probe adopted for use in this study
was an HRiM2 high-resolution impedance manometry cath-
eter with 32 circumferential pressure/16 impedance channels
(model number UNI-ESO-WG1A1).

Manometric studies were performed with patients in a
sitting position after they had fasted for at least 8 h. Patients
taking a calcium blocker withdrew from using the drug at
least 2 weeks prior to undergoing the examination. The
calculated parameters in this study were the UES length,
4 s-integrated relaxation pressure (IRP), resting UES pres-
sure, UES residual pressure (nadir UES pressure during
relaxation), UES relaxation time, and distal contractile inte-
gral (DCI) as a parameter to esophageal body pressurization
[11]. Resting UES pressure was defined as the average pres-
sure of the UES between deglutition with resting breathing
and without swallowing activity where we could observe sta-
ble UES pressure [21]. We assessed the pressure three times
in each patient, and the average pressure was adopted as the
resting UES pressure. UES relaxation time was evaluated
using the tracing mode at the UES level based on a previous
study [22]. If the evaluation of the UES was difficult owing
to the short length of the esophagus, the catheter was pulled
to assess only UES parameters by sensors located 1-cm apart
before the end of manometric evaluations.
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Symptom assessment

All patients answered a previously validated self-reported
questionnaire regarding gastrointestinal symptoms [23]
before any other examinations were conducted. We spe-
cifically analyzed those questions related to patients with
esophageal achalasia and dysphagia [24]. Each symptom
was rated on a Likert scale from 0 to 6 in accordance with
the previously mentioned trial: 0 =absent; 1 =very rare;
2 =rare; 3 =a few; 4 =sometimes; 5 =often; 6 =always [24].

Endpoints and sample size

The primary endpoint was the difference in UES function
among the three subtypes of esophageal achalasia, including
resting UES pressure, and secondary endpoints were: differ-
ences in clinical parameters, such as age, sex, BMI, alcohol
intake, and smoking history; manometric findings, including
IRP; and correlation between resting UES pressure and other
variables, such as age, BMI, and gastrointestinal symptom:s.
Based on previous studies, the sample size was set to a total
of at least 100 patients, with at least 40 patients with types I
and II, and 20 patients with type III esophageal achalasia to
provide adequate statistical power [4, 5, 7, 11-14]

Statistical analysis

Continuous and normally distributed variables, such as age
and BMI, were expressed as means and standard deviations
(SDs). Non-normally distributed continuous variables,
such as HRM findings and categorical data, were expressed
as medians and interquartile ranges. Frequencies were
described as percentages. The Spearman test was used to
demonstrate correlations between UES pressure and other
variables, such as age and BMI. We used analysis of vari-
ance (ANOVA) (normally distributed continuous variables),
Chi-square test (frequencies), and Kruskal-Wallis test (non-
normally distributed continuous variables and categorical
data) to compare the variables among the three subtypes.
Statistical significance was set at p <0.05. All statistical
analyses and visualizations were performed using SPSS
software version 27.0 (IBM Corp., Armonk, NY, USA).

Results

Clinical features and HRM findings

In total, 503 patients underwent HRM during the study
period, 178 of whom were diagnosed with esophageal
achalasia. After excluding 68 patients according to our cri-

teria, we eventually enrolled 110 patients with esophageal
achalasia at initial diagnosis in our hospital: 50 with type I,

@ Springer

40 with type II, and 20 with type III esophageal achalasia.
Table 1 shows the patients’ characteristics, including clinical
features and HRM findings.

Patients with type III achalasia had a significantly higher
mean age at initial diagnosis than those with types I and
II (66.1 years compared with 54.5 and 50.4, respectively,
p <0.01), although the BMI and ratios for male/female, alco-
hol drinker/non-drinker, and smoker/non-smoker were simi-
lar among the subtypes. Resting UES pressure was highest
in patients with type II esophageal achalasia and lowest in
patients with type I (51.8 mmHg and 28.0 mmHg, respec-
tively, p <0.01); patients with types II and III had a higher
IRP than those with type I (Fig. 1).

Gastrointestinal symptoms

A comparison of the gastrointestinal symptom frequencies is
shown in Table 2. The frequency of experience of stomach-
ache was significantly different between patients with types
I and III, with type III patients complaining of having stom-
achache more often (0 vs. 1.0 vs. 2.0, p=0.03). Symptoms
related to dysphagia, such as a stuck feeling during swal-
lowing, were not significantly different among the subtypes.

Correlation between HRM and other variables

Resting UES pressure was negatively correlated with age
at diagnosis in all patients and for each subtype (Fig. 2).
This pressure measured below 40 mmHg—the average UES
pressure of patients with aspiration pneumonia reported
in a previous study [25]—at approximately 40, 70, and
60 years of age, for patients with types I, II, and III acha-
lasia, respectively. No significant differences in the rate of
decline in UES pressure among the three groups were noted.
Upon comparing the percentage of patients with UES pres-
sure <40 mmHg, the percentage was significantly higher in
patients with type I. There were 36 (72%), 8 (20%), and 7
(35%) cases in types I, II, and III, respectively (Table 1).
No correlation was found between UES pressure and BMI
across all patients and subtypes.

Discussion

In this study, we confirmed differences in UES function
among the three subtypes of esophageal achalasia. A higher
resting UES pressure was found among Japanese patients
with type II esophageal achalasia, which is consistent with
the previous reports based on other population groups. Fur-
thermore, to the best of our knowledge, this is the first study
to reveal a negative correlation between UES pressure and
age in patients with esophageal achalasia, and the differ-
ent potential risk for aspiration pneumonia according to



Esophagus (2022) 19:316-323 319
Table 1 Comparison of clinical and manometric findings among subtypes of esophageal achalasia
Variables Type I Type 11 Type 111 p
(n=50) (n=40) (n=20)
Age (years), mean (SD) 54.5 (16.1)" 50.4 (19.4)* 66.1 (12.9) <0.01*
Sex: male, n (%) 22 (44) 21 (52.5) 11 (55) 0.61°
BMI, mean (SD) 23.3(3.7) 22.8(3.2) 24.6 (4.8) 0.24*
Alcohol: drinker, n (%) 16 (34.7) 15 (37.5) 5(25) 0.50°
Smoking, case, n (%) 0.28b
Current smoker 13 (27.6) 5(12.5) 6 (30)
Ex-smoker 7(14) 7(17.5) 1(5)
Manometric findings, median (IQR)
UES length, cm 2.1(1.8t02.5) 2.3(2.1t02.5) 222.1t02.7) 0.10°
UES resting pressure, mmHg 28.0 (5 to 43.4)% 51.8 (42.6 to 66.1) 43.6 (33.8t051.2) <0.01¢
UES less than 40 mmHg case (%) 36 (72) 8 (20) 7 (35) <0.01°
UES relaxation time, ms 0.5 (0.5t00.6) 0.5(0.4t00.6) 0.5 (0.5t00.6) 0.80°¢
UES residual pressure, mmHg —-2.0(-4.41t00) —24(-6.1t0 1.5) —-1.8(-6.41t004) 0.33¢
IRP, mmHg 24.5 (15.0 to 36.5)" 1 40.0 (30.7 to 51.0) 37.5 (30.2 to 48.5) <0.01°¢

Information on alcohol intake was collected from 46/50 type I, 37/40 type 11, and 20/20 type III patients

Information on smoking history was collected from 47/50 type I, 37/40 type II, and 20/20 type III patients

n number, SD standard deviation, BMI body mass index, /QR interquartile range, UES upper esophageal sphincter, /RP 4 s-integrated relaxation

pressure

p values were calculated using analysis of variance (ANOVA)?* (normally distributed continuous variables), Chi-square test® (frequencies), or

Kruskal-Wallis test®

Tp=0.015, comparison with type III, ¥p <0.01, comparison with type III, 3p <0.01, comparison with type II, "p <0.01, comparison with type II,

1p=0.01, comparison with type IIT
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IIT esophageal achalasia patients are older at diagnosis and
experience severe symptoms.

In terms of the etiology of this disease, there is a prevail-
ing hypothesis that the subtypes defined in the Chicago Clas-
sification represent different stages of the same disorder, and
that type III achalasia is the first phase in the development of
the disease, progressing to type II and then I [10]. Our data
showed that elderly subjects with type III were dominant
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compared with other subtypes, contradicting this theory. Our
findings are consistent with the previous studies conducted
in European [12] and Asian countries [7, 14]. The reason for
this distribution is unknown: perhaps, age-related ganglion
loss that occurs in the myenteric plexus of the esophagus
[19] is related to the onset of type III esophageal achalasia
only.

There is a wide range of differing gastrointestinal symp-
toms reported among esophageal achalasia subtypes. In this
study, type III patients reported experiencing stomachache
more frequently than the other subtypes. Some studies have
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Table 2 Patients’ questionnaire responses: gastrointestinal symptoms experienced among the subtypes of esophageal achalasia

Variables, median (IQR) Type I Type 11 Type 111 p
(n=50) (n=40) (n=20)

Do you experience heartburn? 2 (0-4) 2 (0-4) 2(0-3) 0.72
Does your stomach sometimes get bloated? 0(0-2) 1(0-2) 2(0-3) 0.14
Do you sometimes have a heavy feeling in the stomach after meals? 2 (0-4) 1(0-3) 2 (0.5-3.5) 0.35
Do you sometimes subconsciously rub your chest with your hand? 2 (0.5-4) 1 (0-3) 2 (0-4) 0.41
Do you sometimes feel sick after meals? 2 (0-3) 1 (0-3) 3(0-4) 0.25
Do you experience heartburn after meals? 2 (0-3.5) 2(0-3) 2 (0-4) 0.46
Do you have an unusual (e.g., burning) sensation in your throat? 2 (0-4) 1 (0-4) 2 (0-3.5) 0.83
Do you sometimes feel early satiety? 2 (0-4) 0(0-3) 2 (0-4) 0.36
Does food get stuck in the throat/chest when you swallow? 5 (4-6) 5 (4-6) 5(4.5-6) 0.34
Do you sometimes feel bitter liquid (gastric acid) coming up into your throat? 2 (0-3.5) 1(0-2) 2 (0-3) 0.51
Do you burp a lot? 4 (1.5-5) 3(1-5) 3(1-4) 0.59
Do you experience heartburn when you bend over? 0(0-2) 0(0-1) 0(0-2) 0.62
Do you sometimes suffer from stomachache? 0 (0-1)f 1(0-2) 2 (0-3) 0.03
Do you suffer from constipation? 1(0-3) 1(0-3) 1(0-3.5) 0.55
Do you suffer from diarrhea? 1(0-2) 1 (0-2) 1 (0-2) 0.97

IQR interquartile range
p values were calculated using the Kruskal-Wallis test

"p=0.015, comparison with type III

claimed that type III patients reported chest pain more
frequently [2, 4]. Even though the symptom we detected
was stomachache, which is less common in achalasia, past
research proved that patients with achalasia experienced
epigastric pain [26]. Based on the fact that higher pres-
sure in the LES was found to be correlated with esophageal
achalasia symptoms [27], our result that type III showed the
symptom more frequently was generally reasonable. How-
ever, other investigations reported that symptom frequency
was not different among subtypes [7, 12], and HRM findings
were not related to gastrointestinal symptoms in esophageal
achalasia patients [28]. Self-reported gastrointestinal symp-
toms in esophageal achalasia can be modified by various
factors, including hypersensitivity and central factors [29].
Further accumulation of clinical data is required to better
understand the clinical features of each subtype.

In addition to clinical parameters, HRM findings differed
according to the subtypes. In our study, higher IRPs were
confirmed in patients with types II and III achalasia, which is
consistent with the previous studies in Asian populations [7].
This seems to reflect the influences of pan-esophageal pres-
surization and spastic waves in types II and III, respectively
[3]. On the contrary, some reports from Western countries
described indifferent IRPs and pressures of the LES [11, 12].
Therefore, ethnic differences may exist in this area. Notably,
in this study, resting UES pressure was highest in patients
with type II esophageal achalasia, which is comparable to
results reported from the United States [11]. The under-
lying mechanism of this tendency is that pan-esophageal
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pressurization and higher pressure in the esophageal body
might elevate UES pressure [11]. However, we could not
demonstrate a correlation between resting UES pressure and
DCI, as a substitutive parameter of esophageal body pressur-
ization. Additionally, the residual UES pressure was similar
among the three subtypes in our data, which is inconsistent
with the past study [11]. Data accumulation and additional
investigations are needed to identify the factors associated
with UES function in esophageal achalasia.

Of note, we detected a correlation between resting UES
pressure and age in patients with esophageal achalasia.
UES pressure is negatively correlated with age in the gen-
eral population [30], and this dysfunction is believed to be
a critical factor that causes aspiration pneumonia in senior
citizens [19] as well as the impaired reflex relaxation and
opening of UES [16, 17]. Thus, to prevent aspiration pneu-
monia from developing in esophageal achalasia patients,
treatment should be initiated at an early stage. Interestingly,
although significant negative correlations were confirmed in
all subtypes, the degree of decline was different. Patti et al.
showed that subjects with pulmonary aspiration showed
lower mean UES pressure (44 +23 mmHg) than those with-
out (74 +38 mmHg) [25]. In our study, the median UES
pressure for type I esophageal achalasia patients was below
this value. A previous histopathological study indicated that
the most severe ganglion loss was found in type I among
the three subtypes, which might be associated with lower
UES pressure [8]. Moreover, type I patients presented with
the critical UES pressure at an earlier age than types II and
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III patients: type I patients were approximately 40 years old
when their UES pressure fell below the value, compared
with 70 and 60 years old in types II and III, respectively.
Based on these findings, we hypothesized a higher risk of
aspiration pneumonia in type I patients even at the early
life stage and proposed that early initiation of treatment for
esophageal achalasia to prevent aspiration pneumonia could
be more beneficial for type I patients, although further large-
scale studies will be necessary to confirm this.

This study had several limitations. First, we retrospec-
tively collected data of patients who had symptoms, such as
dysphagia, which could have led to information bias: the his-
tory of prescribed medication, which may have affected the
HRM findings and gastrointestinal symptoms, could not be
analyzed. In addition, we could not collect enough number
of healthy subjects and patients with non-major esophageal
motility disorders. Second, since our study was conducted at
a single institution and we enrolled a large number of referral
patients, selection bias should be considered. Nevertheless,
this study aimed to compare the characteristics among the
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achalasia subtypes; moreover, given the rarity of the disease,
it is feasible to publish these data as an initial step toward
understanding esophageal achalasia [2]. To compensate for
these two biases, an international multicenter prospective
large survey is needed in the future, and further dynamic
evaluation of UES function, including the assessment of
UES response to deglutition and esophago-UES contractile
reflex during reflux events, can lead to a better understanding
of the UES function. Third, the questionnaire we adopted did
not specifically evaluate achalasia symptoms; several crucial
symptoms, such as chest pain, were not assessed. Fourth,
we did not evaluate the clinical course, including disease
duration and treatment response. Past studies have reported
weight loss during the observation period [6] and outcome
of therapy [9] according to subtypes. Owing to feasibility
concerns, only the data collected at the initial diagnosis were
used in this study. Fifth, the method used in this study was
not completely equivalent to previous studies. For instance,
unlike our method, 3D catheter [21], water perfused method,
and pull-through technique [25] were used in the previous

@ Springer



322

Esophagus (2022) 19:316-323

studies. The difference made it harder to directly compare
the results; however, we could discuss the tendency in each
research, not the actual value itself. Furthermore, we did
not measure UES pressure using e-sleeve function, which
could lead to inadequate evaluation due to alteration of UES
location by deglutition. Finally, pathological evaluation was
not performed in all participants. Endoscopists performed
biopsy examinations based on clinical judgment, mainly to
exclude esophageal cancer and eosinophilic esophagitis.
Subtype classification was performed according to the Chi-
cago Classification in this study, which is recognized as the
gold standard for esophageal achalasia subtyping. Since a
previous study showed differences in the pathology of each
esophageal achalasia subtype [8], pathological examination
in all participants would have provided further insights into
the pathophysiology of the disease and helped to compre-
hend the factors causing different UES functions among
subtypes.

In conclusion, we elucidated the features of each of the
three esophageal achalasia subtypes. These include older
age at diagnosis and greater frequency of symptoms in type
IIT patients and higher UES pressure in type II. Although
resting UES pressure was negatively correlated with age in
esophageal achalasia patients, type I patients reached a risk
level for aspiration pneumonia at a younger age than other
subtypes.

Our findings may contribute to a deeper understanding of
the pathogenesis and personalized therapeutic strategies for
esophageal achalasia.
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