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Editorial

Can a Health Checkup Record Predict the Onset
of Reflux Esophagitis?
Kyoungwon Jung
Department of Internal Medicine, Kosin University College of Medicine, Busan, Korea

Article:	Predictive factors for future onset of reflux esophagitis: a longitudinal case-control study using health checkup records
Toki Y, Yamauchi R, Kayashima E, et al
(J Neurogastroenterol Motil 2022;28:86-94)

Gastroesophageal reflux disease (GERD) presenting as heartburn and acid regurgitation is one of the most common chronic
gastrointestinal diseases, with a global prevalence of approximately
10-20%.1,2 The pathophysiology of GERD has been continuously
studied, and while not fully understood, it is certain that multiple
factors contribute to its development. Taking into account all accepted concepts of pathophysiology, GERD is considered as a
pathologic reflux that exceeds protective mechanisms, such as the
esophagogastric junction barrier and esophageal acid clearance,
both of which contribute to maintaining a physiologically balanced
state.3 Dysfunction of such mechanisms eventually results in mucosal damage and reflux symptoms. Acid inhibitors, such as proton
pump inhibitors, are the most vital component in GERD management. However, lifestyle modifications are considered to provide
benefits similar to drug therapy.4 These include head elevation during bedtime, earlier dinnertimes, weight loss, smoking cessation,
and avoidance of supine position at least 3 hours after meals.4
Lifestyle improvements are a vital part of GERD management,
as several studies have associated the development of GERD with
various demographic/environmental factors.2 Among these, obesity
is most commonly reported and is considered a major risk factor
for GERD. In a study reported by El-Serag et al,5 it was confirmed

that as individuals progressed toward being overweight and obese,
the occurrence of GERD symptoms and erosive esophagitis (EE)
increased 2.5-fold. In addition, a meta-analysis also proved the association between obesity and GERD.6 In particular, it was confirmed
that the risk of GERD symptoms increased with increasing body
weight, with the risk being 1.43-fold for a body mass index (BMI)
of 25-30 kg/m2 and 1.94-fold for a BMI of > 30 kg/m2.6 In the
meta-analysis analyzing the effect of abdominal obesity, it was confirmed that the odds ratio of EE increased to 1.87.7 Other factors,
such as metabolic syndrome (MetS), may also be related to EE. A
study conducted on 7078 patients who underwent screening endoscopy confirmed that risk of reflux esophagitis increased by 1.42-fold
in those with MetS. This particular finding proved that MetS also
plays an important role in the development of GERD.8 In addition,
a cross-sectional study of 507 patients conducted by Loke et al9 noted that fasting blood sugar, triglyceride, aspartate aminotransferase,
and alanine aminotransferase (ALT) levels were significantly higher
in patients with EE. Other associated risk factors mentioned in epidemiological studies include male sex, old age, smoking, drinking
alcohol, and diabetes.2
A study conducted by Toki et al10 utilized health examination
data to identify factors predicting the occurrence of reflux esophagi-
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tis (meaning of EE). In this study, matching analysis was performed
on 2066 patients with endoscopy-confirmed EE and 4132 healthy
controls. At the time of diagnosis, it was observed that BMI, ALT
level, smoking history, acid reflux symptoms, hiatal hernia, and absence of atrophic gastritis were independently associated with EE.
In addition, significant differences in BMI, abdominal circumference, fasting blood sugar, triglyceride, aspartate aminotransferase
and ALT levels, percentage of acid reflux symptoms, and atrophic
gastritis findings were still identified between the 2 groups at 5 years
before the base year on longitudinal comparisons. The authors believe that these persistent differences may have had an effect on the
occurrence of EE.
One advantage of the study is that it is able to overcome the
limitations of cross-sectional studies. To date, most studies have
compared the differences between patients with and without
GERD through baseline characteristics.5,8,9 In addition, several
studies have validated this correlation by reducing the effects of risk
factors, such as weight loss and smoking cessation, while improving symptoms and EE.11-13 However, direct determination of the
effect of risk factors on the occurrence of GERD over time proved
difficult because a majority of the studies were conducted over a
short period of time or were only analyzed at the time of diagnosis
or study. This longitudinal study was able to confirm that BMI,
abdominal circumference, and blood test values, which are associated with obesity, MetS, fatty liver, and diabetes, were observed to
increase over time and were found to be significantly worse in the
EE patient group compared with the control group.10
However, this study faced certain limitations. One is that the
timing of EE diagnosis in relation to the study period could not be
verified. Another is the possibility of selective bias in reflecting the
entire population since the study mainly utilized health checkup
data of company employees. In addition, data on drug history
were not accurately confirmed; thus, a risk group for EE that did
not occur due to proton pump inhibitor treatment may have been
included in the control group. Lastly, since the presence of EE defined the division between the patient and control groups, cases of
non-erosive reflux disease (NERD) were not considered; hence, all
cases of GERD were not included.
Nevertheless, this study was able to identify risk factors in
patients with a potential risk of EE through utilization of health
checkup data. In addition, changes with respect to time were analyzed. If long-term regional cohort studies are able to combine
several validated questionnaires on GERD and health checkup data
including the aforementioned risk factors, the influence of lifestyle

2

on the occurrence of GERD, including NERD, may be quantified. Lastly, more studies are needed to determine whether these
factors play a pathogenic role in the development of GERD.
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Editorial

The Korean Self-evaluation Questionnaire for
Functional Dyspepsia
Yang Won Min
Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Article:	Development and validity assessment of a self-evaluation questionnaire for functional dyspepsia: a multicenter
prospective study in Korea
Jung K, Jung HK, Kwon JG, et al
(J Neurogastroenterol Motil 2022;28:111-120)

Functional dyspepsia (FD) is a prevalent gastrointestinal (GI)
disorder in Korea.1 Although several symptom generating mechanisms have been discovered, the pathophysiology of FD remains
to be elucidated. Clinical outcomes for FD are also not satisfactory.
Accordingly, FD leads to a poor quality of life (QOL) and places a
heavy medical burden on patients.2,3 Therefore, relevant clinical and
experimental trials continue to be performed. As diagnosis of FD
is symptom-based, accurate symptom evaluation is crucial for conducting research successively. Patients need to provide information
regarding their feeling, symptoms, and any effects of treatment in a
high-quality clinical practice.4 Thus, we have recognized the importance of considering patient-reported outcomes (PROs).
Jung et al5 have published in this edition of the Journal of
Neurogastroenterology and Motility their work that developed and
validated a self-evaluation questionnaire for dyspepsia (SEQ-DYSPEPSIA) that is written in Korean, and is easily applicable to Korean patients. The SEQ-DYSPEPSIA is composed of 11 questions
mainly addressing the severity and frequency of FD and upper GI
symptoms (UGISs) over a 2-week recall period, and is divided into
the typical FD, major FD, and other UGISs. Other UGISs were
included for the purpose of confirming the overlap or differential

diagnosis with other upper GI disorders mimicking FD. Validity
was evaluated using the Patient Assessment of GI Symptom Severity Index (PAGI-SYM), Nepean Dyspepsia Index-Korean version
(NDI-K), and validated NDI-K QOL questionnaires.
The reliability and validity of the questionnaire was confirmed
in a whole (SEQ-DYSPEPSIA) and in subscales with typical FD
symptoms (SEQ-typical FD) and major FD symptoms (SEQ-major FD). All questionnaires were reliable and SEQ-DYSPEPSIA
showed the highest reliability. In terms of validity, all also highly
correlated with the PAGI-SYM postprandial fullness/early satiety
subscale, and NDI-K total and dyspepsia subscales. In addition,
SEQ-typical FD highly correlated with the PAGI-SYM upper
abdominal pain subscale. Furthermore, modest correlation with
NDI-K QOL was noticed in SEQ-DYSPEPIA and 2 subscales.
In the treatment population, the score of SEQ-DYSPEPIA and 2
subscales was significantly decreased in the responder group than in
the non-responder.
The SEQ-DYSPEPSIA seems to be a highly reliable and
valid PRO instrument with a good medical responsiveness index in
Korean patients with FD. This questionnaire also contains questions
regarding not typical but often present symptoms in patients with
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FD, which may help the PRO obtain their response pertaining to
the functional status as well as QOL. In fact, SEQ-DYSPEPSIA
showed more statistically meaningful differences in the treatment
response evaluation than the PAGI-SYM and NDI questionnaires.
Taken all together, SEQ-DYSPEPSIA may be used as a highquality PRO instrument for Korean patients with FD. It is hoped
this tool will play a central role in the clinical practice and research
and will lead us to overcome FD in the future.
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On-demand Versus Continuous Maintenance
Treatment of Gastroesophageal Reflux Disease
With Proton Pump Inhibitors:
A Systematic Review and Meta-analysis
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Background/Aims
Long-term maintenance treatment of gastroesophageal reflux disease (GERD) is commonly used to prevent relapse of reflux symptoms;
however, due to concerns about safety of long-term proton pump inhibitors (PPI) use, on-demand therapy is recommended as a longterm treatment modality. We compared the efficacy of on-demand and continuous PPI therapy for maintenance treatment of patients
with GERD using meta-analysis.
Methods
Core electronic databases were searched for randomized controlled trials comparing on-demand and continuous therapy in GERD
patients. The primary outcome was treatment failure of maintenance therapy, and the secondary outcomes included symptomatic
relief, patient satisfaction, and amount of PPI use.
Results
Overall, 11 studies were selected in the systematic review and meta-analysis. Compared with continuous PPI therapy, on-demand
therapy showed similar outcomes for treatment failure (risk ratio, 1.26; 95% confidence interval [CI], 0.76-2.07), particularly in the
non-erosive esophageal reflux disease and mild erosive reflux disease group (risk ratio, 1.48; 95% CI, 0.39-5.63). In studies including
severe esophagitis patients, continuous PPI maintenance treatment was more effective (β, 0.127 [95% CI, 0.066-0.188]; P < 0.001).
Severity of esophagitis was associated with higher efficacies of continuous maintenance therapy. The amount of daily PPI use was
about half in the on-demand group compared to the continuous group (risk difference −0.52; 95% CI, −0.62-−0.42).
Conclusions
On-demand PPI therapy shows comparable efficacy to the continuous maintenance treatment in the non-erosive esophageal reflux
disease and mild erosive reflux disease group, and can remarkably reduce the amount of PPI use. Therefore, on-demand therapy may
be preferentially recommended in the maintenance treatment of GERD unaccompanied by severe esophagitis.
(J Neurogastroenterol Motil 2022;28:5-14)
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Gastroesophageal reflux; Maintenance; Proton pump inhibitors
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Introduction
Gastroesophageal reflux disease (GERD) is a chronic digestive disorder resulting from the reflux of gastric contents into the
esophagus that is often accompanied by troublesome symptoms of
heartburn, acid regurgitation, or other extra-esophageal symptoms
such as chest pain, chronic cough, hoarseness or globus.1 GERD
imposes an important burden of illness worldwide with an estimated worldwide prevalence of between 8% and 33%.2 GERD is
heterogeneous and presented with different phenotypes. Erosive reflux disease (ERD) is defined as mucosal defect by endoscopy and
occurs in approximately 25% of patients with GERD symptoms.3
Non-erosive reflux disease (NERD) is present in approximately
70% of patients and is characterized by the presence of typical
GERD symptoms associated with pathological acid reflux but the
absence of demonstrable esophageal mucosal injury on endoscopy.4
Currently, acid suppressive therapy with proton pump inhibitors (PPIs) has proved to be the most effective treatment strategy
for GERD patients and is recommended as a first-line treatment.5
PPIs have shown superiority over histamine H2-receptor antagonists for controlling symptoms as well as for healing erosions.6 Although symptomatic relief and acute healing of esophageal lesions
can be achieved by short-term PPI treatments, up to 75% of patients with NERD and up to 90% of patients with ERD experience
relapse within 6 months to 1 year after termination of initial treatments.7 Therefore, long-term continuous maintenance treatment
with PPIs is required for the majority of patients with GERD to
adequately control symptoms and to heal mucosal lesions. However,
recent studies suggest that long-term PPI treatment can increase
the risk of Clostridium difficile or other enteric infection, kidney
disease, bone fractures, or micronutrient deficiency.8 In addition
to safety issues, continuous maintenance may have led to unnecessary use of PPIs, increasing overall costs. In the United States,
the total expenditure for PPI treatment was over $11 billion annually.9 Therefore, maintenance therapy such as “on-demand” PPI
therapy or “intermittent” PPI therapy have been used in clinical
practice and their effectiveness has also been studied. On-demand
PPI therapy means that patients take a daily dose of a PPI when
symptoms recur and stop medication when symptoms resolve.
Intermittent PPI therapy is when patients take a regular daily dose
of a PPI upon symptom relapse and continue for a pre-specified
duration, which is typically 1 or 2 weeks regardless of symptom
response. To date, there have been 2 meta-analysis studies comparing on-demand and continuous PPI therapy. Boghossian et al10
6

performed a meta-analysis to compare the effects of continuous PPI
therapy with stopping or on-demand PPI therapies in 2017.10 The
authors concluded that on-demand PPI therapy may increase risk
of “lack of symptom control” compared with continuous PPI use
(risk ratio [RR], 1.71; 95% confidence interval [CI], 1.31-2.21),
which means lower efficacy of on-demand therapy. However, Khan
et al11 reported that on-demand PPI therapy was superior to continuous PPI use in terms of treatment failure (RR, 1.71; 95% CI,
1.31-2.21) in patients with NERD and mild erosive esophagitis.11
These 2 meta-analysis results have drawn conflicting conclusions.
Therefore, in this meta-analysis, we intended to comprehensively
analyze the treatment failure rates, patient satisfaction, the amount
of PPI usage, and symptom relief effects between on-demand PPI
and continuous maintenance by synthesizing the studies for GERD
patients. In addition, we preformed meta-regression to determine
whether there is a difference in the effectiveness of 2 treatments according to the presence and severity of ERD and ethnicities.

Materials and Methods
This meta-analysis was conducted in accordance with the principles of the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement.12 The need for approval
from the institutional review board was waived since this study was
performed by reviewing the literatures.

Literature Search Strategy
We searched all relevant studies that evaluated with efficacy of
on-demand PPI maintenance and continuous PPI maintenance in
GERD patients using PubMed, EMBASE, the Cochrane library,
and KoreaMed from inception to December 2020. The following search terms were used: ([gastroesophageal reflux] or [reflux
esophagitis] or [erosive esophagitis] or [heartburn]) and ([proton
pump inhibitors] or [PPIs]) and ([maintenance] or [on-demand]
or [continuous]). The detailed search strategies in each database
and the search results are shown in Supplementary Table 1. Cited
references in published studies were manually searched to identify
other relevant studies.

Study Selection
The inclusion criteria in this study were as follows: (1) patients
with GERD including uninvestigated GERD, NERD, and ERD
who need PPI maintenance therapy; (2) comparison of on-demand
PPI maintenance treatment with continuous PPI maintenance
treatment; (3) randomized controlled trials (RCTs) with parallel
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design; (4) adults aged over 18 years; and (5) studies available in
full-text form. The exclusion criteria were as follows: (1) abstractonly publications or unpublished studies, (2) case reports and narrative reviews, (3) systematic review/meta-analysis, (4) proceedings
or study protocols, and (5) studies with insufficient data regarding
treatment outcomes. In the first stage of study selection, irrelevant
articles were excluded by reviewing the titles and abstracts of the
studies retrieved by keyword search. Thereafter, the full texts of
selected studies were reviewed in accordance with our inclusion and
exclusion criteria.

endpoints were as follows: (1) proportion of patients who achieved
successful symptom relief, (2) satisfaction with maintenance therapy,
(3) amount of pill usage in each maintenance therapy, and (4) adverse events in both treatment groups. Using a data extraction form
that had been developed in advance, 2 reviewers (S.J.K. and C.H.T.)
independently extracted the following information: first author, year
of publication, study design, country, study period, PPI maintenance dosage, symptom evaluation tools, rates of treatment failure,
degree of satisfaction, pill usage during maintenance, and adverse
events.

Quality Assessment

Statistical Methods

All studies were assessed using Cochrane’s “Risk of Bias” tool,
which includes the following domains: random sequence generation
(selection bias), allocation concealment (selection bias), blinding of
participants and personnel (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data addressed
over the short and long terms (attrition bias), selective reporting
(reporting bias), and other biases.13 Two authors (S.J.K. and C.H.T.)
independently assessed the methodological quality of all included
studies, and any disagreements between the 2 evaluators were
resolved by discussion and consensus. If no agreement could be
reached, a third investigator (H.K.J.) was consulted.

Meta-analyses were performed to calculate the pooled RRs
with a 95% CI. The Mantel-Haenszel random-effects model was
used for binary outcomes, and the inverse variance method was
used for continuous outcomes. In addition, we evaluated subgroup
analyses according to symptomatic GERD patients who did not
undergo endoscopic evaluation, patients with NERD and patients
with ERD. Heterogeneity was assessed using the I 2 test to calculate
the percentage of total variation across the included articles. Negative values for I 2 were set to zero, and I 2 ≥ 50% indicated the presence of substantial heterogeneity. Meta-regression was performed to
investigate sources of heterogeneity (presence and severity of esophagitis and ethnicity). Publication bias was assessed qualitatively by
inspecting funnel plots of the logarithmic RR vs their standard errors and quantitatively by Egger’s linear regression method test and
Begg’s rank correlation test when 7 or more studies were available.
All P -value were 2-tailed, and P < 0.05 was considered statistically

Data Extraction

Records identified through
database searching
Medline (n = 236) EMBASE (n = 393)
Cochrane library (n = 338)

Additional records identified
through Korean sources
KoreaMed (n = 17)

Records after duplicates removed
(n = 277)

Records excluded by title
and abstract screening
(n = 246)

Eligibility

Records screened
(n = 277)

Full-text articles assessed for eligibility
(n = 31)

Included

Screening

Identification

The primary outcome of this meta-analysis was treatment failure with maintenance therapy, which means that patients discontinued the allocated maintenance therapy prematurely. The secondary

Studies included in meta-analysis
(n = 11)

Full-text articles excluded, with
reasons (n = 20)
1) Not meeting the inclusion
criteria (n = 12)
2) Not reported appropriate
outcome (n = 5)
3) Full-text was not available
(n = 1)
4) Incomplete data (n = 2)
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Figure 1. Flow diagram of the studies

included in the meta-analysis.
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significant in all tests. For meta-analysis, we used Review Manager
version 5.3 (RevMan for Windows, the Nordic Cochrane Center,
Copenhagen, Denmark) and “meta” packages in R version 3.6.3.

Results
Study Selection
The flow diagram of the selection process, performed in accordance with PRISMA guidelines, is shown in Figure 1. The
electronic database search identified a total of 630 records, of which
277 remained after removing duplicates. After screening the titles
and abstracts, we excluded 246 irrelevant articles. The full texts
of the 31 remaining articles were reviewed for eligibility. Of these,
11 studies met the inclusion criteria, and 20 studies were excluded
from the final analysis.

Study or subgroup

Characteristics of Included Studies
The characteristics of the 11 included studies are summarized
in Supplementary Table 1.14-24 The studies were RCTs published
between 2004 and 2018, consisting of a total of 6138 GERD patients. The study design was a randomized, open-label study except
for 1 study by van der Velden et al,24 which was a randomized, double-blind study. Two studies16,20 were conducted in Asian countries,
and all other studies were performed in Western countries. Three
studies by Hansen et al,17 Morgan et al,19 and Szucs et al22 included
patients with GERD symptoms. Two studies by Bayerdorffer et
al14 and Tsai et al23 included patients with NERD. The remaining
6 studies were performed in patients with ERD proven by endoscopy. The detailed GERD definition in each study is described in
Supplementary Table 1. Except for 2 studies,16,23 the PPI doses for
on-demand and continuous maintenance treatment groups were

On-demand
Continuous
Risk ratio
Events Total Events Total Weight M-H, random, 95% CI Year

2.1.1 Symptomatic GERD
Hansen 2005
69
634
46
658 14.9%
Morgan 2007
6
131
3
137
7.3%
Szucs 2009
60
991
55
913 14.9%
Subtotal (95% CI)
1756
1708 37.0%
Total events
135
104
2
2
2
Heterogeneity: Tau = 0.04; Chi = 3.44, df = 2 (P = 0.18); I = 42%
Test for overall effect: Z = 1.37 (P = 0.17)
2.1.2 NERD only
Tsai 2004
19
311
41
311 13.7%
Bayerdorffer 2016
19
301
29
297 13.4%
Subtotal (95% CI)
612
608 27.1%
Total events
38
70
2
2
2
Heterogeneity: Tau = 0.00; Chi = 0.73, df = 1 (P = 0.39); I = 0%
Test for overall effect: Z = 3.16 (P = 0.002)
2.1.3 NERD and mild ERD
Janssen 2005
13
215
17
217 12.2%
van der Velden 2010
34
141
5
62 10.6%
Subtotal (95% CI)
356
279 22.9%
Total events
47
22
2
2
2
Heterogeneity: Tau = 0.77; Chi = 5.62, df = 1 (P = 0.02); I = 82%
Test for overall effect: Z = 0.57 (P = 0.57)
2.1.4 All ERD
Sjostedt 2005
49
234
Subtotal (95% CI)
234
Total events
49
Heterogeneity: not applicable
Test for overall effect: Z = 4.68 (P < 0.00001)

12

243
243

13.0%
13.0%

Risk ratio
M-H, random, 95% CI

1.56 [1.09, 2.22] 2005
2.09 [0.53, 8.19] 2007
1.01 [0.70, 1.43] 2009
1.29 [0.89, 1.87]

0.46 [0.28, 0.78] 2004
0.65 [0.37, 1.13] 2016
0.54 [0.37, 0.79]

0.77 [0.38, 1.55] 2005
2.99 [1.23, 7.28] 2010
1.48 [0.39, 5.63]

4.24 [2.32, 7.77] 2005
4.24 [2.32, 7.77]

12

Total (95% CI)
2958
2838 100.0%
1.26 [0.76, 2.07]
Total events
269
208
2
2
2
Heterogeneity: Tau = 0.40; Chi = 43.58, df = 7 (P < 0.00001); I = 84%
Test for overall effect: Z = 0.90 (P = 0.37)
2
2
Test for subgroup differences: Chi = 33.39, df = 3 (P < 0.00001); I = 91.0%

0.05

0.2

1

5

20

Favours on-demand Favours continuous

Figure 2. Forest plot of the relative efficacy in terms of the treatment failure between on-demand therapy and continuous therapy. M-H, Mantel-

Haenszel; GERD, gastroesophageal reflux disease; NERD, non-erosive esophageal reflux disease; ERD, erosive reflux disease.
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the same. In the study by Cho et al,16 40 mg esomeprazole was used
in the on-demand group and 20 mg esomeprazole was used in the
continuous group. In the study by Tsai et al,23 20 mg esomeprazole
was used in the on-demand group and 15 mg lansoprazole was
used in the continuous group. The duration of maintenance therapy
in the 2 studies by Cho et al16 and van der Velden et al24 was 12 and
13 weeks, respectively, and the remaining studies were maintained
for 6 months. The risk of bias graph and risk of bias summary of
included studies are presented in Supplementary Figure 1 and
Supplementary Figure 2, respectively.

Primary Outcomes
A meta-analysis was performed on 8 RCTs that analyzed outcomes for treatment failure. The detailed outcome measurements of
each study are summarized in Supplementary Table 2. Treatment
failure was observed in 269 of 2958 patients (9.1%) in the on-demand PPI group, and 208 of 2838 patients (7.3%) in the continuous PPI group (Fig. 2). The RR with 95% CI was 1.26 (0.76-2.07)
(P = 0.372) which means no significant difference between 2 treatments in overall GERD patients. The heterogeneity of studies was
84%. Funnel plot of 8 studies was shown in Supplementary Figure
3 and showed no significant asymmetry. No significant publication
bias was detected from Egger’s linear regression method test (P
= 0.674) and Begg’s rank correlation test (P = 0.458). Subgroup
analysis was performed according to the presence or absence of erosive esophagitis. We divided the entire patient group into the symptomatic GERD, NERD only, NERD and mild ERD, and all

Treatment effect (log risk ratio)

1.5

Sjostedt 2005

1.0

van der Velden 2010

0.5

0
Bayerdorffer 2016
Janssen 2005

0.5
Tsai 2004

NERD only

NERD and mild ERD

All ERD

Esophagitis severity

Figure 3. Random-effects univariate meta-regression between treat-

ment failure and esophagitis severity. Each circle represents a study
and the size of the circle reflects the influence of that study on the
model. The regression prediction is presented by the solid line (1.013
[95% CI, 0.466-1.561], P < 0.001). NERD, non-erosive esophageal
reflux disease; ERD, erosive reflux disease.

ERD groups as shown in Figure 2. The mild ERD group includes
patients with Los Angeles (LA) grade A or B or Savary-Miller
grade 1 or 2. No significant difference in treatment failure between
the on-demand and continuous groups was found upon metaanalysis in the symptomatic GERD group without endoscopy (RR,
1.29; 95% CI, 0.89-1.87), and the NERD and mild ERD group
(RR, 1.48; 95% CI, 0.39-5.63). In the NERD only group, treatment failure was significantly lower in the on-demand group (RR,
0.54; 95% CI, 0.37-0.79). However, in a study including patients
with severe erosive esophagitis, treatment failure was significantly
lower in the continuous PPI group (RR, 4.24; 95% CI, 2.32-7.77).
We performed meta-regression by presence and severity of esophagitis by endoscopy as shown in Figure 3. Severity of esophagitis was
associated with higher efficacies of continuous maintenance therapy
(β, 1.013 [95% CI, 0.466-1.561]; P < 0.001) (Supplementary
Table 2). Considering the high heterogeneity of analysis results,
subgroup analysis was performed according to PPI types. There
was no difference in treatment failure between continuous and ondemand maintenance treatments in the esomeprazole group and
other PPI groups (Supplementary Fig. 4 and 5). We also carried
out a sensitivity analysis to determine if the omission of each study
would undermine the results of meta-analysis. The results of the
changes were not obtained after omitting each study, indicating the
stability of our analysis (Supplementary Table 3).

Secondary Outcomes
The proportion of patients who achieved successful symptom
relief was higher in the continuous PPI group (RR, 1.16; 95% CI,
1.05-1.29) (Fig. 4). Funnel plot of 9 studies is shown in Supplementary Figure 6. No significant publication bias was detected from
Egger’s linear regression method test (P = 0.469) and Begg’s rank
correlation test (P = 0.835). The heterogeneity among studies was
significant (I 2 = 91%). Therefore, we performed subgroup analysis
according to ethnicity and the presence of esophagitis. There was no
significant difference between therapies in the Western symptomatic
GERD group (RR, 1.22; 95% CI, 0.94-1.59), in Western NERD
only group (RR, 1.05; 95% CI, 0.98-1.13), and in Asian NERD
and ERD groups (RR, 1.00; 95% CI, 0.76-1.32). However, continuous PPI maintenance treatment showed more effectiveness in
Western NERD and mild ERD group (RR, 1.17; 95% CI, 1.071.28) and Western ERD group (RR, 1.37; 95% CI, 1.23-1.52).
When the study patient was limited to the NERD and the mild
ERD group, continuous maintenance treatment showed a better
effect (RR, 1.09; 95% CI, 1.01-1.18) and the number needed to
treat (NNT) was 14.3 (95% CI, 7.7-20.9). To identify the sources
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Study or subgroup

Continuous
On-demand
Risk ratio
Events Total Events Total Weight M-H, random, 95% CI Year

3.1.1 Western_symptomatic GERD
Hansen 2005
475
658
286
634 11.9%
Morgan 2007
122
137
109
131 11.9%
Szucs 2009
785
913
793
991 13.0%
Subtotal (95% CI)
1756 36.9%
1708
Total events
1382
1188
2
2
2
Heterogeneity: Tau = 0.05; Chi = 68.67, df = 2 (P < 0.00001); I = 97%
Test for overall effect: Z = 1.52 (P = 0.13)
3.1.2 Western_NERD only
Bayerdorffer 2016
257
297
Subtotal (95% CI)
297
Total events
257
Heterogeneity: not applicable
Test for overall effect: Z = 1.50 (P = 0.13)

247

301
301

12.5%
12.5%

1.60 [1.45, 1.77] 2005
1.07 [0.97, 1.18] 2007
1.07 [1.03, 1.12] 2009
1.22 [0.94, 1.59]

1.05 [0.98, 1.13] 2016
1.05 [0.98, 1.13]

247

3.1.3 Western_NERD and mild ERD
Janssen 2005
177
217
149
215 11.6%
Bour 2005
53
71 10.2%
70
81
Subtotal (95% CI)
286 21.8%
298
Total events
202
247
2
2
2
Heterogeneity: Tau = 0.00; Chi = 0.03, df = 1 (P = 0.87); I = 0%
Test for overall effect: Z = 3.42 (P = 0.0006)
3.1.4 Western_all ERD
Sjostedt 2005
216
243
Subtotal (95% CI)
243
Total events
216
Heterogeneity: not applicable
Test for overall effect: Z = 5.91 (P < 0.00001)

Risk ratio
M-H, random, 95% CI

152

234
234

11.8%
11.8%

1.18 [1.06, 1.31] 2005
1.16 [0.99, 1.36] 2005
1.17 [1.07, 1.28]

1.37 [1.23, 1.52] 2005
1.37 [1.23, 1.52]

152

3.1.5 Asian_NERD and all ERD
Nagahara 2014
8.1%
44
58
39
59
Cho 2018
8.9%
30
39
36
41
Subtotal (95% CI)
97 17.0%
100
Total events
74
75
2
2
2
Heterogeneity: Tau = 0.03; Chi = 3.05, df = 1 (P = 0.08); I = 67%
Test for overall effect: Z = 0.02 (P = 0.98)

0.87 [0.69, 1.10] 2014
1.14 [0.93, 1.40] 2018
1.00 [0.76, 1.32]

Total (95% CI)
2674 100.0%
2646
1.16 [1.05, 1.29]
Total events
1863
2177
2
2
2
Heterogeneity: Tau = 0.02; Chi = 88.19, df = 8 (P < 0.00001); I = 91%
Test for overall effect: Z = 2.78 (P =
0.005)
2
2
Test for subgroup differences: Chi = 18.07, df = 4 (P = 0.001); I = 77.9%

0.5

0.7

1

1.5

2

Favours on-demand Favours continuous

Figure 4. Forest plot of the relative efficacy in terms of the symptom relief between on-demand therapy and continuous therapy. M-H, MantelHaenszel; GERD, gastroesophageal reflux disease; NERD, non-erosive esophageal reflux disease; ERD, erosive reflux disease.

of heterogeneity, we performed meta-regression by the presence of
esophagitis and ethnicity (Supplementary Fig. 7 and 8). In studies
including severe esophagitis patients, continuous PPI maintenance
treatment was more effective (β, 0.127 [95% CI, 0.066-0.188];
P < 0.001), but no significant difference was observed according
to ethnicity (β, −0.179 [95% CI, −0.462-0.105]; P = 0.218)
(Supplementary Table 2). We also performed subgroup analysis
according to PPI types. Continuous therapy was more effective in
the studies using esomeprazole, but there was no difference between
the 2 groups in the studies using other PPI groups (Supplementary
Fig. 9 and 10). Sensitivity analysis did not show changes after omit10

ting each study, indicating the robustness of analysis as shown in
Supplementary Table 3.
Pill usage was significantly lower in the on-demand group as
shown in Figure 5. In the on-demand group, pill usage per day was
less than in the continuous group (risk difference, −0.52; 95% CI,
−0.62-−0.42), which means that half of the PPI was used in the
on-demand group compared to the continuous group. Patient satisfaction was measured in 6 RCTs. No significant difference in patient
satisfaction was found between the 2 groups upon meta-analysis
(RR, 0.97; 95% CI, 0.93-1.01) (Supplementary Fig. 11). The
frequency of adverse events did not differ between the 2 treatment
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On-demand
Continuous
Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI Year
Janssen 2005
Bour 2005
Bayerdorffer 2016
Cho 2018

0.51
0.31
0.41
0.52

0.31
0.18
0.25
0.34

215
71
301
39

0.93
0.96
0.91
1.02

0.17
0.12
0.16
0.36

217
81
297
41

27.2%
27.1%
28.0%
17.6%

0.42 [
0.65 [
0.50 [
0.50 [

0.47,
0.70,
0.53,
0.65,

0.37]
0.60]
0.47]
0.35]

636 100.0%
0.52 [ 0.62, 0.42]
626
Total (95% CI)
2
2
2
Heterogeneity: Tau = 0.01; Chi = 45.10, df = 3 (P < 0.00001); I = 93%
Test for overall effect: Z = 9.85 (P < 0.00001)

Mean difference
IV, random, 95% CI

2005
2005
2016
2018

1

0.5

0

0.5

1

Favours on-demand Favours continuous

Figure 5. Forest plot of the amount of pill usage between on-demand therapy and continuous therapy. IV, inverse variance.

groups (RR, 1.02; 95% CI, 0.90-1.14) (Supplementary Fig. 12).

Discussion
The meta-analysis of RCTs on maintenance treatment in
GERD patients found no difference in treatment failure and satisfaction between the on-demand and continuous PPI maintenance
groups. In terms of symptom relief, continuous therapy was more
effective than on-demand therapy. However, meta-regression
analysis demonstrated that the severity of esophagitis can affect the
effectiveness of maintenance therapy. In NERD and mild ERD
patients, treatment failure rate was similar in both therapies, and
symptom relief was slightly higher in the continuous therapy group,
although the clinical significance of this difference does not appear
to be large (NNT = 14.3). In terms of treatment failure and symptom relief, continuous maintenance therapy was more effective in
studies including severe ERD patients. However, in Asian patients
where severe ERD patients are rare, there was no difference in
the effect of symptom relief between both maintenance therapies.
The amount of pill usage was significantly lower in the on-demand
group. Therefore, in GERD patients with NERD and mild ERD
patients or Asian patients, on-demand therapy may be preferentially
recommended as an effective maintenance therapy.
Although many guidelines recommend on-demand therapy as
a maintenance therapy for GERD, few meta-analysis articles have
reported its effectiveness. Boghossian10 reviewed the efficacy of ondemand PPI therapy versus continuous PPI therapy in NERD
or mild ERD (LA grade A or B). The authors concluded that
on-demand PPI therapy may increase risk of “lack of symptom
control” compared with continuous PPI use (RR, 1.71; 95% CI,
1.31-2.21), thereby favoring continuous PPI use. Khan et al11 also
performed a meta-analysis comparing on-demand therapy with
continuous PPI use in patients with NERD or mild ERD. Their
conclusion that on-demand PPI was superior to continuous PPI

(OR, 0.50; 95% CI, 0.35-0.72) in terms of ‘discontinuation of
maintenance treatment’ is contrary to the results of the former study.
In our study, when limited to NERD and mild ERD patients as in
the 2 studies above, continuous maintenance treatment was slightly
more effective in symptom relief (RR, 1.09; 95% CI, 1.01-1.18), as
in the study of Boghossian, and there was no difference between the
2 groups in treatment failure (RR, 0.85; 95% CI, 0.43-1.66). This
result was different from that of Khan’s study.11 This is because van
der Velden’s study24 was added to our study due to the difference
in inclusion criteria, and the results of this study have an influence
on the outcome. However, in studies including moderate to severe
esophagitis, continuous therapy showed superior efficacies in terms
of treatment failure (RR, 4.24; 95% CI, 2.32-7.70) and symptom
relief (RR, 1.37; 95% CI, 1.23-1.52). The American Gastroenterological Association guideline also reports that the use of long-term
PPI has a greater benefit than harm in GERD patients with severe
esophagitis or complications such as strictures.25
In subgroup analysis, 3 studies included all grades of esophagitis. However, grade C and D esophagitis patients accounted for only
6.0% (7/117) in the Nagahara’s study20 and 2.5% (2/80) in Cho’s
study.16 In the Sjöstedt’s study,21 patients with grade C and grade
D esophagitis accounted for 17.0% (80/470) and 5.0% (24/470) of
all patients, respectively. Therefore, to confirm the effect of maintenance therapy in severe esophagitis such as LA grade C and D, the
results of Sjöstedt’s study21 should be referenced. Treatment failure
was significantly higher (RR, 4.24; 95% CI, 2.32-7.77), and symptom relief was significantly lower (RR, 1.37; 95% CI, 1.23-1.52)
in the on-demand PPI group compared to the continuous therapy
group. Furthermore, the authors also investigated the cumulative
healing rate of esophagitis for up to 6 months. The cumulative proportion of patients in remission on the continuous PPI group was
81.0% compared with only 58.0% in the on-demand PPI group (P
< 0.01). In patients with grade C and D esophagitis, relapse rates
during on-demand maintenance treatment were as high as 49.0%
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and 57.0%, respectively. Therefore, in the maintenance therapy of
overall GERD patients, on-demand therapy showed a similar effect
to continuous therapy. However, when limited to the patients with
severe esophagitis of LA grade C or D, the continuous maintenance
therapy could be a better option compared with the on-demand
PPI therapy.
Among the 11 studies included in the analysis, 2 were conducted in Asia. Nagahara’s study20 was conducted in Japan and Cho’s
study16 was conducted in Korea. Both studies included all grades
of erosive esophagitis, but the proportion of patients with grade C
and D esophagitis were only 6.0% in Nagahara’s study20 and 2.5%
in Cho’s study.16 According to the results of epidemiologic studies,
the proportion of severe erosive esophagitis in Asia is very low compared to that in Western countries. From a multicenter prospective
study from Korea, out of 354 erosive esophagitis patients, only 12
patients were grade C and 4 were grade D, and the proportion of
grade C and D among all erosive esophagitis was 4.5%.26 This
figure is similar to the proportion of grade C and D patients in the
2 Asian studies included in the analysis, and much lower than the
proportion (22.0%) found in the Western study by Sjöstedt et al.21
The effect of maintenance therapy in the Asian studies also shows
different results from Western studies. When symptom relief was an
outcome, continuous maintenance therapy was more effective than
on-demand therapy in the entire study. However, the results of 2
studies from Asia showed no difference in symptom relief between
the on-demand and continuous groups. Therefore, on-demand
PPI therapy can be an effective maintenance treatment option in
Asian patients with GERD.
Recent studies suggest that long-term PPI use may be associated with adverse events or complications, including enteric infection, bone fracture, kidney diseases, and micronutrient deficiency.8
A meta-analysis of 36 case-control studies and 14 cohort studies
showed that C. difficile infection is associated with PPI use (OR,
1.26; 95% CI, 1.12-1.39).27 An RCT that evaluated the long-term
safety of PPIs over 2 years revealed increased events of C. difficile
infection in PPI group (9 cases in 8791) compared to placebo
group (4 cases in 8807), which did not reach statistical significance
due to very few number of cases in either group (OR, 2.26, 95%
CI, 0.70-7.34).28 According to available evidences, the Food and
Drug Administration and Prevention announced that C. difficile
diarrhea may be associated with PPI use. Other adverse events
such as kidney diseases, community-acquired pneumonia, and bone
fractures have been demonstrated in case-control studies or cohort
studies.29-31 Therefore, many GERD guidelines recommend that
PPIs should be administered at the lowest effective dose. In this
12

study, the amount of PPI used in the on-demand group was almost
half that of the continuous group (−0.52 [−0.62-−0.42] pill use/
day). Therefore, considering the various adverse effects associated
with the use of long-term PPI, on-demand maintenance treatment
is considered a safer and more cost-effective treatment modality
than continuous maintenance treatment.
This study has several limitations. First, as described in the
result section and Supplementary Table 1, 10 of the 11 studies included in analysis were open-label studies. On-demand therapy is
expected to be difficult to conduct with a double-blind study. Only
1 study performed a double-blind study that showed that symptom
control and quality of life were similar in the on-demand and continuous therapies. Since the open-label study is very similar to the
actual clinical situation, the interpretation of the results is unlikely
to be different significantly. Second, as a result of meta-analysis, the
heterogeneity among the studies was high. The inclusion of patients
with varying degrees of symptoms and esophagitis may have an effect on the heterogeneity as shown in the meta-regression analysis.
Also, as a result of the subgroup analysis by the esophagitis grade,
the heterogeneity within each group was significantly reduced.
The diversity of outcome measurement also contribute to the high
heterogeneity of this study. Third, no studies reported CYP2C19
polymorphism and their effect on PPI maintenance therapy. However, 2 studies used rabeprazole, which is not affected by CYP2C19
polymorphism, reported no difference between the maintenance
therapies in terms of “treatment failure” and “symptom relief.”
Forth, only 2 Asian studies were included in this analysis, and the
results between Asian and Western studies show slightly different
trends as shown in the analysis. It may be difficult to apply the results of this study to Asian patients. In this regard, more research is
needed in the Asian region. Finally, intermittent therapy is another
recommended maintenance therapy in some guidelines, and is also
known to be an effective maintenance option. However, because of
lack of RCTs on the intermittent therapy, its effect cannot be compared with the on-demand or continuous therapy.
In conclusion, the on-demand PPI therapy showed similar
efficacies to continuous therapy in the outcome of treatment failure, symptom relief, and patient satisfaction in GERD patients,
especially in NERD and mild ERD patients, and Asian patients.
The severity of esophagitis significantly influenced the effect of the
2 maintenance therapies. In particular, continuous maintenance
treatment seems to be more effective in patients with severe ERD.
However, on-demand therapy has the advantage of reducing the
amount of PPI usage by half compared to the continuous therapy.
Therefore, the on-demand PPI therapy is recommended as an
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effective maintenance treatment modality in GERD patients unaccompanied by severe esophagitis.
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Role of Peroral Endoscopic Myotomy in Advanced
Achalasia Cardia With Sigmoid and/or Megaesophagus:
A Systematic Review and Metanalysis
Harshal S Mandavdhare,1* Praveen Kumar M,2 Jayendra Shukla,1 Antriksh Kumar,1 and Vishal Sharma1
Departments of 1Gastroenterology and 2Pharmacology, Post Graduate Institute of Medical Education and Research, Chandigarh, India

Background/Aims
Sigmoid esophagus and/or megaesophagus are considered as an advanced stage in the natural history of achalasia cardia. The role of
peroral endoscopic myotomy (POEM) in these subset of patients is emerging. We performed a systematic review and metanalysis to
study the efficacy of POEM in advanced achalasia cardia with sigmoid and megaesophagus.
Methods
A literature search in PubMed and Embase was done from inception till August 3, 2021 to look for studies reporting exclusively on
the role of POEM in advanced achalasia cardia with sigmoid and/or megaesophagus. The random effect method with inverse variance
approach was used for the computation of pooled prevalence. For 2 groups’ analysis of continuous outcome standardized mean
difference was used as the summary measure.
Results
Eleven studies with 428 patients were included for analysis. The pooled technical and clinical success was 98.27% (95% CI, 96.1999.22; I2 = 0%) and 89.38% (95% CI, 84.49-92.86; I2 = 26%) and on subgroup analysis into sigmoid and megaesophagus it was
(98.06% [95% CI, 95.41-99.19; I2 = 0%], 98.47% [95% CI, 92.72-99.69; I2 = 0%] and 87.92% [95% CI, 80.68-92.70; I2 = 37%],
88.36% [95% CI, 62.62-97.17; I2 = 77%]) respectively. The clinical success at < 1 year and 1-3 year follow-up was 89.37% (95% CI,
82.82-93.61; I2 = 0%) and 88.66% (95% CI, 81.65-91.22; I2 = 46%) respectively. There was a significant reduction in the post-POEM
scores with standardized mean difference for Eckardt score (4.81), for integrated relaxation pressure at 4 seconds (1.93), and for
lower esophageal sphincter pressure (2.06).
Conclusions
POEM is an effective modality of treatment even in the subset of patients of advanced achalasia cardia with sigmoid and megae
sophagus.
(J Neurogastroenterol Motil 2022;28:15-27)
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Esophageal achalasia; Follow-up studies; Myotomy
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Introduction
With over a decade of experience and robust data showing excellent safety and efficacy, peroral endoscopic myotomy (POEM)
is now considered as the first line treatment for achalasia cardia.1
Around 10% of patients with prolonged duration of disease develop
advanced achalasia cardia where there can be either excessive dilatation of the esophagus (megaesophagus with diameter > 6 cm) or
the axis of the esophagus becomes tortuous taking shape of sigmoid
(like sigmoid colon) or both.2,3 Traditionally, esophagectomy has
been considered the treatment option for this patient cohort, however, it is fraught with high morbidity and mortality.4 Due to the extreme tortuosity one would expect difficulty in performing POEM
in this subset of patients. Over the years as more and more experience has been gained with POEM for achalasia, we now have some
data showing good efficacy even in this subset of advanced achalasia
with sigmoid shape and megaesophagus.5 Hence, this systematic
review and metanalysis was planned to study the efficacy and safety
of POEM in the treatment of advanced achalasia cardia with sigmoid and/or megaesophagus.

Methodology for Systematic Review and
Meta-analysis
The Preferred Reporting Items for Systematic Reviews and
Meta-analysis (PRISMA) and Meta-analysis of Observational
Studies in Epidemiology guidelines were followed for this systematic review and meta-analysis.
We searched the literature for articles that reported exclusively
on the role of peroral endoscopic myotomy in advanced achalasia
cardia with sigmoid and/or megaesophagus on PUBMED and
EMBASE. The search terms used for PUBMED were “advanced
achalasia OR Sigmoid achalasia OR Sigmoid esophagus OR
Megaesophagus) AND (Peroral myotomy OR Peroral endoscopic
myotomy OR POEM)” while for EMBASE were (sigmoid
esophagus OR Advanced achalasia OR sigmoid achalasia OR
megaesophagus) AND Peroral endoscopic myotomy. The search
was done from inception until August 3, 2021.
Two authors (H.S.M. and J.S.) independently searched for
articles to be included for the analysis. After comparing the articles
screened by both authors, the final list for full text reading was
prepared. Any overlap or discrepancy about the data was discussed
with and cleared by other co-authors (P.K.M. and V.S.).
We selected those studies published as full text/abstracts in
16

English language that included ≥ 5 cases reporting on the role of
POEM in the treatment of advanced achalasia cardia with sigmoid
and/or megaesophagus. We excluded those studies that included
case reports with < 5 cases, review articles, letter to editor without original data, commentary, articles published in non-English
language, and articles that did not exclusively report on the role of
POEM in advanced achalasia cardia with sigmoid and/or megaesophagus.

Outcome
The aim of this systematic review and meta-analysis is to assess
the efficacy of POEM for advanced achalasia cardia with sigmoid
and/or megaesophagus. The outcomes assessed were: technical
success; clinical success; change in Eckardt score (ES), integrated
relaxation pressure at 4 seconds (4s-IRP) and lower esophageal
sphincter pressure (LESP) pre and post-POEM procedure.

The Outcome Definitions Used in the Study
Are as Follows
(1) The technical success was defined as completion of all the
steps of POEM including myotomy and (2) the clinical success
was defined as a reduction in the ES ≤ 3 post-POEM. The ES
is based on 4 symptoms each given score of 0 to 3 with maximum
score of 12.6 The 4s-IRP and LESP are recorded from the standard software of high-resolution manometry.7 In addition we also
noted the adverse event rate and was defined as per the American
Society of Gastrointestinal Endoscopy (ASGE) lexicon8 or International Per Oral Endoscopic Myotomy Survey Classification
(IPOEMS)9 or Clinical practice guidelines for POEM and Japan
Clinical Oncology Group post-operative complications (JCOG
PC) criteria10,11 or noted as observational data. Apart from this, we
looked for the following information: type of study (single/multicentre), type of sigmoid esophagus (Type 1 and Type 2 as per the
CT classification–where Type 1 has only single bend and a single
lumen on axial cut of CT, while Type 2 is S shaped and 2 lumens
can be seen on axial CT image;12 sigmoid and advanced sigmoid as
per the descriptive rules of esophageal achalasia–where depending
on the α angle [angle between 2 straight lines drawn along the long
axis of the esophagus] it is defined a sigmoid when the α angle is <
135o and > 90o13 and advanced sigmoid when the α angle is < 90o
and megaesophgus if diameter is > 6 cm14), type of achalasia cardia
as per the Chicago classification version 3.0,7 duration of symptoms
in months, average diameter of the esophagus, previous treatments
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Identification

POEM for Sigmoid/Advanced Sigmoid and Megaesophagus

Records identified through
database searching
Pubmed: 887
Embase: 255

Additional records identified
through other sources: Nil

Screening

Total records identified: 1142

Records excluded on title and abstract
Unrelated: 912
Non English language: 58
Case report: 5
Guideline: 3
Systematic review: 2
Review: 1
Letter to Editor without original data: 1

Duplicates removed: 148

Eligibility

Full text assessed for eligibility: 12

Included

Records screened: 994

Studies included in quantitative
synthesis (meta-analysis): 11

Records excluded after full text
assessment with reasons
Overlapping data: 1

received, pre- and post-ES, pre- and post-4s-IRP, pre- and postLESP, duration of follow-up, myotomy length, and definition used
for sigmoid esophagus by individual study. For missing data in abstracts, we contacted the authors through electronic mail.
We also performed separate subgroup analysis of studies that
reported on sigmoid esophagus and those that reported on megaesophagus. Apart from this, based on the follow-up period available
we performed subgroup analysis of clinical success into 2 groups,
viz, clinical success with follow-up < 1 year and that with follow-up
between 1-3 years.

Risk of Bias and Quality Assessment of
Studies
We used the Joanna Briggs Index for critical appraisal of case
series and cohort studies to assess the quality of studies (2 independent authors H.S.M. and J.S. performed the appraisal). For assessment of publication bias, the funnel plot was used and quantitative
analysis was done with Egger’s test.

Statistical Analysis
The statistical analysis was conducted using R version 4.1.0
and in addition to the base package, the “meta” package was used
for the analysis. The random effect method with inverse variance

Figure 1. Preferred Reporting Items for

Systematic Reviews and Meta-analyses
(PRISMA) figure showing the flow of
studies included in the meta-analysis.

approach was used for the computation of pooled prevalence. The
prevalences were logit transformed before computing summary.
For 2 groups’ analysis of continuous outcomes (pre- and post-),
standardized mean difference (SMD) was used as the summary
measure and was calculated by the Hedges’ g method and the
computation of summary across studies was performed by random
effect method with inverse variance approach was used. Both I2 and
P -value of significance were used for the assessment of heterogeneity or metanalysis. For I2, a value of > 50% and for P -value of
significance a value < 0.1 were kept for assessing heterogeneity for
different variables. Sensitivity analysis was performed for data showing marked heterogeneity.

Results
After screening total 1142 studies we finally included 11 studies
(9 full text and 2 abstracts) with 428 patients for meta-analysis.
Figure 1 shows the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flowchart for the included
studies. Table 1 shows the detailed demographic data of the included studies.3,14-22 The study that fulfilled the inclusion criteria but
was excluded with reason for exclusion is found in (Supplementary
Table).16,23 Of these 11 studies, 9 were single center retrospective
and 1 each was single center prospective and multicenter retrospective.
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Sig-8, A
Sig-15

13

Single
Nabi
et al,16 2021 center retrospective

NA

11

Single
Tang
et al,17 2016 center retrospective
Mult-iYoon HJ
et al,15 2020 center retrospective
(2 centers)

Sig-22, A
Sig-10

B-4

7.0
(6.0, 10.0)/
0.0
(0.0, 2.0)

6 (2-10)/
2 (0-4)

B-8, H-5,
BH-1

NA

7 (4-10)/ 17.5 ± 7.8/
0.5 (0-2) 8.8 ± 8.2

NA

7 (3‑11)/
1 (0‑11)

1 yr

19.9 ± 13.9/ 1 yr
14.6 ± 7.7

NA

NA

41
(82.0)

50

112

20

11

23
11
11
(12.0-37.5) (100.0)
mo
13
13
(100.0)

25.3
(6‑50)
mo

29.5 ± 11.6/ 31
94/101
14.2 ± 11.8 (21.0, 47.0) (93.1)
mo

17
(94.4)

7
(63.6)

At 2 mo: 107
82/92
(89.1),
at 1 yr:
43/49
(87.8)
NA

NA

NA

NA

2

6

Enormously dilated
and tortuous esophagus in barium
esophagram and
double esophageal
lumen in some CT
slices
S1, the esophagus
was significantly
dilated, tortuous
with single lumen
on CT; S2, double
lumen seen on CT
Sigmoid type when
the angle was <
135° and advanced
sigmoid when angle
< 90

Selective
0
89.5
8.5
1.0
Anterior
circular
(65.2, 103.7) (8.0, 9.7) (1.0, 1.0) except for
those
with post
LHM
status
NA
Full
10 Advanced achalasia
45.5
7.0
7.0
thickdefined as mega(35.8, 60.3) (5.0-8.0) (7.0-8.0)
esophagus with
ness
min
cm
day
max diameter ≥ 6
cm
NA
43
Full
8 (5‑14)
5.5
9 Esophagus lumen
(16‑163)
thick(3‑11)
with a diameter
min
ness
of ≥ 6 cm and/or
sigmoid in shape
NA
NA
NA NA
56.8
5.2 (5-6) NA
(49-70)
cm
min
NA
NA
NA
< 5 day NA
0 Achalasia was defined as sigmoid
type when the angle
was < 135° and
advanced sigmoid
when angle < 90°
NA
NA
2 Achalasia was de62.69 ±
9.78 ± 3.71 NA
fined as sigmoid
32.71
type when the angle
min
was < 135° and
advanced sigmoid
when angle < 90°

71
9 (4-16)
(39-100)

95.9 ±
E-7 (5-9), 4
32.1 min G-3 (2-3) (4-5)
day

Duration
TechLength Orienta- ThickClinical
Procedure Myotomy
Definition of sigmoid/
of
nical
of hospi- tion of
ness of AE $
b
success
time
length
advanced AC
follow-up
success
tal stay myotomy myotomy

15.6
33.4
2 mo
(10.5, 30.5)/ (8.9, 53.3)/
3.9
14.2
(1.9, 10.3)
(10.8, 16.5)

23
(11-34)/
9
(3-21)

15.7 ± 9.9/
8.6 ± 5.5

Pre/
Pre/
Post-4s-IRP Post-LESP

B-13, H-3 6.81 ± 1.554/ 23.60 ± 13.42/ 34.45 ± 13.24/ 34.03 ± 27 (84.0), 32
0.97 ± 0.93 8.57±5.58
13.99 ± 5.25 13.78 mo long term
> 3 yr:
8 (72.7)

NA
NA
21
(18-36)
mo
165.7
67.6 ± 27.5 B-5
(228)

21/6/0/5 111.25 ±
41.75
(range
48-228)
mo

NA

NA

91
(6, 600)

47/63/ 2 6.5
7.1
B-20, BO-7, 8.0
(3.0, 13.0) (6.4, 8.3) H-4, S-4, (6.0-9.0)/
1.0
yr
cm
P-4
(0.0-2.0)

Megaeso-24, NA
sig-19,
sig mega7

50

Single
Liu D
et al,5 2021 center retrospective

All advanced
AC
> 6 cm

112

Single
Qiu
et al,22 2021 center retrospective

Pre/
Post-ES

B-49, H-10 5.0 ± 2.5/
1.1 ± 1.0
(2 mo)

6/10/0/3 5.0
BO-6, B-4,
4.5
(2.0, 13.0) (3.02, 5.45) H-6, BB-1,
CR-5
years
median
IQR

15
(2-41)
yr

28/8/1/71 17.4
48.1 ±
(7.7-29.0) 17.5 mm
yr

Type of
AC-I/II/ Duration
Esophageal Previous
III/ of sympdiameter treatmenta
unidenti- toms
fied

S1-6, S2-4, 10/1
ST-1

20

11

Single
Ueda
et al,14 2021 center retrospective

All type 2

Type of
sigmoid

Single
Sanaka
et al,21 2021 center retrospective

108

Type of
study

Single
Fujiyoshi
et al,19 2020 center retrospective

Name
and year

Number of
patients

Table 1. Detailed Demographic Characteristics of the Included Studies
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Type of
study
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32

Single
Hu
et al,18 2015 center
prospective

Type 1-29, NA
Type 2-3

Type 1-19, 3/11/1
Type 2-4

Sig-16
4/3/1
(A Sig-5)

Type of
sigmoid

13.4 yr
(1 mo50 yr)

8
(2-25)
yr

NA

58.2 mm
7 (4-11)/1

37.9
(21.9-70.3)/
12.9
(7.7-22.5)
30.0
(24-44)
mean
range
30
(96.8)

22
18
(12-42) (95.6)
mo

32

23

16
16
(100.0)

63.7
E-8.0
(22-130) (5-11),
G-2.3
(2-5),
T-10.3
(7-14)

3.9
(1-29)

5
(3-10)
day

Posterior

Posterior

11.7 ± 2.5 6.9 ± 3.4 NA

67.6
10 cm
(45-120)
min

SG-94.7
± 31.4

Full
thickness

Full
thickness

Selective
circular

Achalasia was defined as sigmoid
type when the angle
was < 135° and
advanced sigmoid
when angle < 90°
9 S1, the esophagus
was significantly
dilated, tortuous
with single lumen
on CT; S2, double
lumen seen on CT
15 S1, the esophagus
was significantly
dilated, tortuous
with single lumen
on CT; S2, double
lumen seen on CT

4

Duration
TechLength Orienta- ThickClinical
Procedure Myotomy
Definition of sigmoid/
of
nical
of hospi- tion of
ness of AE $
success
time
lengthb
advanced AC
follow-up
success
tal stay myotomy myotomy

19.4 ± 10.2/ 2 mo
9.2 ± 6.4

Pre/
Pre/
Post-4s-IRP Post-LESP

4.9 ± 2.1/ 17.6 ± 9.2/
0.4 ± 0.6 7.9 ± 5.5

Pre/
Post-ES

B-14, BO-3, 7.8 (4-12)/
1.4 (0-5)
H-3, S-3

B-6, D-1,
BO-1,
H-1, S-1

B-5

Type of
AC-I/II/ Duration
Esophageal Previous
III/ of sympdiameter treatmenta
unidenti- toms
fied

B, balloon dilation; H, Hellers; BO, botox; S, self expanding metal stent; P, peroral endoscopic myotomy; BH, both dilatation and Hellers; D, drugs; BB, botox and dilation; CR, controlled radial expansion
and dilatation by Savary Gillard dilator.
b
E, esophagus; G, gastric; T, total.
AC, achalasia cardia; ES, Eckardt score; 4s-IRP, integrated relaxation pressure at 4 seconds; LESP, lower esophageal sphincter pressure; NA, not available; AE, adverse events; IQR, interquartile range; SG,
Savary Gillard; LHM, laparoscopic Heller myotomy.
Data are expressed as n, n (%), median (range), mean ± SD, or median (IQR 25th, 75th).

a

23

16

Single
Lv
et al,24 2016 center retrospective

Maruyama Single
et al,20 2020 center retrospective

Name
and year

Number of
patients
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Technical success - Overall
Study
Hu W J et al 2014
Tang X et al 2015
Lv L et al 2015
Maruyama S et al 2019
Sanaka M et al 2020
Qiu S et al 2020
Liu D et al 2020
Yoon HJ et al 2020
Nabi Z et al 2020
Fujiyoshi Y et al 2021
Ueda C et al 2021

Events
31
11
23
16
20
112
50
13
32
107
11

Total
32
11
23
16
20
112
50
13
32
108
11

Weight
8.4%
8.2%
8.3%
8.3%
8.3%
8.5%
8.4%
8.2%
8.4%
16.9%
8.2%

Events per 100 observations
IV, random, 95% CI

Events per 100 observations
IV, random, 95% CI
100.00 [89.11; 100.00]
100.00 [71.51; 100.00]
100.00 [85.18; 100.00]
100.00 [79.41; 100.00]
100.00 [83.16; 100.00]
100.00 [96.76; 100.00]
100.00 [92.89; 100.00]
100.00 [75.29; 100.00]
100.00 [89.11; 100.00]
99.07 [94.95; 99.98]
100.00 [71.51; 100.00]

100.0%
428
Total (95% CI)
98.27 [96.19; 99.22]
2
2
2
Heterogeneity: Tau = 0; Chi = 2.78, df = 10 (P = 0.99); I = 0%

75

80

85

90

95

100

Technical success - Sigmoid vs Megaesophagus
Events per 100 observations
Events Total Weight
Study or subgroup
IV, random, 95% CI
byvar = Sigmoid
100.00 [89.11; 100.00]
7.7%
32
Hu W J et al 2014
32
100.00 [71.51; 100.00]
7.5%
11
Tang X et al 2015
11
100.00 [85.18; 100.00]
7.7%
23
Lv L et al 2015
23
100.00 [79.41; 100.00]
7.6%
16
Maruyama S et al 2019
16
100.00 [83.16; 100.00]
7.7%
20
Sanaka M et al 2020
20
100.00 [75.29; 100.00]
7.6%
13
Yoon HJ et al 2020
13
100.00 [89.11; 100.00]
7.7%
32
Nabi Z et al 2020
32
100.00 [86.77; 100.00]
7.7%
26
Liu D et al 2020
26
99.07 [94.95; 99.98]
15.6%
108
Fujiyoshi Y et al 2021
107
98.06 [95.41; 99.19]
76.9%
281
Total (95% CI)
2
2
2
Heterogeneity: Tau = 0; Chi = 1.22, df = 8 (P = 1.00); I = 0%

Events per 100 observations
IV, random, 95% CI

byvar = Megaesophagus
100.00 [96.76; 100.00]
7.8%
112
Qiu S et al 2020
112
100.00 [85.75; 100.00]
7.7%
24
Liu D et al 2020
24
100.00 [71.51; 100.00]
7.5%
11
Ueda C et al 2021
11
98.47 [92.72; 99.69]
23.1%
147
Total (95% CI)
2
2
2
Heterogeneity: Tau = 0; Chi = 1.32, df = 2 (P = 0.52); I = 0%
98.16 [96.08; 99.15]
100.0%
428
Total (95% CI)
2
2
2
Heterogeneity: Tau = 0; Chi = 2.61, df = 11 (P = 0.99); I = 0%
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Figure 2. Technical success. The pooled prevalence of technical success for peroral endoscopic myotomy in advanced achalasia cardia (overall) with

subgroup analysis and pooled prevalence for sigmoid and megaesophagus.

All the 11 studied reported on technical and clinical success
of POEM for advanced achalasia cardia with sigmoid and/or
megaesophagus. Eight studies reported on sigmoid esophagus,
2 studies on megaesophagus (Ueda et al14 and Qiu et al22 while 1
study by Liu et al5 reported on both sigmoid and megaesophagus.
The pooled prevalence for technical success and clinical success was
98.27% (95% CI, 96.19-99.22; I2 = 0%) and 89.38% (95% CI,
84.49-92.86; I2 = 26%) respectively (Fig. 2 and 3). On subgroup
analysis the pooled prevalence for technical success and clinical
success for sigmoid and megaesophagus was 98.06% (95% CI,
95.41-99.19; I2 = 0%), 98.47% (95% CI, 92.72-99.69; I2 = 0%)
20

and 87.92% (95% CI, 80.68-92.70; I2 = 37%), 88.36% (95% CI,
62.62-97.17; I2 = 77%), respectively (Fig. 2 and 3). On further
subgroup analysis, the pooled prevalence for clinical success for
studies with follow-up < 1 year (4 studies) was 89.37% (95% CI,
82.82-93.61; I2 = 0%) and for those with follow-up between 1-3
years (7 studies) was 88.66% (95% CI, 81.65-91.22; I2 = 46%) respectively (Fig. 2 and 3). Only 1 study by Nabi et al16 had a followup of > 3 years with a clinical success of 72.7% (8/11). Three
studies mentioned modified technique of POEM for advanced
achalasia cardia, viz, (1) Lv et al24- described creation of a wider
tunnel reaching up to half the esophageal circumference and start-
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Clinical success - Overall
Study
Hu W J et al 2014
Tang X et al 2015
Lv L et al 2015
Maruyama S et al 2019
Sanaka M et al 2020
Qiu S et al 2020
Liu D et al 2020
Yoon HJ et al 2020
Nabi Z et al 2020
Fujiyoshi Y et al 2021
Ueda C et al 2021

Events
30
11
22
16
17
94
41
13
27
82
7

Total
31
11
23
16
20
101
46
13
32
92
11

Weight
4.2%
2.2%
4.2%
2.3%
9.5%
17.6%
14.0%
2.2%
13.6%
20.7%
9.5%

Events per 100 observations
IV, random, 95% CI

Events per 100 observations
IV, random, 95% CI
96.77 [83.30; 99.92]
100.00 [71.51; 100.00]
95.65 [78.05; 99.89]
100.00 [79.41; 100.00]
85.00 [62.11; 96.79]
93.07 [86.24; 97.17]
89.13 [76.43; 96.38]
100.00 [75.29; 100.00]
84.38 [67.21; 94.72]
89.13 [80.92; 94.66]
63.64 [30.79; 89.07]

100.0%
396
Total (95% CI)
89.38 [84.49; 92.86]
2
2
2
Heterogeneity: Tau = 0.1261; Chi = 13.43, df = 10 (P = 0.20); I = 26%
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Clinical success - Sigmoid vs Megaesophagus
Events per 100 observations
Events Total Weight
Study or subgroup
IV, random, 95% CI
byvar = Sigmoid
96.77 [83.30; 99.92]
4.5%
31
Hu W J et al 2014
30
100.00 [71.51; 100.00]
2.4%
11
Tang X et al 2015
11
95.65 [78.05; 99.89]
4.4%
23
Lv L et al 2015
22
100.00 [79.41; 100.00]
2.4%
16
Maruyama S et al 2019
16
85.00 [62.11; 96.79]
9.6%
20
Sanaka M et al 2020
17
100.00 [75.29; 100.00]
2.4%
13
Yoon HJ et al 2020
13
84.38 [67.21; 94.72]
13.2%
32
Nabi Z et al 2020
27
81.82 [59.72; 94.81]
11.3%
22
Liu D et al 2020
18
89.13 [80.92; 94.66]
19.1%
92
Fujiyoshi Y et al 2021
82
88.81 [83.98; 92.32]
69.3%
260
Total (95% CI)
2
2
2
Heterogeneity: Tau = 0; Chi = 6.93, df = 8 (P = 0.54); I = 0%

Events per 100 observations
IV, random, 95% CI

byvar = Megaesophagus
93.07 [86.24; 97.17]
16.6%
101
Qiu S et al 2020
94
95.83 [78.88; 99.89]
4.4%
21
Liu D et al 2020
23
63.64 [30.79; 89.07]
9.6%
11
Ueda C et al 2021
7
88.36 [62.62; 97.17]
30.7%
136
Total (95% CI)
2
2
2
Heterogeneity: Tau = 1.3223; Chi = 8.67, df = 2 (P = 0.01); I = 77%
89.23 [84.01; 92.89]
100.0%
396
Total (95% CI)
2
2
2
Heterogeneity: Tau = 0.1702; Chi = 15.63, df = 11 (P = 0.16); I = 30%
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Figure 3. Clinical success. The pooled prevalence of clinical success for peroral endoscopic myotomy in advanced achalasia cardia (overall) with

subgroup analysis and prevalence for sigmoid and megaesophagus and further subgroup analysis for follow-up < 1 year and between 1-3 years.

ing myotomy 0-1 cm from the incision to shorten the tunnel; (2)
Qiu et al22 described a reverse T incision for entry, a “short tunnel
POEM”25 with a tunnel of 6-8 cm and a myotomy of 3-6 cm and
simultaneous submucosal and muscle dissection in case of submucosal fibrosis;26 (3) Liu et al27 described modified POEM with
tunnelling and myotomy into a single step.
For assessing the efficacy of the procedure, 10 studies (excluding the study by Tang et al17) had pre- and post- values of ES for
comparison. Seven studies had pre- and post-values of 4s-IRP and
LESP for comparison. The SMD for ES, 4s-IRP, and LESP,
when compared pre- and post-POEM were 4.81 ([95% CI, 3.09-

6.62; I2 = 97%] and for megaesophagus 5.8 [95% CI, −0.6512.24; I2 = 99%]), for 4s-IRP of 1.93 (95% CI, 1.09-2.76; I2 =
83%) and for lower esophageal sphincter pressure of 2.06 (95%
CI, 1.13-2.99; I2 = 88%), and all were significant (Fig. 4). For the
clinical success parameter which is our main outcome parameter,
there is no heterogeneity seen as assessed by I2 value of < 50%.
But for the continuous outcome (ES, IRP, and LESP) compared
pre- and post-, heterogeneity (I2 value of > 50%) is seen. We conducted sensitivity analyses on these analyses, to detect the source of
heterogeneity. For the ES, the Qiu et al22 2021 study was the study
with the maximum contribution to heterogeneity, and excluding the
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Clinical success - Follow up: 1 year vs 1-3 years
Events per 100 observations
Events Total Weight
Study or subgroup
IV, random, 95% CI
byvar = FU <1 yr
1.8%
100.00 [79.41; 100.00]
16
Maruyama S et al 2019
16
20
8.1%
85.00 [62.11; 96.79]
Sanaka M et al 2020
17
1.8%
100.00 [75.29; 100.00]
13
Yoon HJ et al 2020
13
92
19.1%
89.13 [80.92; 94.66]
Fujiyoshi Y et al 2021
82
141
30.9%
89.37 [82.82; 93.61]
Total (95% CI)
2
2
2
Heterogeneity: Tau = 0; Chi = 1.97, df = 3 (P = 0.58); I = 0%

Events per 100 observations
IV, random, 95% CI

byvar = FU 1-3 yr
31
3.5%
96.77 [83.30; 99.92]
Hu W J et al 2014
30
95.65 [78.05; 99.89]
23
3.5%
Lv L et al 2015
22
101
15.9%
93.07 [86.24; 97.17]
Qiu S et al 2020
94
12.4%
89.13 [76.43; 96.38]
46
Liu D et al 2020
41
32
11.9%
84.38 [67.21; 94.72]
Nabi Z et al 2020
27
13.9%
87.76 [75.23; 95.37]
49
Fujiyoshi Y et al 2021
43
63.64 [30.79; 89.07]
11
Ueda C et al 2021
7
8.1%
88.66 [81.65; 93.22]
69.1%
293
Total (95% CI)
2
2
2
Heterogeneity: Tau = 0.2472; Chi = 11.01, df = 6 (P = 0.09); I = 46%
88.95 [84.51; 92.24]
434
100.0%
Total (95% CI)
2
2
2
Heterogeneity: Tau = 0.0943; Chi = 13.01, df = 10 (P = 0.22); I = 23%
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Figure 3. Continued.

study changed the pooled effect size to 3.54 (2.62-4.46) with I2 =
90%. (Supplementary Fig. 1). For the 4s-IRP, the Lv et al24 2016
was the study with maximum contribution to heterogeneity, and
excluding the study changed the heterogeneity to 7% with pooled
effect size of 1.22 (0.89-1.54) (Supplementary Fig. 2). For the
LESP, Lv et al24 2016 was the study with maximum contribution
to heterogeneity, and excluding the study changed the heterogeneity
to 80% with pooled effect size of 1.53 (0.83-2.24) (Supplementary
Fig. 3).
Out of the 11 studies, 2 studies mentioned adverse events as
per the ASGE lexicon (Qiu et al22 and Lv et al24) while 2 studies
used other criteria (Ueda et al14 [IPOEMS] and Maruyama et al20
[Clinical practice guidelines for POEM and JCOG PC] criteria).
Five studies mentioned the adverse events as observations without
using any criteria (Nabi et al,16 Hu et al,18 Fujiyoshi et al,19 Sanaka
et al,21 and Lv et al24). Two studies (Yoon et al15 and Tang et al17) did
not mention adverse events in their results. We conducted analysis
for adverse events, however, there was marked heterogeneity among
the studies, hence, it was decided to exclude adverse event rate from
analysis and to only mention the details of adverse events from individual studies in Tables 1 and 2 (Table 1 provides the adverse event
rate of individual studies while Table 2 discusses in details the various adverse events that were encountered in each study). The adverse event rate was found between 0.0-46.8%. Of particular mention are the 2 studies by Hu et al18 and Lv et al24 which reported
22

very high rates of adverse events (Table 1). However, they included
expected inconsequential intraoperative events like subcutaneous
emphysema and capnoperitoneum/capnothorax as adverse event
which lead to false impression of high adverse event rate.

Quality Assessment (See Table 3)
Nine of the 11 studies fulfilled all the criteria of the Joanna
Briggs critical appraisal tool for case series and cohort studies.5,14-16,18,20-22,24 Two of the abstracts that were included were unclear regarding the statistical methods used for analysis17,19 while
1 abstract was unclear regarding demographics of the participants
and did not report the outcomes and follow-up results clearly.5 The
funnel plot for publication bias assessed for prevalence for clinical
success showed no bias. Also, on quantitative analysis, Egger’s test
performed on the clinical success data does not indicate the presence of funnel plot asymmetry (intercept 0.835 [95% CI, –0.69 to
–2.36; P = 0.311]) (Fig. 5).

Discussion
The present metanalysis shows that POEM is an effective
modality of treatment for both groups of sigmoid and megaesophagus in advanced achalasia cardia with a pooled technical success of
98.27% and clinical success of 89.38%. The clinical success was
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Figure 4. Standardized mean difference of pre and post-peroral endoscopic myotomy-Eckardt score (ES), 4-second integrated relaxation pressure

(4s-IRP) and lower esophageal sphincter pressure (LESP) are shown.

comparable between both the sigmoid (87.92%) and the megaesophagus (88.36%) groups with sustained rate until 3 years of
follow-up (88.66%). The post-POEM scores showed a significant
reduction with SMD for ES of 4.81, for 4s-IRP of 1.93, and for

LESP of 2.06 respectively. Thus, not only subjective scores (ES)
but also objective scores (4s-IRP and LESP) have shown significant improvement post-POEM in advanced achalasia cardia with
sigmoid and/or megaesophagus.
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a

Table 2. Details of Adverse Events From Each Study Along With Gastroesophageal Reflux Disease Rate

Study and year
19

Adverse events reported

GERD rate

Fujiyoshi et al, 2020

Mucosal perforation-3, mucosal hematoma/bleeding-3

Ueda et al,14 2021

Failed mucosal entry closure-2
(needing clip and loop and fibrin glue) (18.2%)
None
Mucosal injury-4 (3.6%), delayed haemorrhage-2 (1.8%),
gas-related complications-4 (3.6%), pneumoperitoneum only,
n = 1, pneumomediastinum only, n = 3, overall-10 (8.9%)
Mucosal injury-2 (4.0%), bleeding -3 (6.0%), subcutaneous emphysema-3 (6.0%), perforation-1 (2.0%), overall-9 (18.0%)
Not available
None
Delayed mucosal barrier failure-1, symptomatic pleural effusion
needing drainage-1
Mucosal injury-1 (25.0%), incomplete clipping-2 (50.0%),
pneumoperitoneum-1 (25.0%) overall-4 (25.0%)
SCE-7 (30.4%), MSCE-1 (4.3%), Mucosal injury 1 (4.3%),
Overall-9 (39.1%)
Mucosal injury-12 (37.5%), pneumoperitoneum needing needle
aspiration-2 (5.8%), pneumothorax needing ICTD under water
seal-1 (3.1%)

Sanaka et al,21 2021
Qiu et al,22 2021

Liu et al,5 2021
Tang et al,17 2016
Yoon et al,15 2020
Nabi et al,16 2021
Maruyama et al,20 2020
Lv et al,24 2016
Hu et al,18 2015

GERD 2 mo post-POEM-symptoms: 10/88 (11.3%)
REb: N/A/B/C/D-37 (42.5%), 29 (33.3%),
13 (14.9%), 7 (8.0%), 1 (1.1%)
PPI usage rate-16.1% (13/81)
GERD symptoms-1 (9.0%)
GERD symptoms-1 (5.5%)
GERD symptoms-27 (26.7%)
RE: LA-B-5 (83.3%), LA-C-1 (16.6%)
GERD symptoms-13/46 (28.2%)
RE: LA-A-7 (87.5%), LA-C-1 (12.5%)
GERD symptoms-2/11 (18.1%)
Not available
Abnormal acid exposure on 24 hour pH study-3
RE: LA-A-7/18 (38.8%), LA-B- 11/18 (6.1%)
RE: LA-N/A/B-9 (56.2%), 5 (31.2%), 2 (12.5%)
RE: LA-A-3/23 (13.0%)
GERD symptoms-7/31 (22.5%)
RE: LA-A-5 (71.4%), LA-C- 1 (14.2%)

a

Major adverse events occurred in 3 studies.
Ueda et al14: failed mucosal entry closure-2 (needing clip and loop and fibrin glue) (18.2%).
Liu et al5: 2 patients needed Sengstaken- Blakemore tube for hemostasis-2/50 (4.0%).
Nabi et al16: delayed mucosal barrier failure-1, symptomatic pleural effusion needing drainage-1 (2/32 [6.3%]).
b
N/A/B/C/D- Los Angeles (LA) grading of reflux esophagitis.
GERD, gastroesophageal reflux disease; POEM, peroral endoscopic myotomy; RE, reflux esophagitis; PPI, proton pump inhibitor; SCE, subcutaneous emphysema; MSCE, mediastinal + subcutaneous emphysema; ICTD, intercostal drain.

During the initial years of introduction of POEM, it was believed that the anatomical distortion because of the sigmoid shape
in advanced achalasia cardia would render it difficult to perform
POEM in this subset of patients, however, as more and more experience was gained, data have now emerged where POEM has
shown good efficacy even in this subset of patients.
This metanalysis shows technical and clinical success of
POEM for advanced achalasia cardia with sigmoid and/or megaesophagus of 98% and 89%, respectively, which is similar to the efficacy of POEM seen in routine cases of achalasia cardia.1,28 There
was marked heterogeneity in the reporting rate of adverse events
among the included studies (0-47%) due to the usage of various
definitions and inclusion of inconsequential intraoperative events
as adverse events. Hence, we decided not to include adverse events
as our outcome measure and to only provide details of the same in

24

tabular form (Tables 1 and 2). In routine cases of achalasia cardia
the adverse event rate for mild events is seen in up to 5%, moderate
up to 8% and severe up to 3%.28 The majority of the included studies reported adverse event rate < 10% with 2 studies reporting 0%
rate (Table 1). Also, most studies reported mild events except for
3 studies which reported major events requiring intervention (Liu
et al,5 Ueda et al,14 and Nabi et al16). Thus, from this data POEM
appears to be a safe procedure in this technically difficult subset as
well.
As advanced achalasia cardia with sigmoid and/or megaesophagus is considered an end stage burnt out disease one would expect
the morphological alterations that take place to be permanent and
non-modifiable even with treatment. However, POEM has shown
promising results even in this parameter with morphological restoration by reducing the diameter of the esophageal body and increas-
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Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Unclear
Yes
No
Yes
Unclear

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes
Yes

Liu et al,5
2021

Were the 2 groups similar and recruited from the same population?
Were the exposures measured similarly to assign people to both exposed and unexposed groups?
Was the exposure measured in a valid and reliable way?
Were confounding factors identified?
Were strategies to deal with confounding factors stated?
Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)?
Were the outcomes measured in a valid and reliable way?
Was the follow-up time reported and sufficient to be long enough for outcomes to occur?
Was follow-up complete, and if not, were the reasons to loss to follow-up described and explored?
Were strategies to address incomplete follow-up utilized?
Was appropriate statistical analysis used?

Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes
Yes

Qiu et al,22
2021

Maruyama et al20

Yes

Yes
Yes

Lv et al,24
2016

Yes
Yes

Tang X et al,20
2015

Yes
Yes

Hu et al,18
2015

Criteria

B. Joanna Briggs Index for Critical Appraisal of Cohort Studies

Were there clear criteria for inclusion in the case series?
Was the condition measured in a standard, reliable way
for all participants included in the case series?
Were valid methods used for identification of the condition for all participants included in the case series?
Did the case series have consecutive inclusion of
participants?
Did the case series have complete inclusion of participants?
Was there clear reporting of the demographics of
the participants in the study?
Was there clear reporting of clinical information of
the participants?
Were the outcomes or follow-up results of cases clearly
reported?
Was there clear reporting of the presenting site(s)/
clinic(s) demographic information?
Was statistical analysis appropriate?

Criteria

A. Joanna Briggs Index for Critical Appraisal of Case Series

Table 3. Quality Assessment of Included Studies by Joanna Briggs Critical Appraisal Tool
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sigmoid and megaesophagus. We need appropriately powered randomized trials and long-term data to confirm the above findings.

Funnel plot based on clinical success (outcome)

0

Egger s test

Standard error

Intercept 0.835 (95% C.I. 0.69 to 2.36);
P-value 0.311

Supplementary Materials

0.5

Note: To access the supplementary table and figures mentioned
in this article, visit the online version of Journal of Neurogastroenterology and Motility at http://www.jnmjournal.org/, and at https://
doi.org/10.5056/jnm21122.
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Figure 5. Funnel plot showing no publication bias with quantitative

analysis by Egger’s test showing no asymmetry in the plot.

ing the diameter of esophagogastric junction opening, and also widening the angulations from acute to more obtuse angles as shown in
3 of the included studies.14,15,20 However, the study by Nabi et al16
involving 32 patients has shown that there is deterioration of both
symptom score (ES) and free flow of barium at > 1 year of followup, suggesting the need of close watch in this subset of patients.
The strengths of this metanalysis are good number of studies
(n = 11) and sample (n = 428) given the uncommon presentation
of this subset. Also, the main outcomes, viz, clinical and technical success did not show any heterogeneity. We also conducted
subgroup analysis for sigmoid and megaesophagus along with the
analysis of the clinical success with follow-up < 1 year and between
1-3 years, thereby reducing the heterogeneity. We also performed
sensitivity analysis for data showing marked heterogeneity. The limitations of the metanalysis are retrospective study design of majority
of the included studies with the associated confounding factors. The
parameters (both subjective and objective) to assess the clinical efficacy post-POEM showed significant heterogeneity. The possible
reasons could be variation in the study design, outcome parameter
measurement as well as sample size between the different included
studies. Apart from these, the other important limitations include
variation in definition of sigmoid achalasia in different studies, variability in the reporting of adverse events, and variable follow-up
periods as low as 2 months in some studies.

Conclusion
Based on the results of this metanalysis, POEM appears to be
an effective modality of treatment for advanced achalasia cardia with
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Fecal microbiota transplantation (FMT) is a highly efficacious and safe modality for the treatment of recurrent or refractory
Clostridioides difficile infection (CDI), with overall success rates of 90%. Thus, FMT has been widely used for 10 years. The incidence
and clinical characteristics of CDI, the main indication for FMT, differ between countries. To date, several guidelines have been
published. However, most of them were published in Western countries and therefore cannot represent the Korean national healthcare
systems. One of the barriers to performing FMT is a lack of national guidelines. Accordingly, multidisciplinary experts in this field have
developed practical guidelines for FMT. The purpose of these guidelines is to aid physicians performing FMT, which can be adapted to
treat CDI and other conditions.
(J Neurogastroenterol Motil 2022;28:28-42)
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Introduction
Fecal microbiota transplantation (FMT) is a highly efficacious and safe modality for the treatment of recurrent or refractory
Clostridioides difficile infection (CDI), with overall success rates of
90%.1 With the great success of FMT for CDI and the development of next-generation sequencing, FMT has been tested for a
range of other diseases including metabolic and gastrointestinal (GI)
diseases such as irritable bowel syndrome (IBS) and inflammatory
bowel disease (IBD), and several guidelines have been published.2-6
Although FMT has been tried for non-CDI diseases, the methods
and results are mixed. While previous guidelines focused on FMT
for the treatment of CDI, both disease prevalence and healthcare
systems are heterogenous across countries. Korean FMT guidelines
are needed because the lack of national guidelines is one of the major hurdles for FMT. In the guidelines developed here, we focus on
the practical aspects of FMT, rather than on indication and basis.

Methods
Direction
The process of FMT includes donor screening, production of
stool material, and delivery. Therefore, multidisciplinary expertise
is involved in the development of these guidelines. Members of the
Gut Microbiota and Therapy Research Group of the Korean Society of Neurogastroenterology and Motility (KSNM) are mainly
involved in developing these guidelines. Multi-academic societies,
including the Korean Society of Gastroenterology, the Korean Society of Infectious Diseases, and the Korean Society for Laboratory
Medicine, participated as well. The working group consisted of 11

gastroenterologists, 1 professor of infectious diseases, 1 professor of
laboratory medicine, and 1 methodologist invited from the National
Evidence-based Healthcare Collaborating Agency. Six workshops
were held for all working participants. The first meeting took place
on July 31, 2019. After the outbreak of the novel coronavirus disease 2019 (COVID-19), 4 of the 6 meetings were held online.

Development Process
The working group decided to follow the adaptation method
for guidelines development. Seven guidelines were assessed for
suitability for adaptation using the Korean Appraisal of Guidelines
for Research and Evaluation II.7 After rigorous review, 5 guidelines were included for adaptation (Table 1).2-6 For recent articles,
MEDLINE, Embase, and Web of Science were searched for
literature that were published after the reference guidelines between
January 2017 and September 2020. Human clinical trials were
mainly extracted. For quality assessment, the RoB 1.0 and RoBANS 2.0 tools were used for randomized controlled trials (RCTs)
and observational studies, respectively.8 Efficacy and safety should
be considered together for the practical aspects of FMT. Optimal
FMT practice should be done to increase efficacy and minimize
adverse events (AEs). For CDI, the efficacy of the first FMT was
reported to be about 80%. The overall efficacy of FMT can be increased by the performance of multiple FMTs.9,10 However, this is
accompanied by increased medical costs, inconvenience for the patient, and the possibility of AEs. Therefore, physicians should try to
enhance the success rate of the first FMT. Since FMT has become
widespread for various indications, several fatal AEs have been
reported to date regarding endoscopy-related complications and
infectious complications. We emphasize the safety issue of FMT in
these guidelines. Case reports or conference abstracts were included
regarding fatalities in cases of FMT.

Table 1. Selected Guidelines for Adaptation

Author
Cammarota et al2
Mullish et al3

Cammarota et al4
Ng et al5
Haifer et al6

Title

Country

Journal

Year

European consensus conference on fecal microbiota transplantation in clinical practice
The use of fecal microbiota transplant as treatment for recurrent or refractory
Clostridium difficile infection and other potential indications: joint British Society of
Gastroenterology and Healthcare Infection Society guidelines
International consensus conference on stool banking for fecal microbiota
transplantation in clinical practice
Scientific frontiers in fecal microbiota transplantation: joint document of Asia-Pacific
Association of Gastroenterology and Asia-Pacific Society for Digestive Endoscopy
Australian consensus statements for the regulation, production and use of fecal
microbiota transplantation in clinical practice

Europe
United Kingdom

Gut
Gut

2017
2018

International

Gut

2019

Asia-Pacific

Gut

2020

Australia

Gut

2020
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The guidelines and article assessments were performed by 2
independent members. In total, 103 articles were selected for the
resulting guideline. The working group formulated 18 statements
regarding methodology for FMT according to the quality of evidence and grade of recommendation (Table 2). Because there are
few experts in this topic, the Delphi method was not adopted. Instead, grade of recommendation was formulated through voting by
members of the working group.

Fecal Microbiota Transplantation Indications
Statement 1: Fecal microbiota transplantation is recommended for patients with recurrent Clostridioides
difficile infection who have had at least 2 recurrences
and can be considered in patients with refractory or
severe Clostridioides difficile infection.
(Strong recommendation, high quality of evidence)
Guidelines from the American College of Gastroenterology in
2013 and Infectious Diseases Society of America and Society for
Healthcare Epidemiology of America in 2018 recommend FMT
for patients with second or subsequent recurrences of CDI who
have failed appropriate antibiotic therapy.11,12 In Europe and Australia, guidelines or consensus statements strongly recommend FMT
for the treatment of multiple recurrent CDI, and recommend
FMT for refractory or severe CDI not responding to conventional
antibiotic treatment.2-4,6 We recommend FMT for recurrent CDI
of at least 2 episodes. For refractory or severe CDI, FMT can be
considered at the physician’s discretion. To date, reports of efficacy
of FMT for non-CDI diseases are mixed. When FMT is conducted for non-CDI diseases, it should be performed under regulation or for the purposes of a clinical trial.

Inflammatory Bowel Disease
Statement 2: When fecal microbiota transplantation
is performed in patients with inflammatory bowel
disease, either for Clostridioides difficile infection or
IBD treatment, a warning of inflammatory bowel disease flare should be issued.
(Strong recommendation, high quality of evidence)
IBD is a chronic and intractable intestinal disorder. Although
the causal relationship has yet to be determined, dysbiosis has been
proved in patients with IBD. FMT has been tried in patients
with IBD for the treatment of CDI or IBD itself.13-16 A recent
population-based study reported that patients with underlying IBD
had a 4.8-fold higher risk of developing CDI than individuals without IBD. The risk of CDI in IBD patients is especially increased
among young patients and within the first year of diagnosis.17 A
systematic review reported that the mortality of CDI was higher in
IBD patients compared with non-IBD patients (odds ratio [OR],
4.39; 95% confidence interval [CI], 3.56-5.42; I 2 = 93%).18 Studies suggest that FMT is an effective option for the treatment of
CDI in patients with underlying IBD. A recent systematic review
of 9 cohort studies reported that the initial cure rate was 81%, and
that the overall cure rate after repeated FMT infusions was 89%,
suggesting that FMT is an effective treatment for recurrent CDI
in individuals with underlying IBD.19 A cohort study including 272
patients undergoing FMT for recurrent CDI showed that FMT is
less effective for treating recurrent CDI in IBD patients compared
with those without IBD (74.4% vs 92.1%, P = 0.018).20
Some patients with IBD have been reported to have disease
flare after FMT. A large retrospective cohort study, including 67
patients, showed that a minority of patients (13%) had worsening

Table 2. Strength of Recommendation and Quality of Evidence

Strength of recommendation
Strong
Conditional

Position
Most patients should receive the recommended course of action.
Different choices would be appropriate for different patients.

Quality of evidence
High

Definition
We are very confident that the true effect lies close to the estimate of the effect.

Moderate
Low
Very low

30

We are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of effect,
but there is a possibility that it is substantially different.
Our confidence in the estimate is limited. The true effect may be substantially different from the estimate of effect.
We have very little confidence in the effect estimate. The true effect is likely to be substantially different from the
estimate of effect.

Journal of Neurogastroenterology and Motility

Korean FMT Guidelines

of disease.21 A systematic review, including 29 studies of 514 IBD
patients, reported a pooled rate of IBD flare after FMT of 14.9%.22
In subgroup analysis, the rate of FMT flare was 22.7% (95% CI,
13-36%) in patients with CDI together with IBD, and 11.1% (95%
CI, 7-17%) in patients with IBD alone. The results of a prospective
study may be different from those of retrospective studies. A recent
prospective multicenter study including 50 patients reported that
disease activity in IBD after FMT was improved in 33 (67%), no
change in 15 (31%), and de novo flare in 1 (2%), suggesting that
IBD outcomes after FMT are better than reported in retrospective
studies.23 Physicians should be aware of a possibility of IBD flare
after FMT, and patients should be informed of this risk.

Donor Screening
Statement 3: Stool donors should be assessed for general health status and gastrointestinal conditions by
clinical assessment, and serological and fecal tests.
(Strong recommendation, low quality of evidence)
Statement 4: Stool donors should repeatedly undergo
the same clinical assessment, and serological and fecal
tests every 2-3 months.
(Conditional recommendation, low quality of evidence)
Donor screening is one of the most important steps for FMT.
Stool can be obtained from a patient’s related donor or an unrelated
donor (universal healthy donor). All donors should be approved for
stool donation and this process should be done voluntarily. Donor
candidates should be fully informed of the benefits and harms of
the donation and complete a written consent form. Donor’s infectious, metabolic, and other pathologic conditions can be transferred
to recipients. Therefore, a screening process including a clinical
assessment, and serological and fecal tests should be carried out.
Establishment of a non-profit stool bank has contributed to the
standardization of donor screening. In 2019, international guideline
regarding donor screening was published.4 It is important to note
that endemic diseases differ among countries. Tests for endemic
diseases that are specific to a region should be included along with
common items for donor screening. High-risk countries include
regions at high risk of communicable disease/traveler’s diarrhea
(eg, South Asia, Africa, and the Middle East) and CreutzfeldtJakob disease (United Kingdom and Europe). In Korea, where the
prevalence of gastric cancer is high, donors should be screened for
Helicobacter pylori infection. Donors with a recent travel history

to a specific region should be screened for region-specific endemic
diseases.
The first step toward donor screening is an interview for suitability for donation. Three key issues regarding the selection of
potential donors are as follows: (1) known history or risk factors for
infectious diseases, (2) disorders potentially associated with perturbation of gut microbiota, and (3) drugs that can alter gut microbiota. A questionnaire includes demographic characteristics, medical
condition, and recent travel history. The donor screening process,
which was carried out in a single Korean center showed that 74% of
candidates were excluded based on this questionnaire,24 which was
similar to data presented by other countries.25,26 The questionnaire
should be administered during screening and on the day of stool
donation.2,4 Even individuals who passed screening cannot donate
their stool if newly developed conditions are revealed by the questionnaire on the day of stool collection. The items for questionnaire
and laboratory tests are summarized in Tables 3 and 4, respectively.
Age is one of the most important risk factors for colorectal cancer.
Therefore, stool donation is recommended from young individuals aged < 45 years. For donors aged 45 years or above, absence
of colorectal cancer should be confirmed by colonoscopy within 3
years of stool donation. Recently, young age onset colorectal cancer
comprised up to 10% of total colorectal cancers in Korea. Colonoscopy might be done optionally for young donors aged < 45 years.
Although colonoscopy can detect undetected colorectal diseases as
well as colorectal cancer, medical cost for donor screening should be
considered. To date, transmission of colorectal cancer from donor to
FMT recipient was not reported worldwide. Tests for transmissible
infectious diseases should be included in stool and blood tests. In
stool tests, the United States (US) Food and Drug Administration
(FDA) recommends additional screening against multidrug-resistant organisms (MDRO), because 2 previous case reports showed
FMT-associated extended-spectrum beta-lactamases (ESBL)producing Escherichia coli bacteremia.27 Therefore, screening for
MDRO was added to other viral, parasitic, and bacterial tests. In a
Korean study, only 19% of the initial donor candidate pool qualified
as FMT donors after completion of overall screening.24 Although
the sample size of this report is much smaller than that of other
countries,25,26 the results for suitability were acceptable. OpenBiome
(Boston, MA, USA) reported that the pass rate of stool donation
was only 3% among 15 317 eligible candidates.25 In consideration
of the extremely low rate of qualification for stool donation, international guidelines for stool banking have reported simplified general
blood tests.4
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Preparation for Successful Fecal Microbiota
Transplantation Delivery
Antibiotic Discontinuation
Statement 5: We suggest that fecal microbiota transplantation recipients with Clostridioides difficile infection discontinue their antibiotics at least 24 hours
before administration of fecal microbiota transplantation.
(Conditional recommendation, low quality of evidence)
The ultimate goal of FMT is to restore the normal microbiome
of the recipients’ intestine using healthy donors’ stools. Regardless
of the type of antibiotics, all antibiotics may adversely affect the
FMT material. Therefore, most studies reported a washout period
between completing antibiotics and administration of FMT. The
duration of the washout period varied from study to study. The
shortest and longest durations were 4 hours28 and 3 days,29 respectively. The majority of studies advocated 24 hours.30-33 If possible,
we recommend discontinuation of antibiotics for CDI and anti-

CDI antibiotics (metronidazole or vancomycin) at least 24 hours
before administration of FMT. However, FMT is not a perfect
treatment option for CDI.1,10 Considering FMT failure, it is challenging for physicians to cease anti-CDI antibiotics, especially for
severe or fulminant CDI.34 Also, antimicrobial treatment can be
continued when primary infectious diseases were not resolved.

Bowel Lavage
Statement 6: We suggest bowel lavage before administration of fecal microbiota transplantation. The benefits of bowel lavage should be balanced against the
problems faced by patients with swallowing difficulty
or at high risk of aspiration.
(Conditional recommendation, low quality of evidence)
When FMT is performed through colonoscopy, bowel lavage
is essential. In addition to facilitating cecal intubation by removing
solid material, pre-FMT bowel lavage may have several advantages
such as eliminating residual antibiotics, C. difficile toxin, spores, and
vegetative cells.35,36 Bowel lavage may facilitate both engraftment of
transplanted microorganisms and safe FMT procedures.3 In a meta-analysis, poor bowel preparation was an independent risk factor

Table 3. Clinical Assessment for Donor Candidates

General questions
- Date of birth
- Gender (pregnancy status if female)
- Height and weight
- Logistrics
Questions associated with infectious/transmissible diseases
- High-risk sexual behavior
- Recent travel history to high-risk countries
- Infectious disease risk (piercing, tattoos, and imprisonment)
- Any relationship with a person with a transmittable disease
GI-related questions
- Recent GI symptoms or disease
- Atopic syndrome, asthma, and allergies
- Autoimmune disease
- Chronic pain
- Mental health condition (depression, ADHD/ADD, anxiety)
- Neurologic disease (eg, Alzheimer’s and Parkinson’s)
- Medical history (surgery, malignancy, and other diagnoses)
- Restrictive diet or eating disorder
- Family history (GI disorder and colon cancer)
- Medication or supplement use within three months (eg, antibiotic, antifungal, antiviral, prescription medicine, and herbal medicine)
GI, gastrointestinal; ADHD, attention deficit and hyperactivity disorder; ADD, attention deficit disorder.
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Table 4. Serologic Screening and Stool Test for Donor Candidates

Serological screening
Viral tests
- Hepatitis A virus IgM
- Hepatitis B virus surface antigen
- Hepatitis C virus antibody
- HIV I and II
- Epstein-Barr virus (IgG and IgM)
- Cytomegalovirus (IgG and IgM)
Parasitic test: not applicable
Bacterial test
- Syphilis reagin test
Other blood tests
- Routine chemistrya
- Amylase/lipase
- C-reactive protein
- LDL/HDL cholesterol
- Triglyceride
- Antinuclear antibody test
- Erythrocyte sedimentation rate
- Insulin
- Complete blood count
- Platelet count
Stool tests
Viral tests
- Viruses associated with diarrhea (RT-PCR): Rotavirus, Norovirus, Adenovirus, Astrovirus
Parasitic tests
- Parasites and ova (multiplex PCR): Ascaris lumbricoides, Cryptosporidium parvum/hominis, Ancylostoma duodenale, Necator americanus,
Strongyloides stercoralis, Giardia lamblia, Entamoeba histolytica, Trichuris trichiura, Clonorchis sinensis, Diphyllobothrium latum,
Blastocystis hominis
Bacterial tests
- Helicobacter pylori (nested PCR)
- Bacteria associated with diarrhea (PCR): Salmonella spp., Shigella spp., Vibrio spp. Campylobacter spp. (C. jejuni, C. coli ),
Yersinia enterocolitica, and Aeromonas spp.
- Multidrug-resistant bacteria: MRSA (Cx), CRE (Cx + PCR), VRE (Cx + PCR), and ESBL-producing Enterobacteriaceae (Cx)
Additional fecal tests
- Fecal white blood cell
- Occult blood
Additional tests
Chest (posteroanterior) radiography
COVID-19 tests (only for pandemic period)
- Nasopharyngeal swab
- Serology for SARS-CoV-2
- Stool testing for SARS-CoV-2
a

Routine chemistry tests include tests for calcium, inorganic phosphate, glucose, blood urea nitrogen, creatinine, uric acid, total cholesterol, total protein, albumin,
alkaline phosphatase, aspartate transaminase, alanine aminotransferase, serum glutamate-pyruvate transaminase, and total bilirubin.
HIV, human immunodeficiency virus; LDL, low density lipoprotein; HDL, high density lipoprotein; RT-PCR, reverse transcription polymerase chain reaction;
PCR, polymerase chain reaction; MRSA, methicillin-resistant Staphylococcus aureus; Cx, culture; CRE, carbapenem-resistant Enterobacteriaceae; VRE, vancomycin-resistant enterococci; ESBL, extended spectrum β-lactamase; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; COVID-19, coronavirus disease
2019.
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for FMT failure.37 Therefore, bowel lavage was performed before
FMT using the upper GI tract route, including oral capsules.30,38-40
Bowel lavage carries a risk of vomiting and aspiration and may be
exempted for patients with high risk of aspiration.41 Adoption of
bowel lavage should be conducted with caution for patients at high
risk of aspiration such as those with (1) swallowing difficulty, (2)
ileus, or (3) bedridden status. The benefits of bowel lavage should
be weighed against the risks associated with high-risk groups. For
safety, polyethylene glycol is recommended for bowel lavage before
FMT.

Factors Related to Fecal Microbiota Transplantation Procedure
Stool Amount
Statement 7: We recommend at least 30-50 g of stool
for fecal microbiota transplantation.
(Conditional recommendation, low quality of evidence)
There is limited information to determine the sufficient stool
amount for FMT. In a recent systematic review including 168
studies, the infused stool mass ranged from 25 g to 300 g.9 The
optimal amount of stool differs among guidelines: 50 g for the British guideline;3 30 g for the European guideline.2 The most recently
published guideline on stool banking recommends at least 25 g
based on the experience of OpenBiome.4
The British guideline recommends using > 50 g of stool in
each FMT preparation based on the finding that the relapse rate
after FMT was 4-fold higher when less than 50 g of stool was administered (4% vs, 1% for ≥ 50 g).3,42 A recent meta-analysis also
confirmed that a fecal amount ≤ 50 g was associated with lower
efficacy rates after a single infusion in recurrent CDI.43 Therefore,
it is important to provide a sufficient biomass to restore a healthy
microbiota, either by increasing the stool amount in each session,
or repeating infusion. In addition, there is wide variability in the
microbial content of stool samples between individuals and between
different donations, and the stool weight is an imperfect measure of
microbiota quantity.44 The development of a more objective measure of microbial richness and diversity could be more helpful than
setting a specific amount. Regarding stool amount, only 1 study
compared the efficacy of FMT between a higher amount and a
lower amount of stool. For FMT in patients with IBS, 60 g of stool
showed better efficacy compared with 30 g.45
With advancement of stool processing, the quantity of fecal
34

suspension may be decreased while preserving the same quantity
of stool. The quantity of stool suspension differed among studies.
In the first experience of frozen stool, the quantity of fecal suspension presented was 220-240 mL, which contained 50 g of stool.46
In a Korean stool bank (Microbiotics, Seoul, Korea), 125 mL of
fecal suspension contained 50 g of stool. In terms of efficacy, the
required quantity of stool for FMT should be at least 30-50 g. The
stool quantity and method of FMT were heterogenous in studies
on FMT for non-CDI. Therefore, it is challenging to define the
optimal quantity of stool for non-CDI FMT. The quantity of fecal
suspension should be restricted, especially for FMT via the upper
GI route. Infusion of a larger volume carries the risk of regurgitation or aspiration for upper GI tract infusions.47 The volume of
fecal suspension should not exceed 250-300 mL for upper GI infusions. For lower GI tract infusions, a larger-volume infusion may
not be related to AEs. Early evacuation of fecal suspension may
cause FMT failure or unintended spillage, which is an unpleasant
experience for recipients. Antiemetics for upper GI tract infusion
and loperamide for colonoscopic infusion may be helpful.

Stool Formulation
Statement 8: If available, we recommend use of frozen stool for fecal microbiota transplantation, which
is manufactured from a stool bank or specialized institute.
(Strong recommendation, high quality of evidence)
Statement 9: Fresh stool, which was rigorously screened,
can be used for fecal microbiota transplantation.
(Strong recommendation, high quality of evidence)
Statement 10: A capsular product can be used for fecal
microbiota transplantation for individuals without
swallowing difficulties.
(Strong recommendation, high quality of evidence)
In the developmental stage of FMT, fresh stool was used for
FMT within 6-24 hours of evacuation. In 2012, Hamilton et al46
reported the process of manufacture and efficacy of frozen stool. In
the US, frozen stool from a non-profit stool bank is the most commonly used formulation at the moment.48 Recently some novel stool
formulations have been developed and investigated.49 However, the
methods to manufacture these novel formulations are mixed and
the efficacy of different formulations should be better investigated.
Therefore, we focused on comparing the efficacy between frozen
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Frozen
Fresh
Odds ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI
25 16.3%
25
24
20
Jiang 2017
0.09 [0.00,1.76]
87 74.9%
54
91
57
Lee 2016
1.02 [0.56, 1.88]
6.1%
22
18
21
19
Mathew 2012
2.11 [0.34, 12.97]
2.7%
15
14
23
22
Satokari 2015
1.57 [0.09, 27.21]
149 100.0%
159
Total (95% CI)
111
118
Total events
2
2
Heterogeneity: Chi = 3.34, df = 3 (P = 0.34); I = 10%
Test for overall effect: Z = 0.18 (P = 0.86)

Odds ratio
M-H, fixed, 95% CI

Risk of bias
ABCDE F G

0.95 [0.56, 1.63]
0.01

0.1

1
10
Frozen Fresh

100

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias

Figure. Forest plot of studies comparing frozen stool with fresh stool for fecal microbiota transplantation. M-H, Mantel-Haenszel.

stool and fresh stool for CDI. We included studies that compared
frozen and fresh stool. Single-arm studies were not included for
analysis. Two RCTs and 2 retrospective studies were included for
meta-analysis.46,50-52 In total, 159 and 149 patients were included in
the frozen and fresh stool group, respectively. The success rate of
first FMT was 74.2% and 74.5% in the frozen and the fresh stool
group, respectively (OR, 0.95; 95% CI, 0.56-1.63; Figure).
Considering the unsavory aspect of preparing fecal material,
frozen stool provided by a certified stool bank is convenient for physicians because it makes the process of recruitment, screening of donor stool, and preparation of a fecal suspension unnecessary. Fresh
stool can also be used for FMT if the donor stool is rigorously
screened, and stool processing is done in accordance with standard
processing.
Capsule FMT is a promising formulation.40,53-55 Stool products
can be concentrated and prepared as capsules. Initially, capsules
contained concentrated liquid and were stored in a refrigerator.
Subsequently, lyophilized capsules were developed. Lyophilized
capsules can be stored at room temperature, which is more advantageous compared with liquid capsules. The feces can be more
concentrated after lyophilization. One capsule of 0.65 mL contains
1.6 g of stool.54,56 Currently, fresh, frozen, and capsular stool are
under investigation for CDI and non-CDI diseases. The resolution
of CDI with capsular FMT has been reported as 78-96%.40,51,56-58
One RCT showed a comparable rate of CDI resolution after single
FMT between capsule FMT and colonoscopic infusion (capsule,
96% [51/53] vs colonoscopy, 96% [50/52]).40 FMT may be performed without the assistance of a physician using capsular stool.
In terms of safety, no serious AEs has been reported, including

aspiration, to date. We recommend FMT capsules for those without swallowing difficulty. More studies are needed to evaluate the
efficacy of FMT treatment using capsule products.

Choice of Infusion Route
Statement 11: When possible, colonoscopic infusion
of fecal suspension into the right colon (terminal ileum or cecum) should be considered initially.
(Strong recommendation, high quality of evidence)
Statement 12: Fecal microbiota transplantation enema can be applied when fecal microbiota transplantation via colonoscopy is not clinically appropriate.
(Conditional recommendation, high quality of evidence)
Statement 13: Fecal microbiota transplantation via
upper gastrointestinal tract delivery can also be used
where clinically appropriate. Upper gastrointestinal
tract should be avoided for patients with high risk of
regurgitation or aspiration.
(Conditional recommendation, high quality of evidence)
Fecal delivery can be performed via upper and lower GI tract.
Upper GI tract delivery is infusion of donor stools through a gastroscope, nasogastric, nasojejunal, gastrostomy tube, or oral capsule.
Lower GI tract delivery is used in the administration of donor
stools via colonoscopy, sigmoidoscopy, or retention enema. Choice
of infusion route is very important during the FMT procedure. Efficacy and safety need to be considered together when adopting the
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infusion route. In a nationwide registry of the US, 85% (221/249)
of FMT was conducted using colonoscopy. Although the reason
for choosing the delivery method was not described in detail, the
results of this study provide evidence that colonoscopic infusion is
the preferred method for FMT.48
We recommend colonoscopic FMT as the preferred infusion
route. Several systematic reviews and meta-analyses have revealed
that the rate of successful FMT is significantly higher in patients
who received FMT via colonoscopy than other delivery methods.1,43,59,60 The most recently published meta-analysis reported that
the overall cure rate of colonoscopic FMT was 94.8%. In a brief
report from OpenBiome, FMT through colonoscopy showed better efficacy compared with the upper GI route.61 However, the stool
quantity of the 2 delivery routes differed. The provided stool quantity was higher when FMT was performed using colonoscopy than
that of the upper GI route. Researchers in the Netherlands pointed
out a limitation of the study and questioned the superiority of the
lower GI tract route.62 Efficacy of FMT is affected by infusion
route, bowel preparation, and quantity of stool. To date, there are
few studies comparing the efficacy of FMT according to infusion
route conducted under the same conditions.
It is recommended that the infusion site of the lower GI access
using colonoscopy is the right colon.2,3 Guidelines suggest that the
preferred location for delivery of FMT is the cecum or terminal ileum, as this procedure may give the highest efficacy. Moreover, the
ideal posture of a patient during FMT using colonoscopy has yet to
be elucidated. From an anatomical point of view, in order to increase
the retention time of fecal suspension in the intestine, it is estimated
that the right lateral decubitus posture is more advantageous than
the left decubitus posture during and after fecal infusion. For a severely inflamed colon, colonoscopic infusion should be avoided. In
such cases, upper GI tract (upper endoscopy or capsule) or, alternatively, the lower GI route (enema or sigmoidoscopic infusion) may
be chosen.
Although there is some evidence that FMT enema is less effective than FMT via colonoscopy,10,60 FMT enema has the practical
benefits of making FMT easily applicable, being less invasive than
colonoscopy, and allowing repeated FMT.50,63 Where fecal infusion
is performed using an enema, it is advised that the patient retains the
stool for at least 30 minutes after the fecal suspension infusion and
maintains a supine position to minimize bowel movement.2,50 A recent
meta-analysis reported that multiple infusion FMT showed a high
success rate,43 and thus repeated FMT enema can be considered.
Alternative delivery routes include nasoduodenal tube,64,65
upper GI endoscopy,30,41,45,66-68 and enteroscopy.47 When colono36

scopic infusion is not indicated, the upper GI route infusion can be
chosen. Patients should remain sitting for few hours after FMT.
FMT using the upper GI route may be performed with or without
endoscopy (nasogastric tube and nasoduodenal tube). In a patient
survey, nasogastric infusion was the most unappealing infusion
route for FMT.69 Endoscopic infusion may minimize patients’
unpleasant sensations more so than methods other than endoscopy.
Therefore, endoscopic infusion at duodenal second portion might
be recommended for FMT using upper GI route. Theoretically
FMT using oral capsule can be regarded as upper GI tract FMT.
As discussed above, capsular FMT is favorable among upper GI
tract FMT, especially for patients without swallowing difficulty.
However, capsular FMT has been regarded as different infusion
route, distinct from lower GI tract route or upper GI tract route.
The upper GI route is contraindicated for patients with frequent reflux, vomiting, or ileus. When selecting a specific delivery route, an
individualized approach is needed that considers both the patient’s
clinical condition and local expertise.

Safety of Fecal Microbiota Transplantation
Statement 14: Patients should be informed of possible
adverse events related to procedure and microbiota
transfer before fecal microbiota transplantation.
(Strong recommendation, low quality of evidence)
Statement 15: The overall risk of adverse events of
fecal microbiota transplantation via lower gastrointestinal tract seems to be lower than that of upper gastrointestinal tract.
(Conditional recommendation, moderate quality of evidence)
FMT has been reported to be safe for the treatment of recurrent CDI even in immunocompromised or organ transplantation
individuals.39,70,71 Serious AEs (SAEs) were observed in 3.2% of
cases, and there was no FMT-related bacteremia after solid organ
transplantation.71 In a cohort study including 7 CDI patients undergoing hematopoietic stem cell transplantation, FMT was effective (86% of cure rates) and safe.72 A systematic review including
303 immunocompromised patients with CDI showed that 87%
had resolution after the first FMT, with 93% treatment success
after multiple FMTs. Reported AEs included 2 FMT-non related
deaths, 2 colectomies, 5 bacteremias or infections, and 10 subsequent hospitalizations.73 In patients with liver cirrhosis undergoing
FMT, the cure rate of CDI was 86% (54/63 patients), and only 5
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possibly related SAEs occurred.74 A retrospective study from Israel
including 34 patients aged 60 years or older with at least 1 significant comorbidity showed a 90% clinical improvement with a few
SAEs including suspected aspirations, suggesting that FMT is efficacious and safe for elderly patients with underlying illness.75
Recently, some fatal AEs were reported and the safety of FMT
was questioned.76-78 Before FMT, physicians should discuss with
their patients or clinical trial participants the risks associated with
the procedure. The choice of delivery route needs to be based on the
specific clinical situation. AEs of FMT include procedure-related
complications and factors related to microbiota transfer.
AEs can be classified as short- or long-term according to the
interval between FMT and the occurrence of the AE. Short-term
AEs include abdominal pain, diarrhea, flatulence, transient fever,
and procedure-related AEs.78 A systematic review including 129
studies (4241 patients) from years 2000 to 2020 documented the
incidence of FMT-related AEs. The results showed that FMTrelated AEs were identified in 19% of FMT procedures. Commonly reported immediate AEs after FMT were GI complications,
including diarrhea (10%), abdominal discomfort/pain/cramping
(7%), nausea/vomiting (3%), and flatulence (3%). Most of these
symptoms were self-limiting and disappeared within a few days.
FMT-related SAEs, such as infections and deaths, were reported in
59 patients (1.4%). Of 5 deaths, 4 were definitely FMT-procedure
related, including 1 case of aspiration during sedation and 3 cases of
aspiration of the fecal suspension. One was probably FMT-related.79
The human gut microenvironment is regarded as an ecosystem. Therefore, transfer of donor microbiota may cause donor–
host reaction. Long-term safety or immunologic effects of FMT
are relatively uncertain, including the occurrence of latent infections
and diseases or conditions related to changes in gut microbiota. One
study reported the occurrence of peripheral neuropathy, Sjogren’s
disease, idiopathic thrombocytopenic purpura, and rheumatoid
arthritis.29 However, the relationship between FMT and these conditions is not clear. One study found that IBS developed in 4% of
patients after FMT.80 Observational studies have demonstrated that
FMT is relatively safe during long-term follow up.48,80
Transfer of pathogens is one of the serious concerns of FMT.
The FDA has reported 6 cases of transfer of E. coli from the donor.
Of these, 2 patients expired after FMT because of Shigatoxin-producing E. coli .27 The donor’s stool was not tested for these bacteria
at that time. The FDA has requested that testing for MDRO such
as carbapenem-resistant Enterobacteriaceae, vancomycin-resistant
enterococci, and ESBL producing Enterobacteriaceae should be
included in donor screening.81 Vigorous donor screening can mini-

mize the possibility of transfer of donor’s enteric pathogens. Even
so, all pathogens cannot be perfectly screened. Therefore, some
studies have investigated the efficacy of mixtures of purified bacterial strains, bacterial debris, or novel formulations.82,83
In terms of infusion route, nasal stuffiness, sore throat, rhinorrhea, and upper GI hemorrhage, were considered as definitely associated with upper GI routes of administration.76,84,85 In addition,
some of the common AEs after upper GI administration of FMT
are nausea and reflux.65,66 When performing FMT via the upper
GI tract, one of the main concerns is regurgitation of fecal suspension, which can lead to aspiration pneumonia, which in some cases
can be fatal.47,65,76,86 Abdominal discomfort, one of the most frequent
AEs associated with FMT, was reported in 29.9% (61/204) of
patients after FMT by the upper GI route. For the lower GI route,
13.0% (56/430) of patients developed abdominal discomfort after
FMT. The upper GI route was more likely to develop abdominal
discomfort compared with the lower GI route.87 The exact mechanism of higher incidence of abdominal discomfort for upper GI
infusion was not described. The small bowel is the longest part of
GI tract. Despite limited information of the ecosystem of the small
bowel, the diversity and density of microbiota in the small bowel
are lower than those of the colon.88 Large quantities of transferred
donor’s microbiota may cause small intestinal bacterial overgrowth
(SIBO) or adverse interactions between host and donor microbiota.
Some cases of SIBO were reported after FMT to date.89 SAEs also
have been reported regarding colonoscopic infusion. Bowel perforation was reported after colonoscopic delivery.90 Deaths related to
aspiration was also reported after FMT using colonoscopy.70 For
patients with high risk of aspiration, the decision to perform FMT
should be taken with caution.
Few studies have reported that both upper GI route and lower GI
route were safe, with low incidence of AEs.66,91 However, in a systematic review the rate of AEs was higher in the upper GI route than in
the lower GI tract infusion.79 Death related to FMT was reported in 5
cases. Of these, there was 1 case of mortality after colonoscopic infusion.

Follow-up After Fecal Microbiota Transplantation
Statement 16: All fecal microbiota transplantation
recipients are required to undergo follow-up in order
to assess treatment efficacy, disease recurrence, and
possible adverse events.
(Strong recommendation, high quality of evidence)
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Statement 17: The first week after fecal microbiota
transplantation is important to identify symptom resolution and short-term adverse events, especially in
patients with Clostridioides difficile infection.
(Strong recommendation, moderate quality of evidence)
Statement 18: The evaluation of primary outcome
should be performed at least 8 weeks after fecal microbiota transplantation.
(Strong recommendation, moderate quality of evidence)
Post-FMT follow-up is required to evaluate efficacy and AEs.
However, the follow-up duration and modality vary considerably between studies. The definition of cure in studies targeting
recurrent and/or refractory CDI is mostly resolution of symptoms
including reduction of stool frequency and improvement of stool
consistency, generally over a period of several days. However, outcome parameters including symptom-free days, recurrence of CDI,
and AEs have been assessed for more than 8 weeks. The first week
after FMT is important to identify short-term AEs and resolution
of CDI. In studies selected by our committee, 2 studies, including
an RCT, defined primary outcome as a progressive reduction in
diarrhea and clinical improvement within 1 week after FMT in
patients with CDI.92,93 In other studies, the short-term duration of
follow-up ranged between 2 weeks and 1 month.71,91,94 When FMT
is conducted for CDI, symptom resolution was achieved within 1
week of FMT.30,95,96 In cases of primary non-response to FMT,
repeated FMT may increase the overall cure rate.10 Therefore, repeated FMT or rescue therapy, such as oral vancomycin, should be
considered at 1 week after FMT for non-response to FMT. When
FMT is performed other than for CDI, the primary endpoint may
differ among studies. Short-term AEs should be followed at 1 week
after FMT.
Symptoms and recurrence of CDI, and AEs after FMT
should be monitored over 2 months. The most common followup period of primary outcome in CDI studies was about 2
months.51,64,97,98 The studies defined the primary endpoint as clinical
resolution and/or absence of CDI recurrence. Early relapse after
resolution of CDI is related to residual toxin from C. difficile . Some
studies followed the patients up to 3 months.38,40,50,99 Other studies
used 13 weeks,50 120 days,100 and 6 months.101,102 The British guideline recommends that all FMT recipients should be monitored
for at least 8 weeks in total to fully establish efficacy and AEs.3 For
FMT other than for CDI, the primary outcome will be followed
until a predefined period.
38

Fecal Microbiota Transplantation During
COVID-19 Pandemic
COVID-19 arising from the emergence and spread of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has rapidly progressed into a global pandemic. Emerging evidence shows
that SARS-CoV-2 RNA and/or SARS-CoV-2 virus may be found
in stools of infected individuals and viral RNA may remain positive
in stools even when viral RNA in the respiratory tract is no longer
detectable. These results suggest the possibility of transmission of
SARS-CoV-2 via a fecal-oral route.103,104 International expert panels
recommend that at least a nasopharyngeal swab and serology should
be considered in potential FMT donors.105 Another expert opinion
recommends that FMT should be delayed until COVID-19 is
better controlled and may be performed only in cases of fulminant
CDI without response to maximal combination therapy.106 Ng et
al107 reported that a single negative study for stool does not guarantee the absence of SARS-CoV-2, and that testing donors at different time points during the donation period is required. Further
research to develop a simple and effective method to find SARSCoV-2 in stool samples is necessary until herd immunity is reached
by COVID-19 vaccination. Screening for SARS-CoV-2 should be
considered in all donors and recipients if the pandemic persists.
In South Korea, there was an outbreak of Middle East Respiratory Syndrome in 2015. Widespread overseas travel can spread
any types of infectious diseases that are rare in Korea across the
country. During outbreaks of fatal infectious diseases, stool screening should be performed in a strict manner and FMT may be better performed on a limited basis.

Conclusion
In this guideline, established by multidisciplinary academic
societies, we provide the best practice for FMT in terms of efficacy
and safety.
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Background/Aims
No screening test for esophageal motility disorder (EMD) has been established, the objective of this study is to examine the potential
usefulness of our newly developed “Onigiri esophagography” combined with an obstruction level (OL) classification system in
screening for EMD.
Methods
A total of 102 patients with suspected EMDs who underwent both high-resolution manometry (HRM) and Onigiri esophagography
between April 2017 and January 2019 were examined. The EMD diagnosis was performed based on the Chicago classification
version 3.0 by HRM. Onigiri esophagography was performed using a liquid medium (barium sulfate) followed by a solid medium,
which consisted of an Onigiri (a Japanese rice ball) with barium powder. The extent of medium obstruction was assessed by the OL
classification, which was defined in a stepwise fashion from OL0 (no obstruction) to OL4 (severe obstruction).
Results
The patients with OL0 (32.3%), OL1 (50.0%), OL2 (88.0%), OL3 (100.0%), and OL4 (100.0%) were diagnosed EMDs by HRM. The
area under the curve, as determined by a receiver operating characteristic analysis, for the OL classification was 0.86. Using the cutoff
value of OL1, the sensitivity and specificity were 87.3% and 61.3%, respectively, while using a cutoff value of OL2, the sensitivity and
specificity were 73.2% and 90.3%, respectively.
Conclusion
In conclusion, Onigiri esophagography combined with the OL classification system can be used as a screening test for EMDs with a
cutoff value of OL1.
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Introduction

Materials and Methods

Meal intake, which is initiated by the swallowing of food,
is critical to life. Esophageal motility is responsible for the third
phase of swallowing, and major dysfunction of esophageal motility is referred to as esophageal motility disorder (EMD), which
is characterized by difficulty in swallowing, chest pain, and reflux
symptoms.1 The recent development of high-resolution manometry
(HRM), together with the Chicago classification (CC) version 3.0
(v3.0), has allowed us to establish a diagnostic system for EMDs.2
Although it is clear that HRM together with CC v3.0 is the
gold standard for the diagnosis of EMDs, it cannot be applied to
patients widely or globally in general clinical practice, as HRM
systems are costly to install and maintain.3,4 Thus, certain diagnostic
tools for screening EMDs are required. It was reported that the
conventionally-performed barium esophagography is useful for
detecting EMDs by evaluating the extent of esophageal obstruction
in relation to fluids.5,6 However, all the EMDs other than the most
severe EMD, namely achalasia does not usually cause stagnation
of liquid barium. The sensitivity and specificity of esophagography
using liquid barium in screening for EMDs were not sufficient.7,8
In this study, we propose a new diagnostic method; “Onigiri
esophagography” combined with an obstruction level (OL) classification system as a screening test for EMD. Onigiri is a Japanese
rice ball, which, when combined with barium powder, was used as
a solid medium for esophagography. The OL classification system
is our newly proposed index of liquid and solid obstruction. The
objective of this study is to determine the usefulness of Onigiri
esophagography combined with the OL classification system in
screening for EMDs.

A

Patients and Methods
Both HRM and Onigiri esophagography were applied to patients with suspected esophageal motility disorders due to the presence of persistent symptoms, including heartburn, chest pain, chest
discomfort, and dysphagia, which were refractory to proton pump
inhibitors, despite normal esophagus esophagogastroduodenoscopy
results at Kyushu University Hospital. Between April 2017 and
January 2019, a total of 106 patients with suspected EMDs were
enrolled in this study (Fig. 1A). Four cases with extramural compression to a level of ≤ 5 in the short axis of the esophagus were
excluded. As a result, 102 patients were analyzed in this study. The
Eckardt score9 was obtained for each patient using a questionnaire.
This research complied with the guidelines for human studies and
should include evidence that the research was conducted ethically
in accordance with the World Medical Association Declaration of
Helsinki. The subjects in this study gave their written informed
consent and this study protocol was approved by Kyushu University
Hospital’s committee on human research (29-35).

The Onigiri Esophagography Protocol
Onigiri esophagography was performed and the OL classification was defined as follows, with the procedures performed without
the use of any antispasmodic agents. The evaluation of passage
through the esophagus was defined as complete esophageal emptying within 10 seconds after swallowing. The patients were asked
to swallow 10 mL of barium sulfate (100 w/v%; Barytester A240;
FUSHIMI Pharmaceutical Co, Kagawa, Japan) in an upright
position. Esophagography was performed in the right anterior and
posterior oblique view to visualize the passage of medium using a
fluoroscope (DREX-ULT80/07; Toshiba, Tokyo, Japan). When
liquid barium sulfate remained in the esophagus, forming the air

B

Esophageal symptom
(EGD normal)
n = 106
Barium esophagography

Extramural compression
n=4

Onigiri esophagography
+
High-resolusion manometry
n = 102
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Figure 1. A flow chart of this study (A)
and a 10 g Onigiri with barium powder
(B). Barium powder was attached exclusively to the surface of the Onigiri. The
bar indicates 2 cm. EGD, esophagogastroduodenoscopy.

Onigiri Esophagography for Esophageal Motility Disorders

fluid level, the condition was defined as OL4 (Fig. 2B). When the
successful passage of barium medium was obtained (Fig. 2A), the
patient underwent the next procedure using the solid contents of an
Onigiri with barium powder. The patient was asked to chew a 10-g
Onigiri with barium powder 15 times (Fig. 1B) and then swallow.
When solid contents passed successfully into the stomach without
any further action, it was defined as OL0 (Fig. 2C). When the
solid contents remained in the esophagus, the patient was asked to
first perform a dry swallow several times and, if required, to swallow
10 mL of barium. OL1 was defined as successful passage of the
remaining solid contents obtained by the dry swallow (Fig. 2D),
and OL2 was defined as successful passage obtained by swallowing
10 mL of liquid barium (Fig. 2E). Finally, OL3 was defined by the
solid contents remaining in the esophagus after the swallowing of
10 mL of liquid barium (Fig. 2F). The abovementioned procedure

was decided by the agreement of 3 gastrointestinal (GI) experts. If
their opinions differed, it was decided through discussion, and it
was repeated 3 times to determine the final OL level of the patient
to be more frequent results. If the final OL level was not determined within 3 evaluations, further evaluations were added until the
final OL level was determined (Fig. 3A).

The Onigiri Esophagography Video Test
The inter-observer agreement of Onigiri esophagography
among the examinees was determined by calculating Fleiss’ kappa
coefficient (described later) using an Onigiri esophagography
video test, which was created from videos of the cases enrolled in
this study. Six examinees, including 3 GI experts who were Onigiri
esophagography examiners and 3 GI trainees who had never been
involved in Onigiri esophagography were enrolled. The Onigiri

Barium
Barium

A

B
Dry
swallow
Onigiri

Onigiri

C

D
Barium
swallow

Barium
swallow

Onigiri
Onigiri

E

F

Figure 2. Onigiri esophagography combined with the obstruction level (OL) classification system. (A, B) A representative esophagography series

with 10 mL of liquid barium for OL0, 1, 2, and 3 (A) and for OL4 (B) is shown. White arrow indicates the upper level of the swallowed liquid
barium. (C-F) A representative Onigiri esophagography series for OL0 (C), OL1 (D), OL2 (E), and OL3 (F) is shown. White arrows indicate
the upper level of swallowed barium with an Onigiri. Black arrows indicate the lower level of swallowed barium with an Onigiri.
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Figure 3. Onigiri esophagography combined with the obstruction level (OL) classification system as a screening test for esophageal motility disorders. (A) A flow chart of Onigiri esophagography to determine the OL classification score. (B) The proportion of esophageal motility disorders
(EMDs) in each OL classification. (C) The receiver operating characteristic analyses for the OL classification. AUC, area under the curve.

esophagography video test consisted of 4 patterns of video clips (n
= 40), which were necessary and sufficient to determine each obstruction level, including (1) swallowing 10 mL of liquid barium (n
= 10), (2) swallowing 10 g of Onigiri (n = 10), (3) additional dry
swallowing of the remaining Onigiri (n = 10), and (4) swallowing
of an additional 10 mL of liquid barium (n = 10) for the remaining Onigiri. The examinees were asked to judge if liquid barium or
Onigiri successfully passed through the esophagus.

The High-resolution Manometry Protocol
The esophageal motility function was assessed by HRM using
a Manoscan Z (Given Imaging, Los Angeles, CA, USA). HRM
was performed using a standardized protocol. In brief, the patients
were asked to perform 10 swallows of 5 mL of water in the supine
position.2 After the recording the basal condition without any swallows, the subjects were instructed to swallow as infrequently as possible and to breathe quietly and regularly. HRM data based on 10
swallows were analyzed using ManoView ESO 3.0 (Given Imag46

ing). The HRM diagnosis was performed based on the CC v3.0.2
The parameters of HRM are shown as the mean of 10 swallows.

Statistical Methods
All statistical analyses were performed using the JMP Pro
14.2.0 software program (SAS Institute, Cary, NC, USA). The
data were expressed as the median (interquartile range). Pearson’s
chi-squared test was used to analyze the categorical data, while
Mann-Whitney’s U test was used to analyze the continuous and
ordinal data. The relationship between different pairs was assessed
using Spearman’s rank correlation. Receiver operating characteristic
(ROC) analyses were conducted to identify a more accurate cutoff
point that could help identify the probability of EMD. ROC curves
were created by plotting the range of sensitivity and specificity pairs
for each participant’s EMD rate. A global assessment of the performance of the test was given performed based on the area under the
ROC curve. Fleiss’ kappa coefficient was calculated in the interobserver reliability test. The kappa value was expressed as κ (95%
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confidence interval), which was interpreted using the Landis’s scale
(values of 0.00-0.20 represent poor agreement, 0.21-0.40 represent
slight agreement, 0.41-0.60 represent moderate agreement, 0.600.80 represent substantial agreement, and 0.81-1.00 represent
almost perfect agreement).10 P -values of < 0.05 were considered to
indicate statistical significance.

Results
Clinical Characteristics of the Patients Enrolled in
This Study
The clinical characteristics of the patients enrolled in this study
are shown in Table. The median age, body mass index, and Eckardt
score were 61 (51.0-72.3) years, 21.8 (19.3-24.6) kg/m2, and 3 (25), respectively. The study population included 55 females and 47
males. Based on CC v3.0, the HRM studies indicated the following findings in the total study population of 102 patients: those with
achalasia (n = 15; type I/type II/type III: 1/11/3), esophagogastric
junction outflow obstruction (EGJOO; n = 22), absent contractility (n = 11), distal esophageal spasm (DES; n = 2), jackhammer
esophagus (n = 6), ineffective esophageal motility (IEM; n = 13),
fragmented peristalsis (n = 2), and normal HRM study results
(n = 31). No adverse events occurred in the 2 tests in this study.

Table. Summary of the 102 Patients Who Underwent High-resolu-

tion Manometry
Clinical characteristics

Median (IQR) or n

Age (yr)
Sex (female/male)
Body mass index (kg/m2)
Eckardt score
HRM diagnosis
Type I achalasia
Type II achalasia
Type III achalasia
EGJ outflow obstruction
Absent contractility
Distal esophageal spasm
Jackhammer esophagus
Ineffective esophageal motility
Fragmented peristalsis
Normal

61.0 (51.0-72.3)
55/47
21.8 (19.3-24.6)
3 (2-5)
1
11
3
22
11
2
6
13
2
31

The Proportion of Esophageal Motility Disorder
Diagnosis in Patients With Each Obstruction Level
Value
According to the results of Onigiri esophagography, the 102
patients were classified as follows OL0, n = 28; OL1, n = 19;
OL2, n = 25; OL3, n = 12; and OL4, n = 18. The patients with
OL0 (32.3%), OL1 (50.0%), OL2 (87.0%), OL3 (100.0%), and
OL4 (100.0%) were diagnosed with EMDs by the HRM studies;
that is, all the HRM diagnosis other than normal HRM study (Fig.
3B). The area under the curve, as determined by a ROC analysis,
for the OL classification was 0.86. Using the cutoff value of OL1,
the sensitivity and specificity were 87.3% and 61.3% while positive
and negative predictive values were 83.8% and 67.9%, respectively.
Using the cut off value of OL2, the sensitivity and specificity were
73.2% and 90.3% while positive and negative predictive values were
94.5% and 60.9%, respectively (Fig. 3C). The Eckardt scores for
OL0, OL1, OL2, OL3, and OL4 were 2.0 (1.0-4.0), 3.0 (2.0-5.0),
3.0 (2.0-4.5), 3.0 (2.0-5.5), and 5.0 (2.0-7.3), respectively.

The Obstruction Level Value of the Obstruction
Level Classification Correlated With the Eckardt
Score and Each High-resolution Manometry Metrics
The Eckardt scores for OL0, OL1, OL2, OL3, and OL4
were 2.0 (1.0-4.0), 3.0 (2.0-5.0), 3.0 (2.0-4.5), 3.0 (2.0-5.5), and
5.0 (2.0-7.3), respectively. There was a significant positive correlation between the OL value of the OL classification and the Eckardt
score (Spearman ρ = 0.24, P < 0.05) (Fig. 4A). As for HRM
metrics, there was a significant positive correlation between the OL
value of the OL classification and the integrated relaxation pressure
(Spearman ρ = 0.35, P < 0.01) (Fig. 4B). In contrast, there was
a negative correlation between the OL value of the OL classification and distal contractile integral (n = 91, Spearman ρ = −0.40,
P < 0.01; Fig. 4C); patients with type 2 achalasia (n = 11) were
excluded from this analysis since distal contractile integral could not
be assessed in these patients. Furthermore, there was also a negative correlation between the OL value of the OL classification and
distal latency (n = 78, Spearman ρ = −0.30, P < 0.01; Fig. 4D);
patients with type I achalasia (n = 1), type II achalasia (n = 11), or
absent contractility (n = 11) were excluded from this analysis since
distal latency could not be assessed in these patients.

IQR, interquartile range; HRM, high-resolution manometry; EGJ, esophagogastric junction.
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(HRM) metrics. (A) A correlation between the OL value of the OL classification and the Eckardt score. (B-D) Correlations between the OL
value of the OL classification and the HRM metrics including integrated relaxation pressure (IRP) (B), DCI (distal contractile integral) (C), and
DL (distal latency) (D).
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tion level (OL) classification scores in
each esophageal motility disorder. EGJOO, esophagogastric junction outflow
obstruction; IEM, ineffective motility;
Absent C., absent contractility.
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The Proportion of Obstruction Level Classifications
in Patients With Each High-resolution Manometry
Diagnosis
Next, we examined the proportion of OL classification in
each HRM diagnosis (Fig. 5). Thirty-one patients with a normal
HRM study were classified as follows: OL0 (n = 19 [61.3%]),
OL1 (n = 9 [29.0%]), OL2 (n = 3 [9.7%]), OL3 (n = 0
[0.0%]), and OL4 (n = 0 [0.0%]). Six patients with jackhammer esophagus were classified as follows: OL0 (n = 2 [33.3%]),
OL1 (n = 2 [33.3%]), OL2 (n = 1 [16.7%]), OL3 (n = 1
[16.7%]), and OL4 (n = 0 [0.0%]). Twenty-two patients with
EGJOO were classified as follows OL0 (n = 5 [22.7%]), OL1
(n = 4 [18.2%]), OL2 (n = 7 [31.8%]), OL3 (n = 5 [22.7%]),
and OL4 (n = 1 [4.6%]). Thirteen patients with IEM were classified as follows: OL0 (n = 1 [7.7%]), OL1 (n = 2 [15.4%]),
OL2 (n = 7 [53.9%]), OL3 (n = 2 [15.4%]), and OL4 (n = 1
[7.7%]). Eleven patients with absent contractility were classified as
follows: OL0 (n = 1 [9.1%]), OL1 (n = 0 [0.0%]), OL2 (n =
4 [36.4%]), OL3 (n = 3 [27.3%]), and OL4 (n = 3 [27.3%]).
Finally, fifteen patients with achalasia were classified as follows;
OL0 (n = 0 [0.0%]), OL1 (n = 1 [6.7%]), OL2 (n = 1 [6.7%]),
OL3 (n = 0 [0.0%]), and OL4 (n = 13 [86.7%]), where both
patients with OL1 and OL2 were diagnosed with type III achalasia. Although the number of the patients with DES (n = 2) and
fragmented peristalsis (n = 2) was small, DES and fragmented
peristalsis both included 1 patient each with OL2 and OL3.

Results of the Onigiri Esophagography Video Test
Substantial agreement (κ = 0.77, 0.73-0.81) was obtained in
a total of 6 examinees, where the κ values for the 3 GI experts and
3 GI trainees were 0.87 (0.77-0.96, almost perfect agreement) and
0.77 (0.67-0.86, substantial agreement), respectively.
At least 1 examinee made a different judgment from the others in 10 of 40 video clips, which included (1) swallowing 5 mL of
liquid barium (n = 6), (2) swallowing 10 g of Onigiri (n = 0), (3)
additional dry swallowing of the remaining Onigiri (n = 2), and (4)
swallowing an additional 10 mL of liquid barium for the remaining Onigiri (n = 2). This means that complete agreement could be
obtained in the remaining 30 video clips.

Discussion
EMDs have a significant impact on society, since they reduce
not only quality of life and social labor productivity due to difficulty

in swallowing, chest pain and reflux symptoms,1,11-13 but can also
lead to life-threatening diseases, such as aspiration pneumonia.14 It
has been considerably difficult to detect and diagnose EMDs due
to the functional nature of these diseases.15 More recently, however,
based on HRM with CC v3.0, there have been major developments in the medical practice for EMDs. The major EMDs are
classified into achalasia, EGJOO, DES, jackhammer esophagus,
and absent contractility, among which EGJOO is a newly established concept of disorder defined as impaired lower esophageal
sphincter (LES) relaxation with intact esophageal body peristalsis,
while achalasia is characterized by both impaired LES relaxation
and esophageal body peristalsis.2,16 In addition to the major EMDs,
IEM and fragmented peristalsis are defined as minor EMDs, and
their real clinical significance and appropriate managements are still
under investigation.17,18 Despite the drastic development in diagnostic methods for EMD, in community healthcare, the medical
practice in relation to EMDs is still challenging, since HRM is not
usually available at local medical institutions. Thus, development of
simple screening tests for EMDs is required to facilitate the referral
of patients with suspected EMDs to specialists. For this purpose,
we have proposed Onigiri esophagography combined with the OL
classification system as a screening test for EMDs. There have been
several studies to evaluate EMDs using solid meals, however, most
of these were conducted in combination with HRM; they were
rarely conducted with esophagography. It has been shown that the
diagnostic sensitivity of HRM using a solid meal for EMDs was
high, compared to HRM using a liquid meal,19-21 indicating that
esophageal motility dysfunction was evoked by a solid meal more
frequently than by a liquid meal. These findings support the validity of Onigiri esophagography in the present study. As a result, in
this study, we demonstrated that Onigiri esophagography combined
with the OL classification system was a highly sensitive test with a
cutoff value of OL1 and a highly specific test with a cutoff value of
OL2. Importantly, the OL classification score of Onigiri esophagography was positively associated with esophageal symptoms.
One previous study examined the usefulness of liquid barium
esophagography as a screening test for EMDs in comparison to
HRM.7 The sensitivity and specificity of barium esophagography
in the detection of EMDs was 69.0% and 50.0%, respectively,
which was low.7 They concluded that barium esophagography was
useful in the assessment of anatomic abnormalities but is a poor
screening examination for the detection of EMDs. Another study
which only recruited patients with achalasia reported that the sensitivity of barium esophagography in the diagnosis of achalasia was
78.3%, which was still not enough.6 We have thought of the pos-
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sible usefulness of a solid meal, specifically the Onigiri. Recently,
a number of studies have been carried out to examine the usefulness of HRM using solid meals rather than a liquid medium, and
the Onigiri has been shown to be one of the best candidate solid
mediums.22-26 It seems that the viscosity and shape of the Onigiri
is appropriate for examining the esophageal motility function. Furthermore, one advantage of using an Onigiri—which remains to
be addressed—is that the viscosity and shape of the Onigiri can be
adjusted by adding a certain amount of barium liquid. As a result,
in comparison to previous studies using liquid barium esophagography, Onigiri esophagography with the OL classification system
could achieve high sensitivity (87.3%) with a cutoff value of OL1,
and high specificity (90.3%) with a cutoff value of OL2. Therefore, Onigiri esophagography with the OL classification system
and a cutoff value of OL1 can be used as a screening test to detect
EMDs in local medical institutions.
It is important to pursue the possibility of further improving
the sensitivity of Onigiri esophagography with the OL classification system. One factor that reduced the sensitivity for OL1 in this
study was that 33.3% of the patents with OL0 and 52.6% of the
patients with OL1 still had EMDs. The esophageal motility function consists of 2 major mechanisms: esophageal body peristalsis,
which is responsible for esophageal clearance, and basal LES contraction with transient relaxation during the swallowing action.27
Among the EMDs based on CC v3.0, esophageal body peristalsis
is retained in patients with EGJOO and is also retained in most
patients with jackhammer esophagus. Indeed, 40.9% of the patients
with EGJOO and 66.6% of those with jackhammer esophagus exhibited OL0 or OL1 (Fig. 5). Therefore, Onigiri esophagography
combined with the OL classification system is more suitable for the
detection of disorders with impaired esophageal body clearance, including achalasia, absent contractility, and ineffective motility, as opposed to those with intact esophageal body peristalsis, such as EGJOO and jackhammer esophagus. High OL scores in IEM and
absent contractility indicate that normal esophageal body peristalsis
plays a role in transporting ingested solid food to the esophagus. Although the sensitivity of Onigiri esophagography may be improved
by incorporating the time of esophageal clearance into this system,
we did not adopt this parameter in the present study. In the present
study, we focused on simplifying the diagnostic method as much as
possible, to make it suitable for non-GI specialist doctors to judge.
In contrast, the reduction in specificity may be partly because 47.4%
of the patients with OL1 and 12.0% of the patients with OL2 had
normal HRM results. Considering that the OL classification score
of Onigiri esophagography was positively associated with esopha50

geal symptoms, it may be necessary to adjust the diagnostic criteria
for a normal HRM study.
It has been reported that the specific X-ray findings of liquid
barium esophagography, such as corkscrew appearance, beaklike
narrowing of the distal esophagus, and failed peristalsis contributed
to the detection of EMDs.28,29 We adopted Onigiri esophagography
with OL classification from a viewpoint that it is a method that can
be widely used by non-specialists to screen for EMDs at local medical institutions. Indeed, substantial agreement (κ = 0.77, 0.73-0.81)
was obtained among a total of 6 examinees including not only GI
experts but also GI trainees. In this study, judgement of the successful passage in video clips with liquid barium showing “swallowing 5
mL of liquid barium” was low in comparison to that in video clips
with Onigiri, which showed “swallowing 10 g of Onigiri,” “additional dry swallowing of the remaining Onigiri,” and “swallowing
an additional 10 mL of liquid barium for the remaining Onigiri.”
This may be due to the fact that Onigiri migrated in a cluster
while liquid barium tended to be dispersed in the esophagus. Solid
Onigiri could contribute to an increase in inter-observer agreement
in comparison to liquid barium. A further multicenter prospective
study is required to determine whether Onigiri esophagography is
useful for the detection of EMDs in other medical institutions.
This study was associated with several limitations. First, it was
performed in a single center. Second, patients in whom EMD was
suspected based on symptoms were enrolled in this study, while
normal subjects without symptoms were not recruited. Third, we
could not conduct a sub-analysis to compare the efficacy of Onigiri
esophagography to that of liquid esophagography, since liquid
barium esophagography was performed as a part of the Onigiri
esophagography. Thus, liquid barium esophagography could not
be performed independently of Onigiri esophagography. It would
be desirable to conduct a multicenter prospective randomized comparative study in the near future.
In conclusion, Onigiri esophagography combined with the OL
classification system can be used as a screening test for EMD with
a cutoff value of OL1. The patients with positive results could be
referred to specialists to make a definite diagnosis of EMDs using
HRM.
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Background/Aims
Gastric acid secretion is suspected to be a pivotal contributor to the pathogenesis of functional dyspepsia. The present study
investigates the potential association of the gastric acid secretion estimated by measuring serum pepsinogen with therapeutic
responsiveness to the prokinetic drug acotiamide.
Methods
Dyspeptic patients consulting participating clinics from October 2017 to March 2019 were prospectively enrolled in the study. The
dyspeptic symptoms were classified into postprandial distress syndrome (PDS) and epigastric pain syndrome (EPS). Gastric acid
secretion levels were estimated by the Helicobacter pylori infection status and serum pepsinogen using established criteria and
classified into hypo-, normo-, and hyper-secretion. Each patient was then administered 100 mg acotiamide thrice daily for 4 weeks,
and the response rate to the treatment was evaluated using the overall treatment efficacy scale.
Results
Of the 86 enrolled patients, 56 (65.1%) and 26 (30.2%) were classified into PDS and EPS, respectively. The estimated gastric acid
secretion was not significantly different between PDS and EPS. The response rates were 66.0% for PDS and 73.1% for EPS, showing
no significant difference. While the response rates were stable, ranging from 61.0% to 75.0% regardless of the estimated gastric
acid secretion level among subjects with PDF, the rates were significantly lower in hyper-secretors than in non-hyper-secretors among
subjects with EPS (42.0% vs 83.0%, P = 0.046).
Conclusion
Although acotiamide is effective for treating EPS as well as PDS overall, the efficacy is somewhat limited in EPS with gastric acid hypersecretion, with gastric acid suppressants, such as proton pump inhibitors, being more suitable.
(J Neurogastroenterol Motil 2022;28:53-61)
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Introduction
Functional dyspepsia (FD) is defined as a condition chronically presenting with upper abdominal symptoms in the absence
of any organic disease that is likely to explain the symptoms, and a
wide variety of factors is assumed to be involved in its pathophysiology.1 Based on the Rome IV,2 FD is sub-classified into 2 major
subtypes: postprandial distress syndrome (PDS) and epigastric
pain syndrome (EPS). PDS is characterized by postprandial fullness and early satiety induced by ingestion of a meal, while EPS is
characterized by epigastric pain and burning that occur during fasting. However, while a few studies have successfully demonstrated
differences in the pathophysiology between the 2 subtypes of FD,3,4
others have failed to detect any marked differences.5-7 At present,
gastric acid suppression with a proton pump inhibitor (PPI) and
improvement of gut motility with prokinetic drugs are the 2 main
treatment options for FD.1 Assuming that the symptom pattern
(PDS or EPS) may aid in determining the most appropriate firstline therapy, it is proposed that patients with PDS be treated with
prokinetic drugs, while those with EPS are considered more likely
to respond to a PPI.8-10 However, the concept of treatment choice
for FD depending on the symptom pattern is not yet validated.11
Acotiamide, a new prokinetic drug that has been shown to
improve gastric motility and gastric emptying, has been available in
Japan for the treatment of FD since 2013. The phase III trial of the
drug proved its efficacy for the treatment of meal-related symptoms,
so it has been used mainly for PDS-type FD.12 While a recent
retrospective study reported the efficacy of acotiamide for not only
PDS but also EPS,13 this finding needs to be confirmed in a prospective study. In addition, the identification of clinical parameters
to predict the responsiveness of the drug is of clinical significance,
but few studies have addressed this issue.13,14
Gastric acid is one of the most important pathogenic factors
influencing the development of FD, a notion supported by the fact
that acid suppression with PPI has some effect on relieving FD
symptoms and is often applied to such patients as first-line therapy.1,2 However, the involvement of gastric acid in the manifestation
of FD symptoms is considered to be complicated. For example,
strong acid externally administered to the stomach or the duodenal bulb induced dyspeptic symptoms in healthy volunteers and
patients with FD.15,16 However, hypochlorhydric patients is more
likely to be associated dysmotility symptoms in patients with FD, as
we previously reported.17 Furthermore, although subjects’ specific
gastric acid secretion levels may be able to modulate the responsive54

ness of drugs used for FD treatment, no study has yet investigated
the efficacy of such drugs depending on the gastric acid secretion
level.
Pepsinogen I is secreted exclusively by the fundic glands, and
pepsinogen II is secreted by the fundic glands, pyloric glands, and
proximal duodenal mucosa.18 Many previous studies have shown
that the serum pepsinogen (sPG) I level and/or I/II ratio reflect the
gastric acid secretion level.19,20 Based on the accumulated data on
gastric acid secretion and sPG from a total of 627 Japanese patients,
we previously established reliable cutoff sPG values to predict the
gastric acid secretion status.21 Furthermore, using these criteria, we
showed that estimating the gastric acid secretion levels by simply
measuring the sPG is useful for predicting the risks of various acidrelated diseases of the upper gastrointestinal tract.22
We conducted this multi-clinic singe-arm prospective study as
a pilot study, exploring the potential associations of the individual
gastric acid secretion level estimated by measuring the sPG with the
type of FD or efficacy of acotiamide treatment in patients with FD.

Materials and Methods
Patients
Patients ≥ 20 years old who consulted participating clinics
from October 2017 to March 2019 with complaints of chronic
symptoms centered in the upper abdomen for more than 1 month
in the absence of organic diseases likely to explain the symptoms
were asked to answer a validated questionnaire using a global overall symptom (GOS) score.23,24 In the questionnaire, patients rated
8 overall abdominal symptoms experienced in the previous week
using a 7-point Likert scale ranging from a score of 1 for “not at all
bothered” to 7 for “unbearably bothered.” The patients were then
considered eligible and prospectively enrolled in the study if they
had one or more specific upper gastrointestinal symptoms, such as
postprandial distress (question 1), epigastric pain (question 4), early
satiety and/or fullness (question 5), and epigastric burning (question
7) with at least moderate severity (score ≥ 4). The participating
institutions were the following 11 clinics located in Akita prefecture,
Japan: Kataoka Internal Medicine Clinic, Kudo Gastroenterology
Clinic, Zeniya Clinic, Segawa Clinic, Oikawa Clinic, Odashima
Masaru Clinic, Matsugasaki Clinic, Kuramitsu Clinic, Sasahara
Internal Medicine Clinic, Yoneyama Gastroenterology Clinic, and
Tomita Gastroenterology Clinic.
The exclusion criteria were as follows: those who had taken acid
inhibitory drugs or prokinetic drugs within the past month; those
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taking non-steroidal anti-inflammatory drugs or aspirin; those with
predominant symptoms suggestive of gastroesophageal reflux diseases or irritable bowel syndrome, although concurrence with these
symptoms was permitted; those with histories of operations for
upper gastrointestinal tract; those who had received Helicobacter
pylori eradication therapy within the past 6 months; and those with
suspected psychological disorders or uncontrolled diabetes mellitus.

Study Protocol
The enrolled patients were interviewed regarding their body
weight, height, smoking status, and history of H. pylori eradication
therapy and were classified into 3 groups based on the predominant
type of dyspeptic symptoms (PDS, EPS, and overlapping). The
subgrouping of the symptoms was made based on each patient’s
chief complaint, regardless of the reported GOS scoring. Next, a
blood sample was collected from each patient under fasting conditions to measure the serum H. pylori antibody, sPG I, and sPG II
levels.
Each patient was then administered a 100 mg tablet of acotiamide thrice a day for 4 weeks, and at the completion of the treatment, they revisited the clinic, answered the questionnaire concerning the GOS score, and reported on the efficacy of the treatment
using an overall treatment efficacy (OTE) questionnaire.12,25 In the
questionnaire, the patients made a global assessment of the change
in their dyspeptic symptoms compared with the pretreatment baseline period using a 7-point Likert scale from “extremely improved”
to “improved,” “slightly improved,” “not changed,” “slightly aggravated,” “aggravated,” and “extremely aggravated.” In the subsequent analysis, patients who reported “extremely improved” or
“improved” on the OTE questionnaire were defined as responders,
while other patients were defined as non-responders.
The study protocol was approved by the Akita University
School of Medicine Ethics Committee (1779). All subjects provided their written informed consent prior to enrollment. The study
was registered at the University Hospital Medical Information
(UMIN000036265).
Estimation of gastric acid secretion by Helicobacter pylori infection and serum pepsinogen
The H. pylori infection status was determined by the titers of
serum IgG antibodies against H. pylori using an enzyme immunoassay kit (E Plate “Eiken” H. pylori antibody; Eiken Chemical Co.
Ltd, Tokyo, Japan). The sPG I and sPG II levels were measured
by a chemiluminescent enzyme immunoassay using commercial
kits (Lumipulse PG I and II; Fujirebio Inc, Tokyo, Japan).

We previously demonstrated that the sPG I value correlated
well with gastric acid secretion in H. pylori -negative subjects, while
the sPG I/II ratio correlated well in H. pylori -positive subjects.19
We therefore defined gastric acid hypo-secretion as sPG I < 35 ng/
mL in H. pylori -negative subjects (area under the curve [AUC]:
0.80) and an I/ II ratio < 2.7 in H. pylori -positive subjects (AUC:
0.87).21 Similarly, we defined gastric acid hyper-secretion as sPG I
values > 50 ng/mL in H. pylori -negative subjects (AUC: 0.79)
and as an I/II ratio > 3.3 in H. pylori -positive subjects (AUC:
0.87).21 All other subjects were defined as having gastric acid
normo-secretion. In addition, since sPG I values were more wellcorrelated with gastric acid secretion than I/II ratios in H. pylori eradicated subjects,26 the same criteria as in H. pylori -negative
subjects was applied to the eradicated subjects.

Statistical Methods
Results were expressed as the mean (SD) for continuous variables, and ratios (percentages) for categorical variables. Comparisons between PDS and EPS, or responders and non-responders
were performed either by an unpaired t test for continuous variables
or by a chi-square test for categorical variables. Response rates were
calculated as percentages of responders among those who completed a 4-week treatment protocol and were compared using the
chi-square test among subgroups of estimated gastric acid secretion.
In addition, using the GOS score before and after treatment in each
patient, a PDS symptom severity score was calculated by summing
postprandial fullness (question 1) and early satiety (question 5), and
an EPS symptom severity score was calculated by summing epigastric pain (question 4) and epigastric burning (question 7). Those
symptom severity scores were expressed as the median (interquartile
range), with the values compared between patients with PDS and
EPS by the Mann-Whitney U test and before and after treatment
by Wilcoxon rank sum test. All analyses were performed using
the JMP Pro 13 software program (SAS Institute Inc, Cary, NC,
USA), and a P -value < 0.05 was considered to indicate a statistically significant difference.
Regarding the sample size, since there have been no previous
studies investigating the efficacy of prokinetic drugs by the gastric
acid secretion level, we set a sample size of 200 for this pilot study
considering the feasibility of subject enrollment in our area.

Results
Initially, 88 patients with FD symptoms consulting the participating clinics agreed to participate in this study, but 2 were deemed
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ineligible for the study (PPI had already been administered in 1
case, and the intensity of the symptoms was insufficient for inclusion
according to the GOS questionnaire in the other case). Consequently, a total of 86 patients were enrolled in this study and subjected to
the initial analysis for comparing the clinical parameters between
PDS and EPS. Treatment with acotiamide was commenced in all
of these patients, including 2 who were lost to follow-up and 1 who
was administered a minor tranquilizer at another hospital. Ultimately, 83 patients completed the 4-week treatment course and were
subjected to the analysis of the efficacy of acotiamide. No one had
taken acotiamide previously.
Among the 86 enrolled patients, the majority (72.1%) were female with a mean age of 54.8 (15.2) years old. The period of illness
before consulting the clinic was 1-3 months in 60.5%, 3-6 months
in 16.3%, and > 6 months in 23.2%. Concerning H. pylori infection status, the vast majority (87.2%) were judged to be negative
(naïve-negative in 75.6% and eradicated in 15.1%), while 12.8%
were H. pylori -positive. In terms of the estimated gastric acid secretion level, 44 (51.2%), 27 (31.4%), and 15 (17.4%) were classified
as hypo-secretors, normo-secretors, and hyper-secretors, respectively (Table 1).
Based on the predominant chief complaint of dyspeptic symptoms, 56 (65.1%) and 26 (30.2%) were defined as having PDS

and EPS, respectively, while the remaining 4 (4.6%) were overlapping. It should be noted that, since subgrouping of the symptoms
was made based on each patient’s chief complaint and not by the
symptom score, although the PDS symptom severity score was significantly higher than the EPS score in patients with PDS (7.0 [2.0]
vs 5.0 [2.0], P < 0.01), both scores were similarly high in patients
with EPS (PDS score: 6.0 [3.0] vs EPS score 6.0 [2.0]) (Fig. 1).
On comparing the clinical parameters between PDS and EPS,
there was no significant difference in any studied parameters between the 2 groups (Table 1). Noticeably, there was no significant
difference in the distribution of estimated gastric acid secretion between the PDS and EPS groups, although the proportion of hypersecretors (vs non-hyper-secretors) was greater in EPS that in PDS
(27.0% vs 14.0%, P = 0.161) (Table 1 and Fig. 2).
Of the 83 patients who completed the study protocol of 4-week
acotiamide treatment, 57 responded to the therapy, and the remaining 26 did not respond, resulting in an overall response rate of
68.7%. In the majority of patients (86.5%), good compliance (over
90.0%) was confirmed. The response rates were 66.0% for PDS
and 73.1% for EPS, with no significant difference in the response
rate being noted between the groups (Fig. 3). In addition, both
the PDS and EPS symptom severity scores were significantly decreased by treatment in patients with PDF and EPS (from 7.0 [2.0]

Table 1. Comparisons of Clinical Features According to the Type of Functional Dyspepsia

Type of FD

Total (N = 86)

Age (yr)
54.8 (15.2)
Age (≥ 60 yr)
27/86 (31.4%)
Gender (male)
24/86 (27.9%)
BMI (≥ 23.0 kg/m2)
27/86 (31.4%)
Current smoker
10/86 (11.6%)
Current drinker
49/86 (57.0%)
52/14/20
Illness period
(60.5%/16.3%/23.2%)
(≥ 1 mo,
< 3 mo/≥ 3 mo,
< 6 mo/≥ 6 mo)
sPG I (ng/mL)
47.6 (55.9)
sPG II (ng/mL)
10.6 (10.3)
sPG I/II ratio
4.6 (1.5)
H. pylori (neg./pos./era.)
62/11/13
(72.1%/12.8%/15.1%)
44/27/15
Estimated gastric
(51.2%/31.4%/17.4%)
acid secretion
(hypo/norm/hyper)

P -value
(PDS vs EPS)

PDS (n = 56)

EPS (n = 26)

Overlap (n = 4)

54.2 (16.0)
16/56 (28.5%)
13/56 (23.2%)
15/56 (26.8%)
4/56 (7.1%)
30/56 (53.6%)
35/8/13
(62.5%/14.3%/23.3%)

56.8 (13.4)
10/26 (38.5%)
8/26 (30.8%)
9/26 (34.6%)
4/26 (15.4%)
16/26 (61.5%)
15/5/6
(57.7%/19.2%/23.1%)

50.0 (16.6)
1/4 (25.0%)
3/4 (75.0%)
3/4 (75.0%)
2/4 (50.0%)
3/4 (75.0%)
2/1/1
(50.0%/25.0%/25.0%)

0.481
0.371
0.473
0.475
0.240
0.505
0.848

45.5 (33.0)
10.1 (7.7)
4.8 (1.5)
42/7/7
(75.0%/12.5%/12.5%)
27/21/8
(48.2%/37.5%/14.3%)

54.9 (89.9)
11.7 (14.9)
4.4 (1.3)
18/5/3
(69.3%/19.2%/11.5%)
14/5/7
(53.8%/19.3%/26.9%)

29.5 (11.2)
10.1 (7.6)
4.1 (2.3)
2/1/1
(50.0%/25.0%/25.0%)
3/1/0
(75.0%/25.0%/0.0%)

0.491
0.516
0.262
0.727
0.353

FD, functional dyspepsia; PDS, postprandial distress syndrome; EPS, epigastric pain syndrome; BMI, body mass index; sPG, serum pepsinogen; H. pylori , Helicobacter pylori ; neg., negative; pos., positive; era., eradicated.
Values are presented as mean (SD) or n (%).
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Figure 1. Box-and-whisker plots representing changes in postprandial distress syndrome (PDS) and epigastric pain syndrome (EPS) symptom
severity scores (PDSs and EPSs) prior to and after 4-week treatment with acotiamide in patients with PDS (A) and patients with EPS (B). *P <
0.01 compared with the pre-treatment value.
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Figure 2. Distribution of estimated gastric acid secretion levels in
postprandial distress syndrome (PDS) and epigastric pain syndrome
(EPS). Individual gastric acid secretion levels were estimated by a
combination of serum pepsinogen values and the Helicobacter pylori
infection status. There were no significant differences in levels between PDS and EPS.

to 4.0 [2.0] and from 5.0 [2.0] to 3.0 [1.0] for the PDS and EPS
scores in patients with PDS, respectively, and from 6.0 [3.0] to 4.0
[3.0] and from 6.0 [2.0] to 3.0 [2.5] for the PDS and EPS scores
in patients with EPS, respectively; P < 0.01 for all comparisons)
(Fig. 1). On comparing the clinical parameters between responders and non-responders, no parameters were significantly different
between the 2 groups (Table 2).
Of note, the distribution of estimated gastric acid secretion
in responders was hypo-secretors in 56.1%, normo-secretors in
28.1%, and hyper-secretors in 15.8%, showing no significant difference from non-responders (hypo-secretors: 46.1%, normosecretors: 30.8%, and hyper-secretors: 23.1%, P = 0.639) (Table
2). However, a slightly different distribution in the estimated gastric
acid secretion in relation to responsiveness to the treatment emerged
in the subgroup analysis by PDS or EPS, separately. In PDS, the

64
62
Total

PDS

EPS

Figure 3. Response rates to acotiamide treatment in the total cohort

and for postprandial distress syndrome (PDS) and epigastric pain
syndrome (EPS) separately.

response rates were stable, ranging from 61.0% to 75.0%, regardless of the estimated gastric acid secretion level. In contrast, in EPS,
although the response rate was high in hypo-secretors (85.0%) and
normo-secretors (80.0%), it was markedly lower in hyper-secretors
(42.0%). Thus, although the response rate did not differ notably in
any acid secretion group among patients with PDS, it was significantly lower in hyper-secretors than in non-hyper-secretors among
patients with EPS (P = 0.046) (Fig. 4).

Discussion
In this study, using the combination of the H. pylori infection
status and sPG as reliable parameters to predict the gastric acid
secretion level, we found that the gastric acid secretion level did
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Table 2. Comparisons of Clinical Parameters Between Responders and Non-responders to Acotiamide Treatment

Responsiveness

Responder (n = 57)

Age (yr)
Age (≥ 60 yr)
Gender (men)
BMI (≥ 23.0 kg/m2)
Current smoker
Current drinker
Illness period (≥1 mo, < 3 mo/≥ 3 mo, < 6 mo/≥ 6 mo)
Type of FD (PDS/EPS/overlap)
Compliance (≥ 90%)
sPG I (ng/mL)
sPG II (ng/mL)
sPG I/II ratio
H. pylori (neg./pos./era.)
Estimated gastric acid secretion (hypo/norm/hyper)

52.7 (14.3)
15/57 (26.3%)
18/57 (31.6%)
19/57 (33.3%)
7/57 (12.3%)
36/57 (63.1%)
34/9/14 (59.6%/15.8%/24.6%)
35/19/3 (61.4%/33.3%/5.3%)
48/57 (84.2%)
42.3 (31.8)
9.7 (7.3)
4.6 (1.6)
45/6/6 (59.0%/10.5%/10.5%)
32/16/9 (56.1%/28.1%/15.8%)

Non-responder (n = 26)
58.3 (16.7)
11/26 (42.3%)
8/26 (23.1%)
7/26 (26.9%)
3/26 (15.3%)
13/26 (50.0%)
18/4/4 (69.2%/15.4%/15.4%)
18/7/1 (69.2%/26.9%/3.9%)
23/26 (88.5%)
59.2 (90.3)
12.0 (15.2)
4.9 (1.4)
16/4/6 (61.5%/15.4%/23.1%)
12/8/6 (46.1%/30.8%/23.1%)

P -value
0.120
0.156
0.432
0.344
0.927
0.268
0.961
0.402
0.616
0.217
0.363
0.384
0.226
0.639

BMI, body mass index; FD, functional dyspepsia; PDS, postprandial distress syndrome; EPS, epigastric pain syndrome; sPG, serum pepsinogen; H. pylori , Helicobacter pylori ; neg., negative; pos., positive; era., eradicated.
Values are presented as mean (SD) or n (%).
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Figure 4. Response rates to acotiamide treatment in postprandial dis-

tress syndrome (PDS) and epigastric pain syndrome (EPS) according
to the estimated gastric acid secretion levels. Individual gastric acid
secretion levels were estimated by a combination of serum pepsinogen values and the Helicobacter pylori infection status. In EPS, the
response rate was significantly lower in gastric hyper-secretors than in
non-hyper-secretors. *P < 0.05.

not markedly affect the phenotype of FD or responsiveness to acotiamide. Nonetheless, although treatment with acotiamide showed
relatively high efficacy not only against PDS but also EPS, we
found several differences in the therapeutic responsiveness between
the 2 subtypes of FD, depending on the gastric acid secretion level.
For example, while treatment with acotiamide was effective among
PDS cases, irrespective of the gastric acid secretion level, the efficacy may be limited in cases of EPS among hyper-secretors of gastric
58

acid.
Since the sPG values correlate with the gastric physiological
function, the measurement of the parameters (I, II, or I/II ratio)
has been used to predict the relative risk of various upper gastrointestinal diseases.22 There have also been several attempts to connect
these parameters to clinical aspects of FD in order to differentiate
subtypes of the disease and predict the therapeutic responsiveness to
anti-secretory drugs, although the results have been conflicting.27,28
In this multi-institutional prospective study with primary care clinics, by employing a reliable cutoff sPG value to predict the gastric
acid secretion level, we investigated the influence of the estimated
gastric acid secretion level on differentiating PDS and EPS and
predicting the therapeutic responsiveness to the new prokinetic
drug acotiamide.
FD is divided into 2 major symptomatic phenotypes—PDS
and EPS—based on the assumption that different pathophysiological mechanisms underlie different dyspeptic symptoms. However,
while a few studies successfully demonstrated significant differences in the underlying pathogenesis between PDS and EPS,3,4
most other studies failed to show any marked difference in the
pathophysiological mechanisms, such as gastric hypersensitivity,
impaired gastric accommodation, and delayed gastric emptying.5-7
Likewise, although gastric acid is considered another important factor involved in the pathogenesis of FD, the current study failed to
show a significantly different distribution of estimated gastric secretion between PDS and EPS. This may be consistent with previous
reports that the gastric acid secretion in cases of non-ulcer dyspep-
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sia is similar to that in healthy controls, irrespective of the type of
symptoms, although those studies were performed before the era in
which FD was subdivided into the current classification (eg, PDS
and EPS).29,30
Since a phase II trial showed that acotiamide has beneficial
effects against FD, particularly PDS,31 a phase III trial was conducted in PDS alone, and successfully demonstrated beneficial
effects in such subgroup of FD.12 However, the phase II study also
demonstrated some beneficial effects on EPS symptoms, such as
upper abdominal pain.31 Consistent with this, a recent single-center
retrospective study reported a similarly high efficacy of acotiamide
not only against PDS but also EPS (78.0% vs 70.0%).13 We reinforced this finding through our multi-center prospective study
and found a high drug efficacy for PDS as well as EPS (66.0% vs
73.1%). Such a broad effect of acotiamide may contrast with those
of other prokinetic drugs, like itopride, which is effective against
PDS alone.32 Previous studies on the pharmacological action of
acotiamide in human and animal models demonstrated that, in addition to local effects on gut motility, acotiamide may yield beneficial
effects on dyspeptic symptoms indirectly through the brain-gut
axis via the effects of ghrelin on the central nervous system.10 Such
diverse pharmacological effects of acotiamide may explain the broad
responsiveness in FD.
Two retrospective single-center studies reported clinical factors
for predicting the responsiveness of acotiamide in FD treatment,
showing conflicting results.13,14 Overall, the current study failed to
show any significant difference in any clinical parameters, including
the type of FD and estimated gastric acid secretion. Nonetheless,
when examining the association of the estimated gastric acid secretion with the therapeutic responsiveness of acotiamide in PDS and
EPS separately, we found different response profiles between the 2
types of FD. While the efficacy of acotiamide against PDS seemed
to be independent of the gastric acid secretion level, the efficacy
against EPS was significantly lower in gastric hyper-secretors than
in non-hyper-secretors, suggesting that the efficacy of acotiamide
in EPS may be affected by the secretion level. Thus, although acotiamide seems promising for the treatment of EPS as well as PDS
overall, its efficacy for EPS may be limited in hyper-secretors, for
whom acid suppression with a PPI is a reasonable alternative therapeutic option. Therefore, estimating the gastric secretion level by
sPG and the H. pylori status may be useful for selecting the firstline therapeutic approach for patients with EPS.
Our current finding of insufficient efficacy of acotiamide in
EPS with gastric hyper-secretion is consistent with a previous
finding from an animal model. In that study, while pentagastrin-

induced gastric acid hyper-secretion aggravated the pain response
to gastric dilation by delaying gastric emptying, the histamine H2
blocker famotidine, but not the prokinetic drug mosapride, successfully ameliorated the pain response.33
Several limitations associated with the present study warrant
mention. First, regarding the illness period, we defined dyspeptic symptoms lasting for more than 1 month as FD. Since the
guideline of the Japanese Society of Gastroenterology defines just
“chronic symptoms” of dyspepsia as FD,1 in many previous studies conducted in Japan, FD was diagnosed with the same criteria
as the current study.13,14,34 However, according to the international
consensus guideline (Rome IV), persistent dyspeptic symptoms for
at least 3 months are required to diagnose FD.2 Because of easy access to medical care through the national health insurance system
in Japan, only a few Japanese patients wait for more than 3 months
before consulting doctors,1,34,35 which held true in the current study
subjects. Nonetheless, a previous study demonstrated that the quality of life impairment by dyspeptic symptoms was similar between
patients with an illness period of ≥ 1 month and those with a period
of ≥ 6 months in Japanese patients with FD,34 implying the clinical relevance of dyspeptic symptoms irrespective of the duration of
the disorders. In the current study, the illness periods were evenly
distributed with regard to the type of symptoms or drug responsiveness (Tables 1 and 2); we therefore believe that the illness period
had little effect on the current outcomes. Second, the number of
enrolled patients was relatively small. We initially planned a sample
size of 200 considering feasibility, but we successfully enrolled only
86 patients. The small number of patients precluded a multivariate
analysis for determining the clinical parameters predictive of therapeutic responsiveness. In addition, since we found a trend toward
an association between the type of FD and estimated gastric acid
secretion, a type II error due to an insufficient number of subjects
may have been responsible for the insignificant association. Third,
subgrouping of the symptoms (eg, PDS, EPS, or overlapping)
was performed based on each patient’s chief complaint, not by the
symptom score, although the classification method of the subtype of
FD symptoms was not consistent in previous studies.3-7 Then, the
efficacy of the treatment was also evaluated by an OTE probably
on the chief complaints, not by the individual symptom score. The
advantage of subgrouping based on each patient’s chief complaint
is that it closely resembles the way in which doctors see patients
with a specific chief complaint in the clinical setting. Accordingly,
the patients were classified into either PDS or EPS based on their
chief complaint as much as possible in the current study; this
minimized the proportion of overlapping to 4.6%, which is much

Vol. 28, No. 1 January, 2022 (53-61)

59

Toshiaki Suzuki, et al

lower than the value in previous studies using symptom scores to
classify subgroup (16.0-25.0%)36,37 where PDS- and EPS-related
symptoms are independently evaluated by the score in each patient.
Furthermore, since our patients with EPS had similarly high PDS
and EPS symptom severity scores, they may have included some
EPS plus overlapping patients in addition to “pure EPS” patients,
which may be partly responsible for the high response rate for EPS
in the current study. Finally, regarding the study design, the lack of
a placebo arm is another limitation of this study, as it is well recognized that placebo effects are not negligible, especially in the treatment of FD. However, a previous randomized control trial already
demonstrated the significant efficacy of acotiamide over placebo,12
and we wished to focus on investigating predictive factors for the
therapeutic responsiveness among drug users. Similarly, the lack of
an observation period (eg, 1 or 2 weeks) between registration and
treatment commencement may have been responsible for the overall
high response rate in the current study, as FD symptoms may have
disappeared spontaneously during the observation period.
In conclusion, although the prokinetic drug acotiamide is effective for treating EPS as well as PDS, the efficacy is somewhat
limited in EPS patients with gastric acid hyper-secretion, in whom
gastric acid inhibitors such as PPI would be more suitable. Estimation of the gastric acid secretion level by a combination of sPG and
the H. pylori status may be useful for selecting the appropriate firstline treatment for FD, especially EPS.
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Esophageal Bolus Domain Pressure and Peristalsis
Associated With Experimental Induction of
Esophagogastric Junction Outflow Obstruction
Wei-Yi Lei,1 Taher Omari,2 Tso-Tsai Liu,1 Ming-Wun Wong,1 Jui-Sheng Hung,1 Chih-Hsun Yi,1 Shu-Wei Liang,1 Charles Cock,2 and
Chien-Lin Chen1*
1
Department of Medicine, Hualien Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation and Tzu Chi University, Hualien, Taiwan; and 2 College
of Medicine & Public Health Flinders University, Adelaide, SA, Australia

Background/Aims
Intrabolus pressures are important for esophageal bolus transport and may detect obstructed bolus flow. This study measured the
effect esophageal outflow obstruction experimentally induce by a leg-lift protocol.
Methods
Twenty-five gastroesophageal reflux disease patients referred for esophageal manometry and a normal motility diagnosis were
included. Supine liquid swallows were tested. Leg-lift protocol generated esophageal outflow obstruction by increasing abdominal
pressure. Esophageal pressure topography and intrabolus pressure metrics were calculated. These included, (1) mid-domain bolus
distension pressure during esophageal emptying (DPE, mmHg) and (2) ramp pressure (mmHg/sec), generated by compression of the
bolus between the peristaltic contraction and esophagogastric junction (EGJ).
Results
EGJ relaxation pressure was increased by leg-lift from 13 (11-17) to 19 (14-30) mmHg (P < 0.005) and distal contractile integral also
increased from 1077 (883-1349) to 1620 (1268-2072) mmHg∙cm∙sec (P < 0.001) as a physiological response to obstruction. All bolus
pressures were increased by leg lift; DPE increased from 17 (15-20) to 27 (19-32) mmHg (P < 0.001), and ramp pressure increased
from 3 (1-4) to 5 (2-9) mmHg/sec (P < 0.05).
Conclusion
Measuring pressures within the intrabolus domain can quantify changes related to obstruction to outflow and may serve as adjunct
measures for confirming a diagnosis EGJ outflow obstruction.
(J Neurogastroenterol Motil 2022;28:62-68)
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Esophagogastric junction; Esophagus; Manometry; Peristalsis; Pressure
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Introduction
High-resolution manometry (HRM) and the derivation of
esophageal pressure topography (EPT) metrics1,2 has enhanced
knowledge of esophageal physiology and enabled clinical translation
for diagnosis of esophageal motor disorders via the Chicago classification (CC) algorithm (current version 3.0).3 The CC defines lower
esophageal sphincter relaxation, with relaxation failure required to
diagnose achalasia and esophagogastric junction outflow obstruction (EGJOO). Four-second integrated relaxation pressure (4sIRP) is, however, a complex metric influenced by both the intrinsic
relaxation of the lower esophageal sphincter, extrinsic compression
by the crural diaphragm and contact artefact generated by luminal
impingement onto the catheter.4 In the case of EGJOO, concerns
have been raised over the clinical significance of high values for 4sIRP leading to a high rate of EGJOO diagnoses and the potential
for misdiagnosis and in turn inappropriate treatment.5-9
Studies have shown that esophageal intraluminal impedance
can determine the phases of luminal bolus distension and how they
relate contraction during esophageal bolus transport. Directly linking bolus flow to pressure may reveal mechanisms of symptom
generation.10-14 A range of adjunctive integrated pressure-flow
metrics can be derived by combining impedance topography with
manometry to better quantify the pressures generated within the
intrabolus domain during esophageal bolus transport.15 It remains
to be determined whether these novel integrated metrics may play a
role as adjunct measures to confirm restricted esophageal emptying.
In this study we measured the effect of vertical leg-lift, a protocol
designed to induce an EGJOO-like experimental scenario by artificially increasing the gastric pressure, thus creating a greater pressure differential against which the esophageal peristalsis must work
to enable complete esophageal emptying of a swallow bolus into the
stomach. We hypothesized that leg lift would increase bolus domain
pressures and delay esophageal emptying with associated physiological changes such as augmentation of contractile forces.

nasolaryngeal esophageal stricture; history of thoracic, esophageal
or gastric surgery; and musculoskeletal disorder that would limit
the patients’ mobility. Patients with dysphagia symptoms were also
excluded. The medical records of included patients were reviewed,
and demographic information, medications, medical and surgical history were extracted. Any medication that could affect upper
gastrointestinal motility was discontinued 2 weeks prior to study. All
subjects were asked to complete validated GERD questionnaires
and receive endoscopic examination. The presence of mucosal injury in the lower esophagus and hiatal hernia was recorded.
The study protocol was approved by the Research Ethics Committee of the Hualien Tzu Chi Hospital (IRB No. 107-180-A),
confirming that the study was conducted in accordance with the
ethical guidelines of the Declaration of Helsinki.

High-resolution Impedance Manometry Equipment
HRM was performed using solid state catheter incorporating
impedance (8F, 32 pressure sensors at 1 cm spacing and 17 impedance segments at 2 cm; Unisensor/Laborie, Attikon, Switzerland).
Pressure and impedance data were acquired at 20 Hz (Solar GI acquisition system; Medical Measurement Systems, Enschede, The
Netherlands).

Study Protocol
Patients fasted overnight. The HRM assembly was passed into
the esophagus through the anesthetized nostril (lignocaine spray).
The catheter was zeroed to atmospheric pressure and placed with
at least 3 distal sensors positioned in the stomach, to record the region from the upper esophageal sphincter (UES) to the proximal
stomach. While in the supine position, each patient was given 10
liquid swallows of 5 mL volume (Standardized Bolus Medium
Kit for high-resolution impedance manometry [HRIM], Trisco

Patients with typical GERD symptoms (N = 30)
Sign informed consent

Data collection and GERD questionnaires

Materials and Methods

Upper gastrointestinal endoscopy and
high resolution manometry study

Study Subjects

Patients with normal motility (n = 26)

Between August 2018 and July 2019, we prospectively enrolled
consecutive patients with gastroesophageal reflux disease (GERD)
symptoms. Patients diagnosed with normal motility using CC version 3.0 criteria3 were included. The exclusion criteria consisted of:

Excluded patients with major
motility disorder and other
exclusion criteria (n = 4)
Excluded patients who failed
leg lift testing (n= 1)

Uploaded to the Swallow Gateway webapplication for analysis (n = 25)

Figure 1. The flowchart of patients enrolled into the study. GERD,

gastroesophageal reflux disease.
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Figure 2. Integrated pressure-flow analysis. (A) Example esophageal pressure topography plots under the 2 experimental conditions. Superim-

posed lines indicate the time and position of peak bolus distension (thick purple line) and peak esophageal contraction (thick black line). Swallow
to distension latency (SDL, sec) and distension to contraction latency (DCL, sec) indicate the time interval from swallow to peak distension and
then to lumen occlusive distal contraction. Distension pressure during accommodation (DPA, mmHg), Compartmentalized transport (DPCT,
mmHg), and esophageal emptying (DPE, mmHg) are mean of peak distension pressure values measured in the proximal esophagus, distal esophagus and esophagogastric junction (EGJ) regions. The plots below the topography show the separate distension (pink) and pressure (black) segment profiles recorded during bolus passage at the distal margin of esophageal body peristalsis (upper plot) and at the EGJ midpoint (lower plot).
“Flow” indicates the time intervals where the bolus is present above the EGJ and there is also a favorable esophagogastric pressure gradient. The
sum of flow events determines the total bolus flow time (BFT, sec). (B) The intra-bolus ramp pressurization (RP, mmHg/sec) is determined as the
mean gradient of pressure change over time measured from peak distension (star symbols) to bolus clearance (luminal closure; diamond symbol).
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Foods, Pty Ltd, Queensland, Australia) at 30-second intervals.
After completion of baseline recording, participants were asked to
gently raise both legs by flexing the hip to 40 degrees with the knees
in extension for at least 5 seconds. Five 5 mL single water swallows with leg lift were then administered during HRM through
a syringe. Following data acquisition, each de-identified pressureimpedance file was exported as an American Standard Code for
Information Interchange (ASCII)-file and uploaded to the Swallow
Gateway web-application (Flinders University, Adelaide, Australia)
for analysis.16 The flowchart of the study is shown in Figure 1.

Data Analysis
The averages of liquid swallows at baseline and during leg-lift
were compared. EPT variables determined were: 4s-IRP (mmHg),
proximal contractile integral (PCI, mmHg∙cm∙sec), distal contractile integral (DCI, mmHg∙cm∙sec), contractile front velocity (CFV,
cm/sec), distal latency (DL, sec), and largest break size (cm).3
The adjunct measures used to quantify the pressures and flowtiming within the intrabolus domain are illustrated in Figure 2.
These included 3 mid-domain intrabolus distension pressures (DP)
during phases of esophageal bolus transport;17 namely DP during
accommodation (mean DP in mmHg from UES to transition
zone), compartmentalized transport (mean DP in mmHg from
transition zone to esophagogastric junction [EGJ] proximal margin), and esophageal emptying (DPE, mean DP in mmHg from
EGJ margin to crural diaphragm). Intrabolus ramp pressure (RP,
mmHg/sec), was used to quantify pressure increase as the bolus is
compressed between the esophageal contraction and the EGJ. Flow
timing measures included the swallow to mid-bolus distension latency (sec), mid-bolus distension to contraction latency (DCL, sec).
Impedance ratio is a parameter defining bolus clearance.15 Three of
the measures (DPE, RP, and DCL) were combined to derive the
Pressure-Flow Index, an experimental composite score of impeded
esophageal transport.15 Finally, the period of trans-EGJ bolus emp-

tying was estimated based on the method of Lin et al18 by using
the impedance, to detect bolus presence, and the pressure to detect
flow-permissive pressure gradient intervals (ie, esophageal pressure
> crural and gastric pressure) within to the overall period of bolus
presence. Bolus flow time (BFT, sec) was defined by the sum of the
flow permissive periods. Shorter BFT reduced esophageal emptying.18

Statistical Methods
Statistical tests were performed using IBM SPSS version 22
(IBM, Armonk, NY, USA). Data are presented as either mean
(standard deviation) or median (interquartile range). Subject average data for each experimental condition were derived compared
using Wilcoxon signed rank test. Significance was accepted at a P value < 0.05; however, P -values of 0.050-0.099 are also shown.

Results
Twenty-five patients were included (mean age: 42.0 years; 52%
female), 5 had globus sensation with typical GERD symptoms
and the remainder reported symptoms of heartburn and/or regurgitation. None had evidence of esophagitis or hiatal hernia. The
esophageal acid exposure time during diagnostic pH-monitoring
ranged from 2.0-22.5% (mean: 3.0 ± 4.6%; n = 2, AET > 6%).
All study participants successfully completed the protocol and no
adverse events occurred. For 3 studies the 4s-IRP values were not
calculable during leg lift protocol due to movement of the catheter
leading to a poor intragastric pressure reading.
The effects of the leg lift protocol on EPT metrics are shown
in Table 1. Leg lift caused a significant increase 4s-IRP. PCI and
DCI also increased, consistent with augmented of peristaltic vigor
as a physiological response to resistance. However, the effect on
DCI was far more potent. There was no effect of leg lift on any of
the remaining EPT variables.

Table 1. Effect of Leg-lift on Esophageal Pressure Topography Variables Generated During Liquid Swallows in Healthy Subjects

Esophageal pressure topography variables
Proximal contractile integral (mmHg∙cm∙sec)
Distal contractile integral (mmHg∙cm∙sec)
Distal latency (sec)
Contractile front velocity (cm/sec)
Largest break (cm)
4s-IRP (mmHg)

Before leg-lift
303 (160-383)
1077 (883-1349)
6.8 (6.1-7.3)
4.0 (3.4-4.7)
0.0 (0.0-0.0)
13 (11-17)

During leg-lift
a

303 (245-453)
1620 (1268-2072)b
6.7 (6.3-7.2)
4.3 (3.4-4.6)
0.0 (0.0-0.0)
19 (14-30)c

Wilcoxon t
2.193
4.345
3.165

4s-IRP, 4-second integrated relaxation pressure.
a,b,c
Indicate significantly different by Wilcoxon signed rank test (aP < 0.05, bP < 0.001, cP < 0.005); standardized t and P -values are shown when the P -value was < 0.1.
Data are expressed as median (interquartile range).
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Table 2. Effect of Leg Lift on Integrated Pressure-Flow Variables Generated During Liquid Swallows in Healthy Subjects

Integrated pressure-flow variables
Bolus clearance
Impedance ratio
Pressure-Flow-Index
Intrabolus DP
DP during accommodation (mmHg)
DP compartmentalized transport (mmHg)
DP esophageal emptying (mmHg)
Ramp pressurization (mmHg/sec)
Flow timing
Swallow to distension latency (sec)
Distension to contraction latency (sec)
Bolus flow time (sec)

Before leg-lift

During leg-lift

Wilcoxon t

0.34 (0.27-0.54)
25 (12-49)

0.33 (0.29-0.58)
54 (21-246)c

3.780

10 (8-15)
14 (11-16)
17 (15-20)
3 (1-4)

11 (7-15)
17 (13-21)b
27 (19-32)c
5 (2-9)a

3.296
4.345
2.301

4.6 (3.7-5.1)
2.3 (1.9-3.0)
2.9 (1.9-3.5)

4.6 (3.7-5.5)a
2.2 (1.3-2.5)a
2.8 (1.6-3.3)

1.870
–2.247
-

DP, distention pressure.
a,b,c
Indicate significantly different by Wilcoxon signed rank test (aP < 0.05, bP < 0.005, cP < 0.001); standardized t and P -values are shown when the P -value was < 0.1.
Data are expressed as median (inter-quartile rang).

The effects of the leg lift protocol on integrated pressure-flow
metrics are shown in Table 2. The esophageal impedance ratio and
BFT were not significantly altered by leg lift, suggesting that the
experimentally induced obstruction did not lead to failure of bolus
transport and/or esophageal emptying in these participants with
normal motility and the ability to augment contractility in response
to leg lift (increased DCI previously described). The mid-bolus
distension pressures increased in response to leg lift with the effect
being most significant in the distal esophagus during the esophageal
emptying phase (DPE). RP in the distal esophagus was also significantly increased. The DCL was reduced, suggesting that the mid
bolus distension was shifted closure in time to the contraction front.
Overall, the Pressure-Flow-Index score was significantly increased
by leg lift (25 [12-49] to 54 [21-246], P < 0.001).

Discussion
In this study esophageal HRIM examined the response to leg
lift, designed to induce esophageal outflow obstruction through
an increase in intra-gastric pressure. The main finding was that, in
participants with normal esophageal body motility, bolus swallows
performed during leg lift showed an increase in the mid-bolus distension pressure and an increase in contractile vigor. These effects
were most potent in the distal esophageal body.
Classic research papers have described in detail the concept of
there being 2 pressure domains, firstly, within the bolus and then,
secondly, within the contractile segment devoid of bolus.19 However,
the importance of measuring and understanding intrabolus forces
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and flow timing characteristics for diagnostic purposes continues
to be under-recognized, primary focus being the classification of
contractility patterns. The current study examined the adjunct value
of combined esophageal impedance and pressure measurement to
quantify forces within the moving bolus that were only previously
attainable via esophageal video-mano-fluorography and frame
by frame analysis. Studies have now confirmed the veracity of the
method of combing and analyzing intraluminal impedance with
pressure to map the trajectory of the bolus domain over space and
time and to measure the forces within. Using this pressure-flowanalysis approach it is possible to derive several novel measures of
flow timing, luminal area, bolus presence, distension pressure, RPs,
and clearance.
The leg lift protocol is an experimental provocative maneuver
that we are trialing in conjunction with routine diagnostic esophageal HRM. Whilst we report data from GERD patients, rather
than asymptomatic controls, the patients included had normal
baseline motility, no hiatus hernia, or esophagitis. Therefore, it was
felt that they would provide a suitable cohort to examine the biomechanical changes in the esophagus induced when bolus emptying into the stomach is artificially impeded. Past studies show that
abdominal compression causes outflow resistance indicated by an
increase in intrabolus pressure. In our hands, the simple to perform
leg lift appears to have a larger impact on pressure-flow metrics
than we observed using extrinsic abdominal compression utilizing
a gastric binder.20 The effect of leg lift on contractile pressures mirrors that seen with other paradigms and is the normal physiological
response. As demonstrated by Dodds et al,21 passive distension by
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the moving bolus stimulates and augments contractility producing
higher peak pressure and a longer contraction phase (both of which
increase the DCI metric). Further supra-physiological increases
in emptying resistance lead to greater passive distension of the
esophageal lumen that further stimulates intrinsic neuro-mechanical
responses via sensory afferents and polarized enteric nervous system
circuits,22 and changes the pre-load, and after-load muscle tension.23
Together these factors drive the higher contractile pressures that
are need to overcome obstruction, thus preventing transport failure
associated with retrograde bolus escape due to the intrabolus pressure remaining below the capacity of the circular muscle to achieve
lumen occlusion at the bolus tail.19 As these mechanisms were intact
in the studied patients with normal motility, leg lift did not lead to
failure of bolus transport (ie, IR and BFT were not altered). Further studies are needed to determine the rate of transport failure in
patients with, for example, ineffective esophageal motility.
In conclusion, novel measurement and analysis methods allow
comprehensive characterization of pressures within the intrabolus
domain without the need for simultaneous radiology. These pressures were augmented along with the 4s-IRP during experimental
outflow obstruction produced by leg lift. Further studies could
explore the potential adjunct value of such measures for confirming
clinically relevant EGJOO in symptomatic patients.
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Reflux-related Extraesophageal Symptoms Until
Proven Otherwise: A Direct Measurement of Abnormal
Proximal Exposure Based on
Hypopharyngeal Multichannel Intraluminal
Impedance as a Reliable Indicator for
Successful Treatment Outcomes
Takeshi Suzuki,1 Yosuke Seki,2 Tomoaki Matsumura,3 Makoto Arai,4 Toyoyuki Hanazawa,1 Yoshitaka Okamoto,5 Haruhiko Suzuki,6
Kazunori Kasama,2 Akiko Umezawa,2 Yoshimoti Kurokawa,2 and Toshitaka Hoppo7*
1
Department of Otolaryngology, Head and Neck Surgery, Graduate School of Medicine, Chiba University, Chiba, Chiba, Japan; 2Minimally
Invasive Surgery Center, Yotsuya Medical Cube, Tokyo, Japan; 3Department of Gastroenterology, Graduate School of Medicine, Chiba University,
Chiba, Chiba, Japan; 4Department of Medical Oncology, Graduate School of Medicine, Chiba University, Chiba, Chiba, Japan; 5Chiba Rosai
Hospital, Ichihara, Chiba, Japan; 6Suzuki ENT Clinic, Narashino, Chiba, Japan; and 7Esophageal Institute, Allegheny Health Network, Pittsburgh,
PA, USA

Background/Aims
The Lyon Consensus defined parameters based on upper endoscopy and 24-hour combined multichannel intraluminal impedancepH (MII-pH), that conclusively establish the presence of gastroesophageal reflux disease (GERD). However, the true role of upper
endoscopy and MII-pH to evaluate patients with extraesophageal symptoms (EES) has not been well established. Hypopharyngeal MII
(HMII), which directly measures laryngopharyngeal reflux (LPR) events, has been utilized to evaluate patients with EES suggestive of
LPR.
Methods
This was a retrospective study involving patients with EES for > 12 weeks despite proton pump inhibitor therapy, and had no
endoscopic confirmatory evidence for GERD and negative MII-pH. All patients were subsequently referred for further evaluation of EES
with “unknown” etiology and underwent laryngoscopy and HMII. Based on HMII, abnormal proximal exposure (APE) was defined as
LPR ≥ 1/day and/or full column reflux (reflux 2 cm distal to the upper esophageal sphincter) > 4/day. Patients with APE were offered
antireflux surgery (ARS) and the outcome of ARS was objectively assessed using Reflux Symptom Index.
Results
Of 21 patients with EES which was thought to be GERD-unrelated based on endoscopy and MII-pH, 17 patients (81%) had APE. Eight
patients with APE who had undergone ARS had significant symptomatic improvement in the Reflux Symptom Index score (19.6 ± 4.9
pre-ARS to 5.8 ± 1.4 post-ARS, P = 0.008).
Conclusions
A conventional diagnostic approach using endoscopy and MII-pH may not be sufficient to evaluate patients with EES suggestive of
LPR. HMII is essential to evaluate patients with EES, and APE could be a reliable indicator for successful treatment outcomes.
(J Neurogastroenterol Motil 2022;28:69-77)
Key Words
Hypopharynx; Laryngopharyngeal reflux; Treatment outcome
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Introduction
Gastroesophageal reflux disease (GERD) is defined as a condition that develops when the reflux of gastric contents into the
esophagus causes troublesome symptoms and/or complications, in
the Montreal Consensus.1 GERD can cause esophageal (typical)
and extraesophageal (atypical) symptoms (EES). Typical symptoms
include heartburn and regurgitation, while EES are nonspecific,2
and includes various laryngeal symptoms such as chronic cough
and hoarseness, as well as pulmonary and otolaryngological diseases
such as laryngitis, asthma, dental erosion, pharyngitis, sinusitis,
idiopathic pulmonary fibrosis, and recurrent otitis media.1 In particular, laryngopharyngeal reflux (LPR) disease (LPRD) has been
considered to be present if the patients have EES, and LPR symptoms have been thought to be caused by direct exposure of gastric
contents to the laryngopharynx. Although upper endoscopy is the
first examination for GERD to assess the presence of esophageal
mucosal injury such as esophagitis and Barrett’s esophagus, absence
of esophageal mucosal injury cannot exclude GERD. More than
half of the patients with GERD have non-erosive reflux disease
(NERD). Therefore, it is crucial to objectively evaluate abnormal
acid exposure to the distal esophagus, especially in the patients
with NERD, and 24-hour esophageal multichannel intraluminal
impedance-pH (MII-pH) monitoring is currently considered
as the gold standard testing modality. Recently, gastroenterology
experts have proposed the Lyon Consensus, which defined parameters on esophageal testing such as upper endoscopy and MII-pH,
that can conclusively establish the presence of pathological GERD.3
However, a diagnosis of LPRD is still challenging.1 Laryngoscopic
findings such as hypopharyngeal inflammation are nonspecific,4,5
and may be often seen in healthy population without any LPR
symptoms.6 Although MII-pH is also indicated for the evaluation
of EES,7 a true role of upper endoscopy and MII-pH to evaluate
EES was not well established in the Lyon Consensus.
Hypopharyngeal MII (HMII) uses a special impedance catheter to directly measure LPR, and has been utilized to evaluate patients with EES and pulmonary diseases.8,9 Based on the normative
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date established, abnormal proximal exposure (APE) was defined
as LPR ≥ 1/day and/or full column reflux (FCR) (reflux 2 cm distal to the upper esophageal sphincter [UES]) > 4/day.10 Although
the efficacy of HMII to identify patients with LPR symptoms, who
would benefit from antireflux surgery (ARS) has been shown,11 the
use of HMII has been still limited. The objectives of this study are
to investigate the benefit of HMII for the evaluation of the patients
with persistent EES which was thought to be GERD-unrelated
based on endoscopy and MII-pH, and to assess the outcome of
ARS in patients with APE as measured by HMII.

Materials and Methods
Study Design
This is a retrospective study which was conducted in accordance with the Declaration of Helsinki under the approval of the
institutional review board (No. 2356). The patient population in
this study included those who presented with predominant or isolated EES (LPR symptoms) that lasted for longer than 12 weeks
despite proton pump inhibitor (PPI) therapy, were considered to
have EES with GERD-unrelated “unknown” etiology based on
no confirmatory evidence for GERD such as Los Angeles (LA)
grade C/D esophagitis or Barrett’s esophagus on the prior upper
endoscopy, and negative MII-pH, and were referred for further
evaluation of LPR from July 1, 2015 to April 30, 2018. All patients
subsequently underwent laryngoscopy and HMII by a single experienced laryngologist (T.S.). EES were defined as globus sensation,
chronic cough, dysphonia, abnormal sensation in the mouth (halitosis, dry mouth, and bitter or acidic taste), and of the laryngopharynx. Patients with APE as measured by HMII were offered ARS,
and subsequently underwent ARS by a single experienced surgeon
(Y.S.). Detailed demographic data, subjective data (Reflux Symptom Index [RSI]), and objective data (endoscopic, MII-pH, and
HMII findings) were obtained from the medical records. The outcome of ARS was objectively assessed using RSI before and after
ARS. The following examination was similar to that in a recent our
study;5 as such, the description of the methodology is abbreviated
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below.

lower esophageal sphincter.
HMII was performed using the specialized catheter (CAZIBL-55; Sandhill Scientific Inc), which has 2 pairs of impedance
electrodes in the distal esophagus, proximal esophagus, and hypopharynx (Fig. 1B).13 The top electrode in the hypopharynx was
placed 0.5 cm proximal to the upper border of the UES under
laryngoscopic guidance (Fig. 1C).
MII-pH was performed OFF PPI in patients without prior
evidence of erosive esophagitis, while MII-pH was performed ON
PPI when erosive esophagitis was evident prior to PPI therapy.
On the other hand, all HMII were performed after at least 10-day
discontinuation of PPI. The catheter was inserted through the nostril, and was connected to an ambulatory recording device (ZepHr
Impedance/pH Reflux Monitoring System; Sandhill Scientific
Inc). All measurements were recorded for 24 hours. Acid exposure

Endoscopic Evaluation
Upper endoscopy was performed by an experienced gastroenterologist. The severity of esophagitis was graded using the LA
classification.12
Laryngoscopy was performed by an experienced otolaryngologist to evaluate the laryngohypopharyngeal area and to rule out any
known etiology of laryngopharyngeal symptoms.

Combined Multichannel Intraluminal Impedance-pH
Testing
MII-pH used the catheter (ZAN-BG-44; Sandhill Scientific
Inc, Highlands Ranch, CO, USA) (Fig. 1A), which was positioned 5 cm above the manometrically defined upper margin of the

A

B

MII-pH

Hypopharyngeal
pH sensor

Hypopharynx
Larynx
Trachea

Proximal esophageal
impedance 15 cm
and 17 cm above LES

Esophagus
Esophageal
Distal esophageal
pH sensor
impedance 3 cm

and 5 cm above LES

Diaphragma

C

HMII

Trachea

Top impedance electrode

Hypopharyngeal impedance
Proximal esophageal
impedance 2 cm
and 4 cm below UES

Esophagus
Distal esophageal
Esophageal
impedance about
pH sensor
3 cm and 5 cm above LES
Diaphragma

Stomach

Stomach

Figure 1. Location of the impedance electrode (A) A catheter for multichannel intraluminal impedance-pH (MII-pH) has impedance electrodes

at 3, 5, 7, 9, 15, and 17 cm and pH probe at 5 cm above the upper border of lower esophageal sphincter (LES). (B) A catheter for hypopharyngeal
MII (HMII) has 3 pairs of impedance electrodes (hypopharynx, proximal esophagus; 2 cm and 4 cm below upper esophageal sphincter [UES],
and distal esophagus; 21 cm and 23 cm below UES). (C) The top impedance electrode in the hypopharynx indicated by arrows was placed 0.5 cm
proximal to the upper border of the UES.

21 Subjects with EES refractory to PPI therapy
who had both MII-pH and HMII
8 Subjects (MII-pH ON PPI group)
LA grade A esophagitis (n = 1)
< 2 cm small hiatal hernia (n = 5)

13 Subjects (MII-pH OFF PPI group)
No esophagitis
< 2 cm small hiatal hernia (n = 3)

LPR of 1 or more events per day
and/or
FCR of 5 or more events per day
Positive for APE

HMII

HMII

Positive for APE

Negative for APE

8 Subjects with LPRD

9 Subjects with LPRD

4 Subjects underwent ARS

4 Subjects underwent ARS

4 Subjects with
alternate diagnose
or functional disease
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Figure 2. Flow chart of the study. EES,
extraesophageal symptoms; PPI, proton
pump inhibitor; MII-pH, multichannel
intraluminal impedance-pH; HMII,
hypopharyngeal multichannel intraluminal impedance; LA, Los Angeles; LPR,
laryngopharyngeal reflux; FCR, full
column reflux; APE, abnormal proximal
exposure; LPRD, laryngopharyngeal
reflux disease; ARS, antireflux surgery.
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time (AET) was calculated automatically, and < 4% per day was
defined normal.

Multichannel Intraluminal Impedance-pH and
Hypopharyngeal Multichannel Intraluminal
Impedance Data Interpretation
Impedance data were analyzed by the specific software (Bioview
Analysis; Sandhill Scientific Inc). The software automatically identified any possible reflux events; however each event was individually reviewed to exclude false-positive events by experienced physicians (T.M., Y.S., and T.H.). On MII-pH, a distal and a proximal
reflux event was considered present when retrograde bolus transit
occurred and reached the 5 cm and 17 cm impedance electrodes
above the lower esophageal sphincter respectively. On HMII, an
LPR event was considered present when retrograde bolus transit
occurred across all ring sets and reached the hypopharynx. FCR
was defined as reflux that reached the impedance 2 cm distal to the
UES but did not reach the hypopharyngeal ring set.

Symptom Association
The association between reflux events and clinical symptoms
was assessed based on the symptom index (SI) and the symptomassociation probability (SAP). The SI was considered to be positive
if the value was ≥ 50%. SAP values of 95% or greater were considered statistically significant.14

Antireflux Surgery and Symptom Assessment
Laparoscopic Nissen fundoplication was a choice of ARS for
the patients who had adequate esophageal motility based on highresolution manometry. To objectively assess clinical symptoms, all
patients completed the RSI to quantify the nature and severity of
EES the day before HMII (off PPI) and after ARS. RSI is made
up of 9-items which ranges from 0 (no problem) to 5 (severe problem), with a maximum total score of 45. Any score of greater than
13 is considered abnormal for EES.15 The outcome of ARS was
assessed using before and the most recent RSI.

Statistical Methods
Values are expressed as median (range or interquartile range)
except RSI score as mean ± SD. Statistical significance was determined by Mann-Whitney test and Wilcoxon signed rank test using
SPSS software program (version 22; IBM, Armonk, NY, USA).
Statistical tests were 2-tailed, and a P -value < 0.05 was considered
statistically significant.

Table 1. Demographics for Patients With Suspected Extraesophageal

Diagnostic Criteria Based on Multichannel
Intraluminal Impedance-pH and Upper Endoscopy

Symptoms

Based on the Lyon Consensus, a pathological GERD was
considered present when upper endoscopy demonstrated at least
1 of the following findings: LA grade C or D esophagitis, peptic
stricture or long-segment Barrett’s mucosa, and/or MII-pH demonstrated AET > 6% per day. Endoscopic findings of LA grade
A or B esophagitis and AET 4-6% were not adequate to confirm
a pathological GERD, and additional evidence such as the total
number of reflux events > 80 per day was therefore required to
confirm a pathological GERD.

Sex
Male
Age (yr)
BMI (kg/m2)
Primary EES
Abnormal sensation in the laryngopharynx
Globus sensation
Chronic cough
Dysphonia
Halitosis
Sore throat
Esophageal mucosal injury
LA grade
Normal
A
Hiatal hernia
RSI

Diagnostic Criteria Based on Hypopharyngeal
Multichannel Intraluminal Impedance
Based on the normative data established for LPR and FCR,
APE was defined as LPR of 1 or more events per day and/or FCR
of 5 or more events per day.10 LPRD was considered present when
APE was positive on HMII (Fig. 2).
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Characteristics

Subjects (n = 21)
11/21 (52)
66.0 [21-82]
21.6 [15.8-32.7]
6/21 (29)
5/21 (24)
5/21 (24)
3/21 (14)
1/21 (5)
1/21 (5)

20/21 (95)
1/21 (5)
8/21 (38)
16.7 ± 10.2

EES, extraesophageal symptoms; BMI, body mass index; LA, Los Angeles;
RSI, reflux symptom index.
Values are expressed as n (%), median (range), or mean ± SD.
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Results
Patient Demographics
From July 1, 2015 to April 30, 2018, a total of 191 patients
with EES underwent HMII. Of these 191 patients, 21 patients
with EES, who had both MII-pH and HMII, were included in
this study. The rest of the patients who did not undergo MII-pH
prior to referral for HMII and were excluded from the further
analysis. Median age and body mass index were 66.0 years (range,
21-82 years) and 21.6 kg/m2 (range, 15.8-32.7 kg/m2), respectively
(Table 1). Chief complaints included abnormal sensation in the
laryngopharynx (n = 6; 29%), globus sensation (n = 5; 24%),

chronic cough (n = 5; 24%), dysphonia (n = 3; 14%), halitosis
(n = 1; 5%), and sore throat (n = 1; 5%). Twelve patients (57%)
presented with isolated EES. Nine patients (43%) had concomitant
typical GERD symptoms, and all of them had complete resolution
of concomitant typical GERD symptoms with PPI therapy but
continued to have EES.

Upper Endoscopy and Multichannel Intraluminal
Impedance-pH
Of 21 patients, 13 patients had MII-pH OFF PPI (MII-pH
OFF PPI group), while 8 patients had MII-pH ON PPI (MIIpH ON PPI group). None of 13 patients in the MII-pH OFF
PPI group had esophagitis on endoscopy and all of them had negative MII-pH. Of 8 patients in the MII-pH ON PPI group, LA

Table 2. Multichannel Intraluminal Impedance-pH and Hypopharyngeal Multichannel Intraluminal Impedance Measurements

Subjects
MII-pH measurements
Reflux events
Distal reflux
Proximal reflux
AET
AET > 6%
AET 4-6%
AET < 4%
Symptom index
Positive for EES
Positive for typical symptom
Symptom association probability
Positive for EES
Positive for typical symptom

Total
(n = 21)
55 (36-72)
23 (11-39)
0.7 (0.2-1.1)
0/21 (0)
1/21 (5)
20/21 (95)

MII-pH ON PPI
(n = 8)
64.5 (56-83)
31 (18-47)
0.8 (0.1-1.3)
0/8 (0)
1/8 (13)
7/8 (87)

MII-pH OFF PPI
(n = 13)
51 (28-69)
15 (7-29)
0.7 (0.3-1.1)
0/13 (0)
0/13 (0)
13/13 (100)

1/21 (5)
4/21 (19)

1/8 (13)
1/8 (13)

0/13 (0)
3/13 (23)

2/19 (11)
2/19 (11)

2/7 (29)
1/7 (14)

0/12 (0)
1/12 (8)

P -value

0.166
0.057
0.986

HMII measurements
Reflux events
Distal reflux
FCR
LPR
Positive APE
AET
Symptom Index
Positive for EES
Positive for typical symptom
Symptom association probability
Positive for EES
Positive for typical symptom

54.5 (46.5-66.5)
6.0 (5.5-17.0)
0.0 (0.0-1.5)
17/21 (81)
6.0 (1.5-10.6)

58.5 (45.5-73.5)
10.0 (6.0-17.5)
0.0 (0.0-2.5)
8/8 (100)
6.1 (3.2-9.2)

54.0 (47.0-65.0)
6.0 (2.0-13.5)
0.0 (0.0-1.5)
9/13 (69)
3.9 (1.0-11.2)

5/21 (24)
6/21 (29)

3/8 (38)
3/8 (38)

2/13 (15)
3/13 (23)

3/21 (14)
6/21 (29)

2/8 (25)
3/8 (38)

1/13 (8)
3/13 (23)

0.276
0.287
0.898
0.131
0.683

MII-pH, multichannel intraluminal impedance-pH; AET, acid exposure time; EES, extraesophageal symptoms; HMII, hypopharyngeal multichannel intraluminal
impedance; FCR, full column reflux; LPR, laryngopharyngeal reflux; APE, abnormal proximal exposure.
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Laryngoscopy and Hypopharyngeal Multichannel
Intraluminal Impedance
Laryngoscopy did not show any known etiology of laryngopharyngeal symptoms in the laryngopharynx. Of 21 patients, APE
was found in 17 patients (81%) (Fig. 2); 8 patients (38%) and 17
patients (100%) had an abnormal number of LPR events (median,
2.5; range, 1.0-14.0) and events (median, 6.0; range, 5.0-26.0), respectively. MII-pH and HMII measurements are summarized in
Table 2.
APE was identified in all 8 patients who had MII-pH ON
PPI. On the other hand, APE was identified in 9 patients (69%)
out of 13 patients who had MII-pH OFF PPI. The median AET
on HMII OFF PPI, MII-pH OFF PPI, and ON PPI were 6.0
(1.5-10.6), 0.7 (0.3-1.1), and 0.8 (0.1-1.3) (median [interquartile
range]). Good symptom correlation with EES (both SI and SAP)
was not frequently seen both in MII-pH and HMII.

Antireflux Surgery
Of 17 patients with APE, 8 patients with chronic cough (n =
3), globus sensation (n = 2), abnormal sensation of larynx (n = 2),
and halitosis (n = 1) underwent laparoscopic Nissen fundoplication. The remaining 9 patients stayed on PPI therapy. During a
median follow-up of 9 months (range, 6-36 months) after ARS, 7
patients were able to discontinue PPI, although 1 patient had to resume PPI because of non-steroidal anti-inflammatory drugs use for
Herpes zoster. All 8 patients had significant symptomatic improvement in the RSI scores after ARS compared to before ARS
(19.6 ± 4.9 pre-ARS to 5.8 ± 1.4 post-ARS, P = 0.008). RSI
74

NS

*

40

*

30

RSI

grade A esophagitis was found in 1 (5%) patient even after PPI
therapy; however the number of distal reflux was < 80 and AET
was < 4%. There was 1 patient without esophagitis whose AET
was 4-6%; however the number of distal reflux was < 80. Three
patients in the MII-pH OFF PPI group and 5 patients in the
MII-pH ON PPI group were found to have small hiatal hernia (<
2 cm). No patients had peptic stricture, histology proven eosinophilic esophagitis or long-segment Barrett’s esophagus. Based on
this, 13 patients in the MII-pH OFF PPI group were considered
to have persistent EES without presence of pathological GERD,
while 8 patients in the MII-pH ON PPI group previously had a
diagnosis of pathological GERD, but currently there was no more
endoscopic confirmatory evidence for GERD or abnormal acid
exposure to the distal esophagus due to PPI therapy. Therefore,
all 21 patients were thought to have persistent EES with GERDunrelated “unknown” etiology.

20

10

0
Pre-ARS

Post-ARS

MII-pH ON PPI group

Pre-ARS

Post-ARS

MII-pH OFF PPI group

Figure 3. Comparison of the reflux symptom index (RSI) between

pre- and post-antireflux surgery (ARS) in multichannel intraluminal
impedance-pH (MII-pH) ON proton pump inhibitor (PPI) group
and MII-pH OFF PPI group. NS, not significant. *P < 0.05.

scores normalized after ARS in all patients. RSI scores changed
from 15.2 ± 13.6 pre-ARS to 4.8 ± 2.1 post-ARS in patients in
the MII-pH OFF PPI group (P = 0.125), and from 24.0 ± 14.6
pre-ARS to 6.8 ± 5.4 post-ARS in 4 patients in the MII-pH ON
PPI group (P = 0.125). There was no difference in change values
of RSI score between the groups (Fig. 3).

Discussion
This is the first study to investigate the prevalence of APE
using HMII in patients with EES, who were not diagnosed with
pathological GERD or were thought to have GERD-unrelated
EES with “unknown” etiology based on endoscopy and MII-pH.
In the present study, we demonstrated that 81% of patients with
EES, who did not have objective evidence of pathological GERD
or persistent GERD, had APE indicating LPRD. All patients
with APE, who had undergone ARS, had significant symptomatic
improvement, suggesting that endoscopy and MII-pH were not
sufficient to evaluate the EES, and that the assessment of APE
by HMII is essential to identify patients who could have LPRDrelated EES and would benefit from ARS.
The Lyon Consensus proposed the definitive evidence of
pathological GERD such as endoscopic findings of LA grade C/
D esophagitis, esophageal stricture and long-segment Barrett’s
esophagus, and abnormal acid exposure to the distal esophagus
as evidenced by AET > 6% based on a conventional pH-metry.
Additional evidence such as the number of distal reflux events >
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80 is required when upper endoscopy demonstrates LA grade A/
B esophagitis and AET is between 4% and 6%.3 As such, MIIpH is currently a gold standard to assess acid exposure to the distal
esophagus (both AET and the number of reflux events) for a diagnosis of pathological GERD, especially in patients with typical
reflux symptoms such as heartburn and regurgitation. Malhotra
et al16 performed MII-pH on 50 consecutive patients with EES
refractory to acid suppressive therapy, and demonstrated that 16%,
22%, and 2% patients were found to have EES due to acid reflux,
nonacid reflux or both, respectively. This suggested that the impedance technology such as MII-pH could increase a diagnostic yield
by 36%, compared to a conventional pH-metry, in patients with
EES. Therefore, MII-pH was also suggested to be performed in
patients with GERD-related EES; however a true benefit of MIIpH to evaluate EES has not been well discussed, and the outcome
of ARS in patients with EES selected based on MII-pH remains
unpredictable.
There were 2 distinct patient phenotypes in this study. Patients
in the MII-pH OFF PPI group were thought not to have pathological GERD, while patients in the MII-pH ON PPI group had
a prior diagnosis of pathological GERD, but there was no more
endoscopic confirmatory evidence for GERD or abnormal acid
exposure to the distal esophagus due to PPI therapy. The common
characteristics of 2 phenotypes included (1) absence of esophageal
mucosal injury, (2) normal acid exposure to the distal esophagus
based on MII-pH, even with persistent EES, and (3) scarce
symptom correlation between reflux events and EES on MII-pH.
Based on this, this population was thought not to have NERD,
which accounts for approximately 60% of GERD patients,17 or
hypersensitive esophagus. Therefore, all patients were thought to
have EES with GERD-unrelated “unknown” etiology. However,
81% of these patients were found to have APE on HMII indicating LPRD, and all patients with APE, who had undergone ARS,
had significant symptomatic improvement. This highly suggest that
LPRD may be pathophysiologically a different entity from GERD
or NERD, and a conventional approach to diagnose GERD based
on endoscopy and MII-pH may not be sufficient to evaluate patients with EES suggestive of LPRD.
There appears to be several unique characteristics in patients
with LPRD. First, esophageal mucosal injury is not common in
patients with LPRD. The previous studies have demonstrated only
up to 10% of patients with LPRD had erosive esophagitis, and a
majority of patients with LPRD did not have any esophageal mucosal injury.11,18 Second, patients with LPRD often have normal acid
exposure to the distal esophagus. It was reported that only up to

14% of patients with EES showed an abnormal AET on MII-pH
even with laryngoscopic findings of LPRD, suggesting that both
acid and non-acid reflux could cause EES.18,19 This was further
supported by our previous studies, which demonstrated that a large
number of APE-positive patients with EES such as chronic cough
and adult-onset asthma had negative DeMeester scores and the
number of total reflux events were normal.8,9,11 Third, EES is often
unresponsive to PPI therapy. Several meta-analyses have demonstrated no diagnostic or therapeutic benefit of PPI to manage patients with LPRD.20-22 Lastly, a symptom correlation between reflux
events and EES is often scarce. The previous study demonstrated
that only 3 LPR events a week could induce severe inflammation
in the hypopharynx, leading to persistent LPR symptoms,23 and
this suggest that patients could be symptomatic even without actual
LPR events. Because of these unique characteristics of LPRD, it is
crucial to measure a direct exposure of gastric contents to the hypopharynx using HMII.
The larynx is a sensitive organ to protect lower airway from
aspiration, and the network of sensory neurons is therefore abundantly distributed on laryngeal and pharyngeal epithelium.24 Any
direct exposure of gastric contents to the hypopharynx regardless
of whether it is acid or not, could cause EES. Since PPI therapy
never reduces or stop reflux events, ARS could be theoretically an
ideal treatment option for patients with EES refractory to medical
therapy. ARS eliminates all types of reflux including LPR by anatomically reconstructing the antireflux barrier function at the gastroesophageal junction. We have demonstrated promising outcomes of
ARS for patients with EES selected based on HMII, suggesting a
potential benefit of HMII to select patients with EES for ARS.8,9,11
Approximately 70% of patients with EES such as chronic cough
(n = 49) and adult-onset asthma (n = 31) had APE, and 90% of
patients with APE had symptomatic improvement after ARS.8,9
In the most recent study, we demonstrated that 73% of the patients
with persistent EES despite PPI therapy (n = 52) had APE, and
all 12 patients with APE had excellent symptomatic improvement
after ARS.11 Carroll et al25 used the same HMII system to select 9
patients with EES for ARS, all of whom achieved significant symptomatic improvement after ARS based on RSI (31.7 pre-ARS to 10
post-ARS, P < 0.01). In the present study, all 8 patients with APE
had a significant symptomatic improvement after ARS, although
none of them had abnormal endoscopic findings or abnormal acid
exposure to the distal esophagus on MII-pH. These results suggest that a conventional diagnostic approach using endoscopy and
MII-pH may not be sufficient to evaluate patients with EES, and
HMII may be a reliable diagnostic tool to achieve successful treat-
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ment outcomes for LPRD.
There are some limitations to this study. First, the AET based
on HMII OFF PPI was higher than that based on MII-pH. The
impedance catheter for HMII was placed based on the location of
hypopharyngeal impedance electrodes under laryngoscopic guidance, and the location of distal pH probe may not be exactly 5 cm
proximal to the gastroesophageal junction. Therefore, the AET
value may not be accurate. Depending on patients’ body habitus (eg,
height and length of esophagus), the AET value could be higher or
lower than accurately measured. However, the criteria of APE was
constructed only based on the number of hypopharyngeal exposure
such as FCR and LPR, and did not include the AET value. Additionally, the recording was for only 24 hours and the results of
MII-pH and HMII may vary, depending on patient’s conditions.
Second, we did not use some of other parameters described in the
Lyon Consensus, such as gastroesophageal junction morphology,
motility value of HRM test, mean nocturnal baseline impedance,
and post-reflux swallow-induced peristaltic wave index in MII-pH
in the present study, although all parameters need to be put together
to obtain the whole picture of disease;26 however all of these parameters could be supportive but not confirmatory for GERD. APE
measured by HMII may be a promising confirmatory parameter to
potentially establish the presence of LPR, causing EES. Last, the
sample size was small. Further study involving a large sample size is
required.
In conclusion, a conventional diagnostic approach using endoscopy and MII-pH may not be sufficient to evaluate patients with
EES suggestive of LPRD, although endoscopy and MII-pH are
currently the gold standard for the diagnosis of GERD. HMII is
essential for diagnosing LPRD by direct measurements of abnormal proximal reflux events such as LPR that cause EES. APE as
measure by HMII could be a reliable indicator for successful outcome of ARS in patients with EES.
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Background/Aims
Small intestinal bacterial overgrowth (SIBO) is expected in children and adolescents with functional abdominal pain disorders (FAPDs).
This study is conducted to estimate the prevalence of SIBO and to investigate the role of SIBO in children and adolescents with FAPDs.
Methods
This prospective study enrolled children with FAPDs fulfilling the Rome IV criteria. A hydrogen-methane glucose breath test was used
to diagnose SIBO. A survey of bowel symptoms using questionnaires, birth history, types of feeding, and the presence of allergy was
conducted.
Results
Sixty-eight children and adolescents (range, 6-17 years; median, 12.5 years) were enrolled. SIBO was detected in 14 patients (20.6%).
Age (≥ 12 years) (P < 0.003) and loose stool (P = 0.048) were significantly more common in children with SIBO than in children
without SIBO. However, the history of allergies (P = 0.031) was less common in children with SIBO than those without SIBO. No
significant differences were observed in other demographic findings. In multivariate analysis, age (≥ 12 years) was the independent
factor predicting SIBO in children with FAPDs.
Conclusions
SIBO is not uncommon in children and adolescents with FAPDs. Among children aged above 12 years and diagnosed with FAPDs,
SIBO is a suspected clinical target for treatment to relieve intestinal symptoms. A further study to investigate the association between
intestinal bacteria and history of allergy is needed.
(J Neurogastroenterol Motil 2022;28:78-85)
Key Words
Adolescent; Child; Functional abdominal pain disorders; Glucose breath test; Small intestinal bacterial overgrowth

Received: October 11, 2020 Revised: January 15, 2021 Accepted: January 28, 2021
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work
is properly cited.
*Correspondence: Chang-Nyol Paik, MD, PhD
Division of Gastroenterology, Department of Internal Medicine, St. Vincent’s Hospital, College of Medicine, The Catholic University
of Korea, 93 Jungbu Daero, Paldal-gu, Suwon, Gyeonggi-do 16247, Korea
Tel: +82-31-881-8582, Fax: +82-31-253-8898, E-mail: cmcu@catholic.ac.kr
ⓒ 2022 The Korean Society of Neurogastroenterology and Motility

78

J Neurogastroenterol Motil, Vol. 28 No. 1 January, 2022
www.jnmjournal.org

Breath Test and Functional Abdominal Pain Disorders

Study Population

Introduction
The symptoms of functional abdominal pain disorders (FAPDs) based on Rome IV criteria, previously referred to as abdominal
pain-related functional gastrointestinal disorders, represent some
of the most common gastrointestinal complaints, and affect up to
20% of children in Western countries.1,2 Although the pathophysiological mechanisms of FAPDs are still poorly understood and any
definitive treatment has yet to be established, altered gastrointestinal
motility, hypersensitivity to bowel distension, impaired brain-gut
interaction, intestinal dysbiosis, psychosocial problem, and immune
mechanism have been suggested as possible multifactorial mechanisms. Recently, small intestinal bacterial overgrowth (SIBO) has
been cited as one of the etiologic factors for FAPDs, demonstrated
by a breath test.3,4
SIBO is defined as an increase in the number of bacteria in
the small intestine. Jejunal aspirate culture is considered a gold
standard test for SIBO diagnosis. However, this diagnostic method
is invasive, expensive, and uncomfortable. Thus recently, a noninvasive breath test has been preferred, because of its simplicity and
lower expense. The increase in hydrogen (H2) excretion is generally considered a diagnosis of SIBO in clinical practice. However,
nearly 30% of the general population carries mostly intestinal
methanogens and produces methane (CH4) as a major by-product
of carbohydrate fermentation.5 Therefore, adding CH4 to H2 measurement may avoid false-negative results. Although the relatively
high prevalence of SIBO in children with functional gastrointestinal disorder (FGID) was suggested, there is a paucity of evidence
involving children with FAPDs based on concurrent H2 and CH4
breath tests.
The study estimated the prevalence of SIBO using a glucose
H2-CH4 breath test and investigated the clinical role of SIBO in
children with FAPDs.

Materials and Methods
The protocol was approved by the Institutional Review Boards
of Hanil General Hospital of Korea (IRB No. HIRB-2017-003).
The study was conducted in compliance with the tenets of the
Declaration of Helsinki and International Committee on Harmonization Guidelines for Good Clinical Practice. A written Informed
consent was obtained from all children or the authorized legal representatives prior to enrolling the subjects in the study.

The study was conducted at a secondary teaching hospital in
Seoul, Korea, from July 2017 to April 2020. We enrolled consecutive children who visited the institution, fulfilling the Rome IV
criteria for FAPDs between 6 years to 18 years of age. The subjects
voluntarily participated in the study and their guardians agreed to
participate. Exclusion criteria were a history of diabetes, thyroid disease, connective tissue disease, inflammatory bowel disease, or gastrointestinal or gynecologic surgery. Children who were treated with
antisecretory agents such as proton pump inhibitors or histamine
H2 receptor blockers, antibiotics, probiotics, prokinetics, narcotics,
laxatives, bulking agents, or antidiarrheal agents within the previous
4 weeks; and those with renal insufficiency, major psychiatric problem, hearing disturbance, masticatory dysfunction, and incomplete
data, or those who had underwent colonoscopy within the last 3
months, were also excluded.

Study Design
The survey design encompassed the clinical demographics,
type of feeding (breast milk or formula) during infancy, type of delivery (vaginal delivery or Cesarean section), and history of allergy
of all the enrolled children. Bowel symptoms were surveyed using
a questionnaire, and glucose H2-CH4 breath test was used for the
diagnosis of SIBO. The children were presented to the pediatric
clinic after a minimum of 12 hours of fasting before the test. Physical exercises was not allowed during the test, starting 30 minutes
before the test. The end expiratory breath samples were collected at
baseline after ingestion of oral glucose solution in 2 g/kg (maximum
50 g) (DIASOL-S SOLN; Tae Joon Pharma, Seoul, Korea), and
then for 120 minutes at every 10-minute intervals. Breath tests of
the samples with breath test kit (The EasySampler Breath Test
Kit; Quintron Instrument Company, Milwaukee, WI, USA) were
performed each time by gas chromatography equipment (Quintron
BreathTracker SC; Quintron Instrument Company).

Definition of Small Intestinal Bacterial Overgrowth
and Assessment of Intestinal Symptom
A positive glucose breath test (GBT) indicating SIBO was
defined and classified as follows6,7: (1) an increase in H2 concentration of more than 12 ppm above baseline within 90 minutes (glucose
H2 breath test [GHBT+] group) or (2) an increase in CH4 concentration of more than 10 ppm above baseline within 90 minutes
(glucose CH4 breath test [GMBT+] group). The GBT (mixed)+
group was defined when both conditions (GHBT and GMBT
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groups) were met. All participants completed the bowel symptom
questionnaire. The Korean version of the Irritable Bowel Syndrome
Quality of Life questionnaire was based on the Rome criteria together with additional questions about gastro intestinal symptoms,
and has been verified and used in previous studies.8,9 Besides, 13
questions related to various gastrointestinal symptoms experienced
in the last 4 weeks were included. Information on bowel symptoms
of discomfort, pain, hard or lumpy stools, loose or watery stools,
straining during bowel movements, bowel urgency, mucus passing
during bowel movements, abdominal fullness/bloating or swelling,
flatus, chest pain or heartburn, the feeling of being full soon after a
meal, urinary frequency, and nausea was collected. The severity of
symptoms was estimated by the total symptom score, defined by the
cumulative scores of event frequency and intrusiveness. The frequency and intrusiveness of each symptom were evaluated by each
patient using a 7-point scale from 0 to 6. Since the total symptom
score was defined as the sum of the symptom frequency and intrusiveness scores, the range of a score by each symptom was 0-12.

Statistical Methods
Clinical evaluations included age, sex, body mass index (BMI),
types of feeding or delivery, allergy history, intestinal symptoms, and
presence of irritable bowel syndrome (IBS) according to the presTable 1. Baseline Characteristics of Children and Adolescents With

Functional Gastrointestinal Disorders (N = 68)
Demographics

Study Populations
Seventy children enrolled in the study. Two subjects were excluded from the analysis due to a sampling error, and incompletion
of demographic data or bowel symptom questionnaire. Baseline
characteristics including demographics and type of feeding, delivery
and allergy are shown in Table 1. Twenty children were allergic,
and involved several types of allergy: atopic dermatitis (n = 5), allergic rhinitis (n = 4), pollen allergy (n = 2), food allergy involving
mushroom (n = 1) or fruits such as apple, kiwi, and watermelon (n
= 2), insect allergy (n = 1), dust allergy (n = 1), cold allergy (n =
1), urticaria (n = 1), asthma with allergic rhinitis (n = 1), allergic
rhinitis with atopic dermatitis (n = 1), or cat allergy combined with
allergy to nuts (n = 1).

12.24 ± 2.94 (range 6-17)
25 (36.8)
43 (63.2)
152.35 ± 14.60
46.00 ± 15.18
19.27 ± 3.56

Hydrogen (control)
Hydrogen (children with FAPDs)
Methane (control)
Methane (children with FAPDs)

18
16
14
12

26 (38.2)
46 (25.0)
25 (36.8)

10
8
6

42 (61.8)
26 (38.2)
20 (29.4)
14 (20.6)
6 (8.8)
8 (11.8)
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(min)

BMI, body mass index; GBT, glucose breath test; H2, hydrogen; CH4, methane.
Data are expressed as mean ± SD or n (%).
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Age (yr)
Gender
Male
Female
Height (cm)
Weight (kg)
BMI (kg/m2)
Types of feeding
Breast milk
Formula
Mixed
Types of delivery
Vaginal delivery
Cesarean section
Allergy history
Positive GBT
H2
H2 + CH4

ence of SIBO. The profiles of breath H2 and CH4 in children with
FAPDs were compared with those of historically healthy controls
who were previously registered in the determination of normal
GBT value at the Catholic University of Medicine.10 Continuous data were expressed as mean ± SD and were analyzed using
independent-sample t tests, whereas the categorical variables were
expressed as quantities and analyzed using χ2 tests. Multiple stepwise logistic regression was used to identify independent factors
correlated with the existence of the SIBO. A P -value less than 0.05
was considered significant for all tests.

Figure 1. Comparison of breath hydrogen and methane profiles (parts

per million [ppm]) between historic controls and children with functional abdominal pain disorders (FAPDs).
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Glucose Breath Test in Children With Functional
Abdominal Pain Disorders and Healthy Controls
Fourteen of 68 children (20.6%) were positive in the GBT;
6 (8.8%) excreted H2, and 8 (11.8%) were combined excreters,
whereas none was included in the CH4 excreters (Table 1). There
were significant differences in the exhaled H2 at intervals of 0, 30,
50, 60, 70, 80, 100, 110, and 120 minutes, and in CH4 from 10 to
120 minutes intervals between the children with FAPDs and controls, respectively (Fig. 1).

Characteristics of Children With Functional
Abdominal Pain Disorders According to Glucose
Breath Test Positivity
No difference was found between GBT positive (GBT+) and
negative (GBT−) children regarding gender, BMI, types of feeding, and types of delivery. In the GBT+ children with FAPDs, the
age was significantly higher whereas the presence of allergy histories
was significantly lower than those of GBT− children with FAPDs

(Table 2). In multivariable logistic regression, age ≥ 12 was the
only significant independent factor predicting SIBO in children
with FAPDs. A history of allergy inversely correlated with SIBO
with statistically significant tendency (Table 3). The breath H2 profiles at all the time points were significantly higher in children with a
history of allergy compared with those without (Fig. 2).

Bowel Symptoms According to Glucose Breath Test
Positivity in Children With Functional Abdominal
Pain Disorders
Although GBT+ children with FAPDs had high individual
total symptom scores regarding abdominal pain, hard stool, strain,
urgency, bloating, flatus, satiety, frequent urination, and nausea (Fig.
3), the total frequency scores (32.50 ± 12.23 vs 28.76 ± 12.43,
P = 0.321), total bothersome scores (24.86 ± 15.64 vs 21.43 ±
13.34, P = 0.411), and total sum scores (57.36 ± 27.16 vs 50.19
± 24.77, P = 0.347) compared to those of GBT− children with
Table 3. Multivariate Analysis for the Independent Factors of Posi-

tive Glucose Breath Test
Table 2. The Characteristics of Children With Functional Gastroin-

testinal Disorders to the Positivity to Glucose Breath Test

Age (yr)
< 12
≥ 12
Gender
Male
Female
BMI (kg/m2)
Types of feeding
Breast milk
Formula
Mixed
Types of delivery
Vaginal delivery
Cesarean section
Allergy history
No
Yes
IBS
No
Yes

GBT
Negative (n = 54) Positive (n = 14)

P -value

11.91 ± 3.00
32 (59.3)
22 (40.7)

13.50 ± 2.38
2 (5.9)
12 (85.7)

0.070
0.003

20 (37.0)
34 (63.0)
18.88 ± 3.27

5 (35.7)
9 (64.3)
20.75 ± 4.34

0.927

OR

95% CI

P -value

Age ≥ 12 yr
BMI (kg/m2)
The presence of allergy
IBS
Types of feeding
Breast milk
Powdered milk

11.364
1.023
0.129
3.390

1.621-76.923
0.819-1.276
0.011-1.546
0.691-16.667

0.014
0.844
0.106
0.133

0.526
3.540

0.055-5.053
0.572-21.914

0.578
0.174

GBT, glucose breath test; BMI, body mass index; IBS, irritable bowel syndrome.
20

0.080

Allergy ( )
Allergy (+)

18

24 (44.4)
11 (20.4)
19 (35.2)

2 (14.3)
6 (42.9)
6 (42.9)

0.079

32 (59.3)
22 (40.7)

10 (71.4)
4 (28.6)

0.404

35 (64.8)
19 (35.2)

13 (92.9)
1 (7.1)

0.031

38 (70.4)
16 (29.6)

6 (42.9)
8 (57.1)

0.056

16
14

(ppm)

Demographics

Demographics
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6

GBT, glucose breath test; BMI, body mass index; IBS, irritable bowel syndrome.
Data are expressed as mean ± SD or n (%).
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Figure 2. Profiles (parts per million [ppm]) of breath hydrogen in

children with functional abdominal pain disorders (FAPDs) based on
history of allergic disease.
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FAPDs, showed no significant differences between the 2 groups.
In the GBT+ group, the total symptom scores of loose stool were
significantly higher than those of the GBT− group (5.86 ± 3.03
vs 3.98 ± 3.13, P = 0.048) (Fig. 3).

Discussion
The current study showed that SIBO is not uncommon in children and adolescents with FAPDs. It appears to be closely related
to worsening intestinal symptoms in children older than 12 years
diagnosed with FAPDs, and represents a meaningful therapeutic
target for amelioration of functional intestinal symptoms.
The causes of FGID include not only SIBO but also a number
of factors including altered bowel motility, visceral hypersensitivity,
abnormal brain-gut interaction, autonomic dysfunction, and activation of the immune system.11 SIBO could induce functional gastrointestinal symptoms in adults or children, such as chronic abdominal pain, bloating, diarrhea, flatulence, and/or constipation.3,12-14
Direct jejunal aspirate culture is the gold standard method for
diagnosing SIBO. However, this method has limitations such as
difficulty in accessing the distal small bowel, possibility of contamination during sampling, low reproducibility, and potential for false
negative results.15-17 It is also somewhat uncomfortable and invasive.
Thus a breath test is a simple alternative and an acceptable diagnostic method for SIBO. Various factors including substrate types, criteria for test results, gas types measured (H2 or CH4), and research
design could directly affect the results of breath test. Accordingly, a
wide variety of prevalence of SIBO has been reported.18,19 There are
still controversy to usefulness for breath tests to reflect SIBO in patients with FGID.20,21 In addition, most proposed guidelines22,23 for
82

Figure 3. Total symptom scores of indi-

vidual bowel symptoms based on positive glucose breath test (GBT) results in
children with functional abdominal pain
disorders.

breath tests are based on research for adults, and thus it is unclear
whether this proposal will also apply to children.
However, this non-invasive method may be more appropriate in
children who are burdened with invasive tests. The first Rome H2Breath Testing Consensus Conference Working Group (2009) recommended the GBT instead of lactulose breath test for diagnostic
accuracy.22 The advantage of breath test using glucose as a substrate
over lactulose is low false positivity and superior diagnostic ability
of proximal SIBO.24,25 In children who are expected to have a low
BMI compared to that of adults, the intestinal transit time is also
relatively short, and therefore, glucose was selected for breath tests.
During lactulose breath tests, it is difficult to distinguish SIBO
from colonic bacteria if intestinal transit is fast,26,27 and importantly
lactulose itself induces rapid small intestine transit.28 The study
demonstrated that the prevalence of SIBO in children with FAPDs
was 20.6% (14/68) using the H2-CH4 GBT, which was consistent
with other study results with a prevalence of 22.5% in children.6
Only a single study3 involving children with abdominal pain-related
FGIDs according to the Rome III criteria demonstrated an SIBO
prevalence of 14.3% in English literature, which measured only H2
produced by SIBO, and included baseline breath H2 ≥ 20 ppm
testing positive to GHBT. Our study evaluates both breath H2 and
CH4 to detect hydrogenic and methanogenic bacteria, respectively.
It is known that about 15-27% of SIBO patients are CH4 producers.5 The prevalence of SIBO can be underestimated without measuring breath CH4. Recently, the North American Consensus did
not recommend the baseline breath profile as positivity to breath test
due to the need for clarifying whether it was a result of improper
test preparation or represented a SIBO variant.23 We excluded the
fasting breath profiles as diagnostic criteria for SIBO, and only in-
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cluded positivity to GBT using a cutoff of increased breath profiles
compared with participant baselines.23 However, these recommendations are based on studies of adults and extrapolation to children
needs further investigation.
The other strength of this study is that it was conducted in
Asia. The clinical use of breath test in Asia has occurred only in the
last few years, being lagging in time compared to the West. The
prevalence of SIBO is thought to be different between patients
with Asian and Western countries due to main dietary habit, physical status, or bowel transit time.29-31 This study provided evidence
that SIBO using breath test play an important role in children
with functional intestinal symptoms in Asia as well as in Western
children. Future studies are needed to conduct additional comparative studies on the different targeting age groups, effects of dietary
habits and lifestyles between those in Asia and Western countries, or
research on immigrants in Korea.
The potential limitation relates to the use of fewer historical
adult controls compared with the cases. However, the breath H2
profiles at most time points during the tests involving cases were
increased compared with those of adult controls as shown in Figure
1. Because age itself is a known risk factor for SIBO, the profiles
of breath tests in adult controls were expected to be higher than in
controls with children.32 Nevertheless, the range of prevalence of
SIBO in children is still very wide due to various diagnostic cutoff
values and methodologies.4 Therefore, further research is needed to
verify the diagnosis of bacterial overgrowth in children by GBT.
The age of 12 years and older equivalent to that of subjects in
middle school and high school is a significant predicting factor for
SIBO in children and adolescents with FAPDs. SIBO seems to
be more prevalent among older individuals despite studies involving adults,32 who are more likely to have reduced intestinal motility,
small bowel diverticulosis, low gastric secretory function, or a strong
history of medication usage. Although non-significant statistical
differences in multivariate analysis were shown, a low level of BMI,
the presence of IBS, or loose stool were associated with SIBO in
this study. Still in debate, the prevalence of SIBO is reported to be
high in patients with IBS, or chronic diarrhea.21 The prevalence
of breast feeding and allergic history tended to be low in the presence of SIBO. Representative factors predicting the status of gut
microbiota during infancy include the types of delivery and feeding
practices. A study suggested that dysbiosis was significantly related
to lack of breastfeeding, but showed no evidence of association with
mode of delivery,33 which is consistent with our results. However,
the relationship between breastfeeding and gut microbiome is
mostly evaluated using fecal samples. More studies are needed to

investigate the link between SIBO and breastfeeding using breath
tests.
Evidence shows that intestinal microflora is a crucial factor in
immune system maturation and tolerance.34,35 Interestingly, a history
of allergy is inversely correlated with the GBT profiles in Figure 2,
which is contrary to previous studies. A recent study has shown that
SIBO was linked to allergic disease.36 However, the study design
was retrospective and involved a small number of subjects. Very
few studies correlating SIBO and allergy have been reported. In 1
study, the prevalence of SIBO in patients with chronic urticaria was
higher than in the healthy population, but the eradication of SIBO
was not related to clinical improvements in patients with chronic urticaria.37 A well-designed prospective study with a larger number of
patients is needed. The hygiene hypothesis in allergy suggests that
exposure to enriched microbial environment improves the immune
response in patients with allergic diseases.38 Although the breath
test failed to detect the diversity of gut microbiota, the presence
of bacteria demonstrated by breath test may indirectly reflect the
beneficial status of allergic diseases. It is also possible that the SIBO
negative results were caused by frequent overuse of antibiotics in
patients with allergic diseases that manifested as upper respiratory
tract infections. The antibiotic prescription rate is very high in Korea, where the study was conducted. According to data presented
by the Organisation for Economic Co-operation and Development
(OECD) in 2014, the rate of antibiotic consumption in Korea was
31.7 defined daily doses per 1000 inhabitants/day (DID), which
is higher than the average rate of 20.5 DID in OECD countries.39
A future study is needed to validate the diagnosis of bacterial overgrowth based on breath tests and diversity of microbiota.
Loose stool can occur significantly in FAPD children with
SIBO. We evaluated each gastrointestinal symptom using a validated questionnaire. Although the symptom scores of abdominal
pain, hard stool, strain, urgency, bloating, flatus, satiety, frequent
urination, and nausea were higher in GBT+ compared with those
of GBT− children, no significant differences were observed between the 2 groups. The foregoing results are based on a small
sample size. The symptoms of hard stool and strain related to slow
intestinal transit may be associated with CH4.5,40 However, no pure
CH4 excretors were detected in our study, and the clinical characteristics of subjects with CH4 gas related symptoms could not be
investigated. The prevalence of CH4 excretors with age is known to
be high, ranging from 3% in the 6-10 years old group to 45% in the
46-50 years old group.41 Thus, children with SIBO excreting CH4
constituted a relatively low proportion in our study.
In conclusion, SIBO in children and adolescents with FAPD
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was not uncommon. SIBO is a suspected therapeutic target for alleviating bowel symptoms of children older than 12 years manifesting functional gastrointestinal symptom such as loose stool. Further
studies are needed to elucidate the role of SIBO in children and
adolescents diagnosed with FAPD by demonstrating the potential
response to antibiotic treatment.
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Background/Aims
Although risk factors of reflux esophagitis (RE) have been investigated in numerous cross-sectional studies, little is known about
predictive factors associated with future onset of RE. We investigated time courses of clinical parameters before RE onset by a
longitudinal case-control study using health checkup records.
Methods
We used health checkup records between April 2004 and March 2014 at 9 institutions in Japan. A multivariate logistic regression
analysis was performed to evaluate associations of baseline clinical parameters with RE. The time courses of the clinical parameters of
RE subjects were compared with those of non-RE subjects by the mixed-effects models for repeated measures analysis or longitudinal
multivariate logistic analysis.
Results
Initial data were obtained from 230 056 individuals, and 2066 RE subjects and 4132 non-RE subjects were finally included in the
analysis. Body mass index, alanine aminotransferase, smoking, acid reflux symptoms, hiatal hernia, and absence of atrophic gastritis
at baseline were independently associated with RE. The time courses of body mass index, fasting blood sugar, triglyceride, aspartate
aminotransferase, alanine aminotransferase, γ-glutamyl transpeptidase, percentages of acid reflux symptoms, feeling of fullness, and
hiatal hernia in the RE group were significantly worse than in the non-RE group.
Conclusions
The RE group displayed a greater worsening of the clinical parameters associated with lifestyle diseases, including obesity, diabetes,
hyperlipidemia, and fatty liver for 5 years before RE onset compared with the non-RE group. These results suggest that RE is a lifestyle
disease and thus lifestyle guidance to at-risk person may help to prevent RE onset.
(J Neurogastroenterol Motil 2022;28:86-94)
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Therefore, we conducted a multicenter retrospective study to investigate factors associated with future RE onset using long-term
health checkup records in Japan.

Introduction
Reflux esophagitis (RE) is a disease in which the reflux of
gastric contents into the esophagus causes superficial erosion of
the mucosa of the lower esophagus, and its prevalence and burden
have recently increased.1,2 Risk factors of RE proposed in previous
studies included obesity,3-5 being male,4,6 hiatal hernia,7-9 absence of
atrophic gastritis,10 advanced age,11 diabetes,12 drinking,4,9,12 smoking,4,9,12 metabolic syndrome,9,13,14 Helicobacter pylori negative,4,10
and high serum pepsinogen I/II ratio.4 However, these factors were
found in cross-sectional studies and the systematic reviews based
on them, and little is known about predictive factors associated with
future RE onset because of a lack of longitudinal studies. Although
1 longitudinal study15 proposed that a > 1% increase in the body
mass index (BMI) over 5 years, hiatal hernia, and drinking were
risk factors of RE after 5 years, we cannot consider possible RE onset risk factors based on this report, because Azumi et al15 focused
mainly on changes in the prevalence of reflux symptoms and RE
over 5 years rather than the associated factors of future RE onset
and thus did not exclude patients already with RE at the start of the
follow-up. A further longitudinal study16 showed that being male,
BMI ≥ 27 kg/m2, smoking, drinking, hyperuricemia, and metabolic syndrome were risk factors of RE onset within 1 year. However, it remains unclear whether long-term changes of these factors
are associated with future RE onset.
Patients with RE frequently suffer from troublesome symptoms,17 which also impair their health-related quality of life
(HRQOL).18 While RE may also cause complications, including
bleeding and stricture of the esophagus,19,20 and rarely esophageal
adenocarcinoma following Barrett’s esophagus,21 it is generally considered a chronic and non-life-threatening disease. Although it is
difficult to conduct long-term cohort studies to focus on risk factors
of future RE, retrospective studies can be implemented when consecutive health information for multiple years is available for clinical
studies. Fortunately, in Japan, an annual health checkup is routinely
conducted mainly for company employees, and upper gastrointestinal endoscopy is commonly performed even in healthy examinees.

Materials and Methods
This was a multicenter, retrospective, longitudinal study using
health checkup records from 9 institutions in Japan. This study
was conducted in accordance with the Declaration of Helsinki
(7th revision, 2013), having been approved by the Central Ethics Committee of the Japanese Association for the Promotion of
State-of-the-Art in Medicine, Nagoya, Aichi, Japan (Registration No. JAPSAM-2011). This study was registered with the
University Hospital Medical Information Network Center Clinical Trials Registry in Japan (UMIN-CTR Registration No.
UMIN000014640).

Population
Nine Japanese institutions, which met following criteria,
participated in this study: (1) age, sex, body height, body weight,
drinking, smoking, fasting blood sugar (FBS), hemoglobin A1c
(HbA1c), and records of upper gastrointestinal endoscopy were
available from health checkup records; and (2) health checkup
records from at least 4 successive years were available. An initial
dataset was obtained from individuals who participated in the health
checkup and received at least 1 upper gastrointestinal endoscopy in
10 years (between April 2004 and March 2014) at the participating
institutions. From individuals endoscopically diagnosed with RE,
case candidates who met the following criteria were extracted: (1)
participated in ≥ 4 health checkups at the participating institutions
between April 2004 and March 2014, (2) was newly-diagnosed
with RE after April 2009, (3) had upper gastrointestinal endoscopy
during the 2 years prior to the first RE diagnosis, (4) participated
in ≥ 3 health checkups in the 5 years before the first RE diagnosis, and (5) was ≥ 30 years of age at the first RE diagnosis. From
individuals without RE diagnosis, control candidates who met the
following criteria were extracted: (1) participated in ≥ 4 health
checkups between April 2004 and March 2014 and (2) had upper
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gastrointestinal endoscopy between April 2009 and March 2014. In
case-control matching, 2 control candidates who were matched for
age, sex, and participating institutions with the corresponding case
and underwent upper gastrointestinal endoscopy at the year when
the corresponding case was endoscopically diagnosed as having RE
were extracted.

Measures
For case subjects, data obtained at the first year of RE diagnosis, referred to as the baseline year, and 5 years before this year
were used for the analysis. For control subjects, data obtained at the
baseline year of the corresponding case and 5 years prior to this year
were used for the analysis. The presence of RE was defined as having grade A or more severe erosion according to the Los Angeles
classification22 from endoscopic observation, or when the presence
of RE was reported in the records if the Los Angeles grade was unavailable. To investigate factors associated with future RE onset, the
following clinical parameters were extracted from the records: age,
sex, BMI, FBS, HbA1c, abdominal circumference (AC), systolic
blood pressure (SBP), diastolic blood pressure (DBP), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), total cholesterol, uric acid (UA),

aspartate aminotransferase (AST), alanine aminotransferase (ALT),
γ-glutamyl transpeptidase (γ-GTP), drinking, smoking, gastrointestinal symptoms (acid reflux symptoms, gastric pain, heavy
stomach, feeling of fullness, belching, and abdominal pain), comorbidities (diabetes, hypertension, and hyperlipidemia), findings of
upper gastrointestinal endoscopy (hiatal hernia, atrophic gastritis,
and Barrett’s esophagus), and H. pylori infection.

Statistical Methods
Baseline characteristics of the case group were compared with
those of the control group using Student’s t test or chi-square
test, as appropriate. A multivariate logistic regression analysis was
performed to evaluate the effects of the baseline characteristics on
presence or absence of RE. The independent variables for the multivariate logistic model were selected from the clinical parameters
at baseline by stepwise forward-backward procedure, and multicollinearity of them were assessed using variance inflation factor.
Missing values in the independent variables were complemented by
multiple imputation method with chained equations. For each year
before the baseline year, a cross-sectional comparison of the factors
in both groups was made as for the baseline characteristics. To compare time-courses of the factors expressed as continuous variables

Initial dataset
N = 230 056
With RE
diagnosis
n = 14 808
Excluded:
< 4 times of HC participations
n = 4546
RE diagnosis before March 2009
n = 1733
No UGE in 2 years before first RE
diagnosis
n = 5564
< 3 times of HC participations in
5 years before first RE diagnosis
n = 804
< 30 years of age at RE diagnosis
n=0
Case candidates
n = 2161
Excluded:
< 2 control candidates who
matched sex, age, institution
n = 95
Case group
n = 2066

88

Without RE
diagnosis
n = 215 248
Excluded:
< 4 times of HC participations
n = 140 652
No UGE between April 2009
and March 2014
n = 50 689

Control candidates
n = 23 907
Excluded:
Not selected by case-control
matching
n = 19 775

Control group
n = 4132
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Figure 1. Subject flow in this study.

HC, health checkup; UGE, upper
gastrointestinal endoscopy; RE, reflux
esophagitis.
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between the case and control groups, the mixed-effect models for
repeated measures with group, year, and the interaction effect of
them as fixed effects and individual as a random effect were applied.
In contrast, for the factors expressed as categorical variables, the
multivariate logistic regression analysis with group, year, and the interaction effect of them as independent variables was applied. This
analysis was also performed for dichotomized continuous variables
between within and outside of normal ranges, where cut-off values
of them were as follows: BMI ≥ 25 kg/m2, AC ≥ 85 cm in males
and 90 cm in females, FBS ≥ 110 mg/dL, HbA1c ≥ 5.5%, SBP
≥ 140 mmHg, DBP ≥ 90 mmHg, TG ≥ 150 mg/dL, HDL-C
< 40 mg/dL, LDL-C ≥ 120 mg/dL, UA > 7.0 mg/dL, AST >
30 IU/L, ALT > 30 IU/L, and γ-GTP > 50 IU/L. Additionally, analyses for subgroups aged < 55 years and ≥ 55 years at the
baseline year were similarly performed as for the whole data. These
statistical analyses were implemented using JMP 12.0.1 (SAS
Institute, Cary, NC, USA) and R version 3.6.3 (R Foundation for
Statistical Computing, Vienna, Austria) with mice package. Statistical significance was determined by 2-sided manner and the significance level was set to 0.05.

Results
Baseline Characteristics
In the case-control matching, 2066 cases and 4132 control
subjects were finally included in the analysis (Fig. 1). Baseline
characteristics in the case and control groups at the baseline year
are presented in Tables 1 and 2. Age and sex, which were matching
factors in this study, were similar between the groups. The following baseline characteristics were significantly different between the
2 groups: BMI, AC, FBS, SBP, TG, HDL-C, UA, AST, ALT,
γ-GTP, drinking, smoking, percentage with symptoms (acid reflux
symptoms and feeling of fullness), percentages of the presence of
hiatal hernia and atrophic gastritis, and percentage of comorbidities
(hypertension and hyperlipidemia). In the multivariate analysis for
the baseline characteristics, higher BMI, higher ALT, smoking,
presence of acid reflux symptoms, presence of hiatal hernia, and
absence of atrophic gastritis were independently related to RE
(Table 3). Variance inflation factors of all the independent variables
were less than 1.2.

Table 1. Subject Characteristics of the Case and Control Groups at Baseline (Continuous Parameters)

Characteristics
Age (yr)
BMI (kg/m2)
AC (cm)
FBS (mg/dL)
HbA1c (%)
SBP (mmHg)
DBP (mmHg)
TG (mg/dL)
HDL-C (mg/dL)
LDL-C (mg/dL)
TC (mg/dL)
UA (mg/dL)
AST (IU/L)
ALT (IU/L)
γ-GTP (IU/L)

Case group

Control group

N

Mean ± SD

N

Mean ± SD

2066
2063
2026
2052
1648
2026
2026
2022
2025
1453
1764
1779
2025
2025
2025

53.9 ± 9.3
23.5 ± 3.3
84.2 ± 9.1
102.7 ± 18.1
5.7 ± 0.6
112.4 ± 22.3
84.3 ± 22.0
126.7 ± 90.2
60.4 ± 15.9
122.5 ± 30.2
206.5 ± 32.6
5.69 ± 1.32
24.1 ± 11.0
26.2 ± 18.2
46.0 ± 49.4

4132
4126
4050
4103
3276
4052
4052
4039
4052
2909
3540
3555
4052
4052
4052

54.0 ± 9.4
22.9 ± 3.0
82.5 ± 8.6
101.4 ± 16.9
5.7 ± 0.5
110.9 ± 22.0
83.1 ± 21.9
115.5 ± 72.8
61.5 ± 15.8
122.9 ± 29.5
206.4 ± 32.9
5.57 ± 1.3
23.0 ± 8.7
23.5 ± 14.7
40.2 ± 44.1

P -valuea
0.963
< 0.001
< 0.001
0.006
0.321
0.011
0.052
< 0.001
0.007
0.669
0.889
0.002
< 0.001
< 0.001
< 0.001

a

P -values were calculated using Student’s t test.
N, total number of subjects in the group (except subjects whose characteristics were unknown); BMI, body mass index; AC, abdominal circumference; FBS, fasting
blood sugar; HbA1c, hemoglobin A1c; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; UA, uric acid; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GTP,
γ-glutamyl transpeptidase.

Vol. 28, No. 1 January, 2022 (86-94)

89

Yuzuru Toki, et al

Table 2. Subject Characteristics of the Case and Control Groups at Baseline (Categorical Parameters)

Case group

Characteristics
Male
Current drinking
Amount of alcohol
< 20 g/day
20-40 g/day
40-60 g/day
≥ 60 g/day
Current smoking
Symptoms
Acid reflux symptoms
Gastric pain
Heavy stomach
Feeling of fullness
Belching
Abdominal pain
Endoscopic findings
Hiatal hernia
Atrophic gastritis
Barrett’s esophagus
Comorbidities
Diabetes
Hypertension
Hyperlipidemia
H. pylori infection

Control group

N

n (%)

N

n (%)

2066
1925
1392

1558 (75.4)
1379 (71.6)

4132
3838
2740

3116 (75.4)
2680 (69.8)

P -valuea
1.000
0.156
< 0.001

1923

652 (46.8)
442 (31.8)
240 (17.2)
58 (4.2)
471 (24.5)

3838

1418 (51.8)
872 (31.8)
344 (12.6)
106 (3.9)
821 (21.4)

2057
1627
1358
1244
1137
488

239 (11.6)
90 (5.5)
136 (10.0)
106 (8.5)
75 (6.6)
24 (4.9)

4117
3259
2715
2487
2273
976

192 (4.7)
166 (5.1)
234 (8.6)
167 (6.7)
116 (5.1)
46 (4.7)

< 0.001
0.517
0.144
0.046
0.074
0.863

1960
1960
1960

458 (23.4)
693 (35.4)
53 (2.7)

3916
3917
3916

492 (12.6)
1637 (41.8)
127 (3.2)

< 0.001
< 0.001
0.258

2022
2022
2022
33

174 (8.6)
417 (20.6)
351 (17.4)
13 (39.4)

4040
4040
4040
87

294 (7.3)
704 (17.4)
620 (15.4)
46 (52.9)

0.068
0.003
0.044
0.187

0.008

a

P -values were calculated using chi-square test.
N, total number of subjects in the group (except subjects whose characteristics were unknown); H. pylori, Helicobactor pylori .

Table 3. Multivariate Logistic Regression Analysis for Baseline

Characteristics
Characteristics

Adjusted OR [95% CI]

P -value

BMI (per 1 kg/m2 increase)a
ALT (per 10 IU/L increase)a
Current smoking
Acid reflux symptoms
Hiatal hernia
Atrophic gastritis

1.05 [1.03, 1.07]
1.05 [1.02, 1.09]
1.15 [1.01, 1.32]
2.72 [2.22, 3.33]
2.32 [2.01, 2.69]
0.66 [0.58, 0.74]

< 0.001
0.004
0.035
< 0.001
< 0.001
< 0.001

a

Unit ORs are presented for continuous variables.
BMI, body mass index; ALT, alanine aminotransferase.
A higher OR indicates a higher risk of having reflux esophagitis given each
characteristic.

Longitudinal Comparisons
The time courses of the following factors were significantly different between the 2 groups: BMI, AC, FBS, TG, HDL-C, AST,
ALT, γ-GTP, and percentages with acid reflux symptoms, feeling

90

of fullness, and hiatal hernia (Fig. 2). Results of longitudinal comparisons of the other (non-significant) factors are also presented in
Figure 2. In the longitudinal comparisons of the dichotomized variables, no significant differences in the time courses were observed.

Cross-sectional Comparisons
The values of the factors in both the groups before the baseline
year are shown in Supplementary Table 1. Regarding the factors that were significantly different in the comparison of baseline
characteristics, most showed differences for ≥ 1 year consecutively
before the baseline: BMI, AC, TG, ALT, acid reflux symptoms,
and atrophic gastritis for 5 years; AST for 4 years; and HDL-C,
smoking, and hiatal hernia for 3 years; FBS, SBP, UA, γ-GTP,
and hypertension for 1 year. Additionally, some of the dichotomized
continuous parameters also showed consecutive differences before
baseline: BMI, AC, and ALT for 5 years; TG for 4 years; and
FBS and γ-GTP for 1 year.

Journal of Neurogastroenterology and Motility

Risk Factors for Onset of Reflux Esophagitis

23.4

***

***
*** ***

***

***

Abdominal circumference
Case group
85
Control group

84

23.0

83

***

***

C
***

***

(mg/dL)

B

Body mass index
Case group
23.8
Control group

(cm)

2

(kg/m )

A

*** ***

82

Fasting blood sugar
Case group
104
Control group

**
*

102

100

81
#

#

P < 0.001

4 yr

3 yr

2 yr

1 yr Baseline

F

HDL cholesterol
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Figure 2. Time courses of the factors that were significantly different between the case and control groups in the longitudinal comparison. For
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Subgroup Analysis
In the subgroup analysis for younger (< 55 years of age) subjects, the following baseline characteristics were significantly different between the groups: BMI, AC, FBS, SBP, DBP, TG, HDLC, UA, AST, ALT, γ-GTP, drinking, amount of alcohol consumed,
smoking, acid reflux symptoms, stomach heaviness, hiatal hernia,
atrophic gastritis, hypertension, and hyperlipidemia (Supplementary
Table 2). Most of these differed for ≥ 1 year consecutively before
the baseline: BMI, AC, TG, ALT, γ-GTP, and acid reflux symptoms for 5 years; FBS, HDL-C, drinking, smoking, and hiatal
hernia for 3 years; UA for 2 years; SBP and DBP for 1 year. The
time courses of BMI, ALT, γ-GTP, and hiatal hernia were significantly different between the groups (Supplementary Table 3).
In the subgroup analysis for older (≥ 55 years of age) subjects,
the following baseline characteristics were significantly different
between the groups: BMI, AC, TG, ALT, amount of alcohol
consumed, acid reflux symptoms, hiatal hernia, atrophic gastritis,
hypertension, and hyperlipidemia (Supplementary Table 4). Most
of these differed for ≥ 1 year consecutively before the baseline:
BMI, AC, and atrophic gastritis for 5 years; acid reflux symptoms
and hiatal hernia for 3 years; TG and ALT for 1 year. The time
courses of BMI, AC, and TG were significantly different between
the groups (Supplementary Table 5).

Discussion
This study was implemented using health checkup records for
10 years to investigate factors associated with future RE onset. The
multivariate analysis for the baseline characteristics showed that
higher BMI, higher ALT, smoking, presence of acid reflux symptoms, presence of hiatal hernia, and absence of atrophic gastritis
were independent risk factors for RE, although the baseline characteristics mutually correlated and the unselected variables in this
analysis may also be important risk factors. Significant differences in
the time courses between the case and control groups were observed
for BMI, the factors associated with metabolic syndrome, including
AC, FBS, TG, and HDL-C,23-25 indices of hepatic function (AST,
ALT, and γ-GTP), and the percentages with acid reflux symptoms,
feeling of fullness, and hiatal hernia. In cross-sectional analysis,
most of the factors displaying significant differences between the
groups at the baseline year corresponded with the associated factors
proposed by previous cross-sectional studies, with BMI, AC, TG,
ALT, and the percentages with acid reflux symptoms and atrophic
gastritis being constantly different throughout the 5 years before
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the baseline. Although the means of BMI, AC, TG, and ALT
remained within the normal ranges even in the case group, the
rates of subjects who had them outside of the normal ranges were
significantly higher in the case group. The analysis for the younger
subgroup displayed greater differences between the groups than in
the older subgroup, except for the percentage with atrophic gastritis,
although the results in both these groups were similar to those in the
whole data.
In the longitudinal comparisons, factors showing significant
differences in the time course between the groups included laboratory parameters related to lifestyle diseases. AC, FBS, TG, and
HDL-C are considered criteria of metabolic syndrome while
indices of hepatic function are applied as markers of hepatic damage caused mainly by excessive intake of fats, carbohydrates, and
alcohol. Because these factors (except HDL-C, described below)
increased in the case group more rapidly with time, this suggests a
close association of worsening lifestyle with RE onset. A previous
study16 also found high BMI, metabolic syndrome, and hyperuricemia to be significant risk factors of RE onset during the following
year. Therefore, we suggest that RE is a lifestyle disease and lifestyle
guidance to at-risk person could help prevent RE. Here, we should
consider the contradictory result in that the HDL-C level, a higher
value of which may counter lifestyle diseases,26 increased more
rapidly in the case group. Although we cannot explain this result,
we speculate that this was not a major result, because the P -value of
0.045 is only just significant, and the absolute HDL-C level in the
case group at each year were consecutively lower than in the control
group.
In the cross-sectional comparisons, most of factors displaying
significant differences between the groups at baseline, including
BMI, AC, FBS, SBP, TG, HDL-C, drinking, smoking, hiatal
hernia, and atrophic gastritis, have previously been suggested to be
associated with RE.8,11,16 We found that indices of hepatic function
were also associated factors of RE, which have not been investigated
in previous studies. Especially, it should be noted that higher ALT
was identified as an independent risk factor also in the multivariate analysis for the baseline characteristics. Whereas our results of
the cross-sectional comparison were similar to previous studies,
we showed in the present study that BMI, AC, TG, ALT, and the
percentages with acid reflux symptoms and atrophic gastritis had
been significantly different between the groups for 5 years before
the baseline year. Although we do not currently discuss how these
factors are involved in the pathogenic process of RE, these results
suggest that further investigation of the long-term influences of risk
factors on RE onset should be made.
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The younger subgroup clearly displayed greater differences,
except for atrophic gastritis, between the groups in both longitudinal and cross-sectional comparisons compared with the older
subgroup. This may result from the impact of lifestyle on RE onset
being more direct in younger subjects, whereas it may become less
clear in older subjects, for example, by a loss of the preventative
mechanism against acid reflux caused through reasons other than
lifestyle. Achem and DeVault27 reviewed that aging may predispose
to gastroesophageal reflux disease and increase its severity via physiological changes, including weakened esophageal motility, reduced
lower esophageal sphincter pressure, and poor primary/secondary
peristalsis.
We show that the percentage with atrophic gastritis was significantly lower in the case group. Although the results of H. pylori test
were almost unavailable in the health checkup records, we can assume a lower percentage of H. pylori -positive subjects in this group
because atrophic gastritis is mainly caused by H. pylori infection.28
Therefore, our result is consistent with previous studies in which H.
pylori infection and the presence of atrophic gastritis were reported
to be negatively associated with RE. The declining H. pylori infection rate through expanded use of eradication therapy, particularly
in developed countries,29 provides one possible contribution to the
increasing number of RE patients.1 Considering the significant cost
burden of RE and resulting poor HRQOL in patients, aggressive
intervention in the lifestyle of those at risk of RE should be considered even before RE onset.
Because RE is not a life-threatening disease, no long-term
cohort studies have been conducted to investigate risk factors of
future RE. By using long-term health checkup records, we were
able to investigate potential associated factors of future RE. The
methodology of this study is appropriate to investigate risk factors
of other chronic non-fatal diseases. However, non-standardized
data formats used in different institutions may disturb studies using health checkup records. Indeed, our proposal of an association
of lifestyle with RE onset was through “indirect” estimation based
on the differences of the laboratory parameters between the groups,
because lifestyle data could not be used in this study due to a lack of
a common data format among the participating institutions. Should
well-formatted lifestyle data be available, we could “directly” investigate the association. To initiate studies based on “real world data,”
including, for example, health checkup records and health insurance claims, standardization of the data format is essential.
The present study has limitations in addition to the non-uniformity of the data format. First, we defined the presence or absence of
RE based solely on health checkup records between April 2004 and

March 2014, and were thus unable to determine whether subjects
were diagnosed with RE before March 2004 or outside of health
checkup. Therefore, non-newly diagnosed cases could be included
in the case group, whereas subjects who had been diagnosed with
RE before the examined records could be assigned to the control
group. While this may have caused some bias, it was probably
limited because the factors associated with RE in our study were
consistent with those in previous studies. Secondly, we had planned
to collect data regarding history of medications that could affect
RE development, namely proton pump inhibitors, calcium blockers, and aspirin, at first; however we had to abandon this because
such information were not adequately obtained by self-administered
questionnaires in health checkups. Thus we could not have included
the effect of medications in the analysis, and some biases probably
exist in the assessment of presence or absence of RE, acid reflux
symptoms, and the association between them. Finally, because we
used health checkup records in this study, the subjects were considered to be relatively healthy compared with the general population
of the same age. Therefore, our results cannot be generalized to a
non-healthy population.
In conclusion, the factors thought to be related to lifestyle
displayed significantly poorer values or larger worsening in RE
patients than in non-RE subjects. Therefore, RE is thought to be
a lifestyle disease, and lifestyle guidance should be given to health
checkup participants with unhealthy lifestyle to prevent developing
RE.
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Note: To access the supplementary tables mentioned in this
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Improving Clinician-Patient Communication
Alleviates Stigma in Patients With Functional
Dyspepsia Receiving Antidepressant Treatment
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Background/Aims
Antidepressants are effective in patients with functional dyspepsia (FD). However, stigma associated with FD and antidepressants may
affect treatment adherence. This study aims to explore possible communication strategies to alleviate stigma and improve adherence
in patients with FD.
Methods
In this randomized, single-center, and single-blind trial, 160 patients with FD initiating antidepressant treatment were recruited.
Different communication strategies were performed when prescribing antidepressants. Participants in Group 1 were told that brain
is the “headquarters” of gut, and that antidepressants could act as neuromodulators to relieve symptoms of FD through regulating
the functions of gut and brain. Participants in Group 2 were told that antidepressants were empirically effective for FD. Stigma scores,
medication-related stigma, treatment compliance, and efficacy were analyzed.
Results
After 8-week antidepressant treatment, the proportion of patients with FD with decreased stigma scores in Group 1 was significantly
higher than in Group 2 (internalized stigma: 64.10% vs 12.00%; perceived stigma: 55.13% vs 13.33%; P < 0.01). Medication-related
stigma was lower in Group 1 than in Group 2 (P < 0.05 for 3 of 4 questions). Concurrently, patients in Group 1 had better treatment
compliance (0.71 ± 0.25 vs 0.60 ± 0.25, P < 0.01) and efficacy. In Group 1, participants with decreased post-treatment stigma
scores showed better treatment compliance and efficacy than those with non-decreased scores. Decrease in stigma scores positively
correlated with treatment compliance.
Conclusion
Improving knowledge of patients with FD of the disease and antidepressants via proper communication may be an effective way to
alleviate stigma and promote adherence.
(J Neurogastroenterol Motil 2022;28:95-103)
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Antidepressive agents; Clinician-patient communication; Dyspepsia; Patient compliance; Stigma
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Introduction
Functional dyspepsia (FD) is one of the most prevalent functional gastrointestinal disorders (FGIDs). It is characterized by
symptoms including early satiation, postprandial fullness, epigastric pain and burning, which are unexplained after routine clinical
examinations.1 The efficacy of regular first line treatment, such as
antiacid and prokinetic agents, are currently unsatisfactory for refractory FD.2
In the Rome IV criteria, FGIDs have been redefined as disorders of the gut-brain axis.3 Psychological factors (such as depression
and anxiety) have been demonstrated to be associated with FD.1
The American College of Gastroenterology and the Canadian Association of Gastroenterology guidelines on dyspepsia recommend
that patients with FD who are not responding to proton pump
inhibitors (PPIs) or Helicobacter pylori eradication therapy should
be offered tricyclic antidepressants or psychological therapies.4 Psychological medications, such as tricyclic antidepressants, and noradrenergic and specific serotonin antidepressants, have been shown to
be effective in the treatment of FD.3,5-8 Recent studies reported that
selective serotonin reuptake inhibitors, serotonin and noradrenaline
reuptake inhibitors are also beneficial to patients with FD.3,8,9
However, compliance with antidepressant treatment is handicapped due to stigma.10-13 Our recent research found that stigma
associated with FD and antidepressant medications could interfere
with treatment adherence.10 A large proportion of FD patients refuse to take antidepressants and report concerns such as “my family
says these drugs are for insane people” or “these drugs will make
me lose my mind.” These are typical expressions of stigma. Stigma
is the negative stereotypes or discrimination toward a particular
population.11 There are 2 types of stigma that may be an obstacle to
adherence. Individuals’ endorsement of various stereotypes toward
their condition is classified as internalized stigma. The negative stereotypes displayed by others is classified as perceived stigma.11 It is
essential to explore possible strategies to alleviate stigma in patients
with FD.
It has been reported that there is a “communication gap” between patients with FGIDs and doctors.14 Many patients with FD
hold the belief that their dyspepsia symptoms are caused by “something wrong in the stomach” rather than a “functional” property.
Collins et al found that most patients with FGIDs even do not acknowledge their diagnosis.14 The antidepressant medications carry
more misunderstanding. It has been reported that patients with
FGIDs hold negative attitudes toward psychological medications.15
96

These phenomena are worse in the Chinese population because
many Chinese patients do not accept psychological diagnoses and
treatment.16,17 The existence of communication gap could influence
treatment adherence.14 Furthermore, insufficient communication
or the callous attitude of doctors could also result in complaints of
dissatisfaction.18 Based on the above reasons, clinician-patient communication may be an important interventional target to alleviate
stigma and improve treatment adherence.
It has been reported that physicians’ attention to psychological
barriers in antidepressant treatment, such as stigma, may improve
medication compliance and affect the course of illness.12,19 Therefore, it is critical to find a way to fill the doctor-patient communication gap and reduce stigma in patients with refractory FD. A
previous systematic review suggested that clinician-patient communication may be important in increasing cooperation in mental
health care.20 However, it is unclear whether clinician-patient communication affects stigma in patients with FD. Therefore, this study
is designed to explore clinician-patient communication strategies
that could alleviate stigma and improve compliance with antidepressant therapy in patients with refractory FD.

Materials and Methods
Participants
This study was conducted in accordance with the ethical principles of the Declaration of Helsinki and local regulations (Trial
registration No. NCT03625674, ClinicalTrials.gov). Ethical approval was obtained from the Ethics Committee of Renji Hospital
(Approval No. 2018-082). Every enrolled participant signed the
informed consent prior to the study.
Refractory FD patients who did not respond to 4-week regular
first line treatment (such as antacids and prokinetics) and needed
to initiate psychoactive medication treatment for the first time were
enrolled from the outpatient department from January 2018 to
February 2020. Symptom nonresponse was defined as less than half
of symptom improvement after first line treatment. The inclusion
criteria were as follows: age of 18-70 years; met the Rome IV FD
criteria; Generalized Anxiety Disorder-7 (GAD-7) scale ≥ 5 or
Patient Health Questionnaire-9 (PHQ-9) depression scale ≥ 5.
The exclusion criteria included organic digestive diseases; presence
of Helicobacter pylori infection; severe psychological symptoms or
cognitive disorders; GAD-7 ≥ 15 or PHQ-9 ≥ 15; breastfeeding
or pregnancy; history of gastric surgery; use of PPIs, prokinetic
agents or other medications that might affect gastric function within
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1 month; and previous use of psychoactive agents.

Study Design
We performed a randomized, single-center, single-blind, controlled study to explore possible ways to alleviate stigma and improve medication adherence through appropriate clinician-patient
communication. Physicians from the gastrointestinal (GI) department and psychological department met the participants together
and chose appropriate antidepressant agents for each patient. Stratified randomization was conducted according to the antidepressants
they took. Thus, the enrolled patients who were prescribed with
the same antidepressant were randomized into 2 groups based on
random number lists generated from a computer. Two doctors were
trained to communicate with the enrolled patients according to the
following strategies every 2 weeks when the patient received their
antidepressant agents. The patients in Group 1 were told: (1) Brain
is the “headquarters” of GI tract; their FD symptoms are caused by
dysfunction of brain and GI tract, rather than a sole GI or psychological problem. (2) Psychoactive drugs act as neuromodulators to
relieve FD symptoms through regulating functions of GI tract and
brain. (3) The dose of antidepressants used in FD patients is lower
than those used in patients with anxiety or depression. The patients
in Group 2 were told that clinical evidence has shown antidepressants are useful in alleviating their symptoms. The information of
dosage and possible adverse effects were provided to the participants in both groups. The duration of doctor-patient communication (about 20 minutes) were similar in the 2 groups. The allocation
information was blind to data collectors.
The treatment period for the participants was 8 weeks. Demographic data, dyspeptic and psychological symptom scales, and stigma scales were assessed at enrollment. Medications were prescribed
every 2 weeks, with medication adherence, stigma scales, a 4-question survey,21 and symptom scales being assessed. The primary endpoint for this study was medication adherence evaluated by medication possession ratio (MPR). The secondary endpoints were stigma
assessed by internalized stigma scale (IS) and perceived stigma scale
(PSS) scores, and symptom relief assessed by the Leeds Dyspepsia
Questionnaire (LDQ), GAD-7, and PHQ-9 scales.

Outcome Measures
IS and PSS are widely used in assessing the degree of internalized or perceived stigma.11 The term “mental illness” was replaced
with “FD” in the scales. Each item in IS scale was ranked on a
4-point scale (1-4). The final IS score was calculated as the mean
score of all the 24 items. Higher scores indicate worse internalized

stigma: scores ≤ 2 were labeled as “minimal stigma,” scores > 2
and ≤ 2.5 were “mild stigma,” scores > 2.5 and ≤ 3 were “moderate stigma,” and scores > 3 were “severe stigma.”22 The PSS had
10 items ranked on a 5-point scale (1-5). The final PSS score was
calculated as the mean score of the 10 items. Higher scores indicated worse perceived stigma.
Because IS and PSS scores cannot distinguish disease-related
stigma and medication-related stigma, antidepressant-related stigma was evaluated every 2 weeks using a 4-question survey adapted
from a previous study.21 The following questions were answered
with “yes” or “no” by the participants: when taking the antidepressant agents, (1) I feel ashamed; (2) I do not feel comfortable to tell
friends or family; (3) I do not feel okay if people in community
know; and (4) I do not want to tell people at job.21 The percentage
of the answer “yes” for each question was calculated in each group.
The LDQ scale was used to assess dyspeptic symptoms.23 The
scoring criteria were as follows: 0-4, very mild dyspepsia; 5-8, mild
dyspepsia; 9-15, moderate dyspepsia; and > 15, severe or very severe dyspepsia.
The GAD-7 and PHQ-9 questionnaires were used to evaluate the psychological status of enrolled patients. The GAD-7 scale,
which is used to screen generalized anxiety disorder,24 consists of
7 items on a 4-point questionnaire (0-3). The final GAD-7 scores
were calculated as the sum of the 7 items. The scoring criteria were
as follows: 0-4, no anxiety; 5-9, mild anxiety; 10-14, moderate
anxiety; and ≥ 15, severe anxiety. The scores of PHQ-9, a 10-item
scale used to screen for depression,25 was calculated as the sum of
the 10 items. The scoring criteria were as follows: 0-4, none or minimal depression; 5-9, mild depression; 10-14, moderate depression;
15-19, moderately severe depression; and ≥ 20, severe depression.
Medication adherence was evaluated with MPR. MPR is defined as the sum of the supplied medication divided by the number
of days between the first and the last refill.26 Higher MPR scores
indicate better compliance. The patients were asked to keep a medication diary for calculating the MPR.

Statistical Methods
All enrolled participants were included in the adherence analyses. The MPR values of patients who were lost in the first followup were assigned as zero. Calculation of symptom improvement
was based on the subjects who had at least 1 follow-up. The last observation carried forward method was used in cases of pre-mature
study termination.
Sample size calculation was based on the assumption that the
MPR values after 8-week treatment would be 0.71 in Group 1
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and 0.60 in Group 2 with α = 0.05 (2-tailed) and β = 0.20. The
estimated sample size was 79 patients per group. Therefore, a minimal of 158 participants were needed in order to prove that MPR in
Group 1 was significantly different from that in Group 2.
SPSS version 22 software (IBM, Armonk, NY, USA) was

used to perform statistical analyses. Data from normally distributions were presented as mean ± SD. Skewed distributed data were
presented as medians and analyzed with nonparametric statistics.
Differences between means before and after treatment were analyzed using paired t test. Mann-Whitney test and t test were used to
compare the differences between groups. Correlations were assessed
with Spearman correlation analyses. P < 0.05 was considered statistically significant.

Table 1. Baseline Characteristics of the Enrolled Participants (n = 80)

Characteristics

Group 1

Group 2

Age (yr)
Male:female ratio
LDQ
GAD-7
PHQ-9
IS
PSS

45.64 ± 12.64
26:54
13.34 ± 3.14
6.62 ± 2.75
5.80 ± 2.92
1.60 ± 0.39
1.61 ± 0.46

46.25 ± 11.04
25:55
13.68 ± 2.82
6.56 ± 2.01
5.91 ± 2.70
1.64 ± 0.40
1.61 ± 0.38

Results
Participant Characteristics
A total of 160 patients were enrolled from the GI outpatient
department. Demographic and baseline clinical characteristics were
well balanced between the 2 groups (Table 1). Seven patients who
were lost in the first follow-up (thus had no post-treatment data)
were excluded from efficacy analyses (Fig. 1). Antidepressants
taken in each group were listed in Table 2.

LDQ, leeds dyspepsia questionnaire; GAD-7, generalized anxiety disorder-7
scale; PHQ-9, patient health questionnaire-9 depression scale; IS, internalized
stigma scale; PSS, perceived stigma scale.
Data are presented as mean ± SD.

Stigma Scores Before and After Treatment

192 Patients were assessed
for eligibility

Stigma scores before treatment were well balanced between
the 2 groups. After 8-week treatment, patients with FD in Group
1 showed lower stigma scores compared with those in Group 2

32 Ineligible
160 Patients were assigned

80 Assigned to group 1 and
included in compliance
analysis

Table 2. Antidepressants Taken in Each Group

80 Assigned to group 2 and
included in compliance
analysis

2 Lost in the
first follow-up

Drugs
Mirtazapine
Fluoxetine
Sertraline
Paroxetine
Citalopram
Venlafaxine
Total

5 Lost in the
first follow-up
75 Included in
efficacy analysis

78 Included in
efficacy analysis

Figure 1. Flowchart of screening and recruitment of study subjects.
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**
ns

1

0

98

ns

Group 2

21
15
16
13
10
5
80

**

2

1

0
Group 1

21
16
15
13
9
6
80

**

3

**

2

Group 2

Before treatment
After treatment

B

PSS scores

IS scores

3

Group 1

Group 1

Group 2

Journal of Neurogastroenterology and Motility

Figure 2. Effect of different communication strategies on internalized stigma
scale (IS) and perceived stigma scale
(PSS) scores in patients with functional
dyspepsia (FD). (A) IS and (B) PSS
scores before and after treatment in Group
1 (n = 78) and Group 2 (n = 75). **P <
0.01.
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Table 3. Number of Patients With Functional Dyspepsia With Al-

1.0

**

tered Stigma Scores After Treatment

IS

PSS

Change of scores
Decreased
Unaltered
Elevated
Decreased
Unaltered
Elevated

Group 1
(n = 78)

0.8

Group 2
(n = 75)
a

50 (64.10)
7 (8.97)
21 (26.92)a
43 (55.13)a
5 (6.41)
30 (38.46)a

9 (12.00)
5 (6.67)
61 (81.33)
10 (13.33)
4 (5.33)
61 (81.33)

IS, internalized stigma scale; PSS, perceived stigma scale.
a
P < 0.01 (χ2 test).
Data are presented as n (%).

MPR

Stigma
scores

0
Group 1

patients after 8-week antidepressant treatment (n = 80). **P < 0.01.
1.0

P -value
(χ2 test)

17 (21.79) 32 (42.67)
24 (30.77) 35 (46.67)

0.010
0.064

52 (66.67) 69 (92.00) < 0.001
46 (58.97) 60 (80.00)

0.008

**

0.8

MPR

Feel ashamed
Do not feel comfortable to tell
friends or family
Do not feel okay if people in
community know
Do not want to tell people at job

Group 2

Figure 3. Medication possession ratio (MPR) values of all enrolled

Group 2
(n = 75)

Group 1
(n = 78)

0.4
0.2

Table 4. Medicine-associated Stigma After Treatment

Questions

0.6

0.6
0.4
0.2
0
IS decreased

Data are presented as n (%).

(P < 0.01; Fig. 2). In Group 1, 50 participants (64.10%) showed
decreased post-treatment IS scores, 7 participants (8.97%) showed
unaltered scores and 21 participants (26.92%) showed elevated IS
scores after treatment. As for PSS scores, 43 participants (55.13%)
showed decreased, 5 participants (6.41%) showed unaltered, and
30 participants (38.46%) showed elevated scores after treatment.
However, in Group 2, 9 participants (12.00%, P < 0.01 vs Group
1) showed decreased post-treatment IS scores, 5 participants
(6.67%) showed unaltered, and 61 participants (81.33%, P < 0.01
vs Group 1) showed elevated IS scores after treatment. Ten participants (13.33%, P < 0.01 vs Group 1) showed decreased posttreatment PSS scores, 4 participants (5.33%) showed unaltered
scores, and 61 participants (81.33%, P < 0.01 vs Group 1) showed
elevated PSS scores after treatment (Table 3). IS and PSS scores
were elevated in Group 2 (increased by 18.38% and 23.57%, respectively; P < 0.01 vs baseline), while the mean scores in Group 1
showed no obvious change after treatment (Fig. 2).
Assessment of medication-associated stigma with the 4-question survey revealed that patients in the 2 groups had different levels
of antidepressant medication-related stigma after treatment. The
percentage of patients answering “yes” for question 1 (feel ashamed:

IS increased or unaltered
Subgroups

Figure 4. Subgroup analysis of medication possession ratio (MPR) in
Group 1 according to changes in internalized stigma scale (IS) scores.
**P < 0.01 (Mann-Whitney test).

21.79% vs 42.67%), question 3 (do not feel okay if people in community know: 66.67% vs 92.00%), and question 4 (do not want to
tell people at job: 58.97% vs 80.00%) in Group 1 were significantly
lower than in Group 2 (P < 0.05; Table 4). The percentage of patients answering “yes” for question 2 (do not feel comfortable to tell
friends or family) showed no significant difference between the 2
groups (Table 4).

Medication Adherence
After 8-week treatment, MPR values of the participants in
Group 1 were significantly higher than in Group 2 (0.71 ± 0.25
vs 0.60 ± 0.25, P < 0.01; Fig. 3). These results suggested that
patients’ adherence to antidepressants in Group 1 was better than in
Group 2. We then analyzed the participants in Group 1 according
to the changes in IS scores after treatment. We found that MPR
values of participants with decreased IS scores after treatment was
significantly higher than those with unaltered or elevated IS scores
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after treatment (P < 0.01; Fig. 4).
In the correlation analyses, we found that the decrease of IS and
PSS scores after treatment were positively associated with MPR
values (P < 0.001; Table 5).

Treatment Efficacy
The mean LDQ, GAD-7, and PHQ-9 scores of both groups
were reduced compared with baseline after the 8-week treatment
(P < 0.05; paired t test). Moreover, patients in Group 1 showed
a greater decrease in LDQ, GAD-7, and PHQ-9 scores than
in Group 2 (LDQ: P < 0.01, GAD-7 and PHQ-9: P < 0.05;
Fig. 5). Sixty-nine patients (88.46%) in Group 1 and 45 patients
(60.00%) in Group 2 showed improvement in LDQ scores.
Subgroup analyses of symptom scores in Group 1 showed that
the scores of dyspeptic, anxiety, and depressive symptoms in participants with decreased post-treatment IS scores displayed a greater
decrease than those of participants with unaltered or elevated posttreatment IS scores (P < 0.01 for LDQ and PHQ-9, P < 0.05
for GAD-7; Fig. 6).

Table 5. Correlation Between the Decrease of Stigma Scores and
Medication Possession Ratio Values

Group 2 (n = 75)

r

P

r

P

0.601
0.503

< 0.001
< 0.001

0.659
0.575

< 0.001
< 0.001

4

6

**

B
Changes in GAD-7 score

Changes in LDQ score

2

Group 2

LDQ

PHQ-9

*

**

2

4

**

Figure 6. Subgroup analysis of symptom scores in Group 1 based on

change of internalized stigma scale (IS) scores. LDQ, leeds dyspepsia
questionnaire; GAD-7, generalized anxiety disorder scale; PHQ-9,
patient health questionnaire depression scale. *P < 0.05, **P < 0.01.

Group 1

Group 2

0
1
2
3
4

GAD-7

0

6

Spearman correlation analysis.
IS, internalized stigma scale; PSS, perceived stigma scale.

Group 1

IS elevated or unaltered (n = 28)
IS decreased (n = 50)

*

C
Changes in PHQ-9 score

Group 1 (n = 78)

Decrease of
stigma scores

0

Stigma is present in many GI disorders such as FD, irritable
bowel syndrome, and inflammatory bowel disease.10,27,28 Treatment
adherence and efficacy of antidepressants are greatly hindered by
stigma associated with diseases and antidepressants.10,12 In this
study, we demonstrated that proper physician-patient communication strategies may alleviate stigma and improve adherence to antidepressant treatment in patients with refractory FD.
We first explored whether different physician-patient communication strategies could affect stigma in refractory FD patients receiving antidepressant treatment. Our previous observational study
showed that stigma scores increased significantly after initiating
antidepressants in FD patients from our outpatient department.10
Besides, we found that the types of antidepressants showed no sig-

Change of symptom scores

Seven patients in Group 1 (7/78, 8.97%) and 9 patients in
Group 2 (9/75, 12.00%) complained of discomforts including
insomnia, sleepiness, dizziness, and skin rash during treatment (P >

A

Discussion

2

Safety Analyses

Decrease of IS
Decrease of PSS

0.05; Supplementary Table). All these adverse effects were mild.
No severe adverse events occurred during the treatment.

Group 1

Group 2

0
1
2
3
4

*

Figure 5. Mean changes from baseline symptom scores of patients with functional dyspepsia (FD) in Group 1 (n = 78) and Group 2 (n = 75).

Changes in the (A) Leeds Dyspepsia Questionnaire (LDQ), (B) Generalized Anxiety Disorder-7 (GAD-7) scale, and (C) Patient Health Questionnaire-9 (PHQ-9) depression scale scores. *P < 0.05, **P < 0.01.
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nificant correlation with stigma, perhaps because patients with FD
classify them all as psychological drugs.10 Thus in this study we performed different communication strategies with patients with FD
who needed to initiate antidepressants. We found that 64.10% of
patients in Group 1 had decreased post-treatment IS scores, while
this proportion was only 12.00% in Group 2. As it is hard to distinguish the disease-related stigma and antidepressant-related stigma
in IS and PSS scores, we used the 4-question survey and found that
the percentage of patients with antidepressant-related stigma (except
for question 2) in Group 1 was significantly lower than in Group
2. These results suggest that proper communication could relieve
stigma attached to FD and antidepressant.
Because many patients may be unfamiliar with FGIDs and
psychological diagnosis, a previous study on depression suggested
that physicians should understand the meanings of illness from the
patients’ perspective and communicate with them using a language
that the patients can understand.16 In this study, the mechanisms of
antidepressants were interpreted to patients as relieving symptoms
by “restoring balance to the nervous system,” or by “tonifying or
strengthening the energy of the brain.”16 Thus, in our study we
tried to explain “gut-brain axis” in plain language to patients with
FD, and the results showed a promising effect in reducing stigma.
Our communication strategy included 3 parts. The first and second
parts were focused on explanation of the symptoms and antidepressant agents, which helped patients with FD to understand their diagnosis and treatment. The last part was explanation of the different
doses adopted in GI and in the psychological department, which is
also important because it could make the patients with FD feel that
doctors did not classify them roughly as being “mentally ill.” We
noticed that no patient clearly expressed his or her opposition to our
communication methods. However, the patients may accept the explanation differently due to the different demographic and baseline
characteristics (such as gender, education level, GI symptoms, and
psychological status). Although not every patient understood and
accepted the explanation thoroughly, the feeling of care and attention from doctors during the communication may also relieve their
psychological burden and improve treatment satisfaction.
This study also showed that proper communication may improve treatment adherence. Treatment adherence correlated with
the decrease of IS and PSS scores (r values were relatively low
because a small portion of patients with very mild pre-treatment
stigma showed limited decrease in stigma scores and high compliance). Furthermore, communication may improve treatment efficacy of antidepressants in refractory FD patients. Nearly 90% of
FD patients showed improvement in LDQ scores after antidepres-

sant treatment in Group 1. Those with decreased post-treatment
stigma scores had even better treatment efficacy. On the contrary,
more than one-third of patients with FD in Group 2 had no improvement in symptoms scores. In this study, antidepressants were
prescribed to each patient according to their symptoms. Although
the mechanisms were not fully illustrated, studies have shown that
antidepressants exert actions both in the central nervous system and
GI tract.3 Antidepressants may have an analgesic effect by interfering with pain-related brain circuits and pain transmission at the level
of spinal cord.29,30 Furthermore, they could also exert a direct effect
on GI function independent of their anxiolytic effects.3 The Rome
Foundation Working Team suggested that agents acting in both the
brain and gut should be relabeled as “gut-brain neuromodulators”
to reduce stigma and improve the understanding of neuromodulators.3
Besides improving communications regarding the mechanisms
of the disease and medications, previous studies have explored other
possible strategies to alleviate stigma in patients with mental illness,
such as cognitive therapy aimed at altering the stigmatizing beliefs
and attitudes of the individual, or enhancing skills for coping with
self-stigma.31,32 A study in FD patients found that intensified medical management plus cognitive behavior therapy may be effective in
alleviating symptoms of depression or anxiety.33 However, it is difficult for GI doctors to perform the time-consuming psychological
therapy in non-psychological settings. Compared to psychological
therapy, proper physician-patient communication may be an easy,
efficient, and effective method to prevent and reduce stigma in
patients with refractory FD. A number of clinical trials have suggested that reassurance is an important non-pharmacological approach for FD treatment.34-37 Reassurance incorporates explanation
of the etiology of FD and assurance of the unlikelihood of cancer,
which helps to alleviate patients’ anxiety and symptoms.34 In our
study, reassurance was also partly integrated into the communication strategies in Group 1 (explanation of the mechanisms of FD
and antidepressants). Assurance of the unlikelihood of cancer and
good prognosis of FD should also be added when communicating
with FD patients.
There is a limitation in our study. Although we found that FD
patients subjected to a proper physician-patient communication had
fewer stigmatized attitudes and better treatment compliance after
antidepressant treatment, it is still difficult to establish the causality
of stigma and treatment compliance.
In conclusion, our results suggest that physicians should pay
attention to patients’ stigma toward FD and antidepressant medications and reduce stigma by using proper doctor-patient communi-
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cation strategies. This study provides an easy and effective way that
could benefit in the treatment of refractory FD via reducing stigma.
Improving patients’ knowledge of the disease and antidepressant
medications through proper physician-patient communication may
relieve stigma, improve treatment adherence, and ultimately lead to
better treatment efficacy.
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Pseudo-obstruction With Megacystis
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Background/Aims
Chronic intestinal pseudo-obstruction (CIPO) is a clinically heterogeneous syndrome characterized by compromised peristalsis and
intestinal obstruction. Variants of actin gamma 2 (ACTG2 ), a protein crucial for correct enteric muscle contraction, have been found in
CIPO patients. The aim of this study is to examine the clinical features and ACTG2 variants in Korean patients with CIPO.
Methods
From January 1995 to August 2020, 12 patients diagnosed with CIPO were included and genetic analysis testing of ACTG2 was
performed.
Results
Heterozygous ACTG2 missense variants were found in 6 patients (50.0%). The p.Arg257Cys variant was found in 3 patients, and
p.Arg63Gln and p.Arg178His variants were found in 1 patient each. A novel variant, p.Ile193Phe, was found in 1 patient. Three
patients were diagnosed at birth, 2 at the age of 1 year, and 1 at 3 years of age. Abnormal prenatal genitourinary ultrasonographic
findings were found in all 6 patients; microcolon was found in 4 patients (66.7%), and megacystis in all 6 patients. The pathology
showed abnormal ganglion cells as well as myopathic findings. All patients are dependent on total parenteral nutrition and are to
date alive.
Conclusions
ACTG2 variants are commonly found in Korean patients with CIPO. In CIPO patients with megacystis and abnormal prenatal
ultrasonography, genetic testing of ACTG2 should be considered. Molecular diagnosis of CIPO is more important than pathologic
diagnosis.
(J Neurogastroenterol Motil 2022;28:104-110)
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ACTG2 Variants in Chronic Intestinal Pseudo-obstruction

Introduction
Chronic intestinal pseudo-obstruction (CIPO) is a disease with
a wide variety of clinical and histological features, characterized by a
decrease in intestinal peristalsis and symptoms of intestinal obstruction.1 A nationwide survey in the United States reported that there
were 100 CIPO patients each year, and another nationwide survey
in Japan reported an estimated pediatric prevalence of 3.7 per 1
million individuals.2,3 CIPO can involve any segment of the gastrointestinal and genitourinary tracts, and gastrointestinal symptoms,
such as abdominal distention, abdominal pain and vomiting, and
urinary symptoms, such as urination disorder, may occur.1,4 Patients
with CIPO often undergo ileostomy and colostomy repeatedly.4-7
CIPO is classified as either a myopathy or a neuropathy, depending on histopathology. The genetic basis of CIPO was first reported by Lehtonen et al8 in 2012. Since then, several genes related
to CIPO have been discovered, of which actin gamma 2 (ACTG2 )
is the most common.4,6,7,9 The ACTG2 is located in the short arm of
chromosome 2, encoding gamma 2 enteric actin, which is found in
the smooth muscle cells of the urinary and intestinal tracts. ACTG2
is crucial for intestinal smooth muscle contraction,9,10 and variants
of ACTG2 are associated with visceral myopathy and megacystismicrocolon-intestinal hypoperistalsis syndrome (MMIHS).6,7,10,11
However, there are no studies on ACTG2 variants in Asia.
The purpose of this study is to investigate the clinical features
and ACTG2 variants in Korean patients with CIPO.

Materials and Methods
Study Population and Data Collection
In patients with suspected intestinal obstruction, abdominal
radiography is performed to determine if there is bowel dilation and
air-fluid levels. If there is no fixed lesion or mechanical obstruction,
it can be diagnosed as a pseudo-obstruction. If the symptoms per-

sist for more than 6 months or postnatally for more than 2 months,
CIPO may be diagnosed.11 A total of 12 patients diagnosed with
CIPO at National University Hospital from January 1995 to August 2020 were included. Twelve patients were examined, and their
medical records were retrospectively analyzed. Medical records
included age, sex, age at onset, presenting symptoms, imaging studies, laboratory findings, and growth curves.
This study was approved by the Institutional Review Board
(No. 1910-065-1070) at the performing institution. IBM SPSS
Statistics 25 software was used to complete the statistical analysis.
Fisher’s exact test was performed to compare the clinical features
between patients with and without ACTG2 variants. A P -value <
0.05 was considered statistically significant.

Genetic Testing of ACTG2
Among the 12 patients, 11 underwent direct sequencing of
ACTG2 and 1 was tested for the CIPO gene panel. The CIPO
gene panel contained the following genes: ACTA2 , ACTG2 ,
CLMP , FLNA , L1CAM , LMOD1 , MYH11 , MYLK ,
POLG , RAD21 , SGOL1 , SOX10 , and TYMP . Genomic DNA
from peripheral leukocytes was extracted. All 8 coding exons and
flanking introns of ACTG2 were amplified using polymerase
chain reaction. Genomic DNA targeted regions were sequenced
using the Sanger sequencing system. The common variants were
filtered using gnomAD (http://gnomad.broadinstitute.org) and
KRG (http://coda.nih.go.kr/coda/KRGDB) databases. The Human Gene Mutation Database and ClinVar were used to search for
known pathogenic variants. The sequence variants were evaluated
by computational (in silico) predictive programs using PolyPhen-2,
SIFT, and MutationTaster. The effect of sequence variants was determined at the nucleotide and amino acid levels, and the potential
impact of the variants on the protein could be seen. In addition, the
pathogenicity of sequence variants was evaluated using the 2015
American College of Medical Genetics ad Genomics (ACMG)
guidelines.12

Table 1. Variants of ACTG2 Gene Among Patients With Chronic Intestinal Pseudo-obstruction

DNA change

Amino acid change

Variant type

Allele frequency

769C>T
188G>A
577A>T
533G>A

p.Arg257Cys
p.Arg63Gln
p.Ile193Phe
p.Arg178His

Missense
Missense
Missense
Missense

3/6 (50.0%)
1/6 (16.7%)
1/6 (16.7%)
1/6 (16.7%)

ACMG classification
PM1, PM2, PP2, PP3, PP5
PM1, PM2, PP2, PP3
PM1, PM2, PP2, PP3
PM1, PM2, PP2, PP3, PP5

Likely pathogenic
Likely pathogenic
Likely pathogenic
Likely pathogenic

ACTG2 , actin gamma 2; CIPO, chronic intestinal pseudo-obstruction; ACMG, American College of Medical Genetics and Genomics; PM, pathogenic moderate;
PP, pathogenic supporting.
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Results
ACTG2 Variant Analysis
Twelve patients were analyzed, and 6 were identified with
ACTG2 variants. All 6 cases were sporadic and without a family
history. All variants were heterozygous missense variants, of which 5
were arginine substitutions. The variants c.769C>T, p.Arg257Cys
(50.0%) was found in 3 patients; c.188G>A, p.Arg63Gln (16.7%)
in 1 patient; c.533G>A, p.Arg178His (16.7%) in 1 patient;
and c.577A>T, p.Ile193Phe (16.7%) in 1 patient (Table 1).
p.Arg257Cys, p.Arg178His, and p.Arg63Gln are previously reported variants and p.Arg257Cys is the most common. p.Ile193Phe
is a novel variant that is not observed among the normal population
and is located at highly conserved loci in various species. All variants were considered likely pathogenic by the ACMG classification.12

Comparison of Clinical Features Between Patients
With and Without ACTG2 Variants
Table 2 compares patients with and without ACTG2 variants.
The presence of megacystis and abnormal prenatal ultrasonography
showed a statistically significant difference between the 2 groups,
but others, including age of diagnosis, microcolon, malrotation,
hydronephrosis, neurogenic bladder, long-term clean intermittent
catheterization (CIC), and long-term home parenteral nutrition
(PN), were not statistically significant.

Clinical Features of Patients With ACTG2 Variants
The clinical characteristics of the 6 patients with ACTG2 variTable 2. Comparison of Clinical Feature Between Patients With and
Without ACTG2 Mutations

Clinical feature

ACTG2(+)
(n = 6)

ACTG2(−)
(n = 6)

P -value

Age at diagnosis
Prenatal ultrasonography
Microcolon
Malrotation
Megacystis
Hydronephrosis
Neurogenic bladder
Long-term CIC
Long-term home PN

7 months
6/6 (100%)
4/6 (66.7%)
3/6 (50%)
6/6 (100%)
4/6 (66.7%)
2/6 (33.3%)
2/6 (33.3%)
6/6 (100%)

Birth
1/6 (16.7%)
0/6 (0.0%)
0/6 (0.0%)
0/6 (0.0%)
1/6 (16.7%)
0/6 (0.0%)
0/6 (0.0%)
6/6 (100.0%)

> 0.05
0.015
0.061
> 0.05
0.002
> 0.05
> 0.05
> 0.05
> 0.05

CIC, clean intermittent catheterization; PN, parenteral nutrition.
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ants are summarized in Table 3. Four patients were female, and 2
were male. Their current ages range from 44 months to 27 years
with a median value of 8.5 years. Three patients were diagnosed
at birth: 2 at age 1 year, and 1 at age 3 years, with the median age
at diagnosis being 7 months. The initial clinical symptoms were
constipation in 5 patients, abdominal distention in 3, and vomiting
in 2. On prenatal ultrasonography, all patients showed abnormal
genitourinary findings, such as enlarged bladder, ovarian cyst, and
hydronephrosis. Megacystis was observed in all 6 patients. Microcolon was found in 4 patients (66.7%), and they were diagnosed
with MMIHS. Malrotation was observed in 3 patients (50.0%),
hydronephrosis in 4 (66.7%), and neurogenic bladder in 2 (33.3%).
Pathological studies in all patients showed abnormalities of the
muscle layer and ganglion cells. Thinning of the muscle layer and
vacuolar changes of the muscle layer were found in 3 patients each.
Nuclear palisading and acidophilic globular bodies were found in
1 patient each (Figure). All patients had hypoganglionosis and immature ganglion cells, and ganglion cell shapes were smaller than
normal.

Long-term Outcomes in Patients With ACTG2
Variants
The follow-up period of patients ranged from 44 months to
24 years with a median value of 62 months. All patients underwent
abdominal surgeries. Jejunostomy was performed in 2 patients,
ileostomy in all 6 patients, and colostomy in 1 patient. Cholecystectomy, gastrectomy, and colectomy were performed in Case 3. None
of the patients received an intestinal transplant and all patients are
still alive. Long-term CIC was performed in 2 patients (33.3%),
and Case 6 underwent vesicotomy 5 months immediately after
diagnosis. All patients remain dependent on PN with oral feeding.
Among them, Case 4 recently discontinued PN, whereas Case 5
recently initiated PN. Central line-associated bloodstream infection
(CLABSI) was observed in 3 patients, and fatty liver was observed
in 2 patients. One patient suffered recurrent small intestinal bacterial overgrowth and currently takes cyclic antibiotics. Pyridostigmine,
an acetylcholinesterase inhibitor that stimulates gastrointestinal motility, was administered to 3 patients, and symptoms improved in 2
of them.

Discussion
In this study, we investigated the spectrum of clinical features
and ACTG2 variants in Korean patients with CIPO. Among
the 12 CIPO patients, ACTG2 variants were found in 6 patients
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c.769C>T: p.Arg257Cys
15 yr
14 mo
F
Enlarged bladder

Case 1
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+
+
–
–

+
+
+
Nuclear palisading in the
inner muscle layer

Megacystis
Hydronephrosis
Neurogenic bladder
Long-term CIC

Long-term home PN
CLABSI
Fatty liver
Pathology
+
+
–
Vacuolar change in the
inner muscle layer

+
+
–
–

+
+
Jejunostomy
Ileostomy

c.188G>A: p.Arg63Gln
4 yr
Birth
F
Enlarged bladder
Hydronephrosis
Bowel distention

Case 2

+
–
–
Acidophilic globular
bodies in the outer
muscle layer

+
–
Ileostomy

–
–
Ileostomy
Cholecystectomy
Gastrectomy
Colectomy
+
+
–
–
+
–
+
Thinning in the inner
and outer muscle layer

+
–
+
+

Abdomen distention
Constipation

c.769C>T: p.Arg257Cys
12 yr
15 mo
F
Ovarian cyst

Case 4

Vomiting
Constipation

c.577A>T: p.Ile193Phe
27 yr
3 yr
F
Ovarian cyst

Case 3

–
–
–
Marked thinning, and
vacuolation in the
outer muscle layer

+
–
+
+

–
–
Ileostomy

c.769C>T: p.Arg257Cys
44 mo
Birth
M
Megacystis
Pseudo-obstruction
Constipation

Case 5

+
+
–
Vesicotomy
(2014.12-2015.05)
+
+
–
Marked thinning, and
vacuolation in the
inner muscle layer

c.533G>A: p.Arg178His
5 yr
Birth
M
Hydronephrosis
Bowel obstruction
Vomiting
Constipation
Bowel distention
+
+
Jejunostomy
Ileostomy

Case 6

ACTG2 , actin gamma 2 gene; F, female; M, male; US, United States; CIC, clean intermittent catheterization; PN, parenteral nutrition; CLABSI, Central Line Associated Blood Stream Infection; +, feature
present; –, feature absent.

+
+
Ileostomy
Colostomy

Microcolon
Malrotation
Surgery

Presenting symptom Constipation

ACTG2 mutation
Current age
Age at onset
Sex
Prenatal US

Clinical data

Table 3. Clinical Features and Natural History of Chronic Intestinal Pseudo-obstruction With ACTG2 Variants
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A

B

0.1 mm

C

0.1 mm

Figure. Pathologic findings of patients

D

with ACTG2 variants. (A) [Case 1]
The inner circular muscle layer shows
nuclear palisading (arrows). (B) [Case
2] The inner circular muscle layer
shows vacuolar change (arrow). (C)
[Case 3] The outer layer of the muscle
shows acidophilic globular bodies (arrows). (D) [Case 5] The outer muscle
layer shows marked thinning (arrows)
(H&E, bar = 0.1 mm).

0.1 mm
0.1 mm

(50.0%), with p.Arg257Cys being the most common. All cases
were sporadic, and we reported a novel ACTG2 variant. All patients with ACTG2 variants showed megacystis, abnormal prenatal
ultrasonography, and had pathological abnormalities in the muscle
layer and ganglion cells. All patients were dependent on PN and are
alive to date. We showed the indication and importance of ACTG2
genetic testing in patients with CIPO.
In this study, 4 ACTG2 variants were identified in 6 children,
and 3 of the 4 variants had arginine substitutions. In previous
studies, 44.0-62.0% of CIPO patients were positive for ACTG2
variants, and arginine substitutions accounted for 49.0% of total
variants.13,14 All variants in this study are heterozygous missense
variants, which is consistent with findings of other studies.15
p.Arg257Cys, p.Arg63Gln, and p.Arg178His have has been previously reported and are recurrent pathogenic variants,7,10 while
p.Ile193Phe is novel. All variants including a novel variant were
considered likely pathogenic by the ACMG classification. These
known missense variants are reported to affect protein function,
impair ACTG2 polymerization, and reduce smooth muscle cell
contractility.15 Previous studies have shown that arginine substitution at several different sites affects the function of actin filament,
contributing to poor contractility of smooth muscle in COS7,
CRL-1776 and U2OS cells.8,9 In this study, p.Arg257Cys was the
most common variant, and p.Arg178Cys and p.Arg257Cys were
mutation hot spots in other studies.6,10,13 All patients in this study
108

were sporadic, and these variants may have occurred de novo. Cases
1, 4, and 5 had the same variant as p.Arg257Cys, but the clinical
features were different. Cases 1 and 4 were diagnosed with MMIHS. However, Case 5 did not have MMIHS because microcolon
was not present. In previous studies, microcolon was reported in
5 out of 20 (25.0%) patients with p.Arg257Cys.13 These findings
suggest that visceral myopathy and MMIHS are one entity with
a continuum of various symptoms. Some studies have shown a
genotype-phenotype correlation. Arginine missense substitutions
in ACTG2 had a 63.8% chance of requiring intestinal transplant,
total PN dependence, or disease-related mortality.13 In this study,
all patients were dependent on total PN, regardless of arginine substitutions. In addition, all variants in this study may occur de novo,
which may present with a more severe phenotype than when inherited.6 All patients in this study showed a severe phenotype, and the
number of patients was small; therefore, it was difficult to evaluate a
genotype-phenotype correlation. Also, there was no racial difference
between Asian and Caucasian patients in ACTG2 variants, because
p.Arg257Cys, frequently found in Caucasians, was the most common in this study.6,7,10 Out of 12 patients, 1 patient was examined
with the CIPO gene panel and an ACTG2 variant was identified.
We found that in the patient group with ACTG2 variants,
there were 4 female and 2 male patients, which is consistent with
previous studies showing a female preponderance.13,16 In this study,
megacystis was found in all 6 patients. In previous studies, 85.0-
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100.0% of patients with ACTG2 variants had megacystis.6,13 On
prenatal ultrasonography, all patients with ACTG2 variants had
genitourinary abnormalities. All MMIHS patients with ACTG2
variants had prenatally evident fetal megacystis.17 Taken together, if
patients with CIPO have genitourinary abnormalities on prenatal
ultrasonography or presence of megacystis, the evaluation of visceral
myopathy with ACTG2 variants should be considered.
Thinning and vacuolar changes of the muscle layer found in
this study are key features of visceral myopathy. Nuclear palisading is a nonspecific histopathologic findings of myopathy, which
is occasionally observed in other studies.18,19 Acidophilic globular
body is a novel and pathologic finding, which is not observed in
normal intestinal muscle proper, and appears to be related with
muscular degenerative changes. Also, ganglion cell abnormalities
such as hypoganglionosis and immature ganglia were found in all
6 patients with ACTG2 variants. In previous studies, ganglion cell
abnormalities were observed in patients with visceral myopathy or
MMIHS.2,10,17,20-24 Ganglion cell abnormalities may be secondary
changes in myopathy due to ACTG2 variants.10 Because hypoganglionosis or dysmorphic ganglion cells may be seen in CIPO with
ACTG2 variants, it is difficult to diagnose by histopathology alone,
and molecular diagnosis is more accurate than histologic diagnosis.
In this study, different abdominal surgeries were performed.
Six patients received 26 surgeries and a mean of 4.3 surgeries per
patient, with the most common operation being ostomy, which is
similar to the results of other studies.7,13,22,25 In this study, all patients
were dependent on PN, which is similar to the results of other studies.13,25,26 Long-term home PN causes several complications.27,28
CLABSI was observed in 3 patients (50.0%), and fatty liver was
observed in 2 patients (33.3%) in this study. To reduce the complications of long-term PN, fish oil-based lipid emulsions are used
and enteral feeding is maintained.11,16 Thus, cirrhosis may not develop in this study. Previous studies have reported that the survival
rate was 12.6-19.7%, and the oldest survivor was 25 years old.7,16,22
Mortality was associated with a short small intestine, involvement of
the urinary system, < 1 year of age of onset, and myopathy on histology.29 In this study, the survival rate of CIPO was 100.0%, and
the oldest survivor was 27 years old. The remarkable improvement
in prognosis in this study may have resulted from improvements in
nutritional management and supportive care with intestinal rehabilitation programs.7,26,30,31 In this study, pyridostigmine was administered to 3 patients, and was effective in 2 of them. Pyridostigmine
has been demonstrated to be effective in colonic decompression in
pediatric CIPO patients.32,33
The limitation of this study is that the number of CIPO pa-

tients was small, and the study was conducted at a single center. A
multicenter study involving a large number of Korean patients with
CIPO is needed.
In conclusion, ACTG2 variants are commonly found among
CIPO patients in Korea. In CIPO patients with megacystis and abnormal prenatal ultrasonography, genetic testing of ACTG2 should
be considered. Molecular diagnosis of CIPO is important because
it is difficult to differentiate myopathy from neuropathy by pathological findings alone. ACTG2 genetic analysis can help avoid invasive diagnostic interventions such as full-thickness bowel biopsy.
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Development and Validity Assessment of a Self-evaluation
Questionnaire for Functional Dyspepsia: A Multicenter
Prospective Study in Korea
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Background/Aims
Patient-reported outcomes (PROs) are essential for clinical decision making, conduction of clinical research, and drug application
acquisition in functional gastrointestinal disorders. The aim of this study is to develop a PRO instrument and to determine the
respondents’ perception of the efficacy of therapeutic agents for functional dyspepsia (FD).
Methods
A self-evaluation questionnaire for dyspepsia (SEQ-DYSPEPSIA) was developed and validated through a structured process. The 2-week
reproducibility was evaluated, and the construct validity was assessed by correlating the scores of SEQ-DYSPEPSIA (including typical and
major FD symptom subscales). Finally, the response to medication was assessed by comparing the changes after 4 weeks of treatment.
Results
A total of 193 Korean patients (age 48.5 ± 13.6 years, 69.4% women) completed the questionnaire. SEQ-DYSPEPSIA with 11 items
had a good internal consistency (alpha = 0.770-0.905) and an acceptable test-retest reliability (intraclass correlation coefficient =
0.733-0.859). The self-evaluation questionnaire (SEQ)-major FD score highly correlated with the postprandial fullness/early satiety
domain of the Patient Assessment of Gastrointestinal Symptom Severity Index (correlation coefficient r = 0.741, P < 0.001), Nepean
Dyspepsia Index-Korean version (NDI-K) (r = 0.839, P < 0.001), and NDI-K quality of life (r = −0.275 to −0.344, P < 0.001). After
medical treatment, decrease in the SEQ-typical FD and SEQ-major FD was significantly greater in the responder group than in nonresponder group (P = 0.019 and P = 0.009, respectively).
Conclusion
This study suggests that the Korean version of SEQ-DYSPEPSIA has good reliability and validity, and can be a useful PRO measurement
tool in patients with FD.
(J Neurogastroenterol Motil 2022;28:111-120)
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Introduction
Functional dyspepsia (FD) is a symptom complex affecting
the upper gastrointestinal (GI) tract, including chronic and recurrent epigastric pain or soreness, postprandial fullness, early satiety,
bloating, and nausea, which does not show organic lesions such as
peptic ulcers, benign or malignant neoplasms, or pancreato-biliary
lesions.1 The Rome IV criteria define FD as the presence of one or
more symptoms among postprandial fullness, early satiety, and upper abdominal pain or soreness, which start at least 6 months before
diagnosis and last for > 3 months without any organic disease.1 FD
is classified into 2 subtypes according to the main symptoms: postprandial distress syndrome (PDS) and epigastric pain syndrome
(EPS).1,2 The prevalence of FD has been reported to be approximately 15.0-40.0% worldwide.3,4 In an epidemiological survey of
comprehensive medical examinations in Korea, the prevalence of
FD according to the Rome III criteria was found to be 8.1% (EPS,
4.6% and PDS, 6.5%).5 In addition, among patients who visited
a tertiary medical center for GI symptoms, FD had the highest
prevalence at approximately 37.0%.6
FD is not a life-threatening disorder; however, it leads to a
poor quality of life (QOL) and places a heavy medical burden on
patients.7,8 The pathophysiology of FD has not yet been fully characterized, although it is known to be caused by a complex of disease
processes including delayed gastric emptying, visceral hypersensitivity, impaired gastric accommodation, dysfunction of the duodenum
and jejunum, and dysfunction of the brain-gut interaction.3 Therefore, it is difficult to develop effective drugs for FD that exceed
high placebo effects while acting on such diverse mechanisms. The
representative drugs for FD are anti-secretory agents including
proton pump inhibitors (PPIs) and histamine 2 blockers, as well as
prokinetic drugs. In some patients, tricyclic antidepressants or selective serotonin reuptake inhibitors are used to modulate the enteric
nervous system and manage psychological comorbidities.3,9,10
The Food and Drug Administration provides guidelines for reviewing and evaluating existing or newly developed patient-reported
outcomes (PROs) used to support claims in the labeling of medical
products.11 With the establishment of the Rome criteria, clinical trials on the treatment of functional GI diseases are continuously being performed, and recommendations based on clinical trial results
are periodically published.12 To conduct clinical trials, it is essential
to develop verified evaluation tools that focus on specific symptoms
of FD. In addition, in many countries, a questionnaire for patients
with FD written in the local language is developed and verified,
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and the drug response of FD is measured using a verified symptom
assessment questionnaire.13
We aim to develop and validate a self-evaluation questionnaire
for dyspepsia (SEQ-DYSPEPSIA) that is easily applicable to Korean patients, and can be used in regulated clinical trials for assessing treatment efficacy claims intended for product labeling in FD
treatment.

Materials and Methods
From October 2017 to September 2019, this study was conducted to develop and verify a questionnaire for patients with FD
between the ages of 19 and 75 years who first visited the hospital
or re-visited the hospital within 6 months. The study protocol was
approved by the ethical review committee of each hospital (KUGH
2017-11-037, EUMC 2017-09-037-007, CR-17-146, DKUH
2017-11-007-001, GNAH 2018-01-015-005, DSMC 2017-11068, and B-1801/442-303). Written informed consent was obtained
from all participants.

Patient Selection
Participants for the validation study were enrolled from outpatient clinics in 7 tertiary medical centers in Korea. FD was defined
as the Rome IV criteria. Symptoms with a score of at least 2 points
(on a scale of 1 to 5 points) in discomfort in daily life are defined as
“bothersome” in the Rome criteria.1 All patients underwent upper
GI endoscopy within 6 months before enrollment, which confirmed
the absence of an organic cause for upper GI symptoms (UGISs).
Patients aged 19-75 years who had the minimum understanding
needed to complete the questionnaire were selected as study participants. The following patients were excluded from the study: (1)
patients who had undergone GI surgery except appendectomy; (2)
patients who were pregnant or lactating; (3) patients with a serious systemic or mental illness; (4) patients requiring continuous
treatment for the liver, biliary tract, small intestine, and colon; (5)
patients with uncontrolled diabetes mellitus or thyroid disease; and
(6) patients who had taken acid secretion inhibitors, including PPIs
or GI motility drugs, in the last 2 weeks. The global severity of FD
assessed using a five-point Likert scale was evaluated at the first
enrollment.

Development of a Self-evaluation Questionnaire for
Upper Gastrointestinal Symptoms
First, through a systematic review, published questionnaires
and scripted items related to FD were identified and reviewed by

Journal of Neurogastroenterology and Motility

A Self-evaluation Questionnaire for FD

experts (M.G.C. and H.K.J.).12 By using candidate items including
typical and atypical FD symptoms, the SEQ-DYSPEPSIA questionnaire was first developed in English and subsequently translated
into Korean. On the basis of a structured translation process, the
reverse translation of the translated draft showed that the target version was functionally identical to the original English version. The
draft questionnaire was produced at the 6th grade reading level and
used words as specifically pronounced by the patients.
The final and validated SEQ-DYSPEPSIA is composed of
11 questions mainly addressing the severity and frequency of FD
and UGISs over a 2-week recall period, and is divided into the
typical FD, major FD, and other UGISs. The self-evaluation
questionnaire (SEQ)-typical FD includes 4 typical FD symptoms
(epigastric pain, epigastric soreness, postprandial fullness, and early
satiety) corresponding to the Rome IV criteria. The SEQ-major
FD includes typical FD symptoms and other frequent dyspeptic
symptoms (bloating, belching, and nausea). Other UGISs such as
gastroesophageal reflux disease (GERD) symptoms and vomiting
were included for the purpose of confirming the overlap or differential diagnosis with other upper GI disorders mimicking FD. This
questionnaire required responses based on 5 levels of the Likert
scale for frequency (no symptoms to daily symptoms) and severity
(not at all or very weak to extremely severe). The scores of SEQDYSPEPSIA were calculated into a sum score for each symptom
frequency and severity, with higher scores indicating greater severity
of symptoms. All 11 items were given equal weight.
Because pictorial expression in the communication of symptoms is known to improve patient understanding and memory,
cartoon-style images of the patients’ symptoms were added to the
SEQ-DYSPEPSIA questionnaire (Supplementary Figure).14

Reliability and Validity of the Self-evaluation
Questionnaire for Upper Gastrointestinal Symptoms
Test-retest reliability was assessed to determine the stability of
SEQ-DYSPEPSIA. The participants were instructed to complete
the questionnaire 2 times with a 2-week interval before starting
treatment with medication. Quantitative psychometric analyses of
SEQ-DYSPEPSIA were conducted together with the Patient Assessment of GI Symptom Severity Index (PAGI-SYM),15 Nepean
Dyspepsia Index-Korean version (NDI-K), and validated NDI-K
QOL questionnaires.16,17

Evaluation of Therapeutic Response With
Self-evaluation Questionnaire for Dyspepsia
The degree of symptom improvement was measured using

SEQ-DYSPEPSIA before and after treatment with 4 weeks of
a PPI (lansoprazole 30 mg, once a day) and a prokinetic agent
(mosapride 5 mg, three times a day). In addition, patients with FD
were asked to fill out other questionnaires including PAGI-SYM,
NDI-K, and NDI-K QOL, before and after medical treatment.
The Overall Treatment Evaluation (OTE) scale was a 5-point Likert scale defined as follows: 1 point, disappearance of symptoms; 2
points, greatly improved symptoms more than 50%; 3 points, ≤
50% disappearance of symptoms; 4 points, no change in symptoms;
and 5 points, worsening of symptoms. Patients who showed more
than “greatly improved symptoms” (1 or 2 points) after medical treatment were defined as the response group. According to
the therapeutic response, the change of the composite score of the
SEQ-typical and SEQ-major FD was measured, and the score
changes in the PAGI-SYM, NDI-K, and NDI-K QOL questionnaires were also compared.

Statistical Methods
The number of test-retest samples was calculated as 50 by referring to the study in which Park et al18 conducted cultural validation
on GI symptoms questionnaire for functional GI disease. To measure the number of samples to evaluate the treatment response, we
referred to the PAGI-SYM survey study through 7-Likert OTE.
In the PAGI-SYM study, mean symptom scores between responders and non-responders of satiety and early satiety were found to be
−0.10 and −0.91, respectively.19 Therefore, we estimated a sample
size of at least 54 in order to achieve a statistical power of 80.0% at
a 5.0% significance level on a 2-sided test. Considering a 20.0%
dropout rate or loss to follow-up during the study period, it was estimated that a target enrollment of 68 subjects was needed.20
Internal consistency was assessed using Cronbach’s alpha, with
a value of ≥ 0.7 considered to indicate a high degree of internal
consistency. Test-retest reliability was evaluated using intraclass correlation coefficients (ICCs) and Pearson correlation coefficients. An
ICC of ≥ 0.7 was considered sufficient to demonstrate reliability.21
Construct validity was assessed by comparing Pearson’s correlation
coefficients between the SEQ-typical FD/SEQ-major FD scores
and the dyspepsia subscale scores of PAGI-SYM, NDI-K, and
NDI-K QOL. Among the valid constructs, discriminant validity
was evaluated by comparing the Pearson’s correlation coefficients
between SEQ-DYSPEPSIA and the PAGI-SYM subscales other
than FD symptoms. In contrast, known-group validity was evaluated using an analysis of variance test to compare groups of patients
in terms of the scores of SEQ-DYSPEPSIA and FD global severity. The independent t test or Mann-Whitney U test was used to
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compare the differences in changes in the mean SEQ-typical and
major FD scores from baseline to 4 weeks according to the OTE
scale. The responsiveness index was calculated using effect size (ES)
and standardized response mean (SRM) values.22 ES was calculated by dividing the mean change score by the standard deviation
(SD) of the before-treatment scores, and SRM was calculated as
the mean change score divided by the SD of the changed scores.
The calculated ES or SRM value was categorized as small (0.2),
medium (0.5), or large (0.8) (Cohen’s thresholds). All statistical
analyses were performed using SPSS version 26.0 (IBM Corp,
Armonk, NY, USA), and P -values < 0.05 were considered statistically significant.

Results
Study Patients and Clinical Characteristics
Among 220 patients with FD, 193 completed the questionnaires and were finally included in the present study. The mean
age of the participants was 48.5 years (SD 13.6 years, range 1975 years), and 69.4% of the patients were women. The proportion
of patients with an FD symptom duration of < 1 year was 51.8%
(Table 1). For the assessment of test-retest stability, 102 patients
completed the SEQ-DYSPEPSIA questionnaire again 2 weeks
after their first evaluation. A total of 121 patients underwent treatment with lansoprazole (30 mg, once a day) and mosapride (5 mg,
three times a day) for 4 weeks. Finally, 94 patients completed the
SEQ-DYSPEPSIA questionnaire for the third time.
The mean SEQ-DYSPEPSIA score for 193 subjects on first
questionnaires was 41.51 ± 14.06 (median score 40, range 22-99,
maximal score 110). According to the global severity of the patients,
57 (29.5%) reported no or mild symptoms, 79 (40.9%) reported
moderate symptoms, and 57 (29.5%) reported severe or very severe
symptoms.

groups. The ICC of the GERD symptom subgroup (heartburn,
retrosternal chest pain, acid regurgitation, and nonacid regurgitation) was 0.841, and that of the bloating and belching subgroup was
0.733 (Table 2).

Validity
The construct validity of SEQ-DYSPEPSIA was evaluated
according to its correlation with the PAGI-SYM postprandial fullness/early satiety subscale, NDI-K total and dyspepsia subscale, and
NDI-K QOL scores (Table 3). The SEQ-typical FD symptoms
highly correlated with the PAGI-SYM postprandial fullness/early
satiety subscale (r = 0.648, P < 0.001), and the SEQ-major FD
symptoms showed an even higher correlation with the PAGI-SYM
postprandial fullness/early satiety subscale (r = 0.741, P < 0.001).
The SEQ-typical and major FD symptoms also significantly correlated with the NDI-K total scores (SEQ-typical FD, r = 0.784,
P < 0.001; SEQ-major FD, r = 0.851, P < 0.001) or NDI-K

Table 1. Study Participants and Clinical Characteristics

Variables
Female sex
Age (yr)
BMI (kg/m2)
Smoking/drinking habits
Current smoker
Alcohol usera
Coffee userb
Comorbidities
Diabetes mellitus
Hypertension
Chronic lung/heart disease
Osteoporosis
Other chronic diseasec
Symptom onset
< 6 mo
7 mo-1 yr
1-2 yr
2-5 yr
> 5 yr
Global severity grade
No or mild
Moderate
Severe or very severe

Reliability
Internal consistency was calculated using Cronbach’s alpha,
which ranged from 0.770 (for SEQ-typical FD) to 0.905 (for
SEQ-DYSPEPSIA) (Supplementary Table 1). The Cronbach’s
alpha coefficient of the 4 typical FD symptoms (epigastric pain,
soreness, postprandial fullness, and early satiety) was 0.770, and
that of the 7 major FD symptoms (epigastric pain, soreness, postprandial fullness, early satiety, bloating, belching, and nausea) was
0.865. SEQ-DYSPEPSIA showed a high test-retest reliability, as
confirmed by the ICCs of the different SEQ-DYSPEPSIA sub114

a

N = 193
134 (69.4)
48.5 ± 13.6 (19-75)
23.29 ± 3.59 (16.04-36.85)
22 (11.4)
32 (16.6)
19 (9.8)
13 (6.7)
26 (13.5)
9 (4.7)
12 (6.2)
17 (8.8)
73 (37.8)
27 (14.0)
21 (10.9)
28 (14.5)
44 (22.8)
57 (29.5)
79 (40.9)
57 (29.5)

Alcohol user: intake of ≥ 24 g alcohol at least 2 times per week or more.
Coffee user: intake of ≥ 3 cups of coffee per day.
c
Chronic disease: thyroid disease, hepatitis, Behcet’s disease, or hyperlipidemia.
BMI, body mass index.
Data are presented as n (%) or mean ± SD (range).
b
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Table 2. Test-Retest Reliability of Self-evaluation Questionnaire for Dyspepsia

Subscale

No.

ICC

P -value

Pearson’s r

P -value

Epigastric pain or soreness
Postprandial distress (early satiation and postprandial fullness)
SEQ-typical FD (Q1-3)
SEQ-major FD (Q1-6)
Bloating/belching
Nausea/vomiting
GERD 4 symptoms
SEQ-DYSPEPSIA

1
2-3
1-3
1-6
4-5
6, 11
7-10
1-11

0.777
0.736
0.794
0.831
0.733
0.817
0.841
0.859

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.659
0.606
0.679
0.736
0.599
0.726
0.729
0.766

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

ICC, intraclass correlation coefficient; SEQ, self-evaluation questionnaire; FD, functional dyspepsia; GERD, gastroesophageal reflux disease; SEQ-DYSPEPSIA,
SEQ for dyspepsia.
Each symptom score is calculated as the sum of the frequency and severity of each subscale.
Table 3. Construct and Discriminant Validity of Self-evaluation Questionnaire for Dyspepsia Evaluated by Comparing With Patient Assessment
of Gastrointestinal Symptom Severity Index, Nepean Dyspepsia Index-Korean Dyspepsia, Nepean Dyspepsia Index-Korean Total, and Nepean
Dyspepsia Index-Korean Quality of Life

Variables
PAGI-SYM nausea/vomiting
PAGI-SYM postprandial fullness/early satiety
PAGI-SYM bloating
PAGI-SYM upper abdominal pain
PAGI-SYM lower abdominal pain
PAGI-SYM heartburn/regurgitation
NDI-K dyspepsia
NDI-K total
NDI-K QOL
Tension/sleep
Interference with daily activities
Eating/drinking
Knowledge/control
Work/study

SEQ-typical FD (Q1-3)

SEQ-major FD (Q1-6)

SEQ-DYSPEPSIA

Pearson’s r

P -value

Pearson’s r

P -value

Pearson’s r

P -value

0.289
0.648
0.489
0.649
0.288
0.487
0.814
0.784

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.440
0.741
0.588
0.598
0.329
0.568
0.839
0.851

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

0.518
0.678
0.579
0.588
0.338
0.711
0.781
0.862

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

−0.316
−0.275
−0.336
−0.327
−0.344

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

−0.351
−0.295
−0.304
−0.348
−0.385

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

−0.397
−0.353
−0.333
−0.350
−0.452

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

SEQ, self-evaluation questionnaire; FD, functional dyspepsia; SEQ-DYSPEPSIA, SEQ for dyspepsia; PAGI-SYM, Patient Assessment of Gastrointestinal Symptom Severity Index; NDI-K, Nepean Dyspepsia Index-Korean; QOL, quality of life.
Each symptom score is calculated as the sum of the frequency and severity of each subscale.
Data are presented as correlation coefficients and P -values.

dyspepsia subscale scores (SEQ-typical FD, r = 0.814, P < 0.001;
SEQ-major FD, r = 0.839, P < 0.001) (Table 3). Moreover, the
SEQ-typical FD/SEQ-major FD symptoms also correlated with
NDI-K QOL. As symptom severity increased, the patient-reported
NDI-K QOL significantly decreased. The strongest correlations
were observed for the SEQ-major FD symptoms and the work/
study quality domain of NDI-K QOL (r = −0.385, P < 0.001).
To confirm discriminant validity for differentiation from other
GI symptoms, the results of the SEQ-DYSPEPSIA questionnaire and the association with each subscale of PAGI-SYM other

than postprandial fullness/early satiety were analyzed. It showed a
high correlation with the postprandial fullness/early satiety subscale
(correlation coefficient ≥ 0.6), but a low correlation with nausea/
vomiting, and lower abdominal pain (Table 3). In particular, SEQtypical FD showed poor correlation with nausea/vomiting, lower
abdominal pain, and heartburn/regurgitation subscales of PAGISYM. In addition, to confirm the degree of discrimination in the
questionnaire, the relationship between the SEQ-typical/major
FD symptoms and symptoms other than typical FD was also confirmed. Among the various detailed symptoms, acid regurgitation
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and nonacid regurgitation modestly correlated with SEQ-typical
FD (r = 0.380, P < 0.001; r = 0.271, P < 0.001), and vomiting
showed the lowest correlation with both the SEQ-typical FD (r =
0.220, P = 0.002) and SEQ-major FD (r = 0.310, P < 0.001)
composite scores (Supplementary Table 2).
In addition, known-group validity according to the severity of
symptoms was also confirmed by examining whether differences
in SEQ-typical/SEQ-major FD scores were significantly different
according to self-reported global severity. The mean scores of SEQtypical FD significantly increased according to the global severity
of FD (9.42 ± 3.93, no or mild group [n = 57]; 13.20 ± 4.91,
moderate group [n = 79]; 14.75 ± 5.65, severe group [n =
57]) (P < 0.001). Similarly, the mean scores of the PAGI-SYM
postprandial fullness/early satiety subscale (0.93 ± 1.13, no or mild
group [n = 57]; 1.65 ± 1.20, moderate group [n = 79]; 2.17
± 1.25, severe group [n = 57]) (P < 0.001), NDI-K dyspepsia
subscale (15.53 ± 16.47, no or mild group [n = 57]; 30.81 ±
19.81, moderate group [n = 79]; 39.82 ± 22.26, severe group [n
= 57]) (P < 0.001), and NDI-K total (26.35 ± 24.88, no or mild
group [n = 57]; 44.44 ± 27.47, moderate group [n = 79]; 61.00
± 36.29, severe group [n = 57]) (P < 0.001) were significantly
different according to the self-reported global severity (Figure).

Therapeutic Response Analysis With Self-evaluation
Questionnaire for Dyspepsia
Treatment response was evaluated in 94 patients. When the
patients were classified according to the definition of therapeutic response, 45 patients were determined to show a favorable treatment
response. The posttreatment mean score and the different scores of
both SEQ-typical FD and SEQ-major FD significantly decreased
in the responder group compared with the non-responder group,
and decrease in the SEQ-typical FD and SEQ-major FD was
significantly greater in the responder group than in non-responder
group (P = 0.019 and P = 0.009, respectively, Mann-Whitney U
test) (Table 4).
Subsequently, the responsiveness index was measured using
the ES and SRM values for mean changes in the PAGI-SYM
postprandial fullness/early satiety subscale, NDI-K dyspepsia subscale, and NDI-K total scores. After 4 weeks of treatment, it was
confirmed that the SEQ-typical/SEQ-major FD domains showed
a noninferior responsiveness index compared with other, already
validated questionnaires (PAGI or NDI-K) (Supplementary Table
3).

Discussion
According to global severity
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SEQ-typical FD
NDI-K dyspepsia subscale
NDI-K total
PAGI-SYM postprandial fullness/early satiety subscale

Figure. Results of known-group validity according to the severity
of symptoms. The mean scores of the self-evaluation questionnaire
(SEQ)-typical functional dyspepsia (FD), Nepean Dyspepsia IndexKorean (NDI-K) dyspepsia subscale, NDI-K total, and Patient Assessment of Gastrointestinal Symptom Severity Index (PAGI-SYM)
postprandial fullness/early satiety subscale were significantly different
according to the self-reported global severity.
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SEQ-DYSPEPSIA consists of FD symptoms identified in
the Rome criteria as well as additional symptoms identified from the
literature.1,12 It is a highly reliable and valid PRO instrument with a
good medication responsiveness index in patients with FD. It is important to develop an accurate diagnostic tool for determining treatment responsiveness that exceeds the high placebo effect in patients
with FD.23
Currently, a variety of questionnaires are available for measuring
outcomes in patients with functional GI disorders, including FD;
however, many questionnaires do not meet the Rome criteria or are
too complex, resulting in limitations and heterogeneity in evaluating the patients’ symptoms and treatment responses.11 In 2004, the
National Institute of Health actively developed patient-generated
reports, starting with a system called the PRO Measurement Information System.24 These patient-generated reports, also known as
PROs, are known to be useful for efficiently expressing functional
GI disorders and symptoms and for evaluating treatment responses
in the viewpoint of patients, rather than evaluating the disease from
the viewpoint of physicians.25 On the basis of important PROs, this
study is a patient self-evaluation questionnaire survey that summarizes other symptoms necessary for differential diagnoses, including
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Table 4. Changes in the Mean Scores of Self-evaluation Questionnaire for Dyspepsia, Patient Assessment of Gastrointestinal Symptom Severity

Index Postprandial Fullness/Early Satiety, and Nepean Dyspepsia Index-Korean According to Overall Treatment Effect
Variables
SEQ-typical FD (Q1-3)
Baseline
At 4 weeks
Difference
SEQ-major FD (Q1-6)
Baseline
At 4 weeks
Difference
SEQ-DYSPEPSIA
Baseline
At 4 weeks
Difference
PAGI-SYM postprandial fullness/early satiety
Baseline
At 4 weeks
Difference
NDI-K dyspepsia
Baseline
At 4 weeks
Difference
NDI-K total
Baseline
At 4 weeks
Difference

Responders (n = 45)

Non-responders (n = 49)

P -value

13.36 ± 4.23
8.69 ± 2.97
−4.67 ± 4.84

13.98 ± 5.56
11.63 ± 5.02
−2.35 ± 4.59

0.889
0.001
0.019

26.49 ± 7.88
17.00 ± 5.09
−9.49 ± 8.28

27.31 ± 8.44
22.78 ± 8.61
−4.53 ± 7.50

0.629
< 0.001
0.009

43.27 ± 11.15
29.33 ± 7.15
−13.93 ± 11.44

44.37 ± 13.21
37.29 ± 12.61
−7.08 ± 10.94

0.840
< 0.001
0.001

1.64 ± 1.32
0.76 ± 0.89
−0.89 ± 1.33

2.04 ± 1.33
1.41 ± 1.37
−0.62 ± 1.35

0.177
0.016
0.320

30.42 ± 19.79
12.07 ± 13.61
−18.36 ± 19.08

34.22 ± 20.80
23.73 ± 21.03
−10.49 ± 15.66

0.322
0.002
0.031

45.24 ± 27.04
17.62 ± 20.38
−27.62 ± 27.23

50.55 ± 31.41
36.04 ± 34.05
−14.51 ± 21.89

0.356
0.001
0.017

SEQ, self-evaluation questionnaire; FD, functional dyspepsia; SEQ-DYSPEPSIA, SEQ for dyspepsia; PAGI-SYM, Patient Assessment of Gastrointestinal Symptom Severity Index; NDI-K, Nepean Dyspepsia Index-Korean.
P -values were calculated using the independent t test or Mann-Whitney U test.

typical FD symptoms highlighted in Rome IV. For patient-reported
questionnaires on FD, several indices (Dyspepsia Symptom Severity Index, GI symptom score, and NDI) have been validated in
previous studies.26-28 However, although a Korean version of a questionnaire that records the patients’ symptoms in an intuitive manner,
other than being a QOL assessment questionnaire, has been developed in patients with GERD, very limited instruments are available
for patients with FD.29-31 In the case of FD, 4 distinct symptoms
are mentioned in the Rome IV criteria;1 however, other additional
symptoms (belching, nausea, and bloating) may be present in patients with FD. In a factor and cluster analysis study conducted by
Piessevaux et al32 in the general population, symptoms of bloating,
belching, nausea, and vomiting, in addition to the main symptoms
of epigastric discomfort, pain, fullness, and early satiety in patients
with FD, were also analyzed. In a total of 378 participants, mild to
severe symptoms were accompanied by bloating in 68.0%, belching
in 50.0%, nausea in 38.9%, and vomiting in 23.3% of patients. In

addition to the 4 typical symptoms mentioned in the Rome IV criteria, additional symptoms such as bloating, nausea, belching, and
vomiting were confirmed in patients with FD. In a study analyzing
the heterogeneity of symptom patterns, Fischler et al33 observed
similar results among the types of symptoms, except for heterogeneity that did not show vomiting symptoms in 71.2% (311/438)
of patients. On the basis of the results of previous studies,1,32-34 the
present study identified bloating, belching, and nausea as the main
symptoms of FD along with the 4 typical symptoms (epigastric
pain, epigastric soreness, postprandial fullness, and early satiety). In
the full questionnaire, vomiting was also included to discriminate
against other diseases and to confirm validity, as well as to discriminate GERD. GERD is difficult to clearly distinguish from FD,
especially because it frequently overlaps with FD (approximately
9.0-30.0%),35 and the present study showed that the correlation
between FD and reflux symptom was low to moderate (Pearson’s
correlation coefficient 0.271-0.507). Therefore, each item in SEQ-
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DYSPEPSIA can be used for research purposes.
The reliability and reproducibility of the questionnaire was
confirmed by dividing it into typical FD symptoms, major FD
symptoms, and other atypical symptoms among the symptoms of
FD, with a total of 11 questions. In particular, Cronbach’s alpha
was high at 0.865 when evaluating the major FD symptoms compared with the typical FD symptoms. The correlation coefficients
with other, already validated subscales (PAGI-SYM postprandial
fullness/early satiety, NDI-K dyspepsia, and NDI-K total) were
very high (0.648-0.851), and the correlation coefficient was higher
in SEQ-major FD than in SEQ-typical FD.
In studies assessing the treatment response of FD, various
drugs such as rabeprazole, lansoprazole, mosapride, acotiamide,
itopride, and rikkunshito were used, and various questionnaires
such as the Leuven Postprandial Distress Scale,36 Leeds Dyspepsia
Questionnaire,37 8-symptom dyspepsia questionnaire,38 Hong Kong
index questionnaire,39 NDI,40 and PAGI-SYM41 were also used.
Among these, in the validation study of the Leuven Postprandial
Distress Scale conducted by Carbone et al,36 a comparative analysis
using the PAGI-SYM and NDI questionnaires was conducted
to evaluate the treatment response to itopride, which showed a
significant change in the PDS type of FD. Similarly, in this study,
to evaluate the treatment response using SEQ-DYSPEPSIA, the
NDI and PAGI-SYM questionnaires were also evaluated. After
4 weeks of treatment, the SEQ-DYSPEPSIA questionnaire survey was conducted again to evaluate the treatment response, and
it was confirmed that the FD symptoms significantly improved in
the treatment response group. Similar findings were found for the
NDI-K dyspepsia subscale, but not for the PAGI-SYM postprandial fullness/early satiety subscale.
The PAGI-SYM postprandial fullness/early satiety subscale
is primarily limited to symptoms of postprandial fullness and early
satiety, and epigastric pain or discomfort is divided into different
measures of the upper abdominal pain subscale. These epigastric
pain or discomfort items showed a significant difference from the
NDI-K and SEQ-DYSPEPSIA questionnaires used in this study,
and it was judged that the PAGI-SYM postprandial fullness/early
satiety subscale did not show statistically meaningful results in the
treatment response evaluation.
The NDI-K dyspepsia subscale is similar to the SEQ-major
FD subscale; however, in NDI, items that are difficult to distinguish, such as epigastric pain, discomfort, or soreness, are divided,
and similar items exist including a sense of epigastric pressure and
bloating. In addition, the NDI questionnaire confirmed the level
of discomfort along with frequency and intensity. However, with
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respect to the level of discomfort expressed by the actual patients,
many overall global evaluations are available and some components
are difficult to objectively express. In consideration of these points,
in the questionnaire in this study, except for the level of discomfort,
epigastric pain, discomfort, and soreness symptoms were combined
into 1 question, and each symptom was simply investigated on the
basis of frequency and intensity. Owing to these differences, SEQDYSPEPSIA in this study showed more statistically meaningful
differences in the treatment response evaluation than the PAGISYM and NDI questionnaires, and was confirmed to be useful in
evaluating the treatment response.
To confirm the degree of treatment response, the ES and SRM
values were checked, and when patients with a much improved
condition (> 50.0%) was used as the response group, the response
index was confirmed to be > 0.8 for both ES and SRM, and
the ratio was “large.”22 In the case of the non-response group, the
responsiveness index was 0.4-0.5 (ES), which was categorized as
“small to medium.” When the PAGI-SYM postprandial fullness/
early satiety, NDI-K dyspepsia, and NDI-K total scores were also
considered, a better responsiveness index (0.67-1.02) was obtained
in the responder than in the non-responder group, and all items of
the typical FD and major FD symptoms in SEQ-DYSPEPSIA
well reflected the subjective symptoms and treatment response of
patients with FD.
This study had some limitations. First, it is possible that the
response to symptom evaluation was low because many patients
with severe FD were not included. In addition, because this study
did not use placebo as a double-blind comparator for the evaluation
of treatment response, the response index could be compared only
between the treatment response group and the non-response group.
As the placebo effect is high in pharmaceutical research in patients
with dyspepsia, further studies on symptom changes that include a
placebo group can be helpful.
In conclusion, this study suggests that SEQ-DYSPEPSIA,
including typical FD and seven major FD symptoms, has a high
degree of reliability and validity, compared with the PAGI-SYM
postprandial fullness/early satiety subscale, NDI-K dyspepsia
subscale, and NDI-K total score. Moreover, this verified
questionnaire was also found to be useful and accurate for treatment
response evaluation.
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Role of the Mean Nocturnal Baseline Impedance in
Identifying Evidence Against Pathologic Reflux in
Patients With Refractory Gastroesophageal Reflux
Disease Symptoms as Classified by the Lyon Consensus
Yanhong Wu, Zihao Guo, Chuan Zhang,* and Yutao Zhan*
Department of Gastroenterology, Beijing Tong Ren Hospital, Capital Medical University, Beijing, China

Background/Aims
Mean nocturnal baseline impedance (MNBI) is a new reflux metric for mucosal integrity. It remains unclear whether MNBI can help
identify evidence against pathological reflux by the Lyon Consensus in patients with refractory gastroesophageal reflux disease (GERD)
symptoms.
Methods
Three hundred and forty-nine patients with refractory GERD symptoms enrolled in this study were subjected to high-resolution
manometry, 24-hour multichannel intraluminal impedance-pH (MII-pH) monitoring, and endoscopy. Conventional indexes (ie, reflux
events and acid exposure time) and the novel index (MNBI) of MII-pH monitoring were extracted and analyzed. The value of MNBI in
diagnosing patients with evidence against pathologic reflux was evaluated by receiver-operating-characteristic analysis.
Results
There were 102 (29.2%) patients with evidence against pathologic reflux, 149 (42.7%) with inconclusive or borderline evidence and
98 (28.1%) with conclusive evidence for pathologic reflux. The MNBI was significantly higher while the proportion of pathological
MNBI was significantly lower in subjects with evidence against pathologic reflux than in patients with inconclusive or borderline
evidence and in patients with conclusive evidence for pathologic reflux (2444.3 [1977.9-2997.4] vs 1992.8 [1615.5-2253.6] and
vs 1772.3 [758.6-2161.3], both P < 0.001; 42.2% vs 79.7% and vs 80.0%, both P < 0.05). When identifying evidence against
pathologic reflux in patients with refractory GERD symptoms, the MNBI yielded an area under the curve of 0.749 (P < 0.001) at a cutoff value of 1941.8 Ω.
Conclusions
The MNBI has a good diagnostic value for evidence against pathological reflux in patients with refractory GERD symptoms. For its
simplicity and reproducibility, we believe that MNBI should be referred to in reports of impedance-pH tracings by physicians.
(J Neurogastroenterol Motil 2022;28:121-130)
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Electric impedance; Esophageal pH monitoring; Gastroesophageal reflux
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Introduction
Gastroesophageal reflux disease (GERD) is becoming increasingly prevalent worldwide. Refractory GERD, which is considered
to be the persistence of typical reflux symptoms that are unresponsive to proton pump inhibitor (PPI) treatment, is challenging in
clinical practice.1 However, not all patients with refractory reflux
symptoms are GERD patients.2 Given current concerns about the
safety3 and financial burden4 of PPI treatment, it is becoming increasingly important to identify these non-GERD patients to avoid
unnecessary PPI therapy and determine proper subsequent treatments.
The reflux evidence for refractory GERD symptoms is classified as evidence against pathological reflux, inconclusive or
borderline evidence for pathological reflux, or conclusive evidence
for pathological reflux as per the Lyon Consensus.5 The evidence
against pathological reflux is drawn from normal endoscopic manifestations as well as the percentage of acid exposure time (AET) <
4% and reflux episodes < 40 in multichannel intraluminal impedance and pH (MII-pH) monitoring off PPIs. However, normal
endoscopic manifestations exist widely in patients with heartburn,6,7
and traditional reflux parameters of MII-pH monitoring also have
many shortcomings. For example, although AET could reflect the
cross-sectional acid burden, it is subject to day-to-day variation.8 In
addition, identification of reflux events has to be confirmed manually, and sometimes there are discrepancies on what constitutes a
reflux event even among experts.9-11
Mean nocturnal baseline impedance (MNBI) based on MIIpH monitoring is a novel metric that can be obtained manually in
a few minutes using a simple formula and has a very high interobserver reproducibility rate.6,12 It is considered to be a potential
objective reflux metric and a marker that reflects longitudinal reflux
burden, mucosal integrity,13 and the severity of esophageal mucosal
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damage, which has proved to be useful in both separating refluxunrelated (functional heartburn [FH]) patients from reflux-related
(GERD14-17 and reflux hypersensitivity [RH]18,19) patients and as
an independent potential predictor of symptoms responding to antireflux therapy.20-23 Low MNBI is adjunctive evidence for inconclusive or borderline evidence for pathologic reflux (AET 4-6%,
reflux episodes 40-80, or Los Angeles [LA] A or B), and can increase the impression of conclusive evidence for pathologic reflux.5
However, to the best of our knowledge, the contribution of MNBI
towards evidence against pathological reflux for patients with refractory GERD symptoms as classified by the Lyon Consensus has not
been explored. In this study, we aim to evaluate the role of MNBI
in identifying evidence against pathological reflux in patients with
refractory GERD symptoms.

Materials and Methods
Subjects
Adult patients (age > 18 years) who underwent endoscopy,
high-resolution manometry (HRM), and MII-pH monitoring
over a 4-year period (between October 2015 and January 2020)
were enrolled consecutively in this retrospective study. The inclusion
criteria consisted of patients with reflux symptoms (regurgitation
and heartburn) refractory to PPIs. Patients with reflux symptoms
improvement < 50% in the context of the use of a standard dose
of PPI treatment for at least 8 weeks were referred to have refractory GERD symptoms.1 The exclusion criteria were inadequate or
incomplete studies and studies on patients who were pregnant or
had poor treatment adherence, tumors, presence of eosinophilic or
infectious esophagitis, prior thoracic, esophageal, gastric or foregut
surgery, or major motor disorders (jackhammer esophagus, absent
contractility, distal esophageal spasm, esophagogastric junction outflow obstruction, and achalasia), as determined by HRM based on
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the Chicago classification version 3.0 criteria.24
The Beijing Tong Ren Hospital Medical Ethics Committee
approved the study (trxhzcfa01). All patients had signed informed
consent (trxhzczp01).

Upper gastrointestinal (GI) endoscopic examination was
performed for all patients using a GIF-260 upper GI endoscope
(Olympus, Hamburg, Germany). Esophagitis was graded from
LA A to LA D.7

in a blinded fashion as previously described.6,12 If disagreement occurred, a senior expert (C.Z.) would participate in making the final
decision. The baseline impedance of each impedance channel was
the mean baseline impedance of the 3 stable 10-minute periods.6,12
The MNBI values were considered to be the average baseline
impedance of 3, 5, 7, and 9 cm above the LES.22 MNBI less than
2292 Ω was defined as abnormal.6 Data from pH-impedance
monitoring were extracted from a special digital datalogger-MMS
(Ohmega, Medical Measurement Systems, Enschede, the Netherlands).

Esophageal High-resolution Manometry

Group Definition

HRM was performed after an overnight fast using a 22-channel transnasal multi-lumen polyvinyl catheter (diameter, 3.6 mm;
Medical Measurement Systems Inc [MMS], Williston, VT,
USA), which was perfused continuously with distilled water at a
rate of 0.15 mL/min by a low-compliance pneumohydraulic capillary infusion system (Solar GI; MMS). Esophageal motility was
assessed by using 5 mL of ambient temperature water at 30-second
intervals for at least 10 water swallows as previously described.25

Patients were classified into 3 groups as per the Lyon Consensus. Group 1 or the evidence against pathological reflux (evidence
against GERD) group included patients with normal endoscopic
findings as well as AET < 4% and reflux episodes < 40 on pHimpedance monitoring off PPIs. Of these, patients with normal endoscopic findings, normal AET, negative reflux-symptom association in the setting of esophageal symptoms were considered as FH,
and patients with normal endoscopic findings, normal AET, but
positive reflux-symptom association were classified as RH by the
Rome IV.29 Group 2 or the inconclusive or borderline evidence for
pathologic reflux (inconclusive or borderline evidence of GERD)
group included patients with LA grades A or B esophagitis, AET
4-6%, or reflux episodes 40-80. In addition, adjunctive evidence
(ie, reflux-symptom association, reflux episodes > 80, and low
MNBI) could add confidence for a GERD diagnosis. Group 3 or
the conclusive evidence for pathologic reflux (conclusive evidence
of GERD) group included patients with LA grades C or D, longsegment Barrett’s mucosa, or peptic strictures based on endoscopy
or AET > 6% on ambulatory pH or pH impedance monitoring,
any one of which was adequate for diagnosing GERD.

Endoscopic Examination

Multichannel Intraluminal Impedance and pH
Monitoring
Immediately after HRM, the pH-impedance catheter (8
impedance rings and 1 pH ring, Ref. No 261A; Given Imaging,
Los Angeles, CA, USA) was placed in the nose such that the distal
esophageal pH sensor was 5 cm proximal to the lower esophageal
sphincter (LES) as located by HRM, and 6 impedance sensors
were positioned 3, 5, 7, 9, 15, and 17 cm above the LES. MIIpH was monitored after PPI withdrawal for at least 2 weeks and
recorded continuously for at least 23 hours. The number of reflux
events, the AET, the symptom index (SI)/symptom association
probability (SAP), and the MNBI were recorded.
Physiological reflux episodes and physiological AET were
defined as < 40 and < 4%, respectively. Pathological reflux events
and pathological AET were defined as > 80 and > 6%, respectively. When reflux episodes were between 40 and 80, or the AET
was at 4-6%, they were considered to be inconclusive or borderline
evidence.5 The SAP and SI were defined as positive when ≥ 95%
and ≥ 50% respectively and positive reflux-symptom association
was defined as the SI ≥ 50% and/or SAP ≥ 95%.26-28
The MNBI was evaluated when the patient was in a supine position at night. The 3 stable 10-minute time periods (around 1 AM,
2 AM, and 3 AM) avoiding reflux episodes, swallows, artifacts, or
pH-drops were manually selected by 2 observers (Y.W. and Z.G.)

5

Statistical Methods
Continuous data were expressed as mean ± standard deviation
and compared using the one-way ANOVA among 3 groups if the
data followed a normal distribution. If the value of P was less than
0.05, post hoc comparisons were made using the Bonferroni correction. Otherwise, they were reported as median (interquartile range)
and compared using the Kruskal-Wallis H test among the 3 groups.
The pairwise comparison was performed if P < 0.05. Qualitative
data were reported as numbers (percentages), and categorical data
were compared by the chi-squared test using the Bonferroni correction. The applicability of MNBI in diagnosing evidence against
GERD in patients with refractory GERD symptoms was evaluated
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Patients with refractory GERD symptoms
(N = 349)

AET > 6%, or LA C or D esophagitis,
or long-segment Barrett s mucosa,
or peptic strictures

Normal endoscopy, AET < 4%,
and reflux episodes < 40

LA A or B esophagitis, or AET 4-6%,
or reflux episodes 40-80

Conclusive evidence for
pathologic reflux (n = 98)

Evidence against
pathologic reflux (n = 102)

Borderline or inconclusive evidence
for pathologic reflux (n = 149)

Negative
SAP and SI

Positive
SAP or SI

FH
(n = 87)

RH
(n = 15)

Figure 1. Flow chart of 349 patients
with refractory gastroesophageal reflux
disease (GERD) symptoms as classified by the Lyon Consensus and Rome
IV. AET, acid exposure time; LA, Los
Angeles; SAP, symptom association
probability; SI, symptom index; FH,
functional heartburn; RH, reflux hypersensitivity.

Table 1. Baseline Characteristics, Reflux Parameters of Multichannel Intraluminal Impedance and pH Monitoring and Endoscopy Results for
Evidence Against Gastroesophageal Reflux Disease, Inconclusive or Borderline Evidence of Gastroesophageal Reflux Disease, and Conclusive
Evidence of Gastroesophageal Reflux Disease in 349 Patients With Refractory Gastroesophageal Reflux Disease Symptoms

Items

Evidence against GERD
(Group 1, n = 102)

Age (yr)

55.9 ± 13.0

Inconclusive evidence of GERD Conclusive evidence of GERD
(Group 2, n = 149)
(Group 3, n = 98)
58.7 ± 12.9

P -value

60.4 ± 11.4

0.036

45 (45.9%)

0.015

24.4 ± 3.2

0.159

P = 0.034 for Group 1 vs Group 3; P = 0.237 for Group 1 vs Group 2; P = 0.910 for Group 3 vs Group 2

Male gender

27 (26.5%)

58 (38.9%)

P < 0.05 for Group 1 vs Group 3; P > 0.05 for Group 1 vs Group 2, Group 3 vs Group 2

BMI (kg/m2)

23.5 ± 3.7

23.8 ± 3.7

P = 0.193 for Group 1 vs Group 3; P > 0.999 for Group 1 vs Group 2; P = 0.447 for Group 3 vs Group 2

AET (%)

0.6 (0.1-1.3)

2.5 (0.9-4.3)

8.6 (6.4-15.8)

< 0.001

37.5 (19.0-70.5)

< 0.001

19.0 (7.0-33.3)

< 0.001

12.0 (5.0-24.0)

0.001

P < 0.001 for all pairwise comparisons

Reflux events (n)

24.5 (17.0-36.0)

42.0 (24.0-73.0)

P = 0.001 for Group 1 vs Group 3; P < 0.001 for Group 1 vs Group 2; P > 0.999 for Group 3 vs Group 2

Acidic refluxes (n)

1.0 (0.0-3.0)

5.0 (1.0-8.8)

P < 0.001 for all pairwise comparisons

Weakly acidic refluxes (n)

15.0 (9.0-23.3)

22.5 (12.0-41.8)

P = 0.987 for Group 1 vs Group 3; P = 0.002 for Group 1 vs Group 2; P = 0.065 for Group 3 vs Group 2

Weakly alkaline refluxes (n)

4.0 (1.0-11.3)

8.0 (3.0-17.0)

2.0 (0.0-9.0)

< 0.001

1772.3 (758.6-2161.3)

< 0.001

78 (80.0%)

< 0.001

P = 0.142 for Group 1 vs Group 3; P = 0.015 for Group 1 vs Group 2; P < 0.001 for Group 3 vs Group 2

MNBI (Ω)

2444.3 (1977.9-2997.4)

1992.8 (1615.5-2253.6)

P < 0.001 for Group 1 vs Group 3, Group 1 vs Group 2; P = 0.025 for Group 3 vs Group 2

Pathological MNBI

43 (42.2%)

118 (79.7%)

P < 0.05 for Group 1 vs Group 3, Group 1 vs Group 2; P > 0.05 for Group 3 vs Group 2

Endoscopy results
Normal
LA-A or B
LA-C or D or BE

< 0.001
102 (100.0%)
0
0

40 (26.8%)
109 (73.2%)
0

20 (20.4%)
45 (45.9%)
33 (33.7%)

GERD, gastroesophageal reflux disease; BMI, body mass index; AET, acid exposure time; MNBI, mean nocturnal baseline impedance; LA, Los Angeles; BE,
Barrett’s esophagus.
Values are presented as mean± SD, median (interquartile range), or n (%).
Differences were significant when P < 0.05.
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by receiver operating characteristic analysis with calculation of the
area under the curve (AUC) and the cutoff value. The diagnostic
agreement was evaluated by using the interclass correlation coefficient. P < 0.05 was required for statistical significance. SPSS 22.0
software (IBM, Armonk, NY, USA) was used to perform statistical analysis.

Results
Demographic, Clinical Characteristics and
Distribution of Evidence Against Gastroesophageal
Reflux Disease, Inconclusive or Borderline Evidence
of Gastroesophageal Reflux Disease, and Conclusive
Evidence of Gastroesophageal Reflux Disease in
Patients With Refractory Gastroesophageal Reflux
Disease Symptoms
A total of 376 patients with refractory GERD symptoms were
screened. Twenty-seven patients affected by reflux episodes, swallowing, or artifact were excluded from the study. Finally, a total of
349 patients with refractory GERD symptoms were enrolled in the
study. Their mean age was 58.3 ± 12.6 years and their mean body
mass index was 23.9 ± 3.6 kg/m2. Among them, 219 (62.8%) were
females.
There were 102 (29.2%) patients with evidence against
GERD, 149 (42.7%) with inconclusive or borderline evidence
of GERD, and 98 (28.1%) with conclusive evidence of GERD.
Among those with evidence against GERD, 87 (85.3%) patients
were FH, and 15 (14.7%) patients were RH (Fig. 1). In addition, as shown in Table 1, the mean age and the proportion of male

A

As shown in Table 1, patients with evidence against GERD
showed significantly lower AET than patients with inconclusive
or borderline evidence of GERD and patients with conclusive evidence of GERD (0.6 [0.1-1.3] vs 2.5 [0.9-4.3] and vs 8.6 [6.415.8], respectively, both P < 0.001).
Patients with evidence against GERD had significantly lower
total number of reflux events than patients with inconclusive or borderline evidence and patients with conclusive evidence of GERD
(24.5 [17.0-36.0] vs 42.0 [24.0-73.0] and vs 37.5 [19.0-70.5];
P < 0.001 and P = 0.001, respectively). Although the total
number of reflux events was also lower in patients with conclusive
evidence of GERD than in patients with inconclusive or borderline
evidence of GERD, the difference was not statistically significant
(P > 0.999). When further classifying refluxes into acidic refluxes,
weakly acidic refluxes, and weakly alkaline refluxes, the number
of acidic reflux events was significantly higher in patients with
conclusive evidence of GERD than in patients with inconclusive
or borderline evidence of GERD and in patients with evidence
against GERD (19.0 [7.0-33.3] vs 5.0 [1.0-8.8] and 1.0 [0.0-3.0],
respectively; both P < 0.001). It was also significantly higher in

100

*

*
Pathological MNBI (%)

MNBI ()

***

Comparison of Acid Exposure Time, Reflux Events
by Multichannel Intraluminal Impedance and pH
Monitoring and Endoscopic Findings Among These
3 Groups

B

***

3000

patients were significantly lower in patients with evidence against
GERD than in patients with conclusive evidence of GERD
(55.9 ± 13.0 vs 60.4 ± 11.4, P = 0.034; 26.5% vs 45.9%, P <
0.05; respectively). There were no significant differences in body
mass index among these 3 groups.
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Figure 2. The values of mean nocturnal baseline impedance (MNBI) (A) and the proportion of pathological MNBI (B) in patients with evidence
against gastroesophageal reflux disease (GERD), in patients with inconclusive or borderline evidence of GERD, and in patients with conclusive
evidence of GERD. NS, not significant. *P < 0.05, ***P < 0.001.
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patients with inconclusive or borderline evidence of GERD than in
patients with evidence against GERD (5.0 [1.0-8.8] vs 1.0 [0.0-3.0];
P < 0.001). The weakly acidic reflux events were predominant in
patients with evidence against GERD and in patients with inconclusive or borderline evidence of GERD.
The endoscopic findings were normal in all patients with evidence against GERD. Among patients with inconclusive or borderline evidence of GERD, 109 LA grades A or B and 40 normal
endoscopic findings were found, accounting for 73.2% and 26.8%,
respectively. By contrast, among patients with conclusive evidence
of GERD, 33 LA grades C, D or BE, 45 LA grades A or B, and
20 normal endoscopic findings were found, accounting for 33.7%,
45.9%, and 20.4%, respectively (Table 1).

cantly lower MNBI compared with FH (2231.4 [1899.1-2453.2]
vs 2510.1 [1998.8-3087.9]; P = 0.042) (Fig. 3A). In patients with
borderline or inconclusive evidence of GERD, 50 (33.6%) patients
had a positive reflux-symptom association and 99 (66.4%) patients
had a negative reflux-symptom association. The MNBI was lower
in patients with a positive reflux-symptom association than in patients with a negative reflux-symptom association, but there was no
statistical difference (1912.0 [1347.5-2259.8] vs 2048.5 [1710.92254.6], P = 0.172) (Fig. 3B).
When using MNBI to identify patients with evidence against
GERD, it yielded an AUC of 0.749 (95% CI, 0.690-0.807; P <
0.001) at a cutoff value of 1941.8 Ω, with a sensitivity of 0.814 and
specificity of 0.534 (Fig. 4).

Comparison of the Mean Nocturnal Baseline
Impedance Among These 3 Groups and the
Role of the Mean Nocturnal Baseline Impedance
in Identifying Patients With Evidence Against
Gastroesophageal Reflux Disease

A

3000

0.6
0.4
0.2

AUC 0.749
Cutoff value 1941.8 
P < 0.001

0

0.2

0.4

0.6

0.8

1.0

1-Specificity

Figure 4. Receiver operating characteristic (ROC) curves of using
mean nocturnal baseline impedance (MNBI) to identify evidence
against gastroesophageal reflux disease (GERD) in patients with refractory GERD symptoms. In ROC analysis, MNBI yielded an area
under the curve (AUC) of 0.749 (95% CI, 0.690-0.807; P < 0.001)
with a cutoff value of 1941.8 Ω.

B

P = 0.042

MNBI
Reference

0.8

Sensitivity

We obtained interclass correlation coefficient (interclass correlation coefficient = 0.982) of MNBI values between the 2 observers
(Supplementary Figure). Patients with evidence against GERD had
significantly higher MNBI than patients with conclusive evidence
of GERD and patients with inconclusive or borderline evidence of
GERD (2444.3 [1977.9-2997.4] vs 1772.3 [758.6-2161.3] and
vs 1992.8 [1615.5-2253.6], respectively; both P < 0.001) (Table 1
and Fig. 2A). Patients with evidence against GERD displayed a significantly lower proportion of pathological MNBI than patients with
conclusive evidence of GERD and patients with inconclusive or
borderline evidence of GERD (43 [42.2%] vs 78 [80.0%] and vs
118 [79.7%], respectively; both P < 0.05) (Table 1 and Fig. 2B).
In patients with evidence against GERD, RH showed signifi-
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Figure 3. The values of mean nocturnal baseline impedance (MNBI) in functional heartburn (FH) and reflux hypersensitivity (RH) of evidence
against gastroesophageal reflux disease (GERD) group (A) and the values of MNBI in patients with a positive reflux-symptom association and in
patients with a negative reflux-symptom association of borderline or inconclusive evidence of GERD group (B).
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Not mentioned

Off PPI for
2 weeks

With mucosal breaks at endoscopy
Normal endoscopy, AET > 6%
and/or reflux episodes > 80
Normal endoscopy and AET,
RH (n = 52)
but positive SAP/SIa
Without objective evidence of reflux,
FH (n = 78)
negative SAP/SIb
NERD (n = 125) PPI-responsive heartburn, endoscopynegative, and abnormal AET
RH (n = 108)
Negative upper endoscopy, normal
AET, and positive SAP/SIa
Endoscopy-negative hearburn
FH (n = 70)
unaffected by PPI therapy, normal
AET, and negative SAP/SIb
FH (n = 147)
Normal endoscopy, normal AET,
negative SAP/SIb
Normal endoscopy and AET,
RH (n = 91)
but positive SAP/SIa
HC (n = 36)

EE (n = 24)
NERD (n = 46)

ENRD (n = 59)
FH (n = 32)

Assessment of
the MNBI

3290.1 ± 613.5

3 cm above the 2972.0 ± 775.6
LES
2485.3 ± 939.2

3443 ± 873

2274 ± 774

3 cm above the 1378 ± 699
LES

2477.3 (2010.6-2986.2)

2229.9 ± 1042.9
3061.2 ± 762.1

3889 ± 728

971 ± 180

3488 (2965-4069)

1145 (662-1879)
1741 (1273-2951)
2374 (1755-2835)

MNBI (Ω)

Distinguishing GERD from FH
(with an AUC 0.960 and a cutoff
value of 2934 Ω)

Distinguishing PPI-refractory NERD
from FH (with an AUC 0.677
[0.605-0.748])

Role of MNBI

Distinguishing FH from RH (with an
AUC 0.643 [95% CI, 0.570-0.716])

Distinguishing RH from FH
(with an AUC 0.864 [0.809-0.919])

Distinguishing FH from PPI-refractory
NERD (with an AUC 0.73 [0.63-0.84]
and a cutoff value of 2874.1 Ω)
The average of 1243.4 (908.5-1686.6) Distinguishing FH from EE, NERD,
1506.5 (1104.4-2085.6) and RH (with an AUC 0.721 and
distal 4
channels
a cutoff value of 1890.6 Ω)
2451.2 (1911.6-2764.5)

Persistence of mucosal breaks
3 cm above the
Regressions of mucosal breaks
LES
Negative endoscopy findings, but AET
> 3.2%, and/or number of reflux
events < 48, and/or positive SAP/SIa
Negative endoscopy findings, AET
< 3.2%, number of reflux events <
48, and negative SAP/SIb
5 cm above the
Normal endoscopy findings and
LES
AET > 4.2%
AET < 4.2%, normal total number of
reflux events, and negative SAP/SIb
5 cm above the
AET > 4.2% or positive SI/SAPa
LES
AET < 4.2% and negative SI/SAPb

Group classification criteria

b

SAP ≥ 95% and/or SI ≥ 50%.
SAP < 95% and SI < 50%.
PPI, proton pump inhibitor; MII-pH, multichannel intraluminal impedance and pH; MNBI, mean nocturnal baseline impedance; RRE, refractory reflux esophagitis; HRE, healed reflux esophagitis;
NERD, non-erosive reflux disease; FH, functional heartburn; AET, acid exposure time; SAP, symptom association probability; SI, symptom index; LES, lower esophageal sphincter; GERD, gastroesophageal
reflux disease; AUC, area under the curve; ENRD, Endoscopic-negative reflux disease; EE, erosive esophagitis; RH, reflux hypersensitivity; HC, healthy controls.

a

FH (n = 41)

Off PPI at least NERD (n = 25)
10-14 days
FH (n = 25)

Gao et al19 (2017) Off PPI for
a week

Frazzoni et al18
(2016)

Subject groups

On PPI therapy RRE (n = 39)
HRE (n = 41)
NERD (n = 68)

Off or On PPI
MII-pH

Sun et al17 (2019) Off PPI for
a week

Yoshimine et al16
(2019)

Tenca et al15
(2017)

Frazzoni et al14
(2017)

Author
(year)

Table 2. The Value of the Mean Nocturnal Baseline Impedance in Separating Functional Heartburn From Gastroesophageal Reflux Disease or Reflux Hypersensitivity of Previous Studies
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Discussion
In this retrospective study, we evaluated the value of the MNBI
in differentiating evidence against pathological reflux from inconclusive or borderline evidence of GERD and conclusive evidence
of GERD in patients with refractory GERD symptoms. The
present study showed that up to 29.2% of patients with refractory
GERD symptoms showed evidence against GERD. The MNBI
value was significantly higher while the proportion of pathological
MNBI was significantly lower in patients with evidence against
GERD than in patients with inconclusive or borderline evidence of
GERD and in patients with conclusive evidence of GERD. When
using MNBI to identify patients with evidence against GERD, it
yielded an AUC of 0.749 (P < 0.001) at a cutoff value of 1941.8
Ω with a sensitivity of 0.814 and specificity of 0.534. Accordingly,
we concluded that MNBI may help identify evidence against
GERD in patients with refractory GERD symptoms. In addition
to conventional reflux parameters, MNBI should be also reported
by physicians in MII-pH monitoring.
In the present study, females accounted for the majority of the
large cohort, consistent with a previous study showing that being female was a predictive factor of PPI-refractory GERD symptoms.30
In addition, patients with conclusive evidence of GERD were significantly older than patients with evidence against GERD, which
may attribute to the mechanical impairment of the esophagogastric
junction of elder patients, resulting in pathological reflux and its accompanying syndromes.31 Also, patients with conclusive evidence of
GERD had a significantly higher proportion of males than patients
with evidence against GERD, which was in line with a previous
study showing that the proportion of males was higher in patients
with GERD than in patients with FH.14 Evidence against pathological reflux was found in 29.2% of the total enrolled patients in
this study. Among these patients, FH (85.3%) was more predominant than RH (14.7%). Therefore, not all patients with refractory
GERD symptoms were true GERD patients, which could be the
reason that many patients failed to respond to PPI treatments.2
Endoscopy and conventional impedance-pH monitoring are
imperfect in identifying patients with evidence against pathologic
reflux. Up to 70% of patients with heartburn showed negative findings in upper endoscopic examinations in clinics.6,7 Accordingly, the
proportion of patients with evidence against GERD may be overestimated. Therefore, impedance-pH monitoring is often performed
and traditional reflux parameters (ie, AET and reflux events) and
SAP are routinely evaluated. AET, which can be reliably extracted
128

from automatic analysis, is the most reproducible among all traditional reflux parameters,32,33 but it is subjected to day-to-day
variation.8 Moreover, previous studies have shown that automatic
software analysis of reflux episodes could lead to false positive reflux
episodes and overestimation of reflux episodes, which may influence the results of the symptom association analysis.34,35 Therefore,
a time-consuming manual review of the tracing is needed although
there may be inter-observer and intra-observer variability on what
constitutes a reflux event.9-11
Low esophageal baseline impedance reflects the severity of
acid reflux and epithelial structural abnormalities of the esophageal
mucosa.36 Subsequently, the standardized measurement of baseline
impedance, namely MNBI, was proposed.6,12 As a novel metric,
MNBI is based on MII-pH monitoring. Thus, it requires no additional testing. In addition, it can be obtained manually in a few
minutes and has a very high inter-observer repeatability rate6 and
resistance to circadian variations.37
It is crucial to differentiate non-GERD (ie, FH) patients from
GERD (ie, erosive esophagitis and non-erosive reflux disease) patients for prescribing different treatments. The MNBI has proven
to be useful in distinguishing FH from GERD14-17 and FH from
RH,18,19 with a high diagnostic accuracy off- as well as on-PPI
therapy (Table 2), and in predicting symptomatic responses to antireflux therapy.20-23 However, no study has explored its role in identifying evidence against GERD in patients with refractory GERD
symptoms as classified by the Lyon Consensus, which includes evidence against GERD group, conclusive evidence of GERD group,
and inconclusive or borderline evidence of GERD group.5
Given that, we evaluated the value of MNBI used for differentiating evidence against GERD from inconclusive or borderline
evidence of GERD and conclusive evidence of GERD in patients
with refractory GERD symptoms. We found that MNBI was significantly higher while the proportion of pathological MNBI was
significantly lower in patients with evidence against GERD than in
other patients. Because patients with evidence against GERD often
have a physiological reflux burden, the degree of their mucosal integrity damage is lighter than that of other patients, thus leading to
a higher MNBI.
Unexpectedly, the proportion of patients with pathological
MNBI (42.2%) was very high in patients with evidence against
GERD. According to the Lyon Consensus, pathological MNBI
was defined as less than 2292 Ω.5 Frazzoni et al6 performed a prospective study with 289 GERD patients and 50 healthy controls in
Italy, which showed that 2292 Ω may be used as the cutoff impedance values to distinguish GERD patients from healthy controls.
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However, normative MNBI cutoff values may vary between
regions and ethnicities. A single-center study from China showed
that 1764 Ω could be used as the cutoff impedance values to discriminate patients from healthy controls, which included 92 patients
with typical reflux symptoms and 10 healthy controls.38 Given this,
we speculate that abnormal MNBI cutoff values may be lower than
2292 Ω in Asian populations, which may explain the high proportion of pathological MNBI (< 2292 Ω) in patients with evidence
against GERD in our study. Studies involving a larger sample size
of healthy controls will be needed in Asia.
In line with previous studies,18,19 our study also showed the
MNBI was significantly lower in RH than in FH, which may
be associated with impairment of mucosal integrity resulting from
dilated intercellular spaces in RH.18 Patients with positive refluxsymptom association had similar MNBI to those with negative
reflux-symptom association in borderline or inconclusive evidence
of GERD group. That may be because the group of borderline or
inconclusive evidence of GERD is very heterogeneous,5 so there
may be no direct relationship between the reflux-symptom association and MNBI in borderline or inconclusive evidence of GERD
group.
In addition, we found that MNBI showed a good diagnostic
value to differentiate patients with evidence against GERD from
other patients, with an AUC of 0.749 (P < 0.001) at a cutoff value
of 1941.8 Ω. The value of MNBI in identifying evidence against
pathological reflux in patients with refractory GERD symptoms
as classified by the Lyon Consensus was first found in our study,
which was crucial for prescribing different treatments.
Our study has certain strengths. Firstly, it includes a large
cohort of patients with refractory GERD symptoms. Secondly, it
is the first study to evaluate the value of MNBI in differentiating
evidence against GERD from conclusive evidence of GERD and
inconclusive or borderline evidence of GERD in patients with refractory GERD symptoms as classified by the Lyon Consensus.
However, some limitations are associated with this study. Primarily, it was a retrospective analysis of a single-center institution.
Given this, there may be potential selection bias although patients
were enrolled consecutively between 2015 and 2020. Secondarily,
the study did not include healthy volunteers. The study aimed to
investigate the role of MNBI in identifying evidence against pathological reflux in patients with refractory GERD symptoms, which
was crucial for prescribing different treatments. Consequently, patients with refractory GERD symptoms were enrolled in the study
without including healthy controls. Healthy controls may be good
subjects if the study aimed to evaluate the role of MNBI in differ-

entiating GERD patients from healthy controls.
Overall, we found that MNBI has a good diagnostic value
for evidence against pathological reflux in patients with refractory
GERD symptoms. For its simplicity and reproducibility, we believe
that MNBI should be referred to in reports of MII-pH tracings by
physicians.
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Background/Aims
The effect of peroral endoscopic myotomy (POEM) on esophageal body movement in achalasia is poorly understood. This study
aims to evaluate morphological changes in esophageal body movement after POEM in type III achalasia by analyzing intraluminal
ultrasound (US) images in comparison to type I and II achalasia.
Methods
Intraluminal US images and impedance values of the distal esophagus from 47 achalasia patients who underwent POEM or pneumatic
dilatation (PD) (30 patients in the POEM group and 17 patients in the PD group) with pre- and post-procedural high-resolution
impedance manometry and intraluminal US examinations were analyzed. The muscle thickness (MT), muscle cross-sectional area,
lumen cross-sectional area (LCSA), contractility and distensibility indices, swallow-to-distension interval, and distension duration
during each bolus transport were analyzed.
Results
The MT increased and LCSA decreased significantly (P < 0.001), but the contractility index was not improved after POEM or PD in type
I achalasia. Baseline MT increased and LCSA decreased significantly after POEM and PD in type II achalasia (P < 0.001). In contrast,
MT and the swallow-to-distension interval decreased and the distension LCSA/duration and contractility index increased after POEM in
type III achalasia (P < 0.001). In contrast to type I and II achalasia, in type III achalasia, these effects were unique to the POEM group.
Conclusions
POEM decreased the esophageal LCSA by decreasing intrabolus pressure without improving contractility in type I and II achalasia. In
contrast, POEM increased esophageal body distension and contractility and improved the inhibitory process during bolus transport in
type III achalasia.
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Introduction
Due to the development of diagnostic modalities for esophageal
motility disorders, achalasia can now be subclassified into 3 subtypes
according to the pattern of esophageal body pressurization.1 Recent
histologic reports also support the conceptual model explaining different morphologic phenotypes of achalasia, ie, that the pathophysiology of type I and II achalasia is basically loss of inhibitory neurons
but that of type III achalasia is distinguished by imbalance between
postganglionic inhibitory and excitatory neurons.2,3 In fact, type III
achalasia was reported to be associated with poor treatment response
to pneumatic dilatation (PD) and Heller myotomy,4-6 and this may
be due to inhibitory function disorders involving the distal esophageal body as well as the lower esophageal sphincter (LES).
Peroral endoscopic myotomy (POEM), which has advantages
over PD, exact myotomy of the LES in a tailored manner under
direct visualization, and long distal esophageal myotomy was introduced as an effective alternative treatment option for achalasia.
Most recent comparative clinical studies have also reported superior
long-term outcomes of POEM over PD.7,8 Additionally, POEM
has been reported to be especially effective for type III achalasia and
cases of failure or recurrence after PD or Heller myotomy.9,10
Based on previous studies, we can hypothesize that in addition
to decreasing LES pressure, POEM can also modify esophageal
body movement in achalasia, and the effect may be distinguishable
in type III achalasia compared to type I and II achalasia. The answer to this hypothesis will provide useful information for deciding
the treatment strategy for achalasia, such as the length of myotomy,
as well as for providing essential evidence for applying POEM in
spastic esophageal motility disorders other than type III achalasia,
such as jackhammer esophagus and distal esophageal spasm, in
which LES relaxation during primary peristalsis is intact and the
main pathophysiology is confined to the esophageal body.11 However, studies on changes in esophageal body movement after POEM
are limited12 and based on timed barium esophagography, which
provides indirect information about esophageal bolus transit.13
The recently introduced functional imaging probe was reported to
provide clinically useful information about esophageal distensibility
after POEM, but it has limitations in providing primary peristalsis
data.14
Although it is labor intensive, intraluminal ultrasound (US)
examination has strong advantages in terms of providing detailed
information on cross-sectional esophageal body movement and
inhibitory function during primary peristalsis by directly measuring
132

changes in esophageal body muscle thickness and muscle/lumen
cross-sectional area (CSA).15,16
Therefore, we performed this study to evaluate the morphologic changes in cross-sectional movement in the esophageal body after
POEM in type III achalasia in comparison to type I and II achalasia and to those after PD by analyzing intraluminal US images
temporally correlated with high-resolution impedance manometry
(HRIM) data.

Materials and Methods
Patients and Healthy Controls
The medical records of consecutive achalasia patients aged 18
to 80 who underwent POEM or PD at a tertiary referral center
from March 2014 to December 2019 were retrospectively reviewed.
The inclusion criteria were as follows: (1) confirmed primary
achalasia based on HRIM according to the Chicago classification,
version 3.0;1 (2) intraluminal US performed with a 20-MHz miniprobe catheter simultaneously with HRIM; (3) POEM or PD
performed as the initial therapeutic modality within 3 months of the
initial diagnosis; and (4) follow-up HRIM and intraluminal US
performed simultaneously within 3-6 months after the procedure.
The exclusion criteria were as follows: (1) clinical outcome data
not available at least 1 year after POEM or PD; (2) treatment failure, which was defined as no improvement or relapse of symptoms,
with an increase in the Eckart score to 4 or higher within a month.;
and (3) US images that were too poor for parameter analysis.
To validate the intraluminal US and impedance parameters, 8
healthy controls were also included in the study.

Simultaneous High-resolution Impedance
Manometry and Intraluminal Ultrasound Image
Recording
All studies were conducted using a solid-state HRIM catheter
equipped with 36 pressure sensors and 18 impedance channels
(MSC-3890-Z, Given Imaging, Los Angeles, CA, USA). Subjects were positioned in the 20° low Fowler’s position, and data
were acquired during swallows of 10 mL of 0.5 N saline spaced at
30-second intervals. Swallows were repeated at least 10 times. Dedicated software (ManoView, Given Imaging, CA, USA) was used
to visualize the plots and calculate the metrics. Achalasia was classified into 3 subtypes according to the Chicago classification, version
3.0.
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Intraluminal US examination was performed simultaneously
with HRIM examination using a 20-MHz miniprobe catheter
(UM3D-DP20-25R, Olympus, Tokyo, Japan), which was interfaced with an EU-ME2 system (Olympus), and simultaneous
esophageal pressures, US images and intraluminal impedance
signals were acquired. The HRIM and US catheters were introduced separately through each nostril, and the US transducer was
positioned to acquire images at the distal esophagus, 5 cm proximal
to the LES.
Simultaneous HRIM and intraluminal US examinations were
performed initially and repeated between 3 and 6 months after
POEM or PD.

Data Extraction and Analysis
US images of 3 to 5 analyzable swallows from each examination were captured from the DVD files with Adobe Premier CS 3.0
(Adobe Systems, Mountain View, CA, USA) and then converted
to BMP tomographic B-mode images at 30 frames per second.
The B-mode US images were converted into 16 equispaced Mmode images (every 22.5° apart).17
To evaluate the cross-sectional contractility and distensibility of
the esophageal body during bolus transit, muscle thickness (MT),
muscle CSA (MCSA), and lumen CSA (LCSA) were calculated
using B-mode US images. The contractility index (defined as [distension LCSA - contraction LCSA]/distension LCSA) and distensibility index (defined as distension LCSA/baseline LCSA) of each
bolus transport cycle were also analyzed.
To evaluate deglutitive inhibitory function as well as distensibility, the swallow-to-distension interval (which was defined as the
time between swallowing and the onset of esophageal distension)
and distension duration (which was defined as the time between the
onset of esophageal distension and closure of the esophageal lumen)
were analyzed using M-mode US images in type III achalasia.
The B-mode US images of each swallow used to analyze the
baseline/contraction/distension MT, MCSA, and LCSA were
selected using M-mode US images. Image analysis was performed
using Sigma Scan Pro 5 (Jandel Scientific, San Rafael, CA, USA).
Baseline MT/MCSA/LCSA values were calculated from Bmode images captured 0.5-1 seconds before swallowing. Distension
MT/MCSA/LCSA values were obtained from the B-mode images captured at peak luminal distension during bolus transit. Contraction MT/MCSA/LCSA values were obtained from B-mode
images showing the point at which the muscle layer became thickest
with accompanying lumen occlusion/decrease during bolus transit.
The average distance of the 4 points, including the thinnest and

the thickest points, parallel to the US beam between the outer longitudinal muscle edge and inner margin of the inner circular muscle
represents the MT. The MCSA was measured by subtracting the
CSA from the inner rings of the esophageal muscle from the total
esophageal CSA.
The LCSA was obtained by marking the interface between the
liquid and the inner margin of the esophageal mucosa. The impedance value of the distal esophagus 5 cm proximal to the LES and
M-mode US images were temporally correlated to obtain baseline
and nadir impedance values. To doublecheck the change in the
LCSA before and after the procedure, the baseline luminal impedance value, defined as the average value 1 second before the onset of
swallowing, was calculated in all subjects. The nadir luminal impedance value, which corresponded to the peak distension point, was
also obtained using temporally correlated impedance values and Mmode US images in type III achalasia patients and healthy controls
(Fig. 1).
Along with cross-sectional image analysis, pre- and post-procedural changes in esophageal peristalsis parameters, such as completeness and sequentiality of bolus transport and panesophageal
pressurization (PEP), and HRIM parameters, such as 4-second
integrated relaxation pressure (4s-IRP) and basal LES pressure,
were also analyzed.
The pattern of bolus transport and completion of bolus clearance was defined based on the analysis of the impedance waveform.
For bolus transport to be defined as sequential, the impedance
waveform was required to meet the following 2 criteria: (1) the
onset of the decrease in the impedance waves progressed in the
aboral direction and (2) the velocity of onset of the decrease in impedance wave from the mid-esophagus to the distal esophagus just
above LES was less than 8 cm/second. Complete bolus clearance
was defined as the return of esophageal impedance to 50% of its
baseline value.18 PEP was defined as uniform pressurization of >
30 mmHg extending from the upper esophageal sphincter to the
esophagogastric junction.

Peroral Endoscopic Myotomy and Pneumatic
Dilatation Technique
POEM was performed under general anesthesia. The orientation of the mucosal incision and subsequent submucosal tunneling
and myotomy were performed in a posterior fashion. A submucosal
tunnel was established 2-3 cm beyond the LES. Subsequent myotomy in a selected inner circular muscle was performed starting 2 cm
caudally from the mid-esophageal incision up to 1-2 cm beyond the
LES. The length of myotomy was 7-10 cm. All procedures were
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Figure 1. Intraluminal ultrasound (US) and impedance parameters in a healthy subject. (A) The impedance value 5 cm proximal to the lower

esophageal sphincter and M-mode US images temporally correlated to obtain baseline and nadir impedance values. The swallow-to-distension
interval and distension duration were calculated using M-mode images. The B-mode images for analyzing US parameters were selected using Mmode images (curved arrows a, b, and c). (B) The baseline/contraction/distension muscle thickness, muscle cross-sectional area, and lumen crosssectional area were analyzed using the corresponding B-mode US images.

performed using a hook knife (Olympus) and the spray coagulation
mode at 60 W on effect 2 (ERBE, Tübingen, Germany).
Pneumatic dilation was performed under fluoroscopic guidance
with the use of a 20-30-mm Rigiflex dilater (Boston Scientific, Boston, MA, USA). The dilater was inflated with a maximum of 15
psi for 60 seconds and repeated 2 times.
All examinations and procedures were performed by a single
experienced investigator (J.H.K.).

Statistical Methods
Data are reported as the mean (± standard deviation) or median (interquartile range 25-75) when appropriate. The baseline characteristics and US images and luminal impedance parameters of
the healthy controls and patients were compared by chi-square test,
independent t test and one-way ANOVA. A paired t test was employed to compare US images and luminal impedance parameters
(MT, MCSA, LCSA, contractility/distensibility index, swallow-to-
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distension interval, distension duration, and baseline/nadir impedance value) before and after POEM or PD. A multivariate analysis
was conducted with a binary logistic regression test. A P -value <
0.05 was considered statistically significant.

Ethical Approval
This study was approved by the Institutional Review Board
of Inje University Busan Paik Hospital (Approval No. 19-0106),
which confirmed that the study was performed in accordance with
the ethical guidelines of the Helsinki Declaration.
All authors had access to the study data and reviewed and approved the final manuscript.

Journal of Neurogastroenterology and Motility

Esophageal Movement After POEM in Type III Achalasia

Results
Baseline Characteristics: Peroral Endoscopic
Myotomy Versus Pneumatic Dilatation Group
Among 83 patients who were diagnosed with achalasia, 68 underwent POEM or PD as an initial therapeutic modality and had
pre- and post-procedural intraluminal US performed simultaneously with HRIM. Among them, 3 patients who underwent PD
were excluded because of treatment failure, 6 patients (2 underwent
POEM and 4 underwent PD) were excluded because of loss to
follow-up for clinical outcomes within a year, and 12 patients were
excluded because the US images were too poor to analyze. Finally,
47 patients (30 and 17 patients in the POEM and PD groups,
respectively, with a mean age of 50.11 [22-76] years and mean
follow-up period of 22.34 [12-38] months), fulfilled the inclusion
criteria. There was no significant difference between the POEM
and PD groups in terms of sex, age, BMI, follow-up period, type
of achalasia, Eckardt score, pre- and post-procedural 4s-IRP, or
basal LES pressure. The frequency of PEP was also not different
between the POEM and PD groups (40 in type II, 3 in type I vs
32 in type II, 3 in type I).
The symptom relapse rate during the follow-up period was

higher in the PD group (2 and 4 cases in type II and III achalasia,
respectively) than in the POEM group (1 case in type II and 1 case
in type III achalasia, respectively) (35.26% vs 6.67%, P = 0.041)
(Table 1).
The US images and impedance parameters of 40 swallow
samples from healthy controls and 218 swallow samples from 47
achalasia patients (53 swallows from type I, 82 from type II, and 83
from type III) were analyzed. No significant differences were found
among type I, II, and III achalasia patients in terms of age or follow-up duration. BMI was significantly higher in type III achalasia
patients than in type I and II achalasia patients. Bolus transport was
complete in 96.36% and sequential in 73.49% of analyzed swallows
from type III achalasia patients (Table 2).
Post-procedural US images and the impedance parameters of
218 swallows were obtained from the 47 achalasia patients.

Baseline High-resolution Impedance Manometry,
Ultrasound Images, and Impedance Parameters
According to Subtype of Achalasia
The baseline, distension, and contraction MT values were
largest in type III achalasia, followed by type II and type I achalasia
(P < 0.001). Distension MT was smaller than baseline MT in
healthy controls and type I and III achalasia patients (P < 0.001).
In contrast, distension MT was larger than baseline MT in type II

Table 1. Clinical and Manometric Parameters of Patients Who Underwent Peroral Endoscopic Myotomy and Pneumatic Dilatation

Parameters
Sex (male/female)
Age (yr)
BMI (kg/m2)
Follow-up period (mo)
Type of achalasia
Type I
Type II
Type III
Pre-procedural parameters
Eckardt score
4s-IRP (mmHg)
Basal LES pressure (mmHg)
PEP (n/total swallows [%])
Post-procedural parameters
4s-IRP (mmHg)
Basal LES pressure (mmHg)
PEP (n/total swallows [%])
Symptom relapse

POEM (n = 30)

PD (n = 17)

P -value

15/15
51.03 ± 15.13
21.90 ± 3.22
20.67 ± 7.95

7/10
48.47 ± 16.36
22.05 ± 4.08
25.29 ± 8.96

0.564
0.591
0.892
0.074
0.948

8 (26.7)
10 (33.3)
12 (40.0)

4 (23.5)
7 (41.2)
6 (35.3)

6.90 ± 1.67
33.68 ± 13.35
45.85 ± 11.46
43/133 (32.3)

6.82 ± 0.81
33.02 ± 14.59
40.16 ± 12.8
35/85 (41.18)

0.834
0.875
0.124
0.365

10.53 ± 3.84
11.98 ± 4.19
3/133 (2.26)
2 (6.67)

12.71 ± 4.27
12.58 ± 4.83
6/85 (7.06)
6 (35.26)

0.079
0.652
0.098
0.041

POEM, peroral endoscopic myotomy; PD, pneumatic dilatation; BMI, body mass index; 4s-IRP, 4-second integrated relaxation pressure; LES, lower esophageal
sphincter; PEP, panesophageal pressurization.
Data are expressed as n/n, mean ± SD, or n (%).
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Table 2. Baseline Clinical, Manometric, and Intraluminal Ultrasound Parameters of Healthy Controls and Achalasia Patients

Parameters

Healthy control (n = 8)

Sex (male/female)
3/5
Age (yr)
45.13 ± 10.56
23.66 ± 1.88
BMI (kg/m2)
Eckardt score
Followup period (month)
IRP (mmHg)
Basal LES pressure (mmHg)
Complete bolus transport (n/total swallows [%])
Sequential bolus transport (n/total swallows [%])
Muscle thickness (mm)
Baseline
1.75 ± 0.22
Distension
1.45 ± 0.11
Contraction
2.38 ± 0.41
Muscle CSA (mm2)
Baseline
124.37 ± 14.51
Distension
153.07 ± 10.10
Contraction
85.52 ± 8.04
Lumen CSA (mm2)
Baseline
75.93 ± 7.30
Distension
321.00 ± 47.97
Contraction
48.89 ± 5.77
Contractility index
0.84 ± 0.32
Distensibility index
4.24 ± 0.62
Baseline impedance (Ω)
921.75 ± 118.82
Nadir impedance (Ω)
180.50 ± 47.18
Swallow-to-distension interval (sec)
1.39 ± 0.14
Distension duration (sec)
6.24 ± 0.53

Type I (n = 12)

Type II (n = 17)

Type III (n = 18)

P -value

6/6
46.17 ± 17.92
20.12 ± 1.82
6.83 ± 1.19
24.50 ± 8.99
32.15 ± 13.97
39.27 ± 11.10
0/53 (0)
0/53 (0)

8/9
47.12 ± 15.39
20.56 ± 2.02
7.00 ± 1.54
19.59 ± 7.66
30.28 ± 13.05
38.84 ± 10.16
0/82 (0)
0/82 (0)

8/10
55.56 ± 12.83
24.50 ± 4.04
6.78 ± 1.48
23.50 ± 8.79
37.30 ± 13.82
51.49 ± 10.97
80/83 (96.39)
61/83 (73.49)

0.889
0.195
< 0.001
0.896
0.242
0.299
0.002
< 0.001
< 0.001

1.49 ± 0.33
1.37 ± 0.21
1.51 ± 0.32

2.08 ± 0.31
2.42 ± 0.53
2.77 ± 0.63

4.62 ± 1.21
4.08 ± 1.35
4.77 ± 1.20

< 0.001
< 0.001
< 0.001

113.84 ± 4.00
139.63 ± 10.92
118.18 ± 17.81

230.95 ± 54.99
342.87 ± 70.73
226.66 ± 79.96

249.28 ± 115.48
369.19 ± 184.53
282.41 ± 109.63

< 0.001
< 0.001
< 0.001

625.86 ± 145.97
700.37 ± 106.27
620.03 ± 77.91
0.091 ± 0.063
1.14 ± 0.11
168.68 ± 33.14

597.31 ± 129.40
683.90 ± 109.51
428.26 ± 95.52
0.43 ± 0.10
1.16 ± 0.15
211.07 ± 88.10

59.93 ± 1.99
147.38 ± 6.12
51.05 ± 5.51
0.65 ± 0.33
2.17 ± 0.68
1747.19 ± 461.58
573.78 ± 196.84
2.25 ± 0.35
3.25 ± 0.67

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

BMI, body mass index; IRP, integrated relaxation pressure; LES, lower esophageal sphincter; CSA, cross-sectional area.
Data are expressed as n/n or mean ± SD.

achalasia (P < 0.001).
In regard to the MCSA, the baseline, distension, and contraction MCSA values were significantly increased in type II and type
III achalasia compared to the healthy controls and type I achalasia,
but no significant difference was found between type II and type III
achalasia (P < 0.001).
The baseline, distension, and contraction LCSA values significantly increased in type I and type II achalasia compared to the
normal control. In type III achalasia, the baseline and contraction
LCSA values were not significantly different from those in the
healthy controls, but the distension LCSA was significantly decreased compared to the healthy controls (P < 0.001).
The contractility index was largest in healthy controls, followed
by type III, type II, and type I achalasia. The distensibility index in
type I, II and III achalasia was significantly smaller than that in the
healthy controls. Both indices were significantly larger in type III
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achalasia than in type I and II achalasia, and no significant difference was found between type I and II achalasia.
The baseline luminal impedance level significantly decreased in
type I and type II achalasia compared to the healthy controls, which
is concordant with the baseline LCSA results. In contrast, the baseline luminal impedance was significantly greater in type III achalasia than in type I and II achalasia and in the healthy controls (P <
0.001). The nadir luminal impedance level in type III achalasia also
increased compared with that in the healthy controls (P < 0.001).
The swallow-to-distension interval was significantly prolonged
and the distension duration was significantly decreased in type III
achalasia patients compared to healthy controls (Table 2).

Type I Achalasia: Post-peroral Endoscopic Myotomy
and Pneumatic Dilatation
The nadir impedance value was not identified, and bolus clear-
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Figure 2. Changes in the muscle thickness (MT), muscle cross-sectional area (MCSA), lumen cross-sectional area (LCSA), and impedance values after peroral endoscopic myotomy (POEM) in type I (A), type II (B), and type III achalasia (C). The MT, baseline/contraction MCSA, and
baseline impedance significantly increased in type I achalasia. Baseline MT and baseline impedance significantly increased in type II achalasia.
LCSA significantly decreased in type I and II achalasia. In contrast, the MT, MCSA, and baseline/nadir impedance significantly decreased, and
the LCSA significantly increased in type III achalasia.

ance was incomplete in 100% of swallows after POEM and PD.
The baseline, distension, and contraction MT values significantly increased after POEM and PD (P < 0.001). The baseline
and contraction MCSA values also significantly increased (P <
0.001), but the distension MCSA did not significantly changed
after POEM and PD compared with pre-POEM and PD (P =
0.608 and P = 0.347, respectively).
In regard to the LCSA, the baseline, distension, and contrac-

tion LCSA values significantly decreased in both the POEM and
PD groups (P < 0.001). The baseline impedance level also significantly increased after POEM and PD (P < 0.001) (Fig. 2A and
3A).
The distensibility index significantly increased after POEM
(1.14 ± 0.10 vs 1.20 ± 0.15, P < 0.001) and PD (1.15 ± 0.13 vs
1.23 ± 0.19, P < 0.001). However, the contractility index was not
significantly changed in either the POEM or PD group (P = 0.880
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Figure 3. Changes in the muscle thickness (MT), muscle cross-sectional area (MCSA), lumen cross-sectional area (LCSA), and impedance values
after pneumatic dilatation (PD) in type I (A), type II (B), and type III achalasia (C). As with the peroral endoscopic myotomy (POEM) group,
the MT, baseline/contraction MCSA, and baseline impedance significantly increased in type I achalasia, and the LCSA significantly decreased in
type I and II achalasia. The baseline LCSA and impedance significantly increased and decreased, respectively, in type III achalasia. However, the
MT, MCSA, distension/contraction LCSA, and nadir impedance did not change significantly in type III achalasia.

and P = 0.141, respectively) (Fig. 4A and 4B).

Type II Achalasia: Post-peroral Endoscopic Myotomy
and Pneumatic Dilatation
Simultaneous bolus transport with complete bolus clearance
was observed in 7 swallows of 47 analyzed swallows (14.9%) in the
POEM group. Complete bolus clearance was found in 6 swallows
of 35 analyzed swallows (17.1%) (4 simultaneous and 2 sequential)
in the PD group. PEP was observed in 3 and 6 swallows in the
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POEM and PD groups, respectively.
The baseline MT values significantly increased after POEM
and PD (P < 0.001). However, there was no significant change in
the distension MT in either the POEM or PD group (P = 0.277
and P = 0.230, respectively). The contraction MT values significantly increased in the PD group (P < 0.001) but unchanged in
the POEM group (P = 0.101). Distension MT decreased than
the baseline MT post-procedure in both the POEM and PD
groups (P < 0.001 for each).
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There was no significant difference in the baseline or contraction MCSA in either the POEM or PD group. However, the
distension MCSA significantly decreased in both the POEM and
PD groups (P = 0.007 and P < 0.001, respectively).
The baseline, distension, and contraction LCSA values significantly decreased after POEM and PD (P < 0.001). The baseline
impedance level significantly increased in both groups (P < 0.001)
(Fig. 2B and 3B).
The contraction index was not changed significantly in the
POEM group (P = 0.231), but it significantly increased in the
PD group (0.37 ± 0.12 vs 0.42 ± 0.15, P = 0.004). The distensibility index significantly increased in both the POEM (1.16 ± 0.15
vs 1.48 ± 0.47, P < 0.001) and PD groups (1.17 ± 0.17 vs 1.39
± 0.41, P = 0.001) (Fig. 4C and 4D).

Post-PD

Figure 4. Changes in the contractility
index and the distensibility index after
peroral endoscopic myotomy (POEM)
and pneumatic dilatation (PD) in type
I (A, B), type II (C, D), and type III
achalasia (E, F). The contractility index
increased significantly after PD in type
II achalasia and after POEM in type III
achalasia. The distensibility index significantly increased after POEM in type
I, II, and III achalasia and after PD in
type I and II achalasia.

Type III Achalasia: Post-peroral Endoscopic Myotomy
and Pneumatic Dilatation
Bolus clearance was complete in 47 of 53 analyzed swallows
(88.7%), and bolus transport was sequential in 44 swallows (83.0%)
in the POEM group and complete in 28 of 30 analyzed swallows
(93.3%) and sequential in 23 swallows (76.7%) in the PD group.
The baseline, distension, and contraction MT/MCSA values
significantly decreased after POEM (P < 0.001) but did not
change significantly in the PD group.
The baseline, distension, and contraction LCSA values significantly increased, and the baseline/nadir impedance values significantly decreased after POEM (P < 0.001) (Fig. 2C). The baseline
LCSA and impedance values significantly increased and decreased,
respectively, in the PD group (P < 0.001), but the distension/con-
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Figure 5. Changes in swallow-to-distension interval and distension duration after peroral endoscopic myotomy (POEM) and pneumatic dilatation
(PD) in type III achalasia. The swallow-to-distension interval decreased, and the distension duration increased significantly after POEM. However, there was no significant change in either parameter after PD.

traction LCSA and nadir impedance values did not change significantly (Fig. 2C and 3C).
The contraction index significantly increased (0.65 ± 0.30 vs
0.72 ± 0.79, P < 0.001), and the distensibility index also significantly increased (2.09 ± 0.80 vs 2.47 ± 0.89, P < 0.001) in the
POEM group. However, the distensibility index decreased significantly (2.46 ± 0.66 vs 1.89 ± 0.23, P < 0.001), and the contractility index did not change significantly (P = 0.927) in the PD group
(Fig. 4E and 4F).
The swallow-to-distension interval significantly decreased
(2.25 ± 0.36 vs 1.58 ± 0.47, P < 0.001), and the distension duration significantly increased (3.20 ± 0.47 vs 6.04 ± 1.39, P < 0.001)
after POEM. In contrast, there was no significant difference in
either parameter in the PD group (P = 0.181 and 0.241, respectively) (Fig. 5A, 5B, and 6).

Symptom Relapse After the Procedure in Type III
Achalasia
Four patients who underwent PD (66.7%) and 1 patient who
underwent POEM (8.3%) experienced a relapse in symptoms
during the follow-up period. Univariate analysis revealed that the
post-procedural 4s-IRP, distension MT, distension MCSA, contraction MCSA, baseline/nadir impedance values, and swallow-todistension interval were significantly larger in relapsed patients than
in non-relapsed patients. In contrast, the distension LCSA, distension duration, and contractility/distensibility index were significantly
smaller in relapsed patients than in non-relapsed patients. Among
those parameters, post-procedural distension LCSA (P = 0.002;
OR, 0.84; 95% CI, 0.67-0.94) and distension duration (P = 0.041;
OR, 0.93; 95% CI, 0.54-0.98) remained significant factors for pre140

dicting relapse in the multivariate analysis.

Discussion
In our study, type III achalasia was characterized by intact completeness and sequentiality in bolus transport, a markedly increased
baseline and distension MT, and an insufficient distension LCSA,
which are totally different characteristics from those in type I and II
achalasia. Additionally, muscle thinning during the distension period of bolus transport, which is an important feature of the normal
inhibitory process of primary peristalsis,15,19 was found to be insufficient in type III achalasia (Fig. 1 and 6). These findings are concordant with those of previous studies reporting inhibitory function
abnormalities in esophageal body motility in type III achalasia.18,20
The morphological changes after POEM in type III achalasia
can be summarized as decreases in the MT and MCSA and increases in the baseline and distension LCSA, which are distinctive
changes from those in type I and II achalasia. POEM also improved the distensibility index despite the baseline LCSA increase.
In other words, POEM physically improved esophageal body
distensibility during bolus transit in type III achalasia. Additionally, we revealed that PD could not improve the intraluminal US
parameters (except baseline LCSA) or the contractility/distensibility
index in type III achalasia. These results may account for the superior effect of POEM compared with PD in type III achalasia.7,8
One of the unique findings of this study was that the prolonged
swallow-to-distension interval and shortened distension duration,
which are indicators of the inhibitory dysfunction of esophageal
body peristalsis and assumed to be a cause of premature contraction,20 also improved after POEM but not after PD in type III
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achalasia. Additionally, along the distension LCSA, post-procedural
distension duration was revealed as a significant predicting factor
for symptom relapse in type III achalasia. This also suggests that
improving esophageal body compliance by long myotomy can improve the deglutitive inhibitory process during primary peristalsis
and provides important clues regarding the mechanisms of symptom improvement after POEM in type III achalasia. As a result,
our findings suggest that long myotomy is an essential component

Figure 6. Changes in cross-sectional
movement in the distal esophageal body
after peroral endoscopic myotomy in type
III achalasia at baseline, peak distension,
and contraction points (curved arrows
a, b, and c). The muscle thickness decreased, the lumen cross-sectional area,
distension duration increased, and the
swallow-to-distension interval decreased.

of POEM for type III achalasia management.
Our results also provide evidence supporting the application
of POEM in other spastic esophageal motility disorders, such as
jackhammer esophagus and distal esophageal spasm, in which inhibitory abnormalities in body peristalsis are prominent and LES
relaxation is intact.11,21-24 Although additional controlled studies
will be needed for verification, POEM may be a rational treatment
strategy for these disorders.
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Along with esophageal body aperistalsis, increased muscle layer
thickness is a well-known phenomenon in achalasia patients,25,26
and this is supposedly due to the sustained increase in intrabolus
pressure with underlying esophageal myopathy.27,28 In addition,
paradoxical muscle thickening during distension, which may be the
cause of PEP, was found in most cases of type II achalasia (Supplementary Fig. 1).
Studies reporting changes in the muscle layer after normalizing
the LES pressure are scarce. Sinn et al29 performed research to
evaluate changes in the esophageal MCSA after PD and showed
inconsistent results and no relationship with symptom recurrence.
However, 2 points should be considered when interpreting the
results: because the diagnosis of achalasia was made based on conventional manometry in that study, achalasia subtyping was not
available, and data other than those for MCSA were not analyzed.
Considering that the MCSA in achalasia is affected by the lumen
CSA as well as the MT,25,30 the study lacks evidence estimating
morphological changes in the esophageal body after LES decompression.
Our results showed that the baseline esophageal body MT
increased in both type I and type II achalasia after POEM or PD.
Especially in type I achalasia, the body MT became thicker than
that of the normal controls, though it was thinner than that of the
normal control before POEM or PD (Supplementary Fig. 2).
These results may be explained by the pathologically thickened
body muscle layer becoming prominent after POEM and PD,
which effectively decreased the intrabolus pressure.
Our study shows that the distended LCSA dramatically decreased after POEM in type I and II achalasia due to an effective
decrease in LES pressure, and these results were also observed in
the PD group.
However, our results showed that POEM could not effectively
improve lumen-reducing esophageal contractility in type I and II
achalasia, and the contractility index was increased after PD in type
II achalasia. Long myotomy resulting in a decrease in esophageal
body contractility may be an explanation for these results.31,32 These
findings also suggest that esophageal contractility abnormalities in
type I achalasia may be irreversible even after effective LES decompression.33
Interestingly, our study shows that PEP, which was a characteristic finding of type II achalasia and accompanied by paradoxical
muscle thickening during distension, disappeared in most cases
of type II achalasia not only in the POEM group (Supplementary Fig. 1), but also in the PD group. Although it is still debated
whether the unique esophageal body motility pattern is caused by
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primary myopathy of the esophageal body or is secondary to increased intrabolus pressure, our results suggest that effective LES
decompression alone can normalize the PEP in type II achalasia.12
Based on our results in type I and II achalasia, we cautiously
propose that long myotomy is not necessarily essential in type I and
II achalasia and that POEM with short myotomy, which ensures
complete LES myotomy, can be as effective as POEM with long
myotomy.34
Our study has several inevitable methodologic limitations.
Certain patients with type I and II achalasia (8 with type I achalasia and 4 with type II achalasia) who fulfilled the inclusion criteria
were excluded because of unsuitable intraluminal US images (eg,
the baseline and distension LCSAs were too large [more than 1000
mm2] to obtain whole images for analyzing the LCSA, or a large
amount of remnant food was present in the esophageal lumen during the examination), which may have caused selection bias.
Principally, an intravascular US catheter and HRIM catheter
should be assembled by taping the US transducer to the HRIM
catheter before insertion into the patient to maintain the US transducer 5 cm proximal to the LES and the exact same level as the
pressure/impedance senor of the HRIM catheter during the examination.35 However, we used an EUS catheter because (1) the intravascular US system was not available in our institute and (2) the
US image defect induced by interference of the adjacent HRIM
catheter was minimized. Instead, we located the US transducer by
fixing the US catheter to the HRIM catheter outside the body of
the subject using the positioning function of the HRIM program.
Our results may not represent the long-term morphologic
changes in esophageal body movement because follow-up intraluminal US examination was performed 3-6 months after the procedure.
In conclusion, this study demonstrates that POEM decreased
the esophageal LCSA by LES and intrabolus pressure decompression in type I and II achalasia. In contrast, POEM improved
esophageal body distension and inhibitory processes during primary
peristalsis in type III achalasia.
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Sex and Gender Differences in Overlap Syndrome
of Functional Gastrointestinal Disorder and Effect
of Genetic Polymorphisms in South Korea:
A Long-term Follow-up Study
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Background/Aims
Overlap functional gastrointestinal disorder (FGID) is associated with more severe gastrointestinal symptoms and lower quality of
life. The aim of this study is to evaluate clinical features of non-erosive reflux disease (NERD), functional dyspepsia, irritable bowel
syndrome, their overlap in terms of sex and gender, and to assess the risk factors, including genetic polymorphisms.
Methods
A total of 494 FGIDs and 239 controls were prospectively enrolled between 2004 and 2020. FGIDs were diagnosed based on the
Rome III criteria and symptoms were evaluated using a questionnaire. Follow-up questionnaires were conducted to determine
the change of symptoms during the 75.8-month mean observation period. Risk factors including genetic polymorphisms in
neurotransmitter receptor (SLC6A4 5-HTTLPR, GNB3, ADRA2A, CCKAR , and TRPV1 ) and cytokine (TNFA and IL10 ) genes.
Results
NERD was more prevalent in men, and functional dyspepsia in women. Overlap FGIDs (n = 239) were more prevalent than nonoverlap FGIDs (n = 255) in women (P = 0.019). Anxiety and depression scores were higher in the overlaps (P = 0.012 and P < 0.001,
respectively). Symptoms were more frequent and severe in the overlap FGIDs than in the non-overlaps (P < 0.001). During followup, symptoms progressed more frequently in the overlap FGIDs, especially in patients with the L/S genotype of SLC6A4 5-HTTLPR and
anxiety/depression.
Conclusions
Overlap FGID patients need attention given their association with anxiety/depression and more severe symptoms, especially in women.
Genetic polymorphisms also may be associated with certain symptoms of overlap FGIDs.
(J Neurogastroenterol Motil 2022;28:145-158)
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Introduction
Non-erosive reflux disease (NERD), functional dyspepsia
(FD), and irritable bowel syndrome (IBS) are representative
functional gastrointestinal disorders (FGIDs) without clinically
detectable anatomical abnormalities, but elicit chronic and recurrent gastrointestinal (GI) symptoms.1 Although these FGIDs may
manifest alone, 2 or more overlapping cases are common and defined as an overlap syndrome.2 Locke et al3 found that 1-8% of the
general population have reported 2 to 3 FGIDs, whereas Choung
et al4 found that 17% of the general population have reported more
than 1 FGID. According to a systematic review and meta-analysis,
the prevalence of IBS among FD patients was 37%, which was
significantly higher than that among those without FD (7%).5 In
addition, the prevalence of FD in patients with IBS was 29-87%.3,6,7
FGID patients have a higher proportion of overlap syndrome
than patients with other types of disorders which are not FGID,8-10
suggesting that patients with overlap syndrome visit the hospital
more frequently than those with FD or IBS alone. Patients with
overlap syndrome also reported more frequent and severe GI symptoms, more severe depressive symptoms, and lower quality of life
(QoL) than those with single FGID.11 In actual clinical practice,
overlap FGID can be frequently encountered, and it is important
to know the clinical course of overlap FGID because these patients
have severe symptoms and are highly likely to be related to psychosocial factors without responding to conservative treatment. However, there have been only few studies on the overlap syndrome12-15
and on follow-up16,17; therefore, studies on the characteristics of
patients with overlap syndrome and their associated risk factors are
insufficient.
The various causes of FGIDs include changes in the motor
and sensory nerves of the intestine, psycho-neurological factors,
and changes in the immune system due to infection and allergy.
Recently, gene polymorphisms affecting the pathogenesis of FGIDs
in families or twins were discovered.18 Previously, we suggested that
genetic polymorphisms in the serotonin transporter gene-linked
long polymorphic region (SLC6A4 5-HTTLPR) and the alpha
2A adrenergic receptor (ADRA2A ) 1291C>G polymorphism are
pathological factors of IBS.19 We also identified SLC6A4 5-HTTLPR and the 945G>C polymorphism in transient receptor potential ion channel of the vanilloid type 1 (TRPV1 ) among Korean
FD patients, particularly those positive for Helicobacter pylori infection.20 In addition, 5-HTTLPR L/L has been found to be a risk
factor for the co-occurrence of IBS with constipation and FD.21
146

Moreover, in NERD patients, sensitivity to stress often determines the expression of symptoms; thus, NERD has been classified
as an FGID and hypothesized to have an etiology different from
that of reflux esophagitis. NERD represents the more common
phenotypic presentation of GERD and comprises of patients who
have typical symptoms without any mucosal breaks at endoscopy.
However, these patients are markedly heterogeneous from a pathophysiological point of view.22 These groups consist of patients with
esophageal acid exposure (true NERD), normal esophageal acid
exposure but a positive symptom association probability for acid
reflux (acid hypersensitive esophagus), or with normal esophageal
acid exposure and a negative symptom association probability for
any type of reflux (functional heartburn).22,23 Recently, the Rome
criteria (Rome IV) for functional esophageal disorders, in which
acid hypersensitive esophagus and non-acid hypersensitive esophagus groups have been combined into a new category of reflux
hypersensitivity (RH) that would appear to fit somewhere between
NERD and functional heartburn, has been defined.23,24 NERD,
FD, and IBS often develop together in siblings, especially in families that carry a common genetic polymorphism. However, as the
diagnosis of FGID depends on the patient’s subjective symptoms
rather than clinical objective findings, and its etiology is often complex, studies focusing on the genes mentioned above are few, and
investigation of genes in combination is rare.
Based on this background information, we hypothesized that
the symptoms in overlap FGIDs may be severe and more progressive, and polymorphisms in genes involved in neurotransmission
and cytokines may contribute to this overlap in FGIDs compared
with non-overlap FGIDs. The aim of this study is to analyze the
prevalence of overlap syndromes among NERD, FD, and IBS patients, to elucidate the differences in their characteristics and symptoms, and to determine their risk factors according to their sex and
gender. In addition, we aim to analyze the effect of genetic polymorphisms and anxiety/depression on FGIDs depending on whether
they are non-overlap or overlap over a long follow-up period.

Materials and Methods
Study Subjects
Korean subjects were prospectively enrolled at the gastroenterology outpatient clinic of the Seoul National University Bundang
Hospital (SNUBH) between July 2004 and August 2020. The
inclusion criteria were as follows: provision of consent to participate
in the study, aged 18-80 years, and scheduled upper endoscopy
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procedure. Colonoscopy and abdominal imaging studies (eg, abdominal ultrasound or abdominopelvic computed tomography)
were performed with upper endoscopy in the presence of clinical
indications. Healthy control subjects and patients with FGID were
collected as follows: subjects who underwent GI evaluations as a
health check-up or for other problems based on a family history of
gastric or colon cancer were categorized as healthy controls, whereas
those who visited the GI clinic for the evaluation of upper or lower
GI symptoms were classified as cases upon consenting to participate in this study. This classification of healthy controls and cases
was finally revised in the analysis step of the questionnaire survey.
Exclusion criteria were as follows: history of GI surgery except
appendectomy, inflammatory bowel disease, any malignancy, or systemic diseases requiring chronic medication except for hypertension
and diabetes mellitus; pregnant or lactating women; and patients
with hepatic, biliary, or psychiatric disorders requiring medication.
Subjects were excluded from the study if organic diseases were
found during follow-up endoscopy. The Institutional Review Board
of SNUBH approved this study (B-2006-616-128), and written
informed consent was obtained from all participants. This study
protocol has been registered at ClinicalTrials.gov (NCT04712617).

Diagnostic Questionnaire of Functional
Gastrointestinal Disorders and Demographic Data
After enrollment, the subjects received GI endoscopy regularly
and were requested to fill up the Korean Bowel Disease Questionnaire (K-BDQ)19,20 and gastroesophageal reflux questionnaire25-28
which included 7 reflux symptom such as heartburn, acid regurgitation, chest pain, hoarseness, globus sensation, cough, and epigastric
soreness whenever they undertook GI endoscopy.
NERD was defined as a typical heartburn occurring at least
once a week without visible esophageal mucosal break, detected using endoscopy.29 Subjects with minimal changes on endoscopy and
with typical reflux symptoms were also classified as NERD.30 A
Korean Rome III criteria-based questionnaire translated from the
original K-BDQ containing questions on 56 GI-related symptoms,
sociodemographic status, medical history, smoking, alcohol habits,
marital status, educational level, and employment status was prepared and validated.19,20,31
FD was diagnosed based on at least 1 of the following symptoms: bothersome postprandial fullness, early satiation, epigastric
pain, and epigastric burning.32 Absence of any structural diseases
(including on upper endoscopy) that are likely to explain the symptoms was required. FD was categorized as postprandial distress
syndrome, epigastric pain syndrome, or mixed subtype based on

the Rome III criteria.32,33 Postprandial distress syndrome was defined as the presence of meal-induced dyspeptic symptoms such as
postprandial fullness and early satiation. Epigastric pain syndrome
was diagnosed based on the presence of epigastric pain or burning
sensations.32,33
IBS was defined by recurrent abdominal pain or discomfort
with at least 2 of the following characteristics: relief with defecation, onset associated with a change in frequency of stool, and onset
associated with a change in form (appearance) of stool.34 IBS was
subclassified into IBS with constipation, IBS with diarrhea, mixed
IBS, or unsubtyped IBS, as described previously.21

Assessment of Functional Gastrointestinal Disorders
Symptoms, Anxiety, Depression, and Quality of Life
Representative GI symptoms were classified according to frequency and severity. Symptom severity was calculated by adding the
severity scores (from 0 to 4: 0, none; 1, mild; 2, moderate; 3, severe;
and 4, very severe) using the K-BDQ.35 Stool consistency based on
the Bristol Stool Form Scale36 and number of bowel habits were also
evaluated.
Anxiety and depression were assessed using the Hospital
Anxiety and Depression Scale (HADS).37 They were subdivided
into anxiety and depression subscales, both containing 7 items each.
Each response is ranked on a scale from 0 to 3. A higher HADS
score indicates that the subject is more depressive or anxious. A
total score of 8 or more for each subscale indicates potential anxiety
disorder or depression.38

Genotyping
Genomic DNA from blood samples was isolated using
QIAamp DNA blood mini kit (QIAGEN Inc, Valencia, CA,
USA) following the manufacturer’s instructions, as reported previously.19 To detect the presence of the long (L) or short (S) allele
of the SLC6A4 gene (5-HTTLPR), polymerase chain reaction
(PCR)-based restriction fragment length polymorphism (RFLP)
assay was performed on a Perkin Elmer real time PCR machine
model 9600 (Perkin Elmer, Norwalk, CT, USA) with the forward
primer 5’-TCCTCCGCTTTGGCGCCTCTTCC-3’ and reverse primer 5’-TGGGGGTTGCAGGGGAGATCCTG-3’.
The 469-bp fragment of the 5-HTTLPR polymorphism was
designated “S,” and the 512-bp fragment was designated “L.”
The genotyping of the CCK1R intron-779T>C polymorphism
was also performed using the PCR-RFLP assay with the forward
primer 5’-CTGTTCACTTGAGGAGCTTTG-3’ and the
reverse primer 5’-TTAGAAGCTGACCTCCAACATGG-3’.
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945G>C, tumor necrosis factor-α (TNFA ) 308 G>A, and interleukin (IL ) 10 592C>A single nucleotide polymorphisms were
determined using 5-exonuclease TaqMan genotyping assays on
an ABI StepOnePlus Real-Time PCR System, according to the

The PCR product was digested using PstI; the T allele yielded
DNA fragments of 264/480 bp, whereas the C allele, 744 bp.
The G-protein β3 (GNB3 ) 825C>T, ADRA2A −1291C>G,
cholecystokinin receptor 1 (CCK1R ) intron 779T>C, TRPV1
Table 1. Demographic and Baseline Characteristics

Healthy
control
(n = 239)

Variables
Age (yr)
Women
Body mass index (kg/m2)
Marriage
Single/divorced/widowed
Married
Education
Elementary/middle school
High school
University
Job
Employed
Unemployed
Housewives
Alcohol (> 35 g/wk)
Current smoker
Daily spicy food ingestion
Anxiety HADS score
Depression HADS score

NERD only
(n = 116)

FD only
(n = 90)

IBS only
(n = 49)

NERD-FD NERD-IBS
(n = 108)
(n = 21)

NERDFD-IBS
(n = 59)

FD-IBS
(n = 51)

55.1 ± 11.7 57.0 ± 12.2 52.5 ± 12.7 46.8 ± 15.2a 51.3 ± 13.1 50.5 ± 10.7 50.9 ± 13.6 44.0 ± 13.2a
146 (61.1)
44 (37.9)a
68 (75.6)a
20 (40.8)
68 (63.0)
11 (52.4)
35 (68.8)
38 (64.4)
23.4 ± 3.4 24.1 ± 3.1 22.2 ± 3.3 22.7 ± 2.9 22.7 ± 3.1 23.3 ± 2.8 22.6 ± 3.6 23.0 ± 3.4
32 (13.7)
201 (86.3)

15 (12.9)
101 (87.1)

8 (8.9)
82 (91.1)

6 (14.0)
37 (86.0)

18 (16.7)
90 (83.3)

2 (9.5)
19 (90.5)

13 (25.5)a
38 (74.5)

21 (35.6)a
38 (64.4)

34 (16.3)
44 (21.2)
130 (62.5)

16 (17.6)
25 (27.5)
50 (54.9)

13 (16.7)
30 (38.5)
35 (44.9)

1 (2.9)
4 (11.4)
30 (85.7)

13 (14.1)
36 (39.2)
43 (46.7)

4 (20.0)
4 (20.0)
12 (60.0)

9 (23.7)
9 (23.7)
20 (52.6)

10 (19.2)
14 (26.9)
28 (53.8)

109 (52.9)
22 (10.7)
75 (36.4)
29 (12.4)
11 (4.7)
160 (77.7)
5.1 ± 3.5
5.3 ± 3.5

60 (67.4)
10 (11.3)
19 (21.3)
21 (18.1)
19 (16.4)
73 (73.0)
4.6 ± 2.7
5.3 ± 3.2

31 (39.7)
6 (7.7)
41 (52.6)
4 (4.4)
9 (10.0)
55 (69.6)
7.9 ± 5.6
6.9 ± 2.9

23 (65.7)
3 (8.6)
9 (25.7)
6 (24.0)
6 (24.0)
27 (75.0)
6.0 ± 3.3
6.0 ± 3.3

46 (50.5)
7 (7.7)
38 (41.8)
10 (9.3)
15 (13.9)
73 (75.3)
6.1 ± 3.6
7.3 ± 3.4

15 (75.0)
0 (0.0)
5 (25.0)
1 (4.8)
3 (14.3)
15 (78.9)
6.7 ± 3.1
9.7 ± 1.2

24 (57.2)
3 (7.1)
15 (35.7)
12 (23.5)
7 (13.7)
26 (65.0)
8.0 ± 3.6
10.0 ± 3.6

27 (54.0)
4 (8.0)
19 (38.0)
9 (15.3)
10 (16.9)
40 (76.9)
9.0 ± 3.7b
10.2 ± 3.6a

a

P < 0.05 compared to control.
P < 0.05 compared to NERD only group and control.
NERD, non-erosive reflux disease; FD, functional dyspepsia; IBS, irritable bowel syndrome; HADS, hospital anxiety and depression scale.
Data are expressed as mean ± SD or n (%).
b

B
NERD
15.8%
NERD-FD
NERD-IBS
14.7%
2.9%
NERD-FD-IBS
8.0%
IBS
FD-IBS
6.9%
FD
7.0%
12.3%

25

*

23.8

Men (n = 210)
Women (n = 284)

20

Frequency (%)

A

#
15.8

15.8

15
10

13.2
10.2

9.6
6.9
5.3

4.7

5

8.8

8.1

7.3

3.3

2.6

0
NERD

FD

IBS

NERD+FD NERD+IBS FD+IBS NERD+FD+IBS

Figure 1. Proportions of subjects with functional gastrointestinal disorders (FGIDs) (A) and distribution of FGIDs according to sex (B). The
prevalence of non-erosive reflux disease (NERD) was significantly higher in men and that of functional dyspepsia (FD) was significantly higher
in women. IBS, irritable bowel syndrome. *P < 0.001 compared with women NERD, #P < 0.001 compared with men FD. FGID (n = 494),
NERD (n = 304), FD (n = 308), irritable bowel syndrome (IBS) (n = 180), and non-overlap FGIDs (n = 255), overlap FGIDs (n = 239).
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manufacturer’s instructions (Applied Biosystems, Foster City, CA,
USA).20,21 The predesigned primer and probe sets were ordered
at http://www. appliedbiosystems.com (GNB3 825C>T assay ID
number: C___2184734_10; ADRA2A −1291C>G assay ID
number: C___7611979_10; TRPV1 945G>C assay ID number:
C___1093688_20) and used according to their protocols. The
genotyping results of SLC6A4 5-HTTLPR, GNB3 825C>T,
ADRA2A −1291C>G, CCK1R intron 779T>C, TRPV1
945G>C, TNFA308 G>A, and IL10 592C>A were confirmed
using direct sequencing, with the ABI version 3.1 Sequence Analysis software (Applied Biosystems).

measures ANOVA was performed to determine whether the symptom scores were different within a group and between groups at
baseline, and at first and second follow-up time points. A post-hoc
Tukey’s test was used to identify the group that showed a difference
when ANOVA showed a significant interaction. Variables with
P < 0.05 in univariate analyses or clinical importance were subjected to multivariate analyses. All statistical tests were 2-tailed. P <
0.05 was considered statistically significant. Statistical analysis was
performed using the SPSS 21.0 statistical package (version 21.0,
IBM, Armonk, NY, USA).

Results

Statistical Methods
Data are expressed as mean (standard deviation or standard
error), geometric mean (95% CI), or percentage. Comparisons
among 3 or more groups were performed using the chi-square test
in categorical variables or analysis of variance (ANOVA) followed
by Bonferroni correction in continuous variables. Two-way repeated

Demographic and Baseline Characteristics
A total of 733 subjects participated in this study (Table 1). The
mean age was 52.7 ± 13.1 years, and 430 (58.7%) subjects were
women. A total of 494 subjects were diagnosed with NERD, FD,

Table 2. Clinical Characteristics of Non-overlap and Overlap Functional Gastrointestinal Disorders

Variables
Age (yr)
Females
Body mass index (kg/m2)
Marriage
Single/divorced/widowed
Married
Education
Elementary/middle school
High school
University
Job
Employed
Unemployed
Housewives
Alcohol (> 35 g/wk)
Current smoker
Daily spicy food ingestion
Anxiety HADS score
Men
Women
Depression HADS score
Men
Women

Healthy control (a)
(n = 239)

Non-overlap FGID (b) Overlap FGID (c)
(n = 255)
(n = 239)

55.1 ± 11.7
146 (61.1)
23.4 ± 3.4

53.5 ± 13.5
132 (51.8)
23.2 ± 3.2

49.4 ± 13.3
152 (63.6)
22.8 ± 3.2

32 (13.7)
201 (86.3)

29 (11.6)
220 (88.4)

54 (22.6)
185 (77.4)

34 (16.3)
44 (21.2)
130 (62.5)

30 (14.7)
115 (56.4)
63 (31.2)

59 (28.9)
35 (17.8)
103 (51.0)

109 (52.9)
22 (10.7)
75 (36.4)
29 (12.4)
11 (4.7)
160 (77.7)
5.1 ± 3.5
5.2 ± 3.0
5.0 ± 3.9
5.3 ± 3.5
4.9 ± 2.7
5.7 ± 4.1

114 (56.4)
69 (34.2)
14 (6.9)
31 (13.4)
34 (14.7)
155 (72.1)
5.2 ± 3.3
5.1 ± 2.9
5.3 ± 4.2
5.5 ± 3.2
5.5 ± 3.2
5.6 ± 3.3

19 (9.4)
112 (55.2)
77 (37.9)
32 (13.4)
35 (14.6)
154 (74.0)
6.2 ± 3.7
5.7 ± 2.9
8.3 ± 4.1a
8.2 ± 3.6
7.4 ± 3.2
9.2 ± 3.9b

P -value

Post-hoc

< 0.001
0.019
0.139
0.002

a > b, a > c
a > b, b < c
a < c, b < c

0.125

0.677

0.939
< 0.001
0.413
0.012
0.614
0.011
< 0.001
0.007
0.001

a < b, a < c
a < c, b < c
a < c, b < c
a < c, b < c
a < c, b < c
a < c, b < c

a

P = 0.007 compared to men.
P = 0.056 compared to men.
FGID, functional gastrointestinal disorder; HADS, hospital anxiety and depression scale.
Data are expressed as mean ± SD or n (%).
b

Vol. 28, No. 1 January, 2022 (145-158)

149

Ju Yup Lee, et al

and/or IBS, including 14.7% NERD-FD, 2.9% NERD-IBS,
7.0% IBS-FD, and 8.0% NERD-FD-IBS 3 overlap; 239 subjects
were identified as healthy controls (Fig. 1A). The prevalence of
NERD was significantly higher in men, whereas that of FD was
significantly higher in women (Fig. 1B). The age of occurrence in
the NERD-FD-IBS group was significantly lower than that in the
control group (P < 0.05) (Table 1). The proportions of single, divorced, and widowed patients were significantly higher in the FDIBS (P < 0.05) and NERD-FD-IBS (P < 0.05) groups than in
the control group. Anxiety and depression (HADS) scores were
also significantly higher in the NERD-FD-IBS group (P < 0.05)
than those in the control group (Table 1).

Clinical Characteristics of Non-overlap and Overlap
Functional Gastrointestinal Disorders
The number of non-overlap and overlap FGID subjects was
255 and 239, respectively. The average age of the patients in the
overlap FGID group was lower than that of the non-overlap group
(P < 0.001). The percentage of women in the overlap FGID
group was higher than that in the non-overlap FGID group (P =
0.019), and the percentages of single, divorced, and widowed patients were higher than those in the healthy controls (P = 0.018)

and non-overlap FGID group (P = 0.002) (Table 2). Anxiety and
depression scores were also higher in the overlap FGID group than
in the healthy control and non-overlap FGID groups (P = 0.012
in anxiety score and P < 0.001, respectively). Anxiety and depression scores were higher in women in the FGID group (P = 0.007
for anxiety and P = 0.056 for depression) (Table 2).

Frequency and Severity of Gastrointestinal
Symptoms Between Non-overlap and Overlap
Functional Gastrointestinal Disorders
All upper and lower GI symptoms were significantly more frequent in the overlap FGID group than in the non-overlap FGID
group and healthy control group. The severity of upper GI symptoms was significantly higher in the overlap FGID group than in
the non-overlap FGID group (P < 0.001) (Table 3).

Genetic Polymorphisms
The G allele and G/G genotype of ADRA2A were significantly associated with NERD-FD in both sexes (P = 0.038 in
total, P = 0.048 in men, and P = 0.046 in women). The T allele
of GNB3 825C>T was significantly associated with IBS (P =
0.035), but there were no gender-based differences. The T allele of

Table 3. Frequency and Severity of Gastrointestinal Symptoms Between Non-overlap and Overlap Functional Gastrointestinal Disorders

Variables
Upper GI symptoms frequency
Early satiation
Postprandial fullness
Epigastric pain/burning
Bloating
Nausea
Vomiting
Upper GI symptoms severity (5 Likert score [0-4])
Early satiation symptom severity
Postprandial fullness symptom severity
Epigastric pain symptom severity
Bloating pain symptom severity
Lower GI symptoms frequency
Less than 3 bowel movements/wk
Hard or lumpy stools
Loose or watery stools
Defecation straining
A feeling of incomplete bowel movement
Urgency

Healthy
control (a)
(n = 239)

Non-overlap
FGID (b)
(n = 255)

Overlap
FGID (c)
(n = 239)

P -value

Post-hoc

26 (11.2)
30 (12.9)
40 (17.3)
31 (13.7)
19 (8.3)
7 (3.1)

51 (20.6)
83 (33.6)
88 (35.5)
65 (26.9)
31 (13.1)
10 (4.2)

136 (57.1)
185 (77.4)
169 (71.3)
146 (63.2)
101 (43.2)
37 (15.7)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

a<b<c
a<b<c
a<b<c
a<b<c
a<b<c
a<b<c

0.0 ± 0.1
0.0 ± 0.1
0.3 ± 0.1
0.3 ± 0.1

0.5 ± 0.1
0.8 ± 0.1
1.0 ± 0.1
0.7 ± 0.1

1.8 ± 0.1
2.5 ± 0.1
2.2 ± 0.1
2.0 ± 0.1

< 0.001
< 0.001
< 0.001
< 0.001

a<b<c
a<b<c
a<b<c
a<b<c

18 (8.0)
70 (30.0)
54 (23.6)
53 (23.3)
51 (43.2)
8 (3.5)

21 (8.8)
93 (37.5)
92 (37.2)
91 (37.4)
99 (84.6)
23 (9.6)

23 (9.8)
146 (61.1)
137 (57.6)
144 (60.3)
158 (94.6)
26 (11.1)

0.803
< 0.001
< 0.001
< 0.001
< 0.001
0.007

a<b<c
a<b<c
a<b<c
a<b<c
a<b<c

GI, gastrointestinal; FGID, functional gastrointestinal disorder.
Data are expressed as n (%) or mean ± SE.
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GNB3 825C>T was also significantly associated with increased
susceptibility to NERD-FD-IBS overlap in both men (P = 0.031)
and women (P = 0.044). The SLC6A4 5-HTTLPR L/L genotype and S allele (P = 0.049) and the SCL6A4 3609A>G G
allele (P = 0.001) were associated with NERD-FD-IBS overlap,

especially in women. The A allele of IL10 592C>A was associated
with IBS in men (P = 0.009) (Table 4).

Table 4. Distribution of Genetic Polymorphisms Between Control and Functional Gastrointestinal Disorders

Genotypes

SLC6A4 5-HTTLPR
S/S
L/S
L/L
SLC6A4 3609A>G
A/A
A/G
G/G
GNB3 825C>T
C/C
C/T
T/T
GNB3 825C>T
C/C
C/T
T/T
ADRA2A 1291C>G
C/C
C/G
G/G
CCKAR intron 779T>C
T/T
T/C
C/C
TRPV1 945G>C
G/G
G/C
C/C
TNFA 308G>A
G/G
G/A
A/A
IL10 592C>A
C/C
C/A
A/A

Controls

92 (70.2)
35 (26.7)
4 (3.1)
187 (89.5)
22 (10.5)
0 (0.0)
50 (23.8)
98 (46.7)
62 (29.5)
50 (23.8)
98 (46.7)
62 (29.5)
21 (9.9)
98 (46.0)
94 (44.1)
113 (51.9)
84 (38.5)
21 (9.6)
52 (24.9)
97 (46.4)
60 (28.7)
194 (93.3)
13 (6.3)
1 (0.4)
29 (13.9)
86 (41.1)
94 (45.0)

FGID
Total
NERD-FD-IBS
27 (54.0)
18 (36.0)
5 (10.0)
NERD-FD-IBS
41 (75.9)
12 (22.2)
1 (1.9)
IBS only
5 (12.8)
27 (69.3)
7 (17.9)
NERD-FD-IBS
21 (38.9)
24 (44.4)
9 (16.7)
NERD-FD
19 (18.6)
35 (34.3)
48 (47.1)
NERD-FD-IBS
24 (44.4)
26 (48.1)
4 (7.4)
NERD-FD-IBS
13 (24.5)
30 (56.6)
10 (18.9)
NERD-FD-IBS
24 (80.0)
6 (20.0)
0 (0.0)
IBS only
0 (0.0)
8 (80.0)
2 (20.0)

P -value

Men

P -valuea

Women

P -valueb

0.049

12 (63.2)
7 (36.8)
0 (0.0)

0.681

15 (48.4)
11 (35.5)
5 (16.1)

0.024

0.001

15 (75.0)
5 (25.0)
0 (0.0)

0.147

26 (76.5)
7 (20.6)
1 (2.9)

0.028

0.035

2 (9.5)
15 (71.4)
4 (19.0)

0.269

3 (16.7)
12 (66.7)
3 (16.7)

0.181

0.043

9 (45.0)
5 (25.0)
6 (30.0)

0.031

12 (35.3)
19 (55.9)
3 (8.8)

0.044

0.038

9 (24.3)
16 (43.2)
12 (32.4)

0.048

10 (15.4)
19 (29.2)
36 (55.4)

0.046

0.429

11 (55.0)
9 (45.0)
0 (0.0)

0.234

13 (38.2)
17 (50.0)
4 (11.8)

0.456

0.295

4 (20.0)
11 (55.0)
5 (25.0)

0.577

9 (27.3)
19 (57.6)
5 (15.2)

0.393

0.032

11 (78.6)
3 (21.4)
0 (0.0)

0.254

13 (81.3)
3 (18.8)
0 (0.0)

0.144

0.009

0 (0.0)
1 (33.3)
2 (66.7)

0.653

0.047

0 (0.0)
7 (100.0)
0 (0.0)

a

P -values compared to men controls.
P -values compared to women controls.
FGID, functional gastrointestinal disorder; NERD, non-erosive reflux disease; FD, functional dyspepsia; IBS, irritable bowel syndrome; 5-HTTLPR, serotonin
transporter long polymorphic region; GNB3 , G-protein β3 gene; ADRA2A , alpha 2A adrenergic receptor gene; TRPV1, transient receptor potential ion channel of
the vanilloid type 1; CCK1R , cholecystokinin receptor 1 gene; TNFA , tumor necrosis factor-α gene; IL , interleukin gene.
Data are expressed as n (%).
b
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Figure 2. Changes in functional gastrointestinal disorder (FGID) symptoms during the follow-up period. Most FGID symptoms such as epigas-

tric pain (C), bloating (D), loose or watery stool (F), incomplete defecation (H) and urgency (I) improved; however, symptoms of early satiation (A),
postprandial fullness (B), hard or lump stool (E), and defecation straining (G) were aggravated in the overlap FGID group in the second followup visit. Symptoms were analyzed in the follow-up 1 (f/u1) (38.7 ± 22.1 months) and follow-up 2 (f/u2) 37.1 ± 21.0 months (J) periods.

Changes in Functional Gastrointestinal Disorder
Symptoms From Baseline to Long-term Follow-up
After the initial baseline questionnaire, a follow-up questionnaire (n = 106) was used to determine the occurrence of 4 upper
and 5 lower GI symptoms during the observation period. The
mean period from baseline to the first follow-up (f/u1) was 38.7
152

± 22.1 months, and that from the first follow-up to the second
follow-up (f/u2) was 37.1 ± 21.0 months (Fig. 2J). Except for
stool urgency, the intensity of all GI symptoms was more severe in
the overlap FGID group than in the non-overlap FGID group,
even during the follow-up period. During follow-up of the overlap
FGID group, most FGID symptoms improved, such as epigastric
pain (Fig. 2C), bloating (Fig. 2D), loose or watery stools (Fig. 2F),
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Figure 3. Changes in epigastric pain symptom severity according to anxiety and depression during the follow-up period. There were no differences
in symptoms between the non-overlap and overlap functional gastrointestinal disorder (FGID) in anxiety (–) and depression (–) groups (A and
C), however, differences between the non-overlap and overlap FGID were revealed during the follow-up period in anxiety (+) and depression (+)
groups (B and D). There was no change in symptom severity in both non-overlap and overlap FGIDs during the follow-up period in the anxiety
group (B). (+), patients has anxiety or depression; (–), patients has no anxiety or depression; f/u, follow-up.
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Figure 4. Changes in severity of upper gastrointestinal symptoms during the follow-up period according to the serotonin transporter gene-linked

long polymorphic region (SLC6A4 5-HTTLPR) gene polymorphism. Early satiation (A) and postprandial fullness (C) were most severe in patients with the SLC6A4 5-HTTLPR L/S genotype and were found to worsen. Epigastric pain symptoms (B) in patients with the SLC6A4 5-HTTLPR L/L genotype were maintained and did not deteriorate or improve. L, long allele of the SLC6A4 5-HTTLPR gene; S, short allele of the
SLC6A4 5-HTTLPR gene; f/u, follow-up.
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incomplete defecation (Fig. 2H), and urgency (Fig. 2I); however,
symptoms of early satiation (Fig. 2A), postprandial fullness (Fig.
2B), hard or lump stool (Fig. 2E), and defecation straining (Fig.
2G) were aggravated.
Among the various symptoms of FGID, epigastric pain was
associated with anxiety and depression (Fig. 3). For patients with
anxiety and depression, differences in symptoms severity between
the non-overlap and overlap FGID groups were clearly revealed at
initial, follow-up 1, and follow-up 2 (P = 0.009 for anxiety and
P = 0.038 for depression) (Fig. 3B and 3D). In addition, there
was no change in symptom severity in both non-overlap and overlap
FGIDs during the follow-up period in the anxiety group (Fig. 3B).
A multivariate analysis was performed to determine whether
genetic polymorphisms affect the development of symptoms. Early
satiation (Fig. 4A) and postprandial fullness (Fig. 4C) were most
severe in patients with the SLC6A4 5-HTTLPR L/S genotype
and worsened during follow-up. In addition, the epigastric pain

S/S (n = 38)
L/S (n = 2)
L/L (n = 2)

2.0

In this study, we found sex/gender differences in FGID, especially in the overlap group. NERD was significantly more prevalent
in men and FD was more prevalent in women. Overlap FGIDs
were more prevalent than non-overlap FGIDs in women. Anxiety and depression scores were higher in the overlap FGIDs and
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follow-up period (Fig 4B). Multivariate analysis was performed to
determine the relationship between the genetic polymorphism and
overlap syndrome. Early satiation and epigastric pain symptoms
in the non-overlap FGID group were not related to the SLC6A4
5-HTTLPR genotype. However, in the overlap FGID group, the
L/L and L/S genotypes showed more severe symptoms than the S/
S genotype (Fig. 5).
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FGID symptoms (early satiation, postprandial fullness, and epigastric pain) were more frequent and severe in the overlap FGIDs than
in the non-overlap groups. Symptom progress during long-term
follow-up was more frequently observed in the overlap FGIDs,
especially the L/S genotype of SLC6A4 5-HTTLPR . Polymorphism of IL10 592C>A was associated with the occurrence of IBS
in men, and SLC6A4 5 -HTTLPR was associated with female
NERD-FD-IBS.
In a previous study on the general Korean population, the
dyspepsia-IBS overlap was the most common and overlap FGID
developed at a younger age and was more prevalent in women than
non-overlapping FGIDs.39 In another study that analyzed the relationship between FD, IBS, and reflux esophagitis patients, the odds
ratio of having both FD and IBS was estimated to be 4.4 (95% CI,
1.21-15.71). However, there was no significant association between
age, gender in patients with overlap syndrome.40 Lee et al11 found
that, in psychiatric patients, the NERD-FD overlap was the most
common among NERD, FD, IBS, and functional constipation.
Moreover, in our study, anxiety and depression scores were
higher in the overlap FGID group. The frequency and severity
score of various symptoms of FGIDs were higher in the overlap
FGID group than in the control and non-overlapping FGID
groups. Patients with both FD and IBS have been shown to experience more severe symptoms and worse QoL.41-43 In another
study, Korean patients with FD-IBS overlap were frequently found
to be depressed and had a poor QoL.43 Therefore, the authors of
that study suggested that patients with FD-IBS overlap should be
treated for their gastrointestinal symptoms and receive psychiatric
support to improve their QoL and psychological distress.43
Psychosocial factors, including stress, play an important role in
the expression of FGID.44 In addition, when FGID is associated
with mental illness such as depression or anxiety, the symptoms will
be much worse.45 In a previous study, the prevalence of depressive
symptoms and anxiety in IBS patients were very high, at 22% and
30%, respectively.46 Pinto-Sanchez et al47 reported that, within the
FGID group, a greater number of FGIDs was associated with
a proportional increase in depression and anxiety. Recent animal
studies have proposed a brain-gut-microbiome axis, in which stress
changes the composition of the microbiome, and the microbiota,
in turn, alter metabolism and transmission of brain-derived neurotrophic factor, gamma aminobutyric acid, and serotonin, and this
influences depression and anxiety.48 Vanuytel et al49 reported that
increased corticotrophin-releasing factor in the event of acute emotional stress alters intestinal permeability via the action of mast cells,
and that corticotrophin-releasing factor and mast cells also affect

visceral sensitivity.50
Very few studies have been conducted on the long-term followup of the overlap syndrome. Similar to our results, as in most observational studies, FGID symptoms improved during the follow-up
period.51,52 This may be related to treatment in any form (medication
or education, etc) or reassurance when visiting a hospital for FGID
symptoms. However, as has already been found, FGID symptoms
are often associated with other factors, especially psychological factors such as anxiety and depression,53,54 so that symptoms may not
improve or rather worsen during the follow-up period. In a Belgian
study in which FD patients were followed- up for 5 years, symptoms improved or disappeared in about half of FD patients, and
FD symptoms were associated with anxiety.52 In an Australian study
that followed FGID patients for 12 years, FGID symptoms periodically appeared and disappeared and were closely related to anxiety.17 Aro et al16 performed a 10-year follow-up of Swedish FGID
patients and reported that patients with anxiety at baseline, but not
depression, had a 7.6 fold higher risk of developing FD after 10
years. In the present study, the relationship between anxiety and
FGID was confirmed. In overlap FGID, especially in women, and
in the overlap of NERD-FD-IBS, the anxiety score was high. In
addition, anxiety was associated with epigastric pain, and FGID patients with anxiety did not show significant symptom improvement
during the follow-up period, indicating that patients with anxiety
did not respond to general FGID treatment, especially in the nonoverlap group.
Genetic studies have suggested that polymorphisms in the serotonin transporter (SERT) gene and the G-protein β3 (GNB3 )
C825T gene are associated with FD or IBS. The GNB3 825C>T
polymorphism has been widely evaluated in FD patients.55,56 In
IBS patients, the SLC6A4 5-HTTLPR polymorphism has been
well-studied.57,58 In the present study, the genetic polymorphisms
of SERT and GNB3 were observed in NERD-FD-IBS overlap
patients and that of the adrenergic receptor gene in NERD-FD
patients. The SERT gene plays a role in serotonin reuptake by the
presynaptic terminal. In the presence of genetic polymorphism,
serotonin concentration may rise or fall, thus affecting FGID symptoms. The SERT gene was particularly associated with upper GI
symptoms such as early satiation and epigastric pain. Among the
SLC6A4 5-HTTLPR gene polymorphism patients, these symptoms were the most severe in the L/S genotype. In particular, the
symptoms of epigastric pain in patients with the SLC6A4 5-HTTLPR L/L genotype did not improve during the follow-up period,
suggesting that some symptoms affected by genetic polymorphism
may not improve even with appropriate treatment. However, chang-
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es in FGID clinical symptoms during the follow-up period cannot
be explained by genetic polymorphism alone. FGID mechanisms
are diverse, and genetic polymorphism comprises only a small part.
The patients used various drugs during the follow-up period, and
various lifestyle modifications were performed in parallel. However, in some patients, symptoms improved, while in some patients,
symptoms worsened. In some patients who did not respond to treatment, polymorphism such as the SERT gene may be related with
this prognosis, especially in patients with overlap FGID. However,
it is not easy to determine the role of genetic polymorphism by excluding a wide variety of influencing factors. Additional research is
needed in the future to clarify this issue.
Our study has several limitations, such as the number of
enrolled patients being relatively small especially for the genetic
polymorphism study. However, among many neurotransmissionrelated and cytokine genes, we found that in the presence of the
SLC6A4 5-HTTLPR L/L genotype alone, the symptoms did
not improve during the mean follow-up period of 75.8 months. In
addition, SLC6A4 5-HTTLPR was found to be associated with
female NERD-FD-IBS (P = 0.024) patients. This implies that
even if this cohort was small, SLC6A4 5-HTTLPR L/L seemed
to contribute to female patients with overlap FGIDs. The second
limitation concerns the definition of NERD. Theoretically, NERD
is diagnosed if the 24-hour esophageal pH monitoring is positive
without esophageal damage. However, most enrolled patients did
not undertake this examination mainly because they refused a 24hour esophageal pH monitoring. Therefore, clinically, it was difficult to completely differentiate between NERD and RH. This
implies that the patients with reflux symptoms were a heterogeneous
group.22
Actually, RH describe the cases between NERD and functional heartburn.23,24 However, if the patient visited with GERD
symptoms and upper endoscopy ruled out ERD, usually the patient
is categorized as NERD simply because we do not know if this
patient is NERD or RH or FH without pH-metry or impedance
study. Thus we followed this concept in the present study.
Third, there were many patients with follow-up loss. For practical reasons, we received the questionnaire in the endoscopy room
whenever patients underwent endoscopy. In Korea, people aged
> 40 years are recommended to undergo biannual endoscopy at
the National Cancer Control Policy, free of charge. Our hospital
is a tertiary institute where endoscopy is not free of charge; thus,
if the patients’ symptoms disappear, they are less likely to visit the
hospital for endoscopy. However, following these examinations, patients with organic diseases were excluded from this study, and only
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FGID patients were enrolled. Despite these limitations, our study
is comprehensive regarding FGIDs related to genetic polymorphisms and questionnaires over long-term follow-up. Fourth, we
could not analyze the effects of drugs such as PPI, prokinetics, and
anti-spasmotics, which are basically used for FGID, and various
neuromodulators that can affect not only FGID symptoms, but also
anxiety and depression.
Lastly, since there is no questionnaire to evaluate esophageal
symptoms in K-BDQ, the gastroesophageal reflux questionnaire
was used to and evaluate the follow-up symptoms of GERD.
However, since it is a questionnaire used in some studies and is not
officially validated, it is thought that there are some limitations in
drawing conclusions from the derived results. However, since it is a
questionnaire used in the previous nationwide multi-center study,25
there may not be a significant difference in the interpretation of the
results. In conclusion, patients with overlap FGIDs should be a focus of attention because they are associated with anxiety/depression
and more severe symptoms, especially women. Genetic polymorphisms could also be associated with certain symptoms of overlap
FGIDs. In overlap FGIDs with certain genetic factors, it may suggest reasons why some symptoms are refractory to lifestyle changes
or pharmacological treatment.
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Missing the Distal-most [Z6] Impedance Channel?
The Study Can Be Salvaged!
TO THE EDITOR: Combined multichannel intraluminal impedance and pH monitoring (MII-pH) is the preferred method for
assessing gastroesophageal reflux (GER) in infants, children, and
adults because it permits identification and examination of both
acid (pH < 4.0) and non-acid (pH ≥ 4.0) (including weakly
acidic and weakly alkaline) GER events.1 Occasionally, the tracing of a completed 24-hour impedance-pH study will be defective.
For example, one or more impedance channels may be irreparably
defective or missing completely (flat line). It is particularly problematic when the distal-most channel (Z6) is affected because (1)
the extent of reflux bolus exposure (duration) is assessed in channel Z6, and (2) the autoscan of Medical Measurement System
(MMS)/Laborie (Amsterdam, The Netherlands) will not work if
Z6 is missing. Even if one were to go into the channel settings and
de-select channel Z6, the autoscan would not use the Z5 channel
to mark impedance-detectable reflux events. Consequently, assessment of temporal relationships cannot not be made until the tracing
is manually scanned and edited to allow impedance-detected GER
events to be recognized.
Figure 1A shows an impedance waveform pattern (Z1-Z5) that
illustrates a classic reflux event. In the absence of the distal channel
(Z6), the MMS software algorithm will not capture any portions of
the event by autoscan. However, the event can be captured manually (Fig. 1B) by executing the manufacturer recommended protocol
of holding down the control key (Ctrl) and then left clicking at the
bottom left (1), then the top left (2), and then the bottom right (3).
Release of the Ctrl key then results in a partial capture (Fig. 1C)
that can be completed using standard methods (Fig. 1D). Analyses
in this manner allows the software algorithm to test the temporal
associations between GER events and reported symptoms (Fig. 2).
Assessments of bolus exposure can be estimated based on duration
of channel (Z5).
Our rescue approach allows the clinician to derive meaningful

information from the tracing without the need to subject the patient
to further invasive testing. With the defective tracing featured in
this article, we found (in a 4-month-old baby boy) that while the
acid reflux index and total number pH probe-detected acid events
(pH < 4) were in the normal range for infants (1.5% and 41, respectively),2 impedance data showed that greater than 80% of both
acid (pH < 4, 20/24) and non-acid (pH ≥ 4, 28/33) reflux events
reached the proximal esophagus (Z1 and/or Z2) and symptoms of
cough were positively associated with both acid (pH < 4) (symptom
association probability = 96.5%) and non-acid (pH ≥ 4) (symptom
association probability = 100%) GER.
Technically imperfect studies can most often (in hindsight) be
linked to difficulties with inserting the catheter; twists and bends
in the catheter during placement can cause breakages in the thin
wires that run the length of the catheter. Technical errors can affect
just parts of the study (that can be disregarded using artefact markers) or they can affect the entire study. Failure of the pH probe, for
example, always requires retesting because assessment of the acid
burden is a critical component of the impedance-pH report.
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Figure 1. Tagging an impedance-detected GER event when the distal impedance channel (Z6) has malfunctioned.
(A) Red arrow highlights the defective
Z6 waveform which is evidenced by a
flat-line. The black arrows indicate directional intraluminal flow of reflux within
the esophagus. Green arrow highlights
empty Z6 channel. (B) Numbers and short
blue arrows mark the execution points (left
clicks) in the protocol for manually tagging an impedance-detected event using
the MMS system. (C, D) Panels illustrate the partial and completed tagging,
respectively, of Z6-less impedance event.
(C) The dotted-line arrows graphically
illustrate the direction in which the tracing editor would right click and pull the
appropriate lollipop; the left lollipop in
channel Z1 would be pulled to the left
and the right lollipops in Z3 and Z5
would be pulled to the right.

B

A

Figure 2. Non-acid reflux event is
temporally associated with cough. (A)
Graphically illustrates a non-acid reflux
event that occurred (at 7:32:20) (blue
arrow) just prior to a downstream cough
(at 7:34:03) (red arrows). (B) Shows
that the reflux event that occurred at 7:
32:20 is temporally associated (black arrow) with a cough episode that occurred
at 7:34:03, following an editing event
described herein.

7:32:20
7:34:03
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Peristaltic Recovery After Peroral Endoscopic
Myotomy for Achalasia: Dream or Reality?
TO THE EDITOR: We read with interest the article on esophageal
motility patterns after peroral endoscopic myotomy (POEM) in
achalasia.1 We appreciate the authors’ effort to maintain such a large
database and a concise presentation. However, we like to draw attention to certain points that we believe might help the readers to understand how much recovery of peristalsis does occur after POEM
in these patients more truthfully. The authors have taken the liberty
of using the term “recovery of peristalsis,” by defining a mere 3-cm
long isobaric contour integrity of 20 mmHg. The Chicago classification versions 3.0 and 4.02,3 define peristalsis as a coordinated
contraction with normal distal latency (DL; ie, ≥ 4.5 seconds) and
normal distal contractile integral (ie, ≥ 450 mmHg∙sec∙cm). Any
contraction not fulfilling these criteria, particularly the DL criteria,
cannot be labeled as peristalsis; hence, the term “peristaltic recovery” is misleading as even a simultaneous contraction of adequate
amplitude may be misunderstood as peristaltic. It would also be
overtly reassuring to an interventionist as well as to the patients.
A significant proportion of patients were labeled as esophagogastric junction outflow obstruction (EGJOO) after POEM,
especially for achalasia types 2 and 3. It is also essential to ensure
whether a normal peristalsis was seen in these patients or simultaneous contractions fulfilling the arbitrary criteria were labeled as normal peristalsis to diagnose EGJOO. In fact, diagnosis of EGJOO
as per standard Chicago classification requires presence of normal
peristalsis, which needs to have a DL of ≥ 4.5 seconds. Similar issue can be raised about the finding of “fragmented peristalsis” after
POEM in these patients. The authors have rightly conceded that
impedance data showing a post-POEM improvement in esophageal emptying would have been critical in the interpretation of these
findings. The standard of care suggests the need for documenting
adequate esophageal emptying on timed barium esophagogram as
an evidence of adequacy of treatment for achalasia.
Moreover, some studies quoted by the authors are either feline

studies4 or have used conventional manometry to look for peristalsis,5,6 which is not as accurate as high-resolution manometry in
analyzing esophageal motility, especially after an intervention.
In conclusion, it is well known that a proportion of patients
have altered peristalsis after intervention in achalasia; however, the
data provided by the authors are not adequately convincing to suggest that normal esophageal peristalsis returns after POEM for
achalasia.
Akshay Kulkarni, Anshuman Elhence, and Uday C Ghoshal*
Department of Gastroenterology, Sanjay Gandhi Post Graduate Institute
of Medical Sciences, Lucknow, India
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Peristaltic Recovery After Peroral Endoscopic
Myotomy for Achalasia: Dream or Reality?:
Author‘s Reply
TO THE EDITOR: We would like to thank the authors of the Letter to the Editor1 for constructive comments and important issues
raised regarding our analysis of post-peroral endoscopic myotomy
(POEM) esophageal motility.2 We were aware that the term “partial
peristaltic recovery” used in the article to describe the re-appeared
contractile activity in the esophagus after POEM in patients with
achalasia is not precisely accurate in terms of fulfilling the functional
criteria of peristalsis. That was the reason for the use of the term
“partial.” However, it must be said, that the “partial peristaltic recovery” should have been used more consistently instead of replacing it with just “peristaltic recovery”; maybe the term “contractile
activity” would have been more appropriate. Anyhow, we decided
to use this term because it seemed to better express to the reader the
character of the significant change observed in the esophageal motility after the intervention, but we also conceded this as a limitation
of the study in the discussion.
Although the Chicago classification (CC) has a specific definition for normal peristalsis requiring the distal latency of at least 4.5
seconds, we were often unable to accurately measure this parameter,
as the post-POEM contraction is in most of the cases situated in
the mid esophagus and does not reach all the way to the 3 cm above
the lower esophageal sphincter (where the contractile deceleration
point is placed) after the myotomy, also in some cases the contraction were partially peristaltic and partially simultaneous. Regarding
the distal contractile integral, we used the cutoff 100 mmHg∙sec∙cm
for absent or present contraction.3 For the esophagogastric junction
outflow obstruction (EGJOO), we did review the patients with
EGJOO after POEM again and we would like to correct that
6/18 did indeed have the distal contractile integral less than 450

mmHg∙sec∙cm (so not fulfilling the newest criteria of EGJOO in
CC version 4.0),4 the rest was over this threshold. Nevertheless,
some motility patterns after POEM were difficult to classify within
the CC for obvious reasons, which was also stated in out manuscript
as limitation.
Regarding other functional testing after POEM, we do perform timed barium esophagogram routinely after POEM. Although helpful, neither the timed barium esophagogram is a perfect
method for assessment of the role of peristalsis on esophageal emptying, because even patients with complete symptomatic relief after
treatment may present with some level of stagnation of the contrast
solution, most probably due to the impaired peristalsis and the solution clinging to the esophageal wall of the deviated lumen.
To clear our intent, the term “partial peristaltic recovery” should
have expressed more comprehensively of what we see on the postPOEM high-resolution manometry tracings––and that is a partial
contraction that was not seen or visible before the treatment within
the pressurizations due to the esophagogastric junction obstruction,
even though the rigorous criteria of peristalsis might not have been
fulfilled completely in all cases. From our personal experience, we
are not convinced that normal or intact peristalsis per se can return
or re-appear in the esophagus in patients with developed achalasia
irrespective of treatment used. What we see is most probably just
remnants of the previous peristaltic contraction, that are not fully
functionally sufficient to propel the bolus. And thus, we fully agree
with the authors of the letter, that the true peristaltic recovery is
rather a dream than a reality and the term peristalsis should have
been used more cautiously.
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Combination Treatment With Proton Pump Inhibitor
Plus Prokinetic for Gastroesophageal Reflux Disease
TO THE EDITOR: We read with great interest the recent study
by Jung et al1 entitled “A systematic review and meta-analysis of
randomized control trials: combination treatment with proton
pump inhibitor plus prokinetic for gastroesophageal reflux disease.”
The authors are commended for a well-written paper involving 16
randomized control trials with 1446 participants. The authors concluded that in patients with gastroesophageal reflux disease a combination therapy of prokinetic with proton pump inhibitor is better
than proton pump inhibitor alone. While we have great appreciation
for the work conducted by the authors there some methodological
aspects of this study that we feel need to be pointed out.
Firstly, the authors mentioned that this study was performed
in accordance with the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines, however a
protocol was not registered in the International Prospective Register
of Systematic Reviews (PROSPERO) or any other similar registry
such as Cochrane Library and International Platform of Registered
Systematic Review and Meta-analysis Protocols (INPLASY).2
Registration promotes transparency in the review process, it helps
in minimizing the risk of outcome and reporting bias and prevents
identical systematic reviews from being performed.3
Secondly, the authors mentioned that EMBASE, Cochrane Library, PubMed databases were searched for this study, but they are
not enough. For a more comprehensive search the authors should
have included other databases such as BIOSIS preview, NLM
Gateway, clinicaltrails.gov, and grey literature in their search strategy. Furthermore, the authors failed to provide the search string for
this study thus affecting the reproducibility of the search methods.
Thirdly, the authors failed to evaluate the risk of publication
bias. Recognition of publication bias is an important step when conducting a meta-analysis, publication bias also referred to as the “filedrawer problem” is often attributed to unpublished or unreported
clinical studies which have not been published since they report
negative or not significant results leading to a higher proportion of
studies with significant results being published.4 Publication bias
overestimates the potential benefits of an interventions and leads to

misrepresentation of adverse effects of a therapeutic modality. Presence of publication bias in systematic review and meta-analysis is
problematic as such a bias may invalidate the conclusions reached.5
Some commonly utilized tools to assess this bias are funnel plot,
Egger’s Regression test, and Duval and Tweedie’s trim and fill.6,7
In the present study an evaluation for publication bias would have
significantly improved the credibility of findings.
We hope that the authors will address the concerns raised which
will only serve to benefit the research community at large. We once
again would like to congratulate the authors on their findings.
Muhammad Ali Tariq* and Bilal Ahmed
Department of Internal Medicine, Dow University Hospital, Dow
International Medical College, Karachi, Pakistan
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Superimposed Non-acid Reflux Event: An Example
of When It May Be Important to Revisit the
Impedance Analysis Guidelines
TO THE EDITOR: Combined multichannel intraluminal impedance and esophageal pH (MII-pH) monitoring is the preferred
method for assessing gastroesophageal reflux (GER) because it
permits (1) detection and analysis of both acid (pH < 4.0) and
non-acid (pH ≥ 4.0) GER, and (2) monitoring of proximal extent
of individual GER events.1 The duration of a GER episode is always assessed in the distal-most impedance channel (Z6) because
total bolus exposure is greatest nearest the lower esophageal sphincter. By definition, a GER episode begins when impedance drops to
50% of baseline (Z6) and is cleared when impedance again ascends
to ≥ 50% of baseline (Z6). By convention, an impedance-detected
event is not counted if the duration is not ≥ 5 seconds.2,3 MII-pH
software uses these guidelines to run preliminary GER autoscans
to reduce observer burden. Due to low autoscan specificity, expert
opinion has recommended against analysis of MII-pH tracings
using only the autoscan feature for infants and children.4 They also
suggest that automated GER detection needs to be refined by consensus in order to derive meaningful autoscan results.4 It is important to note that automated analysis overestimates the frequency of
reflux events, in particular, non-acid GER events.4-7
Occasionally, the MII-pH autoscan will mark an event that,
on first glance, appears to be a legitimate single reflux event (for
example, Figure A) but upon further inspection, it becomes clear
that the software algorithm actually combined 2 events. This happens when the impedance waveform in the distal channel of the first
event does not reach 50% of baseline before the overlapping second
event enters the esophagus (Figure B). In this particular example,
separation results in 2 GER events with durations that are both less
than 5 seconds (3.9 seconds and 4.3 seconds). Figure C depicts a
contour plot that confirms the conjoined/superimposed event. This
image was captured as part of an assessment of a 3-week-old male
who was referred to our facility for symptoms suggestive of GER.

Loots and colleagues4 reported that the majority of MII-pH
observers in their inter- and intra-observer study indicated that
they tag GER events that fail to meet accepted guidelines because
they felt that the guidelines were inadequate. While the specific
guidelines that were ignored were not detailed, it is likely that these
would include (1) minimum duration of 5 seconds, and (2) the requirement for the impedance waveform in the Z6 channel to reach
50% of baseline to signal the end of bolus clearance. There are
likely many instances wherein an observer who frequently assesses
MII-pH tracings will encounter a GER episode during which the
duration in the distal channel is less than 5 seconds, and/or the baseline impedance is low and the 50% baseline target is not achieved.
Because determining the frequency of GER is an important component of the MII-pH report, the event described here provides
an example of where revisiting the impedance tracing analysis
guidelines to include GER events wherein (1) bolus duration is <
5 seconds, and (2) the end of bolus clearance is not 50% of baseline.
Our experience has been that when one of these conjoined/
superimposed events is encountered in a tracing, the observer can
usually expect to see others. To our knowledge, this is the first time
that a non-acid re-reflux/superimposed event has ever been reported. Previous reports have described re-reflux/superimposed events
as being associated only with acid reflux.2,8-10 Additional investigation is needed to further examine the potential clinical value of these
events as they may relate to the pathogenesis of GER disease in infants, in particular, who experience large numbers of non-acid GER
events and have underdeveloped reflux barriers.
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Figure. Superimposed non-acid gastroesophageal reflux event se

parated during the manual analysis. (A) It shows the suboptimal
autoscan marking that combined 2 non-acid gastroesophageal reflux
(GER) events. (B) It shows the manual separation to produce 2 nonacid GER events with durations below the 5 second guideline. (C) It
is a contour plot supporting the “re-reflux/conjoined/superimposed”
relationship of the 2 events.
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hepatitis B surface antigen
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HDV
H&E
HIV
HLA
Ig
IL
IFN
Km
MHC
MRI
mRNA
NANB
NSAID
PG
PGI
PNS
RNA
TGF
TNF
TXA2
UDCA
VIP
vol
vs
wt

hepatitis C virus
hepatitis D (delta) virus
hematoxylin and eosin
human immunodeficiency virus
human leukocyte antigen
immunoglobulin
interleukin
interferon
Michaelis constant
major histocompatibility complex
magnetic resonance imaging
messenger RNA
non-A, non-B (hepatitis)
nonsteroidal anti-inflammatory drug
prostaglandin
prostacyclin
peripheral nervous system
ribonucleic acid
transforming growth factor
tumor necrosis factor
thromboxane A2
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Measurements and Units of Measure
Combining Prefixes
tera- (1012)
T
giga- (109)
G
mega- (106)
M
kilo- (103)
k
hecto- (102)
h
deca- (101)
da
deci- (10-1)
d
centi- (10-2)
c
milli- (10-3)
m
micro- (10-6)
m
nano- (10-9)
n
pico- (10-12)
p
femto- (10-15)
f
atto- (10-18)
a
Units
A
Å
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angstrom(s)

cal
CFU
C
cpm
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o
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dpm
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o
F

calorie(s)
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F
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G
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H
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in
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J
K
kcal
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kg
L
×
m
mg
mL
mm
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mmHg
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mol/L
mol
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farad
foot
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gram(s)
half-life
henry(ies)
hertz
hour(s)
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international unit(s)
joule(s)
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kilocalorie(s)
kilodalton(s)
kilogram(s)
liter(s)
magnification
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microgram(s)
microliter(s)
micrometers (do not use microns)
microsecond(s)
milliliter(s)
millimeter(s) of mercury
minute(s)
month(s)
molar
mole(s)
millisecond(s)

Ω
osm
oz
Pa
lb
psi
rpm
rps
sec
U
V
W
wk
yr

ohm(s)
osmole(s)
ounces(s)
pascal(s)
pound(s)
pound-force per square inch
revolutions per minute
revolutions per second
second(s)
unit(s)
volts(s)
watt(s)
week(s)
year(s)

Statistical Terms
analysis of variance
ANOVA
confidence interval
CI
correlation coefficient
r
degrees of freedom
df
mean
x̄
not significant
NS
number of observations
n
odds ratio
OR
probability
p
standard deviation
SD
standard error
SE
standard error of the mean
SEM
variance ratio
F
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