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Editorial

Analysis of Whole Gut Motility for the Evaluation of
Diabetic Gastroenteropathy: Still the Road Untraveled?
Eun Jeong Gong
Department of Internal Medicine, Gangneung Asan Hospital, University of Ulsan College of Medicine, Gangneung, Gangwon-do, Korea

Article:	Gastric emptying time and volume of the small intestine as objective markers in patients with symptoms of diabetic
enteropathy
Klinge MW, Sutter N, Mark EB, et al
(J Neurogastroenterol Motil 2021;27:390-399)

Diagnosis of diabetic gastroenteropathy is often challenging.
Since diabetic gastroenteropathy can affect the entire gastrointestinal
(GI) tract, the presenting symptoms associated with this condition,
including nausea, vomiting, early satiety, fullness, and bloating are
non-specific.1 The distinction between upper and lower GI involvement is not always clear, which further complicates the diagnostic
approach in cases of diabetic gastroenteropathy.
Accordingly, a patient is diagnosed with diabetic gastroenteropathy through the exclusion of alternative diagnoses using laboratory tests, endoscopy, and imaging studies. Several functional tests
are available for identification and quantification of bowel dysfunction; results of such tests can provide more detailed knowledge regarding the physiology and pathophysiology of GI neuromuscular
function.2 However, there is a poor correlation between symptoms
and objective findings of diabetic gastroenteropathy with respect
to the optimization of diagnosis and treatment.1,3 Furthermore, the
usefulness of measurement data in directing for the prediction of
responses to therapy remains controversial.
In this issue of the Journal of Neurogastroenterology and Motility , a study investigating bowel transit abnormalities and the volume of small intestine in patients with type 1 diabetes mellitus (DM)

has been published.4 GI motility was evaluated using the 3-dimensional (3D)-Transit system (Motilis Medica SA, Lausanne, Switzerland) in 20 patients with type 1 DM who had symptoms that
could be attributed to diabetic enteropathy and 20 matched healthy
controls. The median gastric emptying time in the patients with
DM was longer than that in the controls (3.3 hours and 2.4 hours,
P = 0.002), whereas there was no significant difference between
the median small intestinal transit time in the patients and that in
the control groups (5.0 hours and 4.8 hours, P = 0.883). Furthermore, the patients and healthy controls did not differ with respect to
the frequency and amplitude of gastric contractions.
Additionally, gastric and small intestinal wall volumes were
estimated through volumetric analysis of data obtained from CT
scans. The volumes of the gastric wall and gastric contents were
similar in the 2 groups, whereas total small intestinal volume and
small intestinal wall volume were significantly larger in patients with
DM than in controls. With respect to bowel content, compared to
healthy controls, patients with DM appeared to have more fluid
in the small intestine (P = 0.082); however, the difference was not
statistically significant. The findings of the study suggest that the
volume of small intestine may provide the most sensitive objective
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measure for diabetic enteropathy in patients with type 1 DM.
Gastric emptying scintigraphy using a standardized radiolabeled meal is the gold standard for the measurement of gastric
emptying times.5 Scintigraphic assessment is also used to measure
small bowel transit times. In a previous study, it was observed that
among patients with gastroparesis, the number of patients with both
delayed small bowel transit and delayed gastric emptying was greater than the number of patients with isolated delayed small bowel
transit.6 This finding indicates that small bowel scintigraphy can
be used in addition to gastric emptying tests to evaluate symptoms
suspected of diabetic gastroenteropathy.6 However, limited normative data regarding small bowel transit times are available, and the
interpretation of such data can be affected by abnormal gastric or
colonic motility.
The wireless motility capsule is sensitive to pH, temperature,
and pressure changes in the GI tract, and it allows for an ambulatory and minimally invasive assessment of regional and whole gut
transit times without radiation exposure.3 Although parameters
evaluated using different modalities are not directly comparable to
each other, the performance characteristics of the wireless motility
capsule are considered reliable.7,8 A previous study in which gastric
emptying scintigraphy and the wireless motility capsule were used
found that extragastric or generalized transit delays occur in more
than 40% of patients with gastroparesis, indicating that small bowel
dysmotility may play an important role in gastroenteropathy.7
The 3D-Transit electromagnetic tracking system is another
capsule-based technique that allows for an ambulatory assessment
of gastric emptying, small intestinal transit time, and colonic transit times in a single investigation.9 A major advantage of the 3DTransit system is that it enables a detailed assessment of contraction
patterns in a precise anatomical location. A previous study in which
the 3D-Transit system was used showed that patients with type 1
DM had longer gastric emptying times, colonic transit times, and
whole gut transit times than healthy controls.10
Imaging techniques such as MRI, positron emission tomography, and CT are also used for the morpho-functional assessment of
the GI tract.11 Furthermore, attempts have been made to determine
objective parameters, which can be useful surrogates for bowel
dysfunction, through volumetric analyses. A recent study in which
the small intestinal and colonic volumes in patients with type 1 DM
were evaluated using CT also showed that patients with DM were
found to have larger small intestinal and colonic wall volumes that
healthy controls.12 Similarly, in the present study, CT was utilized
to estimate organ volumes, and the study showed that the small
intestinal volume was larger in patients with suspected diabetic
308

enteropathy than in controls.4 Despite the promising results of approaches involving volumetric analyses of the GI tract, analysis and
interpretation of data extracted from imaging techniques are timeconsuming measures that cannot be used in current clinical practice.
In addition, the clinical significance and underlying mechanisms of
large small intestinal volumes, with respect to the development of
symptoms, need to be further elucidated.
In conclusion, the measurement of gastric emptying times
remains the standard for the assessment of patients suspected of
having diabetic gastroenteropathy. Additional tests that involve the
evaluation of whole gut motility may be useful complements to gastric emptying tests. However, given the lack of understanding about
the pathophysiology of diabetic gastroenteropathy, it is uncertain
whether information obtained through functional tests can influence
management of patients with diabetic gastroenteropathy. The journey towards a better understanding of GI motility and dysmotility
and the establishment of single method that is more desirable than
other methods for a comprehensive assessment of diabetic gastroenteropathy is still underway.
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Role of Bile Reflux in Functional Dyspepsia:
Areas That Need Further Research
Seung Joo Kang
Department of Internal Medicine, Seoul National University Hospital Gangnam Center, Seoul, Korea

Article:	Bile reflux gastropathy and functional dyspepsia
Lake A, Rao SSC, Larion S, Spartz H, Kavuri S
(J Neurogastroenterol Motil 2021;27:400-407)

Functional dyspepsia (FD) is a chronic gastrointestinal disorder
defined by upper abdominal symptoms considered to originate from
the gastroduodenal region with no structural disease on routine
investigation, including upper gastrointestinal endoscopy.1 A metaanalysis using a broad definition reported that the global prevalence
of uninvestigated dyspepsia is 21.0%, with a higher prevalence in
women, smokers, users of NSAIDs, and in those with Helicobacter
pylori infection.2 In a Korean telephone survey of 5000 subjects
who completed the Rome III questionnaire, 7.7% of respondents
had dyspepsia symptoms.3 It is frequently accompanied by gastroesophageal reflux disease or irritable bowel syndrome. Because of
the multifactorial nature and heterogeneity of symptoms in FD, the
condition’s underlying pathophysiology remains unclear. Mechanisms of FD include delayed gastric emptying, disorder of gastric
accommodation, hypersensitivity of gastric acid, H. pylori infection,
inflammation of the duodenum, environmental factors such as spicy
food and psychological factors.4
Reflux of duodenal contents to the stomach and then to the
esophagus is a short-term physiological event rarely leading to
symptoms.5 Excessive duodenogastric reflux (DGR) occurs very
commonly in adults secondary to partial gastrectomy, pyloroplasty,

and cholecystectomy.6 The role of DGR of bile in the pathogenesis
of FD was investigated in a few studies. One study comparing patients with FD and healthy subjects using bilirubin concentration
monitoring (Bilitec 2000, Medtronic) revealed that significant longer periods of bilirubin exposure are observed in patients with FD
and the total number of reflux and the number of reflux episode,
lasting over 5 minutes were also higher.7 However, there are few
studies on the association of bile reflux, FD, severity of symptoms,
and response to treatment in FD patients undergoing cholecystectomy.
In this issue of the Journal of Neurogastroenterology and
Motility , Lake et al8 investigated the association of bile reflux
gastropathy and FD and identified the predisposing factors in a
retrospective study. Patients with dyspepsia who fulfilled the Rome
III criteria were included and underwent esophagogastroduodenoscopy and gastric biopsies. A total of 262 patients were included in
the study and were stratified into 3 cohorts: bile gastropathy (BG)
group (n = 90), non-bile gastropathy (NBG) group (n = 121),
and no gastropathy (NG; n = 51). Patients with BG reported significantly more severe abdominal pain than patients with NBG or
NG group (P < 0.05), and had significantly higher prevalence of
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cholecystectomy (68.0%) than patients with NBG (35.0%) or NG
(22.0%) groups. BG patients has significantly higher prevalence of
gastric erythema than NBG patients (88.9% vs 63.6%; P < 0.01)
in endoscopic examination and showed an increase in the prevalence of gastritis (37.8% vs 7.4%), edema (30.0% vs 0.8%), and
chronic active inflammation (7.8% vs 1.7%) than the NBG group
on pathological examination. According to multivariate regression
modeling comparing the BG group (n = 90) vs NBG + NG
group (n = 172), cholecystectomy was significantly associated with
BG (OR, 6.60; 95% CI, 1.87-23.30; P = 0.003). Cholecystectomy
was also significantly associated with severe abdominal pain (OR,
2.049; 95% CI, 1.09-3.86; P = 0.026) and chronic prescription
narcotics than those without cholecystectomy (30.0% vs 14.0%;
P = 0.003).
This study has limitations because it is retrospective study
and has referral bias because this study was conducted in a tertiary
center. In addition, since there was no data for H. pylori , one of the
important causes of FD, there was a possibility that the adjustment
for this confounding factor in multivariate analysis was not sufficient. Also, although a small study, contrary to this study, one study
reported that FD patients who underwent cholecystectomy were
not different from those of FD patient without the surgery history
in gastric motility, DGR, and symptom scores.9 Therefore, further
studies are needed on the severity of symptoms and response to
treatment in FD patients who underwent cholecystectomy.
For the treatment of dyspepsia with DGR, both sucralfate and
rabeprazole therapies are known to be effective treatment options
for the dyspeptic symptoms and histologic improvement compared
with placebo.10 Domperidone can also significantly decrease the
nocturnal duodenogastric bile reflux compared with placebo in
patients with nocturnal dyspeptic symptoms and increased duodenogastric bile reflux time (intragastric bilirubin absorbance >
0.14).11 Although the treatment options of patients with DGR are
not thought to be different from the general FD treatment, in this
study, a high rate of taking narcotics in patients who had undergone cholecystectomy was reported. Therefore, when treating FD
patients with DGR, it is necessary to consider the possibility of patients not responding well to general FD treatments such as proton

pump inhibitors, prokinetics, and mucoprotectives. In order for bile
reflux to be recognized as one of the important causes of FD, more
studies on pathophysiology and effective therapeutics are needed in
the future.
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Article:	Rectosigmoid localization of radiopaque markers for identifying defecation disorders in patients with chronic
constipation: a retrospective cohort study
Abe T, Kunimoto M, Hachiro Y, Ohara K, Inagaki M, Murakami M
(J Neurogastroenterol Motil 2021;27:419-425)

Constipation is a highly prevalent condition which has negative impact on a patient’s quality of life.1,2 Functional constipation
(FC) is categorized into 3 subtypes according to their pathophysiologic mechanism: normal transit constipation (NTC), slow transit
constipation (STC), and defecatory disorders (DD).3 Classification
of FC subtypes provides valuable insights to the underlying pathophysiology of FC. However, patients with FC complain of similar
but diverse symptoms, and each subtype often overlaps, making
it difficult to classify patients with FC based on symptoms. As a
result, clinicians have difficulties choosing an appropriate treatment,
and patients are often dissatisfied with the therapy prescribed.2
DD is characterized by difficulty in rectal evacuation from
inappropriate rectal propulsive forces and/or paradoxical contraction of the pelvic floor and external anal sphincter during attempted
defecation.4 Patients with DD do not benefit from fiber or laxatives, and their symptoms may worsen in some cases.5 In particular,
patients with DD respond less to laxatives and respond best to biofeedback therapy.3 Biofeedback therapy showed a favorable outcome
even in cases of DD coexisting with STC or NTC, suggesting a
potential influence of outlet dysfunction on a delayed colonic transit.6,7 Thus, early subtyping of FC is crucial for selecting suitable

candidates for biofeedback therapy regardless of STC overlap. According to the Rome IV criteria, DD can be demonstrated by 2 of
4 abnormal findings on objective anorectal tests such as manometry
or anal surface electromyography, balloon expulsion test, or barium
or magnetic resonance defecography.8 However, anorectal tests are
not universally available in real clinical practice.
Radiopaque markers are non-invasive, easily accessible, and
inexpensive modality for accessing colonic transit time (CTT).4
Despite of the convenience of radiopaque markers, its diagnostic
feasibility for DD seems to be somewhat disappointing in the existing literature. Several studies have reported that rectosigmoid (RS)
accumulation of radiopaque markers was not useful to diagnose
DD or discriminate DD from NTC and/or STC.9-11 However,
Nullens et al12 suggested that regional scintigraphic transit profiles
can differentiate DD from STC, suggesting diagnostic value of
non-invasive measurement of colonic transit.
In this regards, Abe et al13 evaluated the diagnostic value of
RS localization of radiopaque markers in discriminating constipation subtypes. Among 169 patients with refractory constipation, 79
(46.7%) patients were confirmed to have DD based on standard
anorectal tests. Notably, the RS accumulation was useful for dis-
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criminating DD from STC with a sensitivity of 62.5%, specificity
of 88.2%, and a positive likelihood ratio of 5.3. In discriminating
between DD and NTC, the specificity of RS accumulation was
82.1%, however, the sensitivity was only 10.6%.
Interestingly, RS accumulation was not found in 70.9% of
NTC cases, those lead to extremely low sensitivity (10.6%) and
failed discrimination between DD and NTC in this study. Similarly,
radiopaque markers cannot reach to the RS location in an abundant
numbers of patients in DD with STC, which resulted in insufficient
sensitivity (62.5%). These findings are thought to have originated
from fundamental drawback of CTT using radiopaque markers.
In order to more accurately categorize the subtypes of FC, various
anorectal tests are needed as recommended on the guidelines.3,8
The current study is limited by the fact that a single capsule
ingestion followed by single abdominal film technique was applied.
This method may underestimate delayed CTT.14 However, it is
necessary to interpret the findings of this study with a focus on the
fact that CTT using radiopaque markers can be easily performed
even in primary care settings where other anorectal tests are not
possible. Although such a design may limit generalization of the
current findings, a single capsule ingestion followed by single abdominal film technique seems to have sufficient value as a primary
test for patients with FC in terms of being able to discriminate DD
from STC with a simple method.
The authors also suggested the diagnostic algorithm for predicting patients with DD. Since CTT using radiopaque markers is
an inexpensive and convenient method, the algorithm proposed by
the authors can be applied as an initial diagnosis of FC, especially
in the absence of specialized anorectal test for assessing FC. With
this approach, the primary care clinicians may be able to identify patients for referral to a specialist, such as patients who require further
anorectal tests or those who will benefit from biofeedback therapy.
However, when using CTT with radiopaque markers in clinical
practice, it should be borne in mind that there exists significant heterogeneity in the method of measuring CTT among studies, and
this may have influenced the study results.15 Thus, further validations of the proposed protocol in this study is required before clinical application.
Taken together, RS accumulation of radiopaque markers seems
to be helpful for discriminating DD from STC when anorectal
testing are not available. However, RS accumulation of radiopaque
markers may be insufficient to exclude DD because it does not
adequately discriminate DD from NTC. The proposed diagnostic
approach for constipated patients in this study is simple and practical, but requires further validation.
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Roles of Sex Hormones and Gender in
the Gut Microbiota
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The distribution of gut microbiota varies according to age (childhood, puberty, pregnancy, menopause, and old age) and sex. Gut
microbiota are known to contribute to gastrointestinal (GI) diseases such as irritable bowel syndrome, inflammatory bowel disease,
and colon cancer; however, the exact etiology remains elusive. Recently, sex and gender differences in GI diseases and their relation
to gut microbiota has been suggested. Furthermore, the metabolism of estrogen and androgen was reported to be related to the gut
microbiome. As gut microbiome is involved in the excretion and circulation process of sex hormones, the concept of “microgenderome”
indicating the role of sex hormone on the gut microbiota has been suggested. However, further research is needed for this concept to
be universally accepted. In this review, we summarize sex- and gender-differences in gut microbiota and the interplay of microbiota
and GI diseases, focusing on sex hormones. We also describe the metabolic role of the microbiota in this regard. Finally, current
subjects, such as medication including probiotics, are briefly discussed.
(J Neurogastroenterol Motil 2021;27:314-325)
Key Words
Gastrointestinal diseases; Gender; Gut; Microbiota; Sex hormones

Introduction
Gut microbiota consists of as many as 1013 to 1014 microorganisms.1 The collective genome of microbiota (microbiome) covers
various genes needed for many biologic processes; it is thus regarded as a separate organ for metabolism, like the human liver.2,3
Imbalance of the gastrointestinal microbiome could impact many
diseases, such as neoplasm and autoimmune or cardiovascular conditions.4-6 There are several factors that affect the gut microbiome.
Among them, gender and sex hormones play an important role
after puberty.7 Interestingly, the bacteria-to-human cell ratio is dif-

ferent between genders, that is, higher in women than in men. The
bacteria-to-human cell ratio is 1.3 in men and 2.2 in women.8 As
the gut microbiome is involved in the excretion and circulation process, the “microgenderome” indicating the interaction between sex
hormones and the gut microbiome is an emerging research topic.9,10
In functional gastrointestinal disorders (FGID), microbiota and inflammation can affect gastrointestinal (GI) function and sensation.11
There is emerging evidence that sex hormones can play a role in the
interplay between the microbiome and GI symptoms.7 We hereby
review the interaction between sex hormones, gender, and microbiota.
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Estrogen and Microbiota
Reproductive endocrine function involves a variety of hormones
controlled by intricate feedback mechanisms (Fig. 1).12 The ovaries,
adrenal glands, and adipose tissue produce estrogens. Estrogens
produced in the body or ingested as food can be metabolized by gut
microbes. The resultant metabolites again influence the host.13 Sex
hormones directly modulate the metabolism of bacteria through
steroid receptors, including estrogen receptor beta.14
Meanwhile, the gut microbiome with β-glucuronidase activity
deconjugates the conjugated circulating estrogens excreted in the
bile (Fig. 2).10 Deconjugation enables the estrogen reabsorption
process to the system.10 The deconjugated estrogens circulate and
affect multiple organs not only reproductive, but also skeletal, cardiovascular, and central nervous systems via estrogen receptors.15
Typically, estrogen binds to nuclear receptors, causing conformational change (Fig. 3).16 Central and peripheral alterations have
been linked to irritable bowel syndrome (IBS) through intestinal
barrier permeability and immune system modulation.9 Epidemiological studies suggest a female predominance of IBS, implying the
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effect of sex hormones on its pathogenesis.9,17 GI transit duration
also has been reported to vary according to menstrual cycle, pregnancy, and postpartum.17
In a human study, estradiol, estrone, 13 estrogen metabolites,
and total estrogens were measured in urine and feces.18 In male and
post-menopausal females, the total urinary estrogen levels were associated with fecal microbiota abundance and α-diversity.18 Nonovarian estrogens were also associated with fecal Clostridia taxa and
some Ruminococcaceae, which produce β-glucuronidase. Fecal
18
β-glucuronidase was inversely correlated with fecal estrogens. In
contrast, pre-menopausal female estrogen levels were not related to
the fecal microbiome or enzymes.18 From the results they concluded
that non-ovarian estrogens were affected by the intestinal microbiome and enzymes such as β-glucuronidase.18 A recent animal study
showed that increasing age was associated with a significant reduction in fecal β-glucuronidase activity in females.19 Male C57BL/6
mice showed significantly higher β-glucuronidase activity than did
females.19 In this study, fecalase, a cell-free extract of feces, was employed in a colorimetric-based assay to quantify enzymatic activity.19
This approach could be employed to investigate gender differences
in human samples.
Estrogen and testosterone have been shown to directly affect
the gut microbiome and immune cells. β-estradiol affects the transformation of dendritic cells to produce IL-12 and IFN-γ.20 This, in
turn, activates pathways for pro-inflammatory cytokines.20 Estradiol
prolongs the survival of B cells and activates polyclonal B cells. The
resulting pro-inflammatory environment with altered intestinal gut
permeability causes the migration of gut microbiota into the lamina
propria, which again promotes inflammation processes.20

Breast development
milk production

Figure 1. Overview of endocrine physiology. Gonadotropin-releasing

hormone (GnRH). LH, luteinizing hormone; FSH, follicle-stimulating hormone; TSH, thyroid-stimulating hormone; ACTH, adrenocorticotropic hormone; GH, growth hormone; Prl, prolactin. Adapted
from Molina.12

The relationship between androgen and microbiota has been
reported. An animal study measured unconjugated and glucuronidated androgen levels. In young adult males, unconjugated
dihydrotestosterone (DHT) was 70-fold higher in the feces than
in the serum. The distal intestine of germ-free mice showed high
glucuronidated testosterone and DHT, but very low free DHT
levels. They concluded that the gut microbiome affects the intestinal
metabolism and deglucuronidation of androgens.21
Another study investigated the gut microbes and serum levels
of testosterone in men and estradiol in women.22 Male and female
patients with high testosterone or estradiol levels showed a more
diverse gut microbiome.22
An animal study showed that antibiotic exposure inhibited
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mitochondrial dysfunction in a mouse Leydig tumor cell line
(MLTC-1), inducing reduced steroidogenesis.23 Mice exposed to
doxycycline subchronically showed a reduction in microbiome diversity and changes in composition.23
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In males, testosterone shows an inhibitory effect on T-cell
proliferation. In contrast to estradiol, testosterone does not alter the
intestinal barrier.20 Blood testosterone levels are correlated with gut
microbiota. Furthermore, the sex difference was reversed by male
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Letrozole treatment resulted in restoration of
α/β diversity
PCOS was associated with reduced microbiome
biodiversity

PCOS showed lower SVs and alpha diversity than
did the control
Parasutterella was correlated with T

DHT associated with microbiota disturbance
Associated with the clinical parameters of PCOS

HFD-dependent metabolic disorders in ArKO
males were abolished after antibiotic treatment
Firmicutes, Bacteroidetes, Lactobacillus
Castration affected microbiome and obesity
Lactobacillus reuteri
Probiotics improved testis function
Verrucomicrobia, Cyanobacteria, Firmicutes, Bacteroidetes E2 supplement affected AOM/DSS-treated mice

Parasutterella, Corynebacterium, Odoribacter,
Acinetobacter
Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria,
Porphyromonadaceae, Streptococcaceae
Lactobacillus, Lachnospiraceae spp., Ruminococcus, Roseburia, Sutterella, Bifidobacterium, Parabacteroides, Blautia
Porphyromonas spp., Bacteroides coprophilus Blautia spp.,
Faecalibacterium prausnitzii, Anaerococcus spp., Odoribacter spp., Roseburia spp., and Ruminococcus bromii
Bifidobacterium, Proteobacteria, Helicobacter,
Parasutterella
Ruminococcacea, Akkermansia
Roseburia, Blautia, Coprococcus 1, Parabacteroides ,
and Bilophilia
Turicibacter, Lactobacillus

Slackia and Butyricimonas
Doxycycline study
Nocardiaceae, Clostridiaceae, Akkermansia,
Bacteroides, Lactobacillus, Clostridium
Porphyromonadaceae, Veillonellaceae and
Kineosporiaceae, Lactobacillaceae, etc
Bacteroidetes, diversity analyses
Bacteroides, Escherichia/Shigella, Streptococcus,
Akkermansia , Ruminococcaceae
Bacteroidetes, Firmicutes, and Verrucomicrobia

High glucuronidated T and DHT, low DHT
Correlated with T level
High E group had more Bacteroidetes and
less Firmicutes
Correlated with E2 level
Doxycycline induced T deficiency and sperm quality
High Nocardiaceae and Clostridiaceae, low Akkermansia, Bacteroides, Lactobacillus, and Clostridium
T level correlated with microbiota

Interaction with microbiota

T, testosterone; DHT, dihydrotestosterone; E2, estradiol; LH, luteinizing hormone; FSH, follicle-stimulating hormone; PCOS, polycystic ovary disease; DHEA, dehydroepiandrosterone; SVs, structural
variations; AMH, anti-Müllerian hormone; GDX, gonadectomy; HFD, high-fat diet; ArKO, aromatase-deficient mice; OVX, ovariectomy; AOM, azoxymethane; DSS, dextran sodium sulfate.

Harada et al,37 2016
Mice
Poutahidis et al,38 2014 Mice
Mice
Song et al,39 2020

Human

Liang et al,27 2020

Adolescent
female
Pubertal
female
Pre-menopausal
female

DHT
Female
T/LH/FSH Pre-menopausal
female
T/LH/FSH/ Pre-menopausal
E2/DHEA female
T, AMH
Female

Rat
Human

Zheng et al,25 2020
Liu et al,26 2017

Both/castration

Male
Female offspring

T

T

Specific microorganism

Both
Germ-free mice study
Male (37.45 ± 1.91) Acinetobacter, Dorea, Ruminococcus , and Megamonas
Female (46.15 ± 2.26) Bacteroidetes, Firmicutes

Sex/age

Yurkovetskiy et al,24 2013 Mice

Mice/cell T
Rat
Prenatal T

Hou et al,23 2019
Sherman et al,30 2018

T, DHT
T, E2

Specific
hormone

Mice
Human

Human/
animal

Colldén et al,21 2019
Shin et al,22 2019

Author, year

Table 1. Studies Focused on Specific Sex Hormones
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castration, which confirmed the effect of androgens on microbiota.24
Androgen excess represented by polycystic ovary syndrome (PCOS) is associated with gut microbiota disturbance.
5α-Dihydrotestosterone (DHT) with a high-fat diet (HFD) could
lower gut microbiota diversity.25 In a human study with 33 patients,
the co-abundance bacterial groups increased in PCOS were Bacteroides , Escherichia/Shigella , and Streptococcus .26 They showed a
negative correlation with ghrelin, while positive relationships with
testosterone and body mass index were noted. In contrast, Akkermansia and Ruminococcaceae decreased with PCOS, showed
opposite results with body weight, sex hormone, and brain-gut peptides.26
A recent human study showed that butyrate producers decreased in a PCOS group.27 Another human study with 58 obese
female adolescents showed that gut microbiota was altered in obese
adolescent PCOS patients.28 The aromatase inhibitor letrozole
treatment of PCOS mice showed a positive effect on reproduction,
metabolism, and the gut microbial community.29
In androgen metabolism, the gut microbiota has been reported
to be an important regulator. In the small intestine content of mice,
glucuronidated testosterone and DHT were found at high levels.
The distal intestine had high levels of free DHT.21 Markedly high
levels of unconjugated DHT were observed in the feces of young
adult males.21 In germ-free mice, glucuronidated testosterone and
DHT were high; however, very low free DHT levels were noted
in the distal intestine. This implies that gut microbiota affects the
intestinal metabolism of DHT and testosterone.
We summarize the relevant studies focused on specific sex hormone in Table 1.

Gender Difference/Gonadectomy Status
Important shifts in the maturation of the gut and sex hormones
occur simultaneously. Sex differences within these systems occur
at similar ages, implying communication between gender and gut
microbiota.40 We summarize relevant studies focused on gender differences in Table 2.
Females showed greater gut microbial diversity in a study of
1135 individuals.41 In particular, Akkermansia muciniphila was
abundant in females.41 In pre-menopausal women, compared to
in post-menopausal female, the Firmicutes:Bacteroidetes ratio was
higher, Lachnospira and Roseburia were relatively more abundant,
and plasma levels of glucagon-like peptide-1, one of the intestinal
incretins released from enteroendocrine cells in the gut to potentiate glucose clearance in response to the ingestion of food, were also
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higher.42 The relative abundances of the Prevotella, Parabacteroides,
and Bilophila genera were lower in pre-menopausal than postmenopausal women. The plasma levels of IL-6 and monocyte chemoattractant protein-1 representing inflammatory levels were also
lower than those in post-menopausal women.42
Gonadectomy (GDX) model was used in animal studies to
investigate the function of sex hormones. A research showed that
GDX showed that the abundance of Ruminococcacea was markedly different between GDX males and the control on a high-fat/
high-sucrose diet.34 In females, 2 strains showed differences between the sham control and GDX mice. Akkermansia was more
abundant in the control than in GDX female mice.34 In addition,
an interesting animal study with low capacity running (LCR) and
high running capacity (HCR) rats was reported to mimic the postmenopausal phenotype.44 A decreased Firmicutes:Bacteroidetes
ratio was observed in LCR—but not HCR—mice subjected to
ovariectomy (OVX). LCR OVX was associated with increased microbial diversity and Bacteroidetes. HCR OVX did not show any
changes in specific phyla.44

Age
Sex differences in childhood gut microbiota have not been reported owing to gonadal hormone quiescence. Approximate mean
sex steroid levels in plasma shows pubertal surge and difference
between sexes.40,65 The microbiota undergoes changes according
to age, represented by a human study showing the core microbiota
of elderly subjects was different from that of younger adults, with
higher proportion of Bacteroides species (spp.) and distinct abundance patterns of Clostridium groups.66 A recent study reported
that early-life adverse events such as maternal lipopolysaccharide
injection, maternal separation, and unpredictable chronic stress affected gut microbiota according to gender.67
One germ-free mice study reported the sex-specific effects of
the early-life microbiota status on serotonin production.44 The reduced sex differences in serotonin concentration in germ-free mice
were reversed after microbial colonization. Sex differences in the
hippocampal serotonergic neurocircuit also reappeared.40,68 Pubertal
gonadal hormone alteration and its effect on sexually dimorphic
brain development could not be reversed by hormone replacement
in adulthood.69
The core microbiota of the elderly has a greater proportion of
Bacteroides species and abundant Clostridium groups than does
that of younger subjects.66 In centenarians, rearrangement in the
Firmicutes population and an enrichment in facultative anaerobes
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Human

Human

Human
Human
Human

Mice
Mice
Mice
Rat
Mice

Takagi et al,51 2019

Dewulf et al,52 2013

Feng et al,53 2014
Aguirre et al,54 2011
Mueller et al,55 2006

Walsh et al,19 2020
Sheng et al,56 2017
Mu et al,57 2017
Lee et al,58 2017
Zhang et al,59 2018

Specific microorganism

Human Both
Mice
Both

Edogawa et al,63 2018
Son et al,64 2019

Prevotella , etc.
Lactobacillus murinus, Bacteroides acidifaciens, and
Helicobacter hepaticus

No sex difference
Fungal richness; difference in culture-based analysis;
no difference in metagenomics
Sex difference to NSAID
Sex difference during development of IBD

Sex difference to introduced microorganisms

Difference between age and sex
Sex difference in WD-induced steatosis
Sex difference in probiotic administration effect
Sex difference in probiotic administration effect
Sex difference in anti-aging intervention

Difference between sex
Difference between sex
Difference between sex

Effect of inulin diet on obese women

Response to oligofructose supplementation was different
between sex
Sex difference in Japanese subjects

Sex and age difference in colitis model

Genetic load scores (GLS) were more predictive than was sex
No sex difference was reported in IBD

No sex difference was reported in IBD

Difference between pre- and post-menopausal women
Microbiota changed from T1 to T3
Relationship of LCR/HCR with OVX
Different response to HFD
Microbial depletion affected differently according to sex

Females had higher antibiotic resistance genes

Result in sex difference/effect of microbiota

LCR/HCR, high (HCR) and low (LCR) aerobic capacity; OVX, ovariectomy; HFD, high-fat diet; IBD, inflammatory bowel disease; WD, western diet; NSAID, non-steroidal anti-inflammatory drugs.

Human
Human

Mahnic et al,61 2018
Strati et al,62 2016

Karunasena et al,60 2014 Mice

Rat

Shastri et al,50 2015

Human
Human

Halfvarson et al,47 2017
Frank et al,48 2007

Mice

Human

Sha et al,46 2013

Kozik et al,49 2017

Human
Human
Rat
Rat
Mice

Santos-Marcos et al,42 2018
Koren et al,43 2012
Cox-York et al,44 2015
Lee et al,45 2018
Johnson et al,4 2020

Sex/age

Akkermansia, Bacteroides caccae, Coprobacillus,
Rothia mucilaginosa, Clostridium bolteae, etc.
Pre-/post-menopausal female Lachnospira, Roseburia, Prevotella, Parabacteroides, Bilophila
Pregnant women
Proteobacteria, Actinobacteria
Female
Bacteroidetes
Both young and old
Akkermansia muciniphila , Desulfovibrionaceae
Both juvenile and adult
Bacteroides , Verrucomicrobia, Proteobacteria, Firmicutes,
Cyanobacteria, etc.
Both
Bacteroides, Bifidobacterium, Helicobacter, Lactobacillus,
Enterococcus, etc.
Both
Enterobacteriaceae, Ruminococcaceae, Prevotella, Faecalibacterium
Both
Bacteroides , Proteobacteria, Fusobacteria, Actinobacteria,
Firmicutes, etc.
Both
Ruminococcaceae, Anaerostipes, Peptostreptococcaceae,
Adlercreutzia , Coriobacteria, Streptococcus , etc.
Both
Bacteroidetes, Lactobacillaceae, Porphyromonadaceae,
Prevotellaceae
Both
Prevotella, Megamonas, Fusobacterium, Megasphaera,
Bifidobacterium, Ruminococcus, Akkermansia
Female
Bifidobacterium, Faecalibacterium prausnitzii, Bacteroides,
Propionibacterium
Both
Faecalibacterium prausnitzii
Both
Faecalibacterium prausnitzii
Both
Eubacterium rectale, Clostridium coccoides, Bacteroides,
Prevotella, Bifidobacterium
Both adolescent and adult
Antibiotic study
Both
Desulfovibrionaceae, Deferribacteraceae, Helicobacteraceae
Both/castration
Lactobacillus strains
Both
Lactobacillus farciminis
Both
Bacteroidetes, Firmicutes, Proteobacteria, Barnesiella , Clostridium
XIVa, etc.
Both
Mycobacterium avium subsp. paratuberculosis,
Lactobacillus animalis NP-51
Both
Fungal community
Both
Fungal richness/Aspergillus , Tremellomycetes

Human Both

Human/
animal

Sinha et al,41 2019

Author, year

Table 2. Studies Focused on Gender Difference
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are characteristic.70 The old rats showed a higher abundance of
Ruminococcaceae and Lachnospiraceae, which are butyrate producers.45 In the cecum of rats, the sulfate-producing Deltaproteobacteria increased with age.45 Recently, we reported the microbial
changes and host response of F344 rat colon, focusing on sex and
age.71 A HFD-induced low species richness and high abundance
of Desulfovibrio spp. and Clostridium lavalense were noted with
colon mucosal cell proliferation.71 Only in young rats and female
aged rats, the abundance ratio of A. muciniphila and Desulfovibrio
spp. increased with a HFD.71
In people aged over 70 years, changes in gut physiological
function can affect the gut microbiome composition.7,72,73 In a German study with 35 292 adults, total colony-forming units did not
show age- or sex-related changes.52 However, individual bacterial
species differed according to age: Escherichia coli and Enterococci
spp. both increased, and Bacteroides spp. decreased. Lactobacillus
and Bifidobacterium were stable throughout life.72,74

Effect of Diet
Diet has sex differential effects on gut microbiota.75 In the study
of dietary intake of phytonutrients in relation to fruit and vegetable
consumption in Korea, a higher proportion of women than men met
the recommended intake of fruits and vegetables.76 In addition, the
Korean national health and nutrition examination surveys among
3 groups, men, menopausal women, and postmenopausal women,
showed that men’s dietary carotenoid intake was the lowest.77 Since
fruits and vegetables are the main source of dietary carotenoids,
men consume less dietary fruits and vegetables than women. However, diet study is very difficult to perform in human especially in
terms of sex differential effect of diet on the gut microbiota because
sex- and gender-difference has many underlying conditions including age, race and culture. Usually diet studies are performed in animals, in which diet can be easily controlled. There are many studies
on the relationship between gut microbiota and fat and/or bile acid
regarding sex. HFDs induce an increase in bile secretion.78 Secondary bile acids are produced by gut bacteria from primary bile acids.
Large intestinal anaerobic bacteria deconjugate and dehydroxylate
to form secondary bile acids, such as deoxycholic acid and lithocholic acid.79,80 An animal study on sex differences in bile acids reported
that sex differences in Western diet-induced steatosis, insulin sensitivity, and microbiota functions were farnesoid X receptor (FXR)dependent.56 Male Western diet-fed FXR knockout mice showed
the most severe steatosis and highest liver and serum lipid profiles,
and insulin resistance than females. FXR deficiency increased the
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numbers of Desulfovibrionaceae, Deferribacteraceae, and Helicobacteraceae only in males.56
In addition, in a study on laboratory fish, mice, and humans,
Bolnick et al81 showed a gender-specific relationship between diet
and microbiota. They first employed principal coordinate analysis
and further analyzed the relative abundance according to diet and
sex. They found that the mammalian gut microbiome is affected by
sex–diet interactions. When males were fed a HFD, they showed
an increased abundance of Lactobacillus, Alistipes, Lachnospiraceae, and Clostridium , whereas females did not.81
Another animal study investigated the association between gender, physical activity, and the gut microbiome.82 High-fat, high-corn
starch, and high-sucrose diets were provided. Rats were housed in
a sedentary environment or under physically active conditions with
wheel-running access (RUN). Males in the RUN environment
equally consumed the 3 diet types, with significantly less consuming
the HFD than in the other groups.82 Females preferred a HFD.
Regarding microbiota, only males showed an effect of physical activity. Males in the RUN showed more richness than did females in
the sedentary environment.82
In IBS, the gut microbiota involved in bile acid metabolism
may affect the pathophysiology.83
A study on human fecal samples showed 2 orthologues, which
has a role in secondary bile synthesis, were decreased in IBS patients.83 The microbiota, primary bile acids, and secondary bile acids
(mainly deoxycholic acid and lithocholic acid) could be measured to
investigate the sex differences in IBS in future studies.

The Effect of Microbiota on the Disease
Manifestations Depending on Sex
Differences
Gut dysbiosis triggers diseases that manifest differently between the sexes. The most investigated disease or condition include
autoimmune diseases, obesity, and FGID. However, multifactorial
factors including sex, age, and dysbiosis affect these diseases and
they are also closely related and interact mutually. We tried to review
relevant research to date.

Functional Gastrointestinal Disorder and
Microbiome-Gut-Brain Axis
Gut microbiota play key roles in modulating the brain-gut axis
and intestinal barrier (Fig. 4).84-86 Short-chain fatty acids (SCFAs)
such as acetate, propionate, and butyrate are the most abundant
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Brain-gut axis
Central nervous system
Pain modulation
E: sensitivity
T: analgesic effect
IBS women: activity of structures involved
in emotional processing of pain
sensation (limbic system)
Stress response
E, P: HPA axis activity (CRH , cortisol )
T: stress induced ACTH release
IBS women: anxiety, hypervigilance

Autonomic nervous system
E: sympathetic responsiveness
P: cholinergic responsiveness
T: regulation of parasympathetic tone
IBS men: sympathetic and vagal activity in
response to colorectal distention than women

Sex hormone

Afferent sensory pathway
- IBS women: threshold to postprandial rectal
distention than men
- Different CNS areas activated by colorectal
distention in women and men

Gut and enteric nervous system
Intestinal transit
E: motility [RhoA GTPase , CCK(A) activity ]
P: motility (PGF2, PGE2 )
IBS-D women with low E/P = 5-HT
Visceral sensitivity
- IBS women: somatic and visceral pain
- ER and ER receptors modulate pain in DRG
- IBS women: spinal neuronal activity
Permeability
E: permeability (JAM-A , occudin )
Immune activation
E, P: T cells activity
E: mast cells activity
P: mast cells activity
IBS women: mast cells activity (gene expression
of immune activation and
inflammation in women > men)

Gut microbiota
E: ER expression affects the gut microbiota composition
Direct effect on bacterial metabolism, growth and expression of virulence factors
P: Direct effect on bacterial metabolism, growth, and expression of virulence factors
T: Commensal microbiota-dependent testosterone production protects against autoimmune
disease in mice

Figure 4. Sex hormone and brain–gut axis in irritable bowel syndrome (IBS). E, estradiol; T, testosterone; P, progesterone; HPA, hypothalamic-

pituitary-adrenal; CRH, corticotropin-releasing hormone; ACTH, adrenocorticotropic hormone; CNS, central nervous system; RhoA, Ras homolog family member A; GTP, guanosine-5’-triphosphate; CCK, cholecystokinin; PGE2, prostaglandin E2; IBS-D, IBS with diarrhea; 5-HT,
5-hydroxytryptamine; ER, estrogen receptor; DRG, dorsal root ganglion; JAM-A, junctional adhesion molecule-A. Adapted from Kim and Kim.84

and important microbial end-products. They are inflammation
modulators that regulate gut motility and wound-healing.87 They
have been also found as a link between the microbiome-gut-brain
axis.6,80,88 Among them, butyrate is considered to be the reason
for the health benefit from the fermentation process of indigestible carbohydrate.89 Interestingly, the sex difference in butyrateproducing gut microbiota has been reported.90 In addition, a recent
study has shown that male and female rat gut microbiomes have
different profiles of SCFAs when an oligofructose-containing diet
is administered to both.50 In females, oligofructose supplementation increased the abundance of Bacteroidetes, while no difference
was found in males.50 Furthermore, fecal butyrate, liver IgA, IL-6,
and cecal IL-6 levels were increased in males but IL-10 levels were
higher in females.50 Interestingly, Native Africans had remarkably
higher abundance in the butyrate-producing bacteria such as Faecalibacterium prausnitzii, Clostridium cluster IV, and Clostridium

cluster XIVa.91 In contrast, Bacteroides was the dominant in African
Americans.91 Bacteroides-Prevotella group showed higher levels in
men than women.55
There have been a few clinical studies regarding the microbiota and FGIDs. For instance, the differences in gut microbiota
associated with sex were investigated in 277 Japanese volunteers.51
Increases in the genera Prevotella, Megamonas, Fusobacterium,
and Megasphaera in males and increases in Bifidobacterium,
Ruminococcus , and Akkermansia in females were reported. In
females, 19.4% had hard stools (Bristol stool form scale types 1 and
2), which was higher than that in male subjects. Loose-to-liquid
stools (Bristol stool form scale type 6) were more common in male
subjects.51 Tight junction proteins are important for the development of IBS and it contacts with microbiota and SCFA. Our team
found that Helicobacter pylori was shown to be related to various
tight junction proteins, particularly claudin-4 and occludin.92 Inter-
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estingly, an increase in claudin-2 was thought to be involved in male
functional dyspepsia but not in females.92

Medication and Probiotics
There have been a few reports on medication and sex-difference
of microbiota. A human study investigated 23 healthy men and
women for differences in NSAID-induced intestinal barrier function and microbiome.63 The duodenal and fecal microbiota compositions were determined using 16S ribosomal RNA sequencing.
Healthy females had lower intestinal permeability, with higher duodenal and fecal microbial diversities than healthy males. Gut permeability increased after indomethacin administration in both sexes.63
However, only females showed decreased fecal microbial diversity,
including an increase in Prevotella abundance, after indomethacin
ingestion. The duodenal microbiota composition did not show sexspecific changes.63
Nowadays probiotics are popular for many reasons and it has
been suggested that the effect could be different in terms of sex.
Specifically, a probiotic clinical trial suggested an adjustment of the
butyrate concentration by administering Lactobacillus paracasei
DG.93 They showed that the effect of the probiotic on the microbiota and SFCAs correlated with the initial fecal butyrate concentration.93 Another study reported that administration of a probiotic
mixture of 5 Lactobacillus strains to lupus-prone mice improved
renal function and showed anti-inflammatory effects in female and
castrated male mice, but not in gonadally intact males, suggesting a
sex difference in probiotic administration.57
In addition, female and male rats responded differently to probiotic treatment for repeated water avoidance stress-induced colonic
microinflammation rat model. A 10-day treatment with Lactobacillus farciminis effectively treated female rats, but not males.58
Furthermore, supplementation of aged obese male mice with
the probiotic Lactobacillus reuteri helped to restore testosterone
levels, increasing seminiferous tubule cross-sectional profiles and
spermatogenesis, and Leydig cell numbers, as well as decreasing
IL-17 levels. The authors attributed these findings to the antiinflammatory properties of L. reuteri .38
Another study reported sex-based differences in the anti-aging
effect of a tuna oil and algae oil mixture on the intestinal microbiota.59 Male mice showed better anti-aging effects than did female
mice with a specific oil mixture ratio.59 The same oil treatment
resulted in different intestinal microbiota composition alterations in
different sexes. Lactobacillus and several butyrate producers were
more abundant in males than in females. Some inflammation-relat322

ed genera, such as Clostridium cluster XIVa, were lower in males.59
In addition, an animal study investigated the sex difference in
the interaction between Mycobacterium avium subspecies (subsp.)
paratuberculosis , probiotic Lactobacillus animalis NP-51, and the
intestines.60 Host responses to M. avium subsp. paratuberculosis
and L. animalis differed between sexes, especially the cytokines
IL-1α/β, IL-17, IL-6, IL-10, and IL-12. Staphylococcus and
Roseburia were consistently overrepresented in females compared
to those in males.60

Conclusions
There has been significant progress in the research for relationship between gender, sex hormones, and gut microbiota. We tried to
summarize recent studies on this subject under various conditions
such as androgen excess, aging, GI inflammatory and functional
diseases, nutrition, and medication. However, the majority of
studies were performed in animals, so far. Further research on the
interaction between gender, sex hormones, and gut microbiota may
suggest novel preventive measures for relevant diseases.
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Functional dyspepsia (FD) is considered to be a heterogeneous disorder with different pathophysiological mechanisms or pathogenetic
factors. In addition to traditional mechanisms, novel concepts regarding pathophysiologic mechanisms of FD have been proposed.
Candidates of therapeutic agents based on novel concepts have also been suggested. FD is a symptom complex and currently
diagnosed by symptom-based Rome criteria. In the Rome criteria, symptom-based subtypes of FD including postprandial distress
syndrome and epigastric pain syndrome are recommended to be used, based on the assumption that each subtype is more
homogenous in terms of underlying pathophysiologic mechanisms than FD as a whole. In this review, the usefulness of symptombased subtypes of FD for predicting underlying pathophysiologic mechanisms and choosing appropriate therapeutic agents was
evaluated. Although several classic pathophysiologic mechanisms are suggested to be associated with individual dyspeptic symptoms,
symptom-based subtypes of FD are not specific for a certain pathogenetic factor or pathophysiologic mechanism, and may be
frequently associated with multiple pathophysiologic abnormalities. Novel concepts on the pathophysiology of FD show complex
interactions between pathophysiologic mechanisms and pathogenetic factors, and prediction of underlying mechanisms of individual
patients simply by the symptom pattern or symptom-based subtypes may not be accurate in a considerable proportion of cases.
Therefore, subtyping by the Rome criteria appears to have limited value to guide therapeutic strategy, suggesting that the addition
of objective parameters or subclassification reflecting physiologic or pathologic tests may be necessary for the targeted therapeutic
approaches, particularly when therapeutic agents targeting novel mechanisms are available.
(J Neurogastroenterol Motil 2021;27:326-336)
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Introduction
Functional dyspepsia (FD) is a common disorder in the population worldwide, but its pathophysiologic mechanisms have not

been completely elucidated yet. Diverse pathophysiologic mechanisms including novel concepts have been proposed. Classically,
the main pathophysiologic mechanisms include hypersensitivity to
distending or chemical stimuli, impaired gastric accommodation
to a meal and delayed gastric emptying.1-6 Although therapeutic
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approaches targeting underlying mechanisms are considered to be
efficient in the treatment of FD, it is unclear whether symptombased subtypes are useful for predicting underlying mechanisms
and choosing appropriate therapeutic agents. A relationship of the
several distinct pathophysiological mechanisms with individual
dyspeptic symptoms has been suggested,1-5 but it is not clearly established. Furthermore, dyspeptic patients commonly complain of
multiple dyspeptic symptoms rather than a single symptom, and
their symptoms can change over time.
The Rome IV criteria prefer to use the diagnostic names of
subtypes such as postprandial stress syndrome (PDS) and epigastric pain syndrome (EPS) rather than FD as a whole.7 Such a
suggestion is based on the assumption that each subtype is more
homogenous in terms of underlying pathophysiologic mechanisms,
compared with FD as a whole. Thus, symptom-based subtypes
may be useful for choosing appropriate therapeutic agents. Actually,
in real clinical practice, proton pump inhibitors (PPIs) or visceral
analgesics are recommended to be used as the first treatment of
EPS, and the use of prokinetics are recommended first for the treatment of PDS.8-11 Besides classic pathophysiologic mechanisms such
as delayed gastric emptying, impaired gastric accommodation to a
meal, and hypersensitivity to distending or chemical stimuli, novel
concepts have recently been proposed. Duodenal abnormalities
such as altered microbiota, enhanced mucosal permeability, infiltration and activation of eosinophils and mast cells, and increased acid
exposure have been suggested to be implicated in the pathogenesis
of FD.5,12 Further, gastric dysbiosis, Helicobacter pylori infection,
and atrophic gastritis may also be involved in the pathogenesis.5,12
Interactions between pathophysiologic mechanisms or pathogenetic
factors under novel concepts are complex, and prediction of underlying mechanisms simply by the symptom pattern or symptombased subtypes seems to be more difficult than before.

Prevalence (% of patients)

90

Optimal treatment strategy for FD should be based on a detailed understanding of the abnormalities involved in the genesis of
dyspeptic symptoms. Symptom-based subtypes based on the Rome
criteria are commonly used to select therapeutic agents. However, it
is unclear yet whether those subtypes are useful for targeted therapeutic approaches, particularly when considering therapeutic agents
targeting novel mechanisms. The aim of this review is to evaluate
the usefulness of symptom-based subtypes of FD based on the
Rome criteria for predicting underlying pathophysiologic mechanisms and choosing appropriate therapeutic agents.

Association of Dyspeptic Symptoms With
Classic Pathophysiologic Mechanisms
FD is considered to be a heterogeneous disorder with different pathophysiological mechanisms or pathogenetic factors. Several
classic pathophysiologic mechanisms have been suggested to be
associated with a certain dyspeptic symptom. The association of
delayed gastric emptying with nausea and postprandial fullness
was reported.3,4 Impaired gastric accommodation to a meal was
found to be associated with early satiety.2 Hypersensitivity to gastric
distension was reported to be frequently related to epigastric pain
and belching.1 Although the prevalence of impaired gastric accommodation is highest in patients with early satiety as a predominant
symptom, such abnormality is also commonly observed in patients
with other predominant symptoms including epigastric burning,
epigastric pain, or postprandial fullness (Fig. 1).13 Similarly, the
prevalence of delayed gastric emptying for solids is highest in patients with a predominant symptom of postprandial fullness, but
that abnormal mechanism can be associated with patients with other
predominant symptoms such as early satiety or epigastric burning
(Fig. 1).13 Delayed gastric emptying and impaired gastric accom-
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Figure 1. Prevalence of pathophysiologic mechanisms in patients with
functional dyspepsia according to the
predominant symptom and symptombased subtype.13 H. pylori, Helicobacter
pylori .
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modation may lead to increased gastroesophageal reflux generating
burning symptoms. Moreover, some studies failed to show a positive association of delayed gastric emptying with specific FD symptoms.14-16 Irrespective of predominant symptoms, hypersensitivity
to gastric distension is similarly prevalent in patients with FD
(Fig. 1).13 Actually, each of classic pathophysiologic mechanisms
may be associated with both PDS and EPS (Fig. 1).17
In keeping with those findings, a previous study showed that
hypersensitivity to gastric distension can induce diverse dyspeptic
symptoms, depending on the level of stimuli. For instance, in the
induced condition of hypersensitivity to gastric distension in healthy
volunteers, sequentially increased distending stimuli to the stomach
generated fullness and bloating first, and then nausea, satiety, and
epigastric burning, followed by epigastric pain.18 Thus, one pathophysiologic mechanism can be associated with multiple dyspeptic
symptoms, and a specific dyspeptic symptom may be induced by
diverse pathophysiologic mechanisms. Consequently, individual
predominant symptoms are likely to have low sensitivities and specificities for predicting underlying pathophysiological mechanisms.
Moreover, there may be a considerable overlap of classic pathophysiologic mechanisms that makes it difficult to predict underlying
mechanisms by individual dyspeptic symptoms or symptom-based
subtypes.

Differences in Underlying Pathophysiological Mechanisms Between Postprandial Distress Syndrome and Epigastric Pain Syndrome
In the Rome III and IV criteria, symptom-based subtypes of
FD are recommended rather than FD as a whole: (1) PDS, characterized by the presence of postprandial fullness and/or early satiety,
and (2) EPS, characterized by the presence of epigastric pain and/
or epigastric burning.6 The rationale for this subdivision is based
on the expectation that pathophysiological mechanisms underlying
each subtype are different and appropriate therapeutic agents can
be selected based on those subtypes. However, a previous study
failed to demonstrate any differences between PDS and EPS in
the prevalence of gastric hypersensitivity, impaired gastric accommodation, and delayed gastric emptying.17 There was no difference
in the prevalence of gastric hypersensitivity to distension between
subgroups (PDS 30.5%, EPS 21.4%, and overlap 40.6%). The
prevalence of impaired gastric accommodation was also comparable
between subgroups (PDS 27.6%, EPS 42.9%, and overlap 38.7%).
Likewise, the prevalence of delayed gastric emptying did not significantly differ between subgroups (PDS 23.2%, EPS 14.9%, and
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overlap 23.8%).17 In addition, a substantial overlap between PDS
and EPS can decrease the usefulness of those subtypes in predicting
underlying pathophysiologic abnormalities.17,19
The use of subtypes such as PDS and EPS is further emphasized in the Rome IV as compared to the Rome III.7 Compared
with Rome III criteria, the overlap between PDS and EPS groups
is reported to be reduced by the Rome IV criteria.20,21 However, a
previous population-based study using the Rome IV criteria also
showed a considerable overlap between PDS and EPS (21.0% in
the adult population of the USA, Canada, and the UK).22 This
overlap hinders prediction of underlying pathophysiologic mechanisms based on symptom-based subtypes. Besides the overlap between PDS and EPS, there may be substantial overlap between underlying pathophysiological mechanisms.17 PDS is defined as mealinduced dyspeptic symptoms and more associated with the effect
of meal ingestion. Therefore, delayed gastric emptying, impaired
gastric accommodation to a meal, and hypersensitivity to distending
or chemical stimuli can be associated with meal-related dyspeptic
symptoms. Although EPS appears to be less associated with the
effect of meal ingestion, visceral hypersensitivity, that is considered
to be the main mechanisms of EPS, may produce symptoms postprandially as well as preprandially. Actually, postprandial epigastric
pain or burning may occur even in patients with EPS diagnosed
by the Rome IV criteria.7 Food and dietary factors may also be involved in the pathogenesis of FD. Those factors may be associated
with dysbiosis, enhanced mucosal permeability, and low-grade immune activation, particularly in the duodenum.23 Those duodenal
abnormalities can induce gastric sensorimotor dysfunction and play
a role in the generation of both PDS and EPS symptoms. Data
on treatment responses to acid suppressants or prokinetic agents in
patients with FD using the Rome IV criteria are lacking. Thus, the
real effect of the Rome IV definition of FD subgroups on treatment
responses needs further investigation.
Pathological gastroesophageal acid reflux was reported to be
observed in 18.5% of FD patients without heartburn. They were
characterized by a higher prevalence of epigastric pain.24 Similarly,
a previous study from China demonstrated high prevalence of
pathological gastroesophageal acid reflux in patients with FD.25
The prevalence of pathological gastroesophageal acid reflux was
the highest (48.9%) in patients with epigastric burning, 36.6% in
patients with PDS, and 28.7% in patients with EPS.25 The positive
rates for PPI tests did not significantly differ between patients with
PDS (65.5%) and EPS (60.6%) (P = 0.522). In that case, the
Rome subtyping separated into PDS and EPS could not help in
guiding treatment strategy. That may be at least partly attributed to
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the fact that delayed gastric emptying and impaired gastric accommodation to a meal may play a role in increasing gastroesophageal
reflux.26 Therefore, prediction of underlying abnormalities based on
symptom-based subtypes seems to be difficult.

Association of Psychological Factors or
Stress With Symptom-based Subtypes of
Functional Dyspepsia
The sensorimotor dysfunction of the gastroduodenal region can
be induced by diverse pathogenetic factors. Patients with FD are
known to have more psychological problems such as anxiety, depression, and psychological distress than those who do not have FD.27
Dyspeptic symptoms are found to be significantly associated with
psychosocial factors such as depression and somatization.28 Stress is
known to be a trigger for dyspeptic symptoms.29 Psychological factors or stress may induce abnormal central modulation and enhance
visceral sensitivity.30,31 It is also found that stress can cause alterations
in gastrointestinal motility, enhanced visceral sensitivity, increased
epithelial permeability, impaired intestinal barrier function, immune
activation, and gut dysbiosis in animal models,32-34 and irritable
bowel syndrome patients.35 Various kinds of psychosocial stress have
been shown to induce diverse gastric sensorimotor abnormalities,
including delayed gastric emptying, impaired gastric accommodation to a meal, and gastric hypersensitivity to distension in healthy
volunteers, suggesting that psychological factors or stress may play
a role in the pathogenesis of both PDS and EPS.36,37 Therefore, it
is unlikely that the involvement of psychological factors or stress is
predicted by symptom-based subtypes.

Association of Duodenal Abnormalities With
Symptom-based Subtypes of Functional
Dyspepsia
FD is defined as a disorder characterized by the presence of
recurrent or persistent symptoms thought to originate in the gastroduodenal region without any organic, systemic, or metabolic disease
that is likely to explain the symptoms.6,7 Recently, the duodenum is
regarded as the key organ in the generation of dyspepsia symptoms,
and it has been proposed that gastric sensorimotor dysfunction may
be induced by duodenal abnormalities.38-43 Infiltration and activation of eosinophils and mast cells have been identified in the duodenum of patients with FD, and suggested to play a key role in the
pathogenesis of FD.41-43 Infiltration and activation of eosinophils
and mast cells in the duodenum lead to low-grade inflammation

and increased mucosal permeability. Those duodenal abnormalities
can induce submucous neural changes, neuronal hyperexcitability,
and sensitization of the afferent nerve, which triggers duodenogastric reflexes, impairs gastric accommodation, and enhances gastroduodenal sensitivity.43-46 Thus, duodenal abnormalities found in a
subset of patients FD can be theoretically associated with both PDS
and EPS symptoms. Duodenal dysbiosis, food, and dietary factors
are also suggested to play a role in inducing duodenal abnormalities
such as enhanced mucosal permeability and low-grade immune activation. However, their role in the pathogenesis of FD needs to be
further investigated.
Abnormally increased duodenal acid exposure is observed in a
subset of patients with FD.47,48 Like low-grade immune activation
and inflammation of the duodenum, increased duodenal acid exposure can induce gastric sensorimotor dysfunction, probably through
triggering duodeno-gastric reflexes, impairing gastric accommodation, and enhancing gastroduodenal sensitivity.40,49,50 Therefore, this
abnormality leads to pathophysiologic mechanisms generating both
PDS and EPS symptoms. Taken together, it appears to be difficult
to predict the presence of duodenal abnormalities by symptombased subtypes of FD.

Association of Altered Gut Microbiota With
Symptom-based Subtypes of Functional
Dyspepsia
The importance of gut microbiota in gastrointestinal physiology
has been well described, and they are believed to be associated with
pathophysiology in various diseases.51,52 The mechanistic implications of gut microbiome in the pathophysiology of functional gastrointestinal disorders have also been suggested.53 Gut microbiome
is involved in modulating physiological processes such as immune
response, motility, secretion, epithelial barrier integrity, and brain–
gut communication.54 Animal studies have shown that gut dysbiosis
induces visceral hypersensitivity.55,56 Induction of epithelial opioid
and cannabinoid receptors, regulation of central and peripheral neuronal pathways, antinociceptive effects through inhibition of transient receptor potential cation channel subfamily V member 1, and
the effect of microbial metabolites on sensation are suggested as the
plausible mechanism.57-62 However, the exact mechanisms by which
gut microbiota affects visceral sensitivity are not clearly explored in
human beings.
It has been shown that intestinal dysbiosis is associated with irritable bowel syndrome.63 Similarly, altered gastric microbiota was
recently demonstrated in patients with FD.64,65 Initially, dysbiosis in
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Association of Helicobacter pylori Infection
With Symptom-based Subtypes of Functional Dyspepsia
The association of H. pylori with the development of peptic
ulcer disease and gastric cancer has been clearly demonstrated.
Chronic inflammation in the gastric mucosa induced by H. pylori
infection is believed to alter the sensorimotor and secretory function
of the stomach.73,74 It was found that H. pylori infected subjects
had significantly lower bacterial diversity and richness compared
to those non-infected.75 Although this concept has not been clearly
established, several consensus or guidelines on dyspepsia or FD
recommend H. pylori test and treat for the exclusion of H. pylori associated dyspepsia.8-10,76 Particularly, long-term favorable benefits
for dyspeptic symptoms after eradication of H. pylori can be anticipated in a subset of H. pylori infected patients with FD.77,78 Such
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benefits are observed only in a minority of cases (the estimated
number needed to treat; 14-15),78,79 that can be diagnosed as H.
pylori -associated dyspepsia.80 H. pylori infection is usually asymptomatic, and appears to cause dyspeptic symptoms in a minority
of H. pylori infected subjects. Therefore, it is necessary to determine whether H. pylori infection is a cause or not for dyspeptic
symptoms in H. pylori infected patients, which requires long-term
observation over 6 months.80 The relationship of H. pylori infection
with chronically recurrent dyspeptic symptoms is still a controversial issue. Thus, reduction of the risk of future peptic ulcer disease
and gastric cancer is emphasized as the additive rationale behind H.
pylori test and treat in dyspeptic patients.9
Although some epidemiological studies show association of H.
pylori infection with chronically recurrent dyspeptic symptoms,81 H.
pylori infection is considered to be less important for dyspepsia than
other risk factors including aspirin/NSAIDs use, unemployment,
and heavy smoking.82,83 Although the prevalence of H. pylori infection varies from 20% to 90%, depending on conditions of development and hygiene,83 the prevalence of FD does not seem to be well
correlated with that of H. pylori infection (Fig. 2 and Table).84-92
Likewise, in a Korean nationwide, multicenter study regarding the
prevalence of FD in patients undergoing health check-ups, positive
serology for H. pylori infection were not associated with the prevalence of FD.93 Furthermore, a recent meta-analysis of randomized
controlled trials from Asia revealed that the effect of H. pylori
eradication on dyspeptic symptoms in patients with FD was not

Functional dyspepsia prevalence

the gastric fluid of patients with FD was reported. The abundance
of genus Prevotella was found to be higher in the gastric fluid of
patients with FD than in healthy controls, and inversely correlated
with the severity of PDS symptoms.64 In another gastric fluid study,
gastric microbiota of the FD group was characterized by increased
Bacteroidetes to Proteobacteria ratio and total absence of Acidobacteria .65 In mucosa-associated microbiota studies, Firmicutes at the
phylum level and Streptococcus at the genus level were reported to
be increased in patients with FD compared to healthy controls in
the stomach and duodenum.66 It has been shown that the relative
abundance of Streptococcus at the genus level and OTU 90 (the
most prevalent sequence of Streptococcus infantis ) at the species
level are positively correlated with PDS and EPS symptom scores.67
Zhong et al.68 assessed duodenal mucosal microbiota, and revealed
that the relative abundance of Prevotella , Veillonella and Actinomyces was significantly decreased in the FD group.
It cannot be completely excluded that delayed gastric emptying,
the use of PPIs, and dietary changes due to dyspepsia may affect
microbiota composition in the stomach and duodenum of patients
with FD. Although current data cannot explain a direct causative
process in FD, dysbiosis is likely to be associated with symptom
generation or exacerbation in a subset of patients with FD. Microbial products or metabolites might be involved in the regulation
of gastrointestinal motility.69-71 On the other hand, duodenal dysbiosis is suggested to play a role in altering mucosal permeability.72
Although gastroduodenal dysbiosis may be associated with the
generation of both PDS and EPS symptoms, its mechanistic role in
FD needs further investigation.

2

r = 0.081
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y = 3.21 + 0.25 * X
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H. pylori prevalence

Figure 2. Correlation between prevalence of Helicobacter pylori (H.
pylori ) infection (1, 10.0-19.9%; 2, 20.0-29.9%; 3, 30.0-39.9%; 4,
40.0-49.9%; 5, 50.0-59.9%; 6, 60.0-69.9%; 7, 70.0% or higher)
and that of functional dyspepsia (1, 0.0-9.9%; 2, 10.0-14.9%; 3,
15.0-19.9%; 4, 20.0-24.9%; 5, 25.0-29.9%).84-92
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Table. Comparison of Prevalence Between Helicobacter pylori Infec-

tion and Functional Dyspepsia
Country
USA
Canada
Mexico
Brazil
Argentina
United Kingdom
France
Sweden
Finland
Greece
Turkey
China
South Korea
Malaysia
Australia
New Zealand
Italy
Denmark
Japan

H. pylori infectiona Functional dyspepsiab
3
3
5
7
4
3
4
2
5
5
7
5
5
2
2
2
5
2
5

2
1
1
3
5
1
1
3
1
4
1
2
1
3
4
5
2
1
1

a
Prevalence of Helicobacter pylori (H. pylori ) infection in the population (1,
10.0-19.9%; 2, 20.0-29.9%; 3, 30.0-39.9%; 4, 40.0-49.9%; 5, 50.0-59.9%; 6,
60.0-69.9%; 7, 70.0% or higher).84-92
b
Prevalence of functional dyspepsia in the population (1, 0.0-9.9%; 2, 10.014.9%; 3, 15.0-19.9%; 4, 20.0-24.9%; 5, 25.0-29.9%).84-92

significant.94 Improvement in symptoms after successful eradication
is observed in a minority of dyspeptic patients infected with H. pylori . Taken together, H. pylori infection is more likely to be a minor
cause in FD rather than a major one. Dyspeptic patients infected
with H. pylori have similar clinical characteristics to non-infected
dyspeptic patients.95 A previous study showed that epigastric pain
or burning and postprandial fullness are more intense in dyspeptic
patients infected with H. pylori than in non-infected dyspeptic patients.96
Gastric emptying was reported to be delayed in patients with
atrophic gastritis and hypochlorhydria,97 suggesting that progression
of atrophic gastritis to the proximal stomach by long-lasting H. pylori infection may lead to delayed gastric emptying. Actually, there is
a previous study demonstrating that gastric emptying improved significantly in dyspeptic patients after successful H. pylori eradication,
whose dyspeptic symptoms disappeared.98 On the contrary, there
are data showing the negative association between gastric emptying
rate and H. pylori status.99,100 Atrophic gastritis that progresses to
the gastric corpus may result in gastric hypochlorhydria.101 A previous study from Japan revealed that dysmotility-related symptom

scores were significantly higher in dyspeptic subjects with gastric
hypochlorhydria compared with the non-hypochlorhydria group.102
Hypochlorhydria-related abnormalities in digestion, absorption,
and motility may be responsible for this observation. The association
of reduced accommodation with H. pylori gastritis was reported.103
Similarly, inflammatory changes associated with H. pylori infection
are also suggested to influence proximal gastric motor function.104
Recently, it was found that PDS-like symptoms are associated with
atrophic gastritis that progresses to the corpus, and EPS-like symptoms with atrophic gastritis localized to the antrum.105 This finding
indicates that H. pylori -induced chronic atrophic gastritis may be
involved in the generation of both EPS and PDS symptoms, probably depending on the extent of atrophic gastritis. Actually, there is a
previous report that EPS-like symptoms such as epigastric pain and
burning are correlated with the degree of inflammation in patients
infected with H. pylori .106
Dyspepsia with H. pylori infection and H. pylori -associated
dyspepsia are not the same, because H. pylori -associated dyspepsia
can be diagnosed when dyspeptic symptoms are improved after
eradication of H. pylori. This improvement after successful eradication is observed only in a small portion of dyspeptic patients infected
with H. pylori . Although long-lasting H. pylori infection evokes
chronic inflammatory changes in the stomach and it may affect gastric functions, many patients with H. pylori infection do not have
any symptoms. Therefore, although H. pylori infection can contribute to the generation of EPS or PDS symptoms, it is difficult
to determine whether H. pylori infection is a cause for symptoms
in dyspeptic patients infected with H. pylori . That is at least partly
attributed to the fact that FD is a multifactorial disease. Symptombased subtypes do not seem to be useful for predicting the pathogenetic role of H. pylori infection in dyspeptic patients.

The Association of Symptom-based Subtypes With Pathophysiologic Mechanisms or
Therapeutic Agents
It is ideal to choose appropriate therapeutic agents for FD
based on underlying pathophysiologic mechanisms. However,
many patients with FD may be associated with multiple pathophysiologic mechanisms, who are less likely to respond to an agent
targeting a single mechanism. Furthermore, each dyspeptic symptom is not specific for a particular pathophysiologic mechanism or
pathogenetic factor. Each pathogenetic factor may influence the
overall function of the gastroduodenal region, and lead to diverse
sensorimotor dysfunctions, that may be associated with multiple
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dyspeptic symptoms including both PDS and EPS symptoms.
Figure 3 depicts the relationship between symptom-based subtypes
of FD and pathophysiologic mechanisms. The presence of a single
functional abnormality such as delayed gastric emptying or impaired gastric accommodation to a meal may be associated with one
subtype such as PDS or a single dyspeptic symptom. This may explain clinical data of Acotiamide, a prokinetic agent with a feature of
fundic relaxants, showing that meal-related PDS symptoms, unlike
EPS symptoms, have more prominent therapeutic gains compared
to the placebo group.107,108 However, in the real world situation,
multiple functional abnormalities are more likely to be involved in
the generation of dyspeptic symptoms rather than a single functional abnormality. Actually, gastric hypersensitivity, delayed gastric
emptying, and impaired gastric accommodation may commonly

overlap.17 Therefore, in many cases, symptom-based subtypes such
as PDS and EPS do not accurately reflect underlying pathophysiologic abnormalities. It is presumed that patients with EPS are more
likely to improve with a PPI and those with PDS are more likely to
respond to a prokinetic agent.9-11 This assumption may be applied
in a subset of patients with a functional abnormality related to the
action mechanism of the agent. However, some studies have shown
that therapeutic responses to a PPI or a prokinetic agent do not
differ in the group of EPS or PDS, respectively.109-111 In general, a
PPI is not expected to show benefit in patients with dysmotility-like
dyspepsia. However, a previous study from Japan demonstrated
that PPI monotherapy was significantly more effective in improving dysmotility-like symptoms than prokinetics,109 suggesting that
symptom-based subtypes of FD may not be useful for choosing

Delayed gastric emptying

Meal-related
(PDS) symptoms

Impaired gastric
accommodation to a meal

Psychological factors
and stress

Figure 3. Relationship between symptom-

based subtypes and plausible pathophysiologic mechanisms in functional
dyspepsia (dotted lines indicate inadequate evidence requiring further
investigation). PDS, postprandial distress syndrome; EPS, epigastric pain
syndrome; GERD, gastroesophageal
reflux disease.

Reduced digestive activity
GERD overlap
Meal-unrelated
(EPS) symptoms

Atrophic gastritis

Hypersensitivity to
distending or chemical
stimuli

Gastric dysbiosis

Increased gastroesophageal
reflux

Duodenal dysbiosis
Enhanced permeability
Eosinophil infiltration
Mast cell activation
Increased acid exposure

Target symptoms

Therapeutic agents

Mechanisms

Delayed gastric emptying
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and stress

Antidepressants
Anxiolytics
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Meal-related
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Impaired gastric
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Fundic relaxants
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Gastric dysbiosis

H. pylori eradication
Digestive enzymes

Reduced digestive activity

Neuromodulators
Meal-unrelated
(EPS) symptoms

Hypersensitivity to
distending or chemical
stimuli
Increased gastroesophageal
reflux

Duodenal dysbiosis
Enhanced permeability
Eosinophil infiltration
Mast cell activation
Increased acid exposure
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Probiotics
H1/H2-R antagonists
Leukotriene-R
antagonists
Mast cell stabilizers
Acid suppressive
agents

Figure 4. Relationship between symptom-based subtypes and plausible therapeutic agents in functional dyspepsia (dotted lines indicate inade-

quate evidence requiring further investigation). PDS, postprandial distress syndrome; EPS, epigastric pain syndrome; GERD, gastroesophageal reflux disease; H. pylori, Helicobacter pylori ; H1/H2-R, histamine H1/H2 receptor; Leukotriene-R, Leukotriene receptor.
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effective therapeutic agents. The previous data are mostly based
on the Rome III criteria, and clinical trial data using the Rome IV
subgroup definition are lacking. However, when considering the
complex interactions between pathophysiologic mechanisms and
pathogenetic factors, and their common overlap, prediction of underlying pathophysiologic abnormalities simply by symptom-based
subtypes does not seem to be accurate. Particularly, novel concepts
on the pathophysiology of FD makes it more difficult and complex
than before.
The addition of objective parameters or subclassification reflecting physiologic or pathologic tests seems to be necessary for
the targeted therapeutic approaches, particularly when therapeutic
agents targeting novel mechanisms are available. The pathophysiologic mechanisms, that can be therapeutic targets at present,
include increased acid exposure of the duodenum or esophagus,
reduced gastric or duodenal motility, impaired gastric accommodation, atrophic gastritis with H. pylori , low-grade mucosal
inflammation or enhanced mucosal permeability of the duodenum,
altered microbiota, psychological factors or stress, and enhanced
sensitivity of the stomach or duodenum. Although some candidate
agents need further investigation to show their beneficial effects on
dyspeptic symptoms, therapeutic agents targeting classic and novel
pathophysiologic mechanisms include prokinetics, fundic relaxants,
acid suppressive agents, neuromodulators, antidepressants, anxiolytics, digestive enzymes, histamine H1/H2 receptor antagonists,
leukotriene receptor antagonists, mast cell stabilizers, and probiotics
(Fig. 4). Easily applicable tests in real clinical situations are required
for the targeted therapeutic approaches. For example, simplified
questionnaires for assessing psychological factors and stress, noninvasive tests for measuring gastric emptying, accommodation, and
sensitivity, histologic markers of eosinophil or mast cell activation
in the duodenum, pH monitoring or impedance measurement of
the duodenum, or endoscopic grade of atrophic gastritis with H.
pylori tests may be necessary. Because those tests are not commonly
performed at present in real clinical situations, combined therapy of
drugs with different action mechanisms or the use of multi-target
therapeutic agents may be more practically effective rather than
monotherapy or the use of a single-target agent.

Conclusions
Although several classic pathophysiologic mechanisms are suggested to be associated with individual dyspeptic symptoms, symptom-based subtypes of FD are not specific for a certain pathogenetic factor or pathophysiologic mechanism, and may be frequently

associated with multiple pathophysiologic abnormalities. Novel concepts on the pathophysiology of FD show complex interactions between pathophysiologic mechanisms and pathogenetic factors, and
prediction of underlying mechanisms of individual patients simply
by the symptom pattern or symptom-based subtypes may not be
accurate in a considerable proportion of cases. Therefore, subtyping
by the Rome criteria appears to have limited value to guide therapeutic strategy, suggesting that the addition of objective parameters
or subclassification reflecting physiologic or pathologic tests may be
necessary for the targeted therapeutic approaches, particularly when
therapeutic agents targeting novel mechanisms are available.
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Celiac disease (CeD) is a systemic, immune-mediated enteropathy, which is triggered by gluten protein in genetically susceptible
individuals. CeD, once thought to be an uncommon disease, is now recognized to affect approximately 40-60 million people globally.
While CeD is now well reported from a few Asian countries such as India, China, Pakistan, and Middle Eastern countries; it is still
believed to be uncommon in the rest of Asia. Gluten-related diseases other than CeD, like non-celiac gluten sensitivity (NCGS) are also
emerging globally. CeD and NCGS may present with either intestinal or extra-intestinal symptoms, and a proportion of them have
overlapping symptoms with irritable bowel syndrome. Hence, many of them are misdiagnosed as having irritable bowel syndrome
in clinical practice. In this review, we discuss the emergence of CeD and other gluten-related disorders, both globally and in Asia,
the overlapping manifestations between gluten-related disorders and irritable bowel syndrome, and the challenges associated with
diagnosis and management of CeD in Asia.
(J Neurogastroenterol Motil 2021;27:337-346)
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Introduction
Celiac disease (CeD) is a systemic, small intestinal, immunemediated enteropathy which is triggered and maintained by gluten protein present in cereals such as wheat, barley and rye.1 Until
a few decades ago, CeD was considered to be an uncommon disease and believed to be limited to a certain part of Europe.2 In the
absence of a good diagnostic or screening blood test, it was hard
to make a diagnosis of CeD which required 3 sequential intestinal
mucosal biopsies. With the advent of celiac-specific serological test for the screening and the diagnosis, the epidemiology of
CeD has changed globally over the past 2 decades.3 Furthermore,

simplification of the diagnostic criteria and widespread use of
celiac-specific serological tests have not only led to increase in the
recognition of CeD worldwide, but also enabled us to assess the
accurate prevalence of CeD in the general population.2,4,5 Initial
studies of the prevalence in the general population originated
from the European countries6,7 and subsequently regions with
a predominant Caucasian population such as North America,
Australia, and South American countries have also reported occurrences of CeD.8-10 In recent times, CeD is recognized in many
non-Caucasian populations including Asian and African countries.11,12
With 60% of the world’s population, Asia is presently at the
helm of understanding the epidemiology of CeD. In spite of an
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Table 1. Differentiating Features Between Celiac Disease, Non-celiac Gluten Sensitivity and Wheat Allergy

Celiac disease
Prevalence
Age of presentation
Sex
Onset of symptoms after
gluten exposure
Pathogenesis
Clinical features
Intestinal
Extra-intestinal

Serology

Gastroduodenoscopy
Histology
Treatment
Spontaneous resolution

NCGS

Wheat allergy

0.5-2.0%
Childhood and adulthood
F > M (1.3:1-2:1)
Weeks-years

0.6-6.0%
Mostly adulthood (3rd-4th decade)
F > M (3:1-5.4:1)
Hours-days

0.4-1.0% in children
Mostly childhood (1st decade)
M>F
Minutes-hours

Autoimmunity (adaptive immunity)

Poorly understood, role of both innate and adaptive immunity

Allergic immune response (IgE
antibody against wheat proteins)

Chronic diarrhea, abdominal pain,
bloating
Anemia
Osteoporosis
Neurological symptoms (ataxia,
peripheral neuropathy)
Growth retardation

Diarrhea, abdominal pain, bloating

Less often

Tiredness
Lack of well-being, headache,
foggy mind, fatigue
Numbness of limbs
Joint/muscle pain
Fainting
Oral/tongue lesions
IgG Anti-gliadin Ab

More often
Skin rashes urticaria Angioedema,
asthma, cough

IgE antibody to wheat protein

Normal

Normal

Normal/increased intra-epithelial
lymphocytes
Gluten free diet
Not known

Normal

IgA anti-tTG Ab
IgA anti-EMA
IgA anti-DGP Ab
Scalloping, grooving of duodenal
folds
Various grades of villous atrophy
with crypt hyperplasia
Gluten-free diet
No

Wheat restriction
65% by 12 years of age

NCGS, non-celiac gluten sensitivity; F, female; M, male; Ab, antibody; tTG, tissue transglutaminase; EMA, endomysial antibody; DGP, deamidated gliadin peptide; FODMAP, fermentable oligosaccharides, disaccharides, monosaccharides, and polyols.

increase in the publications on CeD from Asia, there is a dearth of
data on population-based prevalence from most nations, except for
India and China.10,13-19
It is not only CeD which has caught the eye of clinicians and
clinical scientists, the spectrum of wheat and or gluten-related disorders has also expanded in recent times. The widespread consumption of wheat makes the disorders related to gluten relevant for most
of the world including Asia. The broad spectrum of gluten-related
disorders includes:
• Autoimmune diseases: CeD, dermatitis herpertiformis, and
gluten ataxia
• Non-autoimmune, non-allergic disorder: non-celiac gluten
sensitivity (NCGS)
• IgE mediated allergic reactions: classic wheat allergy, wheatdependent exercise induced anaphylaxis, and occupational
asthma (baker’s asthma)
These gluten-related disorders differ in their pathophysiology
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and their clinical symptomatology, which are summarized in
Table 1.20-26
The phenotypic spectrum of CeD is diverse including classical and non-classical CeD. Those with typical signs and/or
symptoms of malabsorption such as diarrhea, weight loss, vitamin deficiencies, or malnutrition are classified as classical CeD.
Patients with non-classic CeD are difficult to recognize as they
present with non-gastrointestinal symptoms such as short stature,
anemia, amenorrhea, or osteopenia/osteoporosis. A significant
fraction of patients is asymptomatic or have non-specific mild
complaints which are managed symptomatically for prolonged
duration. These patients with CeD having mild gastrointestinal
symptoms may fulfill the criteria for the diagnosis of functional
gastrointestinal diseases, mostly irritable bowel syndrome (IBS).
This may lead to a missed diagnosis and may be treated as IBS.
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Celiac Disease in Asia

Methods
We searched the PubMed using the terms “celiac disease,”
“gluten sensitivity,” or “non-celiac gluten sensitivity,” “irritable
bowel syndrome” or “functional gastrointestinal disease,” “epidemiology,” “prevalence,” “risk factors,” “clinical manifestations,” or
“overlap.” Abstracts were screened and articles which had relevant
information on celiac disease or its associated disorders in any of the
Asian countries were included. The search was extended by using
the references of selected recent articles and systematic reviews or
meta-analysis.

Changing Epidemiology of Celiac Disease
Global Prevalence of Celiac Disease
The prevalence of CeD in a population can be assessed using 2 methods. One way is to assess the seroprevalence of CeD,
which is done using celiac-specific serological tests, and the
proportion of people having a positive test is defined as seroprevalence in a population or a community. The prevalence of confirmed CeD is assessed using a combination of serological tests
specific to CeD and demonstration of villous abnormalities using
duodenal mucosal biopsies. We, in a recent systematic review and
meta-analysis of population-based studies, including 275 818
subjects, have shown a pooled global seroprevalence of CeD to be
1.4% (95% CI, 1.1-1.7%).14 The global pooled prevalence of biopsy-confirmed CeD was found to be 0.7% (95% CI, 0.5-0.9%),
meaning thereby 1 in 140 individuals have CeD. The differences
in the seroprevalence and prevalence of biopsy-confirmed CeD
is mainly because lack of confirmation of presence of villous
abnormalities in seropositive individuals by endoscopic mucosal
biopsies in many studies.27,28
The prevalence of CeD varies from continent to continent, the
highest being in Europe. On stratification of countries into quartiles based on the prevalence of biopsy-confirmed CeD, countries
with highest prevalence (76th to 100th quartile) include Argentina,
Egypt, Hungary, Finland, India, New Zealand, and Sweden, and
countries with lowest prevalence (0 to 25th quartile) include Brazil,
Germany, Republic of San Marino, Russia, and Tunisia.29
Based on above mentioned prevalence data, approximately 4060 million individuals have CeD globally and of those, the majority
(83-95%) are in developed countries, and even larger numbers in
the developing countries still remain undiagnosed.30

The epidemiology of CeD is different in different parts of Asia
due to the heterogeneity of population, genetics, economic condition, and dietary habits (Figure).31-36 A recent systematic review and
meta-analysis showed that the pooled prevalence based on serological tests (IgA anti-tissue transglutaminase (tTG) antibody [Ab]
and/or anti-endomysial antibodies [EMA]) of CeD in Asian countries was 1.6% among 47 873 participants. The pooled prevalence
of biopsy proven CeD was 0.5% in 43 955 individuals.37
In a multicenter pan-India study including 23 331 healthy
adults the age adjusted seroprevalence of CeD was 1.23% in
Northern India, 0.87% in North-eastern India, and 0.10% in
Southern India. This study demonstrated regional differences in
the prevalence of CeD which was likely because of difference in the
wheat (gluten) eating pattern, being highest in the Northern part of
India and lowest in the South. Genetic differences like population
prevalence of predisposing gene for CeD such as human leukocyte
antigen (HLA)-DQ2 and/or HLA-DQ8 are unlikely to explain
such a significant difference.11
The interest in CeD in China was sparked by a systematic
review and meta-analysis of the predisposing genes for CeD done
by Yuan et al33 who had predicted that CeD should not be uncommon in China. Two studies on the prevalence of CeD have been
published from China after the publication of the above mentioned
systematic review. In a recent cross-sectional study, 19 778 Chinese
youth (age 16-25 years) from 27 regions were recruited at 2 universities in Jiangxi, China, from September 2010 through October
2013. They were all tested for IgG against deamidated gliadin peptides (IgG anti-deamidated gliadin peptide), and IgA anti-tTG Ab.
The prevalence was dramatically higher (12-fold) in the Northern
provinces, where wheat was the staple diet. The seroprevalence of
CeD in the Shandong province was 0.76% (95% CI, 0.21-1.95%),
similar to the rest of the world.29 In another recent study including
2277 in-patients with gastrointestinal symptoms in 4 major ethnic
groups of Xinjiang Uyghur Autonomous Region, China (1391
Han, 608 Uyghur, 146 Kazakh, and 132 Hui), the seroprevalence
and prevalence of biopsy-confirmed CeD was found to be 1.27%
(95% CI, 0.81-1.73%) and 0.35% (95% Cl, 0.11-0.59%), respectively.38 The frequency of the HLA-DQ2 and/or DQ8 haplotype
ranged from 40.0-52.1% in that region. The rural parts of China,
where wheat consumption was higher than the urban part, had
3 times higher prevalence of CeD (3.16% vs 0.97%, P < 0.01).
Interestingly, of 246 patients with diarrhea-predominant IBS in
China, 2.85% were diagnosed to have CeD.39 These preliminary
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Figure. Map of Asia showing population prevalence of Celiac disease across Asia.

studies establish the foundation for exploration of the exact prevalence of CeD and the regional geographical differences in China.
In a relatively small study including 562 young healthy volunteers from Malaysia, a seroprevalence of CeD was found to be 1.25%
(95% CI, 0.78-1.72%). In this multi-ethnic country, all 3 ethnic
group such as Malay (0.8%), Chinese (1.7%), and Indian (1.3%)
were affected.40
In a study from Japan, 12.8% and 13.4% of 172 patients with
inflammatory bowel disease were found to have anti-tTG Ab and
anti-deamidated gliadin peptide Ab respectively, in comparison to
1.6% and 0.5% in the same number of controls.34 Although this did
not correlate well with biopsies as many patients had an increase in
intraepithelial lymphocytes, none had villous atrophy. A subset of
the inflammatory bowel disease patients who were put on glutenrestricted diet showed a reduction in the antibody titres, as well as
improved activity scores of inflammatory bowel disease. In another
340

study including 2008 subjects, anti-tTG Ab was found to be in a
high proportion (8.0%), none of them however were EMA positive
and only 1 demonstrated changes suggestive of CeD on duodenal biopsy.41 Another study including 1961 Vietnamese children
showed that 1.0% of them had anti-tTG ab, but none of them were
EMA positive.42
Few counties in Asia have not formally reported CeD, including Indonesia, Korea, and Taiwan.43,44

Increase in the Incidence of Celiac Disease
Not only the prevalence, but incidence of CeD has also increased throughout the Western world. The pooled average annual incidence of CeD has been rising by 7.5% (95% CI, 5.8-9.3)
per year over the past several decades. A recent systematic review
reported the pooled incidence of CeD in women and men to be
17.4 (95% CI, 13.7-21.1) and 7.8 (95% CI, 6.3-9.2) per 100 000
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person-years, respectively.45
The increase in the incidence in CeD is due to improved diagnostics and higher awareness about the disease amongst physicians
and changes in our environment. Improved hygiene and a decrease
in the exposure to microbes early in life has been postulated to induce an overactive immune response later in life, and thus many
autoimmune disorders, including CeD.46

Risk Factors That Might Determine Prevalence of
Celiac Disease in Any Population
The pathogenesis of CeD involves a complex interplay of environmental and genetic factors. Based on the prevalence of the high
risk categories in these factors, hotspots of the world for CeD can
be identified.47
The 2 most populous countries of the world, India and China,
also grow the maximum amount of wheat grains. Indian’s consume an average of 48.0 kg/person/year.48 In contradiction to usual
belief, the per capita consumption of wheat flour in rural Chinese

households is 59.6 kg and much higher than that in urban Chinese
households (12.5 kg).33 Furthermore, increasing Western influence
in the diet and use of commercial gluten-based foods like breads,
noodles, and pasta is leading to increase consumption of gluten intake in many Asian countries. The ingestion of gluten is further accentuated by urbanization of small towns, migration to busy metropolitan cities, and culture of fast food restaurant dining. An increase
in gluten ingestion is likely to increase chances of development of
CeD in genetically susceptible populations.33
Over the years, it has become clear that CeD is not a monogenic disorder. The HLA alleles which have been shown to pose the
highest risk for CeD and are found in more than 95% of CeD are
HLA-DQ2 (HLA-DQA1*0501 and HLA-DQB1*0201 ) and
HLA-DQ8 (HLA-DQA1*0301 and HLA-DQB1*0302 ).49-54
The biological plausibility of this predisposition is explained by
the high affinity of deamidated gliadin peptides to HLA-DQ2
and HLA-DQ8 molecules.53 The contribution of these 2 genes is
alone enough to account for 40% of the heritable risk of developing

Table 2. Spectrum of Clinical Manifestations and Associated Autoimmune Diseases in Celiac Disease

System
Classical manifestations

Intestinal

Non-classical manifestations

Cutaneous
Endocrinological

Hematological
Hepatic

Muscular
Neurologic

Skeletal
Dental
Psychiatric

Vol. 27, No. 3 July, 2021 (337-346)

Manifestation
Chronic diarrhea
Bloating
Generalized fatigue
Dermatitis herpetiformis
Vitiligo
Short stature
Infertility
Delayed menarche
Amenorrheal
Anemia
Thrombocytosis
Hypertransaminesemia
Autoimmune hepatitis
Cirrhosis of liver
Tetany
Weakness
Cerebellar ataxia
Peripheral neuropathy
Seizures
Osteopenia, osteomalacia, and osteoporosis
Pathologic fractures
Dental enamel defects
Autism spectrum disorder
Anxiety disorder
Attention deficit hyperactive disorder
Mood disorder
Schizophrenia
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CeD.54,55 Homozygosity of HLA-DQ2 depicts a gene-dose effect
and is a predictor of complicated CeD like refractory disease or malignant transformation.54,55 It must be noted though, that approximately 40% of the Western population also carry these haplotypes
without ever developing CeD, and thus HLA-DQ2 and DQ8 are
necessary but not sufficient for CeD to develop.1
In a meta-analysis of HLA-DQ2 and -DQ8 haplotype in
China, it was reported that HLA-DQ2 was more prevalent in the
Northwestern than in the Southeastern populations of India which
correlates with the reported prevalence of CeD in these regions.33 In
other Asian countries such as Japan, Taiwan, Korea, and Indonesia
the frequency of predisposing HLA allele is low (< 5%).56

Manifestations of Celiac Disease
CeD has a myriad of clinical manifestations and the spectrum
includes asymptomatic potential CeD, classical CeD, and nonclassical CeD. The clinical features of classical and non-classical
CeD are presented in Table 2.57

Non-celiac Gluten Sensitivity
NCGS is an evolving entity defined by intestinal and/or extraintestinal symptoms related to wheat ingestion in individuals in
whom CeD and wheat allergy has been excluded.57,58 NCGS is
also termed as “gluten sensitivity,” “gluten hypersensitivity,” or
“non-celiac wheat sensitivity.” There is a wide spectrum of manifestations of NCGS, both extraintestinal and intestinal (Table 1).
Epidemiological data on NCGS is still sketchy but experts believe
that it is more common than CeD.59 The prevalence of NCGS
ranges from 0.6-10.6% and this wide range of prevalence is mainly
because of varying definitions of NCGS used in studies.59 Lack of
data on the true prevalence of NCGS is primarily due to 2 reasons.
Firstly, there is no specific biomarker for NCGS, and making of a
diagnosis of NCGS requires a rigorous protocol including an initial
gluten-free diet followed by double blind placebo-controlled foodchallenge with cross over.58 Secondly, many people avoid gluten for
symptom relief without medical advice or consultation and rely on
self diagnosis. At present, there is a dearth of data on the prevalence
of NCGS in Asian populations.

Overlap Between Gluten-related Disorders
and Irritable Bowel Syndrome
The clinical demarcation between IBS, CeD and NCGS is not
342

very clear. A recent meta-analysis including 22 studies with 6991
patients with IBS has shown that 3.3% (95% CI, 2.3-4.5%) of them
had CeD.60 Interestingly the pooled prevalence of CeD also varied
significantly with IBS subtype. As expected, the prevalence of CeD
was the highest in patients with IBS-D (pooled prevalence of 5.4%;
95% CI, 3.3-7.8%) and mixed IBS 3.1% (95% CI, 1.7-5.1%), and
lowest in those with constipation-predominant IBS 1.8% (95% CI,
0.9-3.0%). A couple of points merit mention here. Firstly, most of
the studies, except for one, originated from secondary or tertiarycare referral centers, hence the data may not be applicable to IBS
population as a whole. Secondly, 20 of 22 studies originated from
Europe and Asia with pooled prevalence of 3.9% (95% CI, 2.16.3%) and 3.7% (95% CI, 2.2-5.6%), respectively. Studies from
North America have not found an increased seroprevalence of CeD
among patients with IBS. Thus, the prevalence of CeD in patients
with IBS may vary with geographic regions.
Since the prevalence of CeD in patents with IBS is higher than
the general population, especially diarrhea-predominant IBS (IBSD) and mixed IBS, these patients should be screened for CeD.61
Not only CeD, some of the patients with IBS may have NCGS,
however there is no screening test for NCGS at the present point
of time. While the diagnosis of CeD is based on a combination of a
positive celiac specific serological test and demonstration of villous
atrophy on intestinal mucosal biopsies, diagnosis of NCGS however
requires symptom response on gluten withdrawal and reappearance
of symptoms on rechallange with gluten in a double blind fashion.
Furthermore, it is well known that certain foods including wheat
are the triggers of symptoms in patients with IBS.62 Symptomatic
improvement has been seen in a significant proportion of patients
with IBS-D with the exclusion from gluten from their diet. This is
supported by the reduced stool frequency with gluten-free diet in
IBS-D patients (n = 45) in a randomized trial.63
Wheat is composed of both gluten and fermentable oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAP).64 Both randomized- controlled trials and meta-analysis
of randomized controlled trials have demonstrated symptomatic
improvement in a third of IBS patients with low FODMAP diet.65
Since ingestion of wheat is also restricted in patients prescribed a
low FODMAP diet, a low FODMAP diet leads to reduction in
gluten intake because they tend to co-exist in wheat. Similarly, a diet
devoid of gluten also leads to low FODMAP ingestion.66
It is still debatable as to which component of wheat causes
symptoms in patients having IBS-like symptoms and NCGS. The
leading candidates which are suspected are gluten and fructans.
This has been explored by 2 randomized controlled trials.64,67 In
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the first double-blind cross-over trial including 37 patients with
NCGS and IBS, patients were randomly assigned to high-gluten
(16 g gluten/day), low-gluten (2 g gluten/day plus 14 g of whey),
or control (16 g whey protein/day) for 1 week, following 2 weeks
of low FODMAP diet. After a washout period of at least 2 weeks
they were crossed over to other diet.67 In all the study subjects,
gastrointestinal symptoms improved consistently and significantly
during low FODMAP diet, but significantly worsened to a similar degree when they were put again on gluten or whey protein,
suggesting a contribution of anticipatory “nocebo” response to
gluten challenge in these individuals with perceived gluten sensitivity. In another randomized, double-blind cross-over challenge
trial, 59 patients with NCGS were provided gluten, fructans, or
placebo, concealed in museli bars. The patients randomized to
fructans showed significantly higher overall gastrointestinal severity score than those randomized to gluten or placebo.64 Since
wheat contains both gluten and FODMAP, patients reporting
symptoms on wheat restriction may have obtained benefit in their
symptoms because of lower intake of FODMAP (fructans) rather
than gluten restriction. Another possibly implicated component
of wheat in causation of is amylase trypsin inhibitors, which have
a potential of activating the innate immune system via toll-like
receptor 4 pathways. However, its clear role in IBS has yet to be
determined.68 In addition to components of wheat, intestinal dysmotility has also been implicated in the pathogenesis of both IBS
and NCGS.69
While a small proportion of patients with IBS may have CeD,
as discussed above, almost one third of patients with CeD who are
on gluten-free diet do complain of some GI symptoms, which mimics IBS-type symptoms.61

and availability of reliable gluten-free products in Asia.70
One of the most important priorities about CeD is Asia is to explore and estimate the prevalence of CeD in many Asian countries
and increase in the awareness about this disease amongst gastroenterologists, internists, pediatricians, pathologists, and primary care
physicians.
Celiac-specific serological tests are the center stage of both the
screening of the suspected patient and in the diagnosis of CeD.
Currently, most of the celiac-specific serological test kits are imported from Europe and North America. These tests have their
diagnostic accuracy evaluated for Caucasian populations and thus,
the cut-offs of the antibody levels are determined for these populations. With a difference in the genetic make-up and the amount
of gluten ingestion, the cut-offs for a positive test determined for
the Caucasian population may not apply to Asian populations. In
another study, we have observed different cutoff values of the IgA
anti-tTG Ab test between North American and Indian patients
with CeD.71
The successful management of CeD is primarily dependent on
a combination of factors involving the understanding of disease by
the patient as well as following the prescribed dietary restrictions.
There is a dearth of trained dietitians in Asia to adequately counsel
these patients. Due to this dearth, it is important for physicians to
know more about the practical aspects of prescribing a gluten-free
diet. This includes not just restriction of foods but also advising a
well-balanced diet tailored to each individual patient.72,73 There is
also a need for availability of reliable gluten-free food in the food
supply chain and legislation for maintenance of quality control of
gluten-free food in the Asian food industry.

Conclusion

Discussion
While CeD is emerging in many Asian countries, there is very
limited preparedness to handle these patients in Asia. A welcome
step was made when a working group of 13 members from the
Asia-Pacific region and World Gastroenterology Organization
reviewed relevant literature on issues specific to the Asia-Pacific region for the diagnosis and management of CeD and recommended
possible solutions.70 Furthermore, the Asia-Pacific Association for
Gastroenterology has created a formal working group on celiac
disease to conduct relevant research to unravel the burden of CeD
in Asia. We have recently reviewed the challenges in the awareness
about CeD in Asia, the availability of the diagnostic tests, and management-related challenges such as availability of trained dieticians

In conclusion, the total number of patients with CeD in Asia,
because of large its population, is likely to overtake the total numbers of patients in rest of the world. There is a need to recognize
presence of CeD in Asian countries, and such Asian countries
should start preparing to handle the emerging epidemic of CeD in
Asia.
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Background/Aims
Esophageal high-resolution manometry (HRM) enables the comprehensive evaluation of the esophageal motor function. However,
protocols are not uniform and clinical practices vary widely among institutions. This study aims to understand the current HRM
practice in Korea.
Methods
The survey was sent via email through the Korean Society of Neurogastroenterology and Motility. The questions covered descriptive
information, preparation, techniques, analysis, and reporting of esophageal HRM.
Results
The survey was completed in 32 (74.4%) out of 43 centers, including 24 tertiary and 8 secondary referral centers. Of the 32 centers,
25 (78.1%) performed HRM in a sitting position, while 7 centers (21.9%) reported performing HRM in a supine position. All the
centers utilized single wet swallows as a standard, but the volume, frequency, and interval between swallows varied widely. Sixteen
centers (50.0%) applied adjunctive tests, including multiple rapid swallows (n = 16) and rapid drink challenges (n = 9). Parameters
assessed and documented in the report were similar. In addition to the assessment of the esophagogastric junction and esophageal
body, 27 centers (84.8%) and 18 centers (56.3%) included measurements for the upper esophageal sphincter and the pharynx,
respectively, in the HRM protocol.
Conclusions
We found a variation in the available HRM practice among centers, even though they broadly agreed in the data analysis. Efforts are
needed to develop a standardized protocol for HRM measurement.
(J Neurogastroenterol Motil 2021;27:347-353)
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ber of observations and proportions.

Introduction
Esophageal manometry is indicated in patients with dysphagia
and is considered the gold standard for the diagnosis of achalasia.1
Esophageal high-resolution manometry (HRM) enables the comprehensive evaluation of esophageal motor function.2,3 Although
the Chicago classification for esophageal motor disorders is widely
accepted as a standard, the detailed measurement protocols are not
uniform and vary according to centers and physicians.4 In addition,
the presumed normative values are different according to the measurement position, the measurement system, or the software used
in the analysis.5-7 In a recent international survey, marked variations
were observed across centers in the data acquisition, analysis, and
reporting of esophageal HRM.8
We hypothesized that the current practice of esophageal HRM
varied widely among different centers within the same country. This
study aims to understand the current esophageal HRM practices in
Korea, especially the measurement protocols.

Materials and Methods
We collected the data on the current esophageal HRM practice
using a survey sent by email to 43 centers in Korea where HRM
is performed. The centers without clinical experience of esophageal
HRM were not eligible for participation. This study did not involve
patient-specific clinical data and did not require ethical approval.
Following a literature review, we drafted the survey which was
reviewed by the members of the Dysphagia Research Group Under the Korean Society of Neurogastroenterology and Motility. Our
goal was to focus on the protocols used for esophageal HRM measurements. We edited and tailored the questions to cover topics such
as tools and equipment, indications, preparation, measurement protocols, data analysis, and reporting. We included closed and openended questions in the survey instrument. Any questions deemed
not effective were re-worded until the intended aim of the question
was reached. Finally, the survey included 20 questions available in
Korean and was estimated to take 10 minutes (Supplementary Material).
The survey was sent by email starting October 2019 through
the Korean Society of Neurogastroenterology and Motility, and the
responses were received until March 2020. We sent the survey to
a representative doctor in each center and collected one response
on behalf of each center. We sent monthly reminders to maximize
response rate. The data were analyzed quantitatively using the num348

Results
The survey was completed by 32 centers out of 43, which
gave a response rate of 74.4%. Among the respondents, 24 centers
(75.0%) were tertiary referral centers, and 8 (25.0%) were secondary referral centers.

Equipment and Preparation
More than half of the surveyed centers used the Given Imaging system (Given Imaging Ltd, Los Angeles, CA, USA) (n =
17 [53.1%]), followed by the Sandhill Scientific (Sandhill Scientific Inc, Ranch, CO, USA) (n = 12 [37.5%]) and the Medical
Measurements Systems (MMS, Enschede, Netherlands) (waterperfused system, n = 3 [9.4%]). The indications for esophageal
HRM included dysphagia, noncardiac chest pain, and reflux
symptoms (Table 1). Out of the 32 centers, 17 (53.1%) recommended not to eat or drink at least 6 hours before the HRM study,
whereas 14 centers (43.8%) recommended fasting at midnight.
Most centers reviewed the medication history of the patients, especially for antispasmodics, calcium channel blockers, nitrates, and
opioids. Among the surveyed centers, 27 (84.4%) recommended
discontinuing medication 2 to 7 days before test, while 5 centers did
not recommend any change. In terms of withholding medication
before tests, antispasmodics were not allowed in 26 centers (81.3%),
Table 1. Indications and Preparation of Esophageal High-resolution
Manometry

Variables
Indications
Dysphagia
Reflux symptoms
Refractory GERD
Noncardiac chest pain
Before anti-reflux surgery
Fasting before HRM
6 hours
8 hours
Midnight NPO
Discontinuation of medication before HRM
Antispasmodics
Calcium channel blockers
Nitrates
Opioids

n (%)
32 (100.0)
24 (75.0)
27 (84.4)
28 (87.5)
20 (62.5)
17 (53.1)
1 (3.1)
14 (43.8)
27 (84.4)
26 (81.3)
23 (71.9)
19 (59.4)
16 (50.0)

GERD, gastroesophageal reflux disease; HRM, high-resolution manometry;
NPO, nil per os.
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calcium channel blockers in 23 centers (71.9%), nitrates in 19 centers (59.4%), and opioids in 16 centers (50.0%). Twenty-five centers (78.1%) applied a local anesthetic to the nares using a lidocaine
jelly or a spray before the insertion of the catheter.

Measurement Protocol
More than three-quarters of the centers (n = 25 [78.1%])
reported performing esophageal HRM in the sitting position, while
7 centers (21.9%) performed the measurement in the supine position (Table 2). Two centers performed the measurement in both the
supine and the semi-recumbent positions. The reference pressure

Table 2. Study Protocols for Esophageal High-resolution Manometry

n (%) or
median (range)

Variables
Position
Supine
Sitting
Semi-recumbent
Swallows
Volume (mL)
Number (times)
Interval between swallows (seconds)
Utilization of provocation test
All patients
Selected patients
Provocation test
Multiple rapid swallows
Rapid drink challenges
Viscous swallow
Solid swallow

Data Analysis
The parameters routinely documented in reporting are summarized in Figure 2. All centers reported the resting lower esophageal
sphincter pressure and the integrated relaxation pressure (IRP).
Twenty-four centers (75.0%) assessed the morphology of the esophagogastric junction (EGJ) and 15 centers (46.9%) estimated the
EGJ-contractile integral. Most centers assessed the distal contractile
integral and the distal latency, and 22 centers (68.8%) included the
contractile front velocity in the analysis. The characteristics of the
upper esophageal sphincter were determined in 27 centers (84.8%).
Additionally, 18 centers (56.3%) included pharyngeal measurements in their HRM protocol.

7 (21.9)
25 (78.1)a
2 (9.4)a
5 (2-20)
10 (10-15)
30 (10-40)
16 (50.0)
7 (21.9)
9 (28.1)
16 (50.0)
9 (28.1)
4 (12.5)
1 (3.1)

Discussion

a

One center performed the test in both supine and sitting position, and another
center performed the test in both sitting and semi-recumbent position.

80
60
40
20

In this study, we investigated the pattern in the current practices of esophageal HRM using a nationwide survey. Although the

C
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A

was set at atmospheric pressure in 7 centers and gastric pressure in
13 centers.
All the centers used single wet swallows as a standard. However,
the volume of each swallow, the overall numbers of swallows, and the
interval between swallows varied according to the centers (Fig. 1).
Eighteen centers (56.3%) performed wet swallows 10 times using 5 mL of water or saline, with at least 30 seconds of intervals
between the swallows. Additionally, 4 centers (12.5%) performed
viscous swallows and 1 center utilized solid swallows. Sixteen centers (50.0%) employed provocation tests, including multiple rapid
swallows (MRS, n = 16) and rapid drink challenges (RDC, n = 9).
Out of the 16 centers utilizing provocation tests, 7 centers (21.9%)
conducted them with all patients, whereas 9 centers (28.1%) used
them as additional tests when needed.
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Figure 1. Frequency of protocols used for single wet swallow during esophageal high-resolution manometry. (A) Volume of each swallow. (B) Total
number of swallows required for analysis. (C) Interval between swallows.
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Figure 2. Measurement parameters utilized to determine the esophageal motor function. (A) Esophagogastric junction (EGJ). (B) Esophageal
body. EGJ-CI, esophagogastric junction-contractile integral; IRP, integrated relaxation pressure; LES, lower esophageal sphincter.

HRM metrics used for data analysis and reporting were similar,
the study protocols varied widely among centers. We found a great
heterogeneity in terms of the study position, the frequency and volume of single wet swallows, and the utilization of provocation tests
among the different Korean centers.
The current HRM criteria for the diagnosis of esophageal
motility disorders are based on the analysis of ten 5 mL swallows
performed in the supine position.4 Interestingly, in our survey, we
found that only 21.9% of the centers performed the study in the
supine position, whereas more than three-quarters of them used
the sitting position. A previous international survey also found that
41.8% of the centers included seated swallows in the analysis and
17.6% performed upright-seated swallows only.8 The rationale for
using the sitting position is based on the concept that an upright or
a seated position is more physiologic than a supine position, which
can generate a risk of aspiration during the study in patients with
dysphagia. The current recommendation does not discourage the
use of the upright or seated positions and the measurement positions are not likely to affect the diagnosis of the major motility disorders.9,10 On the other hand, recent systematic reviews consistently
showed that the distal contractile integral is significantly lower in
the upright position than in the supine position.10,11 Since at least
some HRM metrics are position-dependent, it is necessary to establish and utilize posture-specific normative values in esophageal
HRM.6,12-15 Otherwise, a change of position could be included in
the standard supine protocol as an adjunctive or complementary
tool to enhance the diagnostic performance of esophageal HRM.
In our survey, all centers utilized single wet swallow as a standard. However, we found that the detailed protocol to collect single
swallows varied widely among centers. The differences included
the volume of each swallow, the overall number of swallows, and
350

the interval between swallows. About half of the centers performed
wet swallows using 5 mL of water or saline, with an interval of 30
seconds or more. In contrast, 6.3% of the centers utilized less than
5 mL of water or saline for single swallows, and 25.0% of them
preceded subsequent sequence within 30 seconds. In addition,
18.8% of the centers performed more than 10 wet swallows during
the study. Similarly, an international survey found that 69.2% of
the centers utilized 15 to 20 liquid swallows, which may reflect the
physicians’ effort to obtain high-quality data.8 The current guideline
recommends the use of ten 5 mL wet swallows with an interval of
20 to 30 seconds between swallows for the testing of esophageal
motility and the interpretation of data.9 However, the optimal frequency or the minimum requirement of single swallows to obtain
analyzable data remain uncertain and require further standardization. The results of this survey could be helpful to better understand
the current clinical practice patterns and to establish a consensus for
esophageal HRM.
Increasing the volume and the consistency of swallows may also
provide additional information on alternative diagnoses and may
reveal pathology undetectable with the current protocol. In a previous study, viscous and solid swallows revealed obstructive physiology in 14.7% of the patients whose IRP was normal or borderline
with single wet swallows.14 In addition, standardized test meals can
be used to detect EGJ obstruction.16 These tests are more likely to
induce symptoms and thus increase the diagnostic yield of esophageal HRM. However, at the same time, several HRM parameters
can be changed according to the bolus volume and consistency.17
Therefore, it is recommended to follow a standard protocol using
an established volume of wet swallows and to use additional provocative bolus challenges including viscous and solid swallows. In
our survey, 81.3% of the centers utilized 5 mL swallows, while the
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others performed single wet swallows with various amount of bolus.
These variations in the measurement protocol should be further
standardized to improve the quality of esophageal HRM.
Adjunctive tests, including MRS and RDC, provide clinically
relevant information regarding the esophageal motor function.18-20
The clinical usefulness of MRS has been studied in patients with
gastroesophageal reflux diseases or ineffective esophageal motility,
as a tool to estimate their peristaltic reserve.21,22 On the other hand,
RDC is useful to assess the EGJ function.23 Although there is a
growing body of evidence, the measurement and analysis protocols,
and the reproducibility of each provocation test have not been established yet.24,25 Based on the current survey, only half of the centers
utilized adjunctive tests as part of their measurements. Moreover,
only 43.8% of these centers included provocation tests in their routine measurement protocol, and others performed provocation tests
as required. These results are different from a previous international
survey which showed that 92.3% of the centers utilized provocation
tests and that 76.9% of them used MRS or RDC.8 This may reflect
a regional difference in the disease spectrum and the presence of
indicative symptoms requiring esophageal HRM.26
The normative values for esophageal HRM are equipment- or
software-specific. Therefore, specific normal values for systems or
catheters are required to diagnose esophageal motility disorders correctly according to the Chicago classification.9 The normative values
for esophageal HRM were established initially using catheters with
36 channels solid-state HRM system.18,27-29 More recently, normal
values for water-perfused esophageal HRM have also been established and compared to those for solid-state HRM.30 Notably, the
data obtained from healthy volunteers showed a moderate to good
agreement between solid-state and water-perfused HRM for most
parameters but showed a fair agreement for IRP.30 Other studies
using a different water-perfused system also showed a lower value
in the upper limits of normal for IRP than for solid-state system.31,32
In terms of data analysis, a previous international survey showed
that 71.4% of the centers utilized manufacturer-specific normal
values, 22.0% used locally validated normal values, and 13.2% did
not use the normal values specific to their systems.8 In our survey,
the majority of the centers used solid-state systems and only 9.4%
used water-perfused systems. Given that the normative values for
the esophageal HRM parameters in the Korean population have
not yet been investigated, further research is needed to establish the
normative values for HRM using a standardized protocol. A comparative analysis of the normative values according to each device is
also required.
There are several limitations to this study. Firstly, we did not

consider the quality and confidence of esophageal HRM in each
center. In addition, we did not investigate the volume of centers and
patient throughput. Secondly, the clinical practice varies between
physicians even within the same center. In the current study, we
obtained only one response from each center. Thus, the reporting
may not fully represent the practice and views of all the physicians
working in the same center. Third, despite a high response rate,
the amount of non-response may suggest a possible response bias.
However, the response bias is a systematic error inherent to this type
of research and we have made every attempt to minimize it by sending out reminders on a monthly-basis. Despite these limitations, this
nationwide survey provides the first evidence on the clinical practice
of esophageal HRM in Korea and promotes better understanding
of the current practice.
In conclusion, we observed variations in the current practice of
esophageal HRM among centers, even though they all seemed to
broadly agree on the data analysis and reporting. The lack of uniformity was found mainly in the detailed protocol of single wet swallows and the utilization of provocation tests, which stresses the need
for standardized protocols for esophageal HRM. These results can
be considered as a basis for the future development of a consensus
on the standard clinical practice of esophageal HRM.
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Background/Aims
Incorporation of complementary and provocative test swallows to the high-resolution manometry (HRM) protocol offers potential
to address limitations posed by HRM protocols that involve only a single swallow type. The aim of this study is to describe normal
findings of a comprehensive HRM testing protocol performed on healthy asymptomatic volunteers.
Methods
Thirty healthy asymptomatic volunteers completed HRM with 5-mL liquid swallows in the supine position. They also completed 5-mL
liquid swallows in the upright position, viscous swallows, solid test swallows, multiple rapid swallows, and a rapid drink challenge.
HRM studies were analyzed via Chicago classification version 3.0.
Results
The median (5th-95th percentiles) for integrated relaxation pressure (IRP) on supine swallows was 11 (4-16) mmHg; IRP was lower
than supine on upright liquid 9 (0-17) mmHg, viscous 6 (0-15) mmHg, solid 9 (1-19) mmHg, multiple rapid swallows 3 (0-12) mmHg,
and rapid drink challenge 5 (–3-12) mmHg; P < 0.005. While an “elevated” IRP value was observed on 1 to 2 test maneuvers in 8/30
(27%) subjects, all 30 subjects had an IRP value < 12 mmHg on at least one of the test maneuvers.
Conclusions
Normal values and findings from a comprehensive HRM testing protocol are reported based on evaluation of 30 healthy asymptomatic
volunteers. Isolated “abnormalities” of IRP and contractile parameters were observed in the majority (80%) of these asymptomatic
subjects, while all subjects also had normal features observed. Thus, the definition of “normal” should be recalibrated to focus on the
entirety of the study and not individual metrics.
(J Neurogastroenterol Motil 2021;27:354-362)
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Introduction
High-resolution manometry (HRM) is the primary method
utilized in clinical practice to assess esophageal motility during
the clinical evaluation of patients presenting with dysphagia, noncardiac chest pain, and other esophageal symptoms when upper
gastrointestinal endoscopy does not reveal an objective diagnosis.1
The Chicago classification of esophageal motility disorders utilizes parameters generated from ten 5-mL liquid test swallows
performed in the supine position to categorize HRM findings
into motility diagnoses.2,3 While the Chicago classification and its
objective parameters of esophageal function reflects the common
method to describe HRM studies and classify primary esophageal
motility disorders using a standardized terminology, it is not without
limitations. The Chicago classification may not adequately identify
all abnormalities and also can sometimes yield false positive diagnoses. The classification of esophagogastric junction (EGJ) outflow
obstruction is the primary example of the latter scenario in which
the classification based on an integrated relaxation pressure (IRP)
elevation among supine liquid test swallows may not consistently be
clinically relevant.4-6
The Chicago classification presently is based upon a protocol
of small-volume liquid swallows performed single position. This
testing protocol may not be sufficient to detect all clinically relevant
abnormalities, nor clarify when potential abnormal findings are spurious. Thus, incorporation of additional maneuvers into the manometric protocol, such as upright swallows, multiple rapid swallows
(MRS), and a rapid drink challenge (RDC), offers the potential
to improve the diagnostic yield of esophageal manometry.6-12 Establishing normal values related to these maneuvers is a necessary
component to provide a comparative basis with patients undergoing
clinical or research evaluation with HRM. Thus, the aim of this
study is to report on parameters from adjunctive and provocative
HRM maneuvers in asymptomatic volunteers.

Materials and Methods
Subjects
Healthy, asymptomatic (ie, free of esophageal symptoms including dysphagia, heartburn, and chest pain), adult volunteers
were enrolled and completed between January 2017 and October
2019. Potential subjects were excluded for any previous diagnosis
of esophageal, autoimmune, or eating disorders. Subjects were also

excluded for use of antacids or proton pump inhibitors, body mass
index > 30 kg/m2, or a history of tobacco use or alcohol abuse. All
subjects completed validated patient-reported outcomes including
the brief esophageal dysphagia questionnaire (BEDQ), gastroesophageal reflux disease questionnaire (GERDQ), and esophageal hypervigilance and anxiety scale (EHAS),13-15 sedated upper
endoscopy with functional luminal imaging probe, high-resolution
impedance manometry, and 24-hour pH-impedance testing. The
HRM parameters were the focus of this report.
The study protocol was approved by the Northwestern University Institutional Review Board (STU00096856). Informed
consent was obtained from all controls, who were paid for their participation. A portion of this cohort (20/30 subjects) was previously
described.16

High-resolution Manometry
Patients fasted for a minimum of 6 hours prior to completing
HRM. The HRM studies used a 4.2-mm outer diameter solidstate assembly with 36 circumferential pressure sensors at 1-cm
intervals and 18 impedance segments at 2-cm intervals (Medtronic,
Shoreview, MN, USA). The HRM device was placed transnasally
to record from the hypopharynx to the stomach with approximately
3 intragastric pressure sensors.
The HRM protocol included 2-5 minutes of baseline recording. Liquid test swallows were performed using 50% saline for test
swallows at 20-30 second intervals. The HRM protocol included
ten 5-mL liquid swallows in the supine position (Fig. 1). In the
upright, seated position, subjects completed five 5-mL liquid swallows, 5 viscous swallows (applesauce; completed in 24/30 [80%]
subjects), 2 solid swallows (chewed 3 × 3 cm graham cracker), a
MRS sequence, and a RDC. MRS involved drinking 2 mL of
water for 5 successive swallows separated by 2-3 second intervals.9,17
The RDC involved drinking 200 mL of water with subjects instructed to drink as fast as possible.8,18-20

Data Analysis
ManoView version 3.0 (v3.0) analysis software (Medtronic,
Shoreview, MN, USA) was used for analysis. The IRP, distal
latency (DL), and distal contractile integral (DCI) were applied
to test swallows per the Chicago classification. Individual swallow
types were classified according to the Chicago classification v3.0
for all bolus types if DL was > 4.5 seconds as effective (DCI 4508000 mmHg·cm·sec with no peristaltic break > 5 cm); weak (DCI
100-450 mmHg·cm·sec), fragmented (DCI > 450 mmHg·cm·sec
and peristaltic break > 5 cm), failed (DCI < 100 mmHg·cm·sec);
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Figure 1. High-resolution manometry test swallows and maneuvers. (A) Supine 5 mL liquid; (B) upright 5 mL liquid; (C) viscous (apple sauce);

(D) solid (graham cracker); (E) multiple rapid swallow; and (F) rapid drink challenge. Integrated relaxation pressure (IRP) and distal contractile
integral (DCI) were 11 mmHg and 1760 mmHg·cm·sec (A), 8 mmHg and 1950 mmHg·cm·sec (B), 7 mmHg and 1600 mmHg·cm·sec (C), 10
mmHg and 1400 mmHg·cm·sec (D), 4 mmHg and 4600 mmHg·cm·sec (E), and 3 mmHg and 0 mmHg·cm·sec (F), respectively. Figure used
with permission from the Esophageal Center at Northwestern.

and hypercontractile (> 8000 mmHg·cm·sec).3 Weak, fragmented,
and failed swallows were considered “ineffective.” Premature
swallows were classified if DL was < 4.5 seconds and DCI >
450 mmHg·cm·sec. Failed swallows were analyzed with a DCI
value of 0.0 mmHg·cm·sec when applied to median DCI values.
Esophageal motility classifications were derived in accord with the
Chicago classification v3.0.3
During the baseline (resting) recording in the supine position,
the intragastric pressure, EGJ morphology, basal EGJ pressure at
end-expiration and end-inspiration, and the EGJ-contractile integral (EGJ-CI) were assessed.3,21 The EGJ-CI was measured by
setting the isobaric contour to 2 mmHg greater than the intragastric
pressure then using the smart-mouse tool to measure the contractile
integral over 3 respiratory cycles (then divided by the time of the
measurement: thus into units of mmHg·cm).22
During MRS, the IRP was calculated over the entire duration of the sequence and MRS-DCI and MRS-swallow type were
classified based on the peristaltic sequence following the final swal-
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low (Fig. 1).8,10 The MRS contractile augmentation was assessed
by taking the MRS-DCI divided by the median-upright DCI.
Contractile inhibition was also assessed during MRS and classified as “intact” when no contraction during the MRS sequence, or
impaired when a contraction (DCI > 100 mmHg and > 2 cm in
axial length) occurred during the MRS sequence.
For RDC, several iterations of IRP measurement were assessed. The RDC-IRP was measured during the first 30 seconds
of the RDC (reported as “RDC-IRP-30s”), over the entire RDCduration (reported as “RDC-IRP-total”; which equaled RDCIRP-30s if the RDC was completed in < 30 seconds), and also as
the averaged value of 10-second increments over the entire duration
of the RDC (reported as “RDC-IRP-AVG”).10 The duration of
time to complete the RDC was also quantified and reported as
“RDC-time.” Esophageal-gastric (EG) gradient during RDC was
measured as the difference between the mean esophageal pressure
and mean gastric pressure 2 cm above and below the lower esophageal sphincter (LES), respectively.10
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Table 1. Normal Values for Single Test Swallows

Metric

Supine
5 mL liquid

Upright
5 mL liquid

Viscous
swallows

n
30
30
26
IRP (mmHg)
11 (4-16)
9 (0-17)b
6 (0-15)b,c
Median DCI (mmHg·cm·sec) 1747 (366-6335) 1578 (94-5110)b 1689 (331-5125)b
Greatest DCI (mmHg·cm·sec) 2295 (566-10980) 2257 (350-6896)b 2276 (746-7200)b
Shortest DL (sec)
6.0 (4.9-8.0)
6.2 (4.6-8.2)
7.0 (5.2-9.1)b,c

Solid
swallows

MRS

RDCa

29
9 (1-19)b
2848 (0-4428)
2231 (0-5153)
6.5 (4.8-8.7)b,c

30
3 (0-12)b,c
2645 (0-10362)
-

30
5 (–3-12)b,c
-

a

Reflects the IRP-RDC-30s, ie, the integrated relaxation pressure (IRP) measured during the first 30 seconds of the rapid drink challenge (RDC).
P < 0.05 compared with supine swallows.
c
P < 0.05 compared with upright, 5 mL liquid swallows.
MRS, multiple rapid swallows; DCI, distal contractile integral; DL, distal latency.
Viscous and solid swallows, as well as MRS and RDC were performed in the upright, seated position.
Values reflect median (5th-95th percentiles).
b

Presence of panesophageal pressurization, defined as continuous pressurization from the upper esophageal sphincter to the EGJ
at an isobaric contour of 30 mmHg was also assessed during MRS
and RDC.

Statistical Methods
Data were analyzed using SPSS version 26 (IBM Corporation, Armonk, NY, USA). To maintain data independence, data
from each individual subject were analyzed by taking the median,
maximum (greatest), of minimum (smallest) value across swallows
of similar bolus and position. Data are expressed as median (5th95th percentiles) or interquartile range (IQR) or mean (SD) based
on data distribution. Comparisons were made using Wilcoxon rank
sum or paired t tests, based on data distribution. Correlation was
assessed using Spearman’s rho. Analyses assumed a 5% level of statistical significance.

Results
Study Subjects
The 30 asymptomatic controls had a mean (SD) age of 30
(6) years and 76% were female. The mean (SD) body mass index
was 23 (3) kg/m2. The controls all had a normal upper endoscopy.
The BEDQ score was 0 in 29/30 controls (and 1 in the other); the
GERDQ score was normal (< 9) in all 30 subjects; the EHAS
score was 0 in 28/30 (8 and 24 in the other 2, respectively). Twentyfour hour pH-impedance was completed in 27/30 and total acid
exposure time for pH < 4 was median (5th-95th) 0.7% (0.0-6.0);
one subject had an acid exposure time > 6.0% (6.3%).

Resting Esophagogastric Junction Evaluation
The EGJ morphology was type I in 28/30 (94%) subjects and
type II in 2 (with 1 cm of LES-crural separation). The intragastric
pressure was mean (5th-95th) 8 (1-16) mmHg. The basal EGJ
pressure at end-expiration was median (5th-95th) 15 (4-32) mmHg
and at end-inspiration was median (5th-95th) 23 (10-55) mmHg.
The EGJ-CI was median (5th-95th) 44 (9-141) mmHg·cm. The
end-expiratory basal EGJ pressure and EGJ-CI were strongly correlated: rho = 0.910 (P < 0.001) (Supplementary Figure).

Liquid Test Swallows
On supine 5 mL liquid swallows, the median (5th-95th) supine
IRP was 11 (4-16) mmHg (Table 1). Esophageal motility classification was normal esophageal motility in 26 (87%), ineffective
esophageal motility (IEM) in 2 (7%), and EGJ outflow obstruction
in 2 (7%). EGJ outflow obstruction subjects had median supine
IRP values of 16 mmHg and 17 mmHg and both had normal
peristalsis. The 2 subjects with IEM had 8/10 and 10/10 ineffective
swallows and median DCI values of 760 and 194 mmHg·cm·sec,
respectively. There were 2 subjects that each had 1 hypercontractile
swallow among the 10 supine swallows; there were no premature
swallows observed.
On upright 5 mL liquid swallows, the median (5th-95th) IRP
was 9 (0-17) mmHg, which was lower than on supine swallows
(P < 0.001) (Fig. 2). The 2 controls with supine IRP > 15 mmHg
had upright IRPs of 10 mmHg and 14 mmHg, respectively. Both
subjects with IEM on supine swallows also had IEM on upright
swallows (5/5 ineffective upright swallows in both); there was 5
additional subjects with > 50% ineffective upright swallows. Application of Chicago classification concepts to upright swallows with
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23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0
1
2
3
4

Supine

Upright

Viscous

Solid

MRS

RDC

HRM bolus/maneuver

Figure 2. Integrated relaxation pressure (IRP) values by manometric test swallow/maneuver. Each line represents one asymptomatic volunteer.

Common thresholds of 12 mmHg and 15 mmHg are reflected by the dashed horizontal lines. Median values for each swallow type or maneuver
are represented by a solid horizontal line. The rapid drink challenge (RDC)-IRP value reflects the IRP measured during the first 30 seconds of
the RDC (“RDC-IRP-30s”). HRM, high-resolution manometry; MRS, multiple rapid swallows. Figure used with permission from the Esophageal Center at Northwestern.

an upper limit of normal IRP threshold of 12 mmHg to this cohort
yielded 5/30 (17%) subjects with EGJ outflow obstruction, (one
of whom had ineffective peristalsis), 7/30 (23%) with IEM, and
18/30 (60%) with normal motility. There were no hypercontractile
nor premature swallows observed among the upright 5 mL liquid
swallows.

Viscous and Solid Swallows
Twenty-six subjects completed 5 viscous swallows in the upright
position, and 29 completed 2 solid swallows (1 had gluten sensitivity and declined). Median IRP values were lower than the median
IRP from supine liquid swallows on paired comparisons (P < 0.001
and P = 0.005, respectively) (Table 1 and Fig. 2). Compared with
supine liquid swallows, median and greatest DCI values were lower
with viscous swallows, but similar with the solid swallows. There
were 2 subjects with > 50% ineffective swallows among the viscous
swallows; neither of which had “IEM” on supine or upright 5 mL
liquid swallows. All but 1 subject (28/29) had 1 or 2 effective solid
swallows; this 1 subject had IEM on both supine and upright swallows, a failed swallow after MRS, and did not complete viscous
swallows. One subject had a single hypercontractile swallow on
viscous swallows; no hypercontractile swallows were observed with
solid swallows. No premature swallows were observed on viscous or
solid swallows.
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Multiple Rapid Swallows and Rapid Drink Challenge
On MRS, the median (5th-95th) IRP was 3 (0-12) mmHg,
which was lower than the median supine IRP (P < 0.001). The
peristaltic wave after MRS was classified as normal in 20 (67%),
hypercontractile in 3 (10%), weak in 3 (10%), and failed in 4
(13%). The MRS-DCI had a median (5th-95th) of 2287 (0-9459)
mmHg· cm· sec. The augmentation ratio (MRS-DCI/median
upright DCI) was a median (5th-95th) 1.9 (0-13.6); 21/30 (70%)
had an MRS-augmentation ratio of ≥ 1.0, ie, contractile reserve.
Among the 9 patients with > 50% ineffective swallows (“IEM”)
on either supine (n = 2), upright (n = 7; 2 also with supine IEM),
or viscous swallows (n = 2), 6 (67%) had contractile reserve observed after MRS. Contractile inhibition on MRS was impaired in
6/30 (20%).
The RDC was completed in a median (5th-95th) 39 (11-159)
seconds. The median (5th-95th) RDC-IRP-30s was 5 (−3-12)
mmHg. The median (5th-95th) RDC-IRP-total was 3 (−3-12)
mmHg, while the median (5th-95th) RDC-IRP-AVG (ie, averaged 10-second intervals) was 6 (−2-16) mmHg. All RDC-IRP
measures were lower than the median supine IRP (P < 0.001).
The median (5th-95th) RDC-EG-gradient was 2.3 (−6-10)
mmHg. Pan-esophageal pressurization was observed during the
RDC in 1 subject that had an RDC-IRP-30s of 3 mmHg.
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Table 2. Abnormal Findings Among Asymptomatic Volunteers

IRP (mmHg)

Contractility (pattern)

Supine

Upright

Viscous

Solid

MRS

RDC

Supine

Upright

Viscous

MRS

17
16
15
15
14
9
15
15
15
14
12
12

14
10
19
13
13
16
11
10
9
7
10
9

16
8
9
5
9
4
12
7
7
8
7

15
13
12
8
23
6
10
5
11
16
6

12
6
8
5
10
7
7
0
7
5
0
6

10
8
7
–1
1
7
10
13
6
8
3
4

Normal
Normal
Normal
Normal
Normal
HC
Normal
Normal
IEM
Normal
HC
Normal

Normal
Normal
Normal
Normal
Normal
Normal
IEM
Normal
IEM
Normal
Normal
Normal

Normal
Normal
Normal
HC
Normal
Normal
Normal
Normal
Normal
Normal
IEM

12
12
10

9
4
9

5
3
11

9
9
9

4
0
6

7
6
3

Normal
Normal
Normal

Normal
Normal
Normal

Normal
Normal
Normal

10

9

3

3

0

2

Normal

Normal

Normal

9
8
8
8
8
8
6
3
15
10
8
8
7
13

5
6
6
4
1
6
2
0
9
9
3
2
1
7

2
1
3
3
8
5
4
0
6

6
1
13
11
5
9
4
4
12
12
8
2
0
7

3
2
0
0
0
3
0
0
2
4
1
4
0
6

13
–3
–1
0
0
6
1
1
7
4
–4
9
3
7

Normal
Normal
Normal
IEM
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal
Normal

Normal
Normal
IEM
IEM
IEM
Normal
IEM
IEM
Normal
Normal
Normal
Normal
Normal
Normal

Normal
Normal
-

Normal
Normal
Normal
Normal
Im-CR
Normal
Normal
Im-INH
Normal
Im-CR
Im-INH
Im-CR
Im-INH
Im-CR
Im-INH
Im-CR
Im-INH
Im-CR
Im-INH
Normal
Im-CR
Normal
Im-CR
Normal
Normal
Im-CR
Normal
Normal
Normal
Normal
Normal
Normal
Normal

IEM
Normal
Normal
Normal
Normal
Normal
Normal

MRS, multiple rapid swallows; RDC, rapid drink challenge; HC, hypercontractile swallow; Im-CR, impaired contractile reserve; IEM, ineffective esophageal motility; Im-INH, impaired inhibition during MRS.
Each row represents one asymptomatic volunteer. Findings considered “abnormal” are highlighted in gray: “Elevated” integrated relaxation pressure (IRP) was considered if the median value among test swallows was > 15 mmHg for supine 5 mL liquid swallows, viscous, or solid test swallows or > 12 mmHg for upright 5 mL
liquid swallows, MRS, or RDC. IEM was considered if > 50% of test swallows were ineffective.

The 2 controls with supine IRP > 15 mmHg had MRS-IRPs
of 6 mmHg and 12 mmHg, RDC-IRP-30s of 8 mmHg and 10
mmHg, and RDC-EG-gradients of 2 mmHg and 5 mmHg.
None of the controls had an MRS-IRP > 12 mmHg. Two of 30
(7%) had RDC-IRP > 12 mmHg by RDC-IRP-30s, RDCIRP-total, and RDC-IRP-AVG; a third subject had only RDCIRP-AVG > 12 mmHg (but < 12 for both RDC-IRP-30s and
RDC-IRP-total).

Findings potentially considered as “abnormal” were observed
during the various test swallows and maneuvers among 24 of these
30 (80%) asymptomatic volunteers (Table 2). Conversely, all 30
subjects had an IRP < 12 mmHg on at least 1 of the test maneuvers (Fig. 2) and 29/30 (97%) subjects had normal motility (> 50%
effective swallows) on either supine, upright, or viscous swallows.
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Discussion
We evaluated 30 healthy asymptomatic volunteers with HRM
and a testing protocol that included supine liquid swallows, upright
liquid swallows, viscous swallows, single solid test swallows, MRS,
and RDC. The normal values derived from this cohort provide
comparison for clinical application to patients tested with comprehensive HRM protocols. Additionally, we observed findings that
could be considered “abnormal” in 70% of these healthy asymptomatic volunteers; however these were generally isolated findings
and otherwise normal findings were observed on other portions of
the testing protocols.
Various factors related to the manometric test protocol contribute to the quantifiable objective parameters that are associated with
esophageal motility evaluation with HRM: these include bolus
consistency, bolus volume, subject position, and manufacturer of
HRM assembly.23 Thus, consistency in HRM study protocol
and appropriate application of normal values derived from similar
testing situations are important for clinical utilization. The present
study evaluated multiple components that could be incorporated
into a comprehensive HRM testing protocol and observed fairly
consistent parameters as those reported with previous studies of asymptomatic volunteers.8,10,11,21,23-28
Incorporation of the provocative maneuvers the MRS and
RDC have recently gained additional interest for clinical manometric evaluation of both gastroesophageal reflux disease and obstructive esophageal disorders.8,9,17,18,20,27-29 The present study supports
the IRP threshold of 12 mmHg reported in several studies assessing the RDC.10,11 The present study also observed that similar
methods to measure IRP during RDC resulted in similar output;
thus application of the IRP-window over the initial 30 seconds of
the RDC may provide an acceptable balance of accuracy with ease
of application. The MRS has generally been utilized to assess for
contractile reserve and was observed with a similar prevalence of
contractile reserve in the present study compared with previous
studies (70-80% of healthy controls).9,30 Assessment of LES relaxation during MRS using the IRP may also be of clinical utility and
the upper limit of normal of 12 mmHg reported in this study is the
same as reported in another study.30 The MRS has also been applied to assess contractile inhibition during MRS, observed, however in 20% of this asymptomatic cohort and 2/18 healthy controls
(11%) in a previous study.31
The IRP garners particular attention given the importance
placed on it as the initial decision point within the hierarchical
360

Chicago classification scheme, primarily the 15 mmHg threshold
when using supine 5 mL swallows with a Sierra-vintage HRM assembly.3 The 12 mmHg threshold has been previous applied with
upright liquid swallows with clinical relevance.5,6 While the upright
IRP was lower than supine swallows for the majority of subjects in
this study as expected similar to previous studies,23,24 the upper limit
of the upright IRP observed here was driven primarily by 2 outlying values (Fig. 2): one was likely related to a small reducible hiatal
hernia that was not appreciated endoscopically (type II EGJ morphology); an explanation for the other can be speculated as potential
catheter impingement artifact generated by the position change.32
When incorporating all of the numerous test swallows/maneuvers
included in this testing protocol (ie, supine, upright, viscous, solid,
MRS, and RDC) there were 8/30 (27%) asymptomatic healthy
subjects with an IRP value that would be considered elevated based
on previously applied thresholds of 15 mmHg (supine swallows)
or 12 mmHg (upright liquid swallows or RDC) (Table 2).3,10,11,24
However, the intra-individual fluctuation of IRP values between
these various maneuvers (Fig. 2) demonstrated that elevated IRP
values were generally isolated to a single test scenario (only 2 subjects had IRP values greater than previously applied thresholds
on more than 1 bolus type/maneuver). Similarly, while contractile
abnormalities (particular > 50% ineffective swallows suggesting
“IEM”) were observed, all but 1 subject demonstrated effective
peristalsis during at least 1 of the test maneuvers.
While this study describes 30 well-characterized asymptomatic
volunteers with a comprehensive HRM protocol, it does carry
some limitations. As is common among studies assessing healthy
asymptomatic volunteers, the cohort evaluated was relatively young
and thus changes in esophageal motility that are associated with the
normal aging process may not be reflected by this cohort. Additionally, while a comprehensive HRM test protocol was assessed, there
are other promising HRM maneuvers, such as the solid test meal,
that were not incorporated into this study’s protocol.11,33 Additionally, parameters that incorporate impedance (high-resolution impedance manometry) may also offer benefit to the HRM evaluation,
however, assessing combined manometry-impedance measures was
not the focus of this evaluation.
In summary, HRM parameters of healthy, asymptomatic volunteers associated with supine liquid swallows (the current standard
Chicago classification protocol), as well as upright liquid swallows,
viscous swallows, solid test swallows, MRS, and RDC were described. These values provide a reference for comparison for clinical
application of symptomatic patients. Additionally, it should be noted
that isolated “abnormalities” of both IRP and contractile param-
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eters were observed in the majority of these healthy asymptomatic
controls. This demonstrates that as the HRM protocol expands
to include numerous additional maneuvers, caution needs to be
exercised when interpreting the clinical relevance of isolated “abnormalities.” Instead, consistently abnormal findings across multiple
test maneuvers should be present to support clinically-relevant
esophageal motility abnormalities; future studies of patients to support this approach remain necessary.
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Upright Integrated Relaxation Pressure Predicts
Symptom Outcome for Esophagogastric Junction
Outflow Obstruction
Songfeng Chen,1 Mengya Liang,2 Niandi Tan,1 Mengyu Zhang,1 Yuqing Lin,1 Peixian Cao,1 Qianjun Zhuang,1 and Yinglian Xiao1*
Departments of 1Gastroenterology and 2Cardian Surgery, The First Affiliated Hospital, Sun Yat-sen University, Guangzhou, China

Background/Aims
Esophagogastric junction outflow obstruction (EGJOO) is characterized by elevated integrated relaxation pressure (IRP) and preserved
esophageal peristalsis. The clinical significance of EGJOO is uncertain. This study aim to describe the clinical characteristics of these
patients and to find out potential parameters to predict patients’ symptom outcome.
Methods
Consecutive patients who received high-resolution manometry examination in our hospital in 2013-2019 and met the diagnostic
criteria of EGJOO were retrospectively included. Motility and reflux parameters as well as endoscopy and barium esophagogram results
were studied and compared. Patients were also followed up to record their treatment methods and symptom outcomes.
Results
A total of 138 EGJOO (accounting for 5.2% of total patients taking high-resolution manometry examination in our hospital) patients
were included. Only 2.9% of these patients had persistent dysphagia. A total of 81.8% of EGJOO patients had symptom resolution
during follow-up. Patients with persistent dysphagia had significantly higher upright IRP (16.6 [10.3, 19.8] vs 7.8 [3.2, 11.5]; P =
0.026) than those without. Upright IRP can effectively distinguished patients with persistent dysphagia (area under curve: 0.826; P =
0.026) using optimal cut-off value of 9.05 mmHg.
Conclusion
EGJOO patients with persistent dysphagia and higher upright IRP (median > 9.05 mmHg) needs further evaluation and aggressive
management.
(J Neurogastroenterol Motil 2021;27:363-369)
Key Words
Deglutition disorders; Esophagogastric junction; Manometry

Introduction
Esophagogastric junction outflow obstruction (EGJOO) is an

entity of Chicago classification version 3.0, which is characterized by
elevated integrated relaxation (≥ 15 mmHg) in combination with
preserved esophageal peristalsis.1 Although it was considered as a
major motility disorder, little is known about its etiology and clinical
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significance. EGJOO is a heterogeneous motility diagnosis. The
symptoms of patients with patients vary greatly. The most common
chief complaints of these patients are heartburn, regurgitation, and
dysphagia.2-5 In most cases, patients’ symptoms can resolve spontaneously,4,6 with only a few progressing to achalasia.3 Its potential
etiologies may include organic causes (eg, hiatus hernia, stricture,
eosinophilic esophagitis, vascular obstruction, and malignancy)
and functional causes (eg, early or incompletely express achalasia,
esophageal wall stiffness, and drug effect).7 Most organic causes of
EGJOO mentioned above can be identified by initial upper endoscopy. Barium esophagogram has long been utilized in the diagnosis
of achalasia and the assessment of esophagogastric junction (EGJ)
outflow. Some researchers even argued that EGJOO should be
investigated further aggressively by endoscopic ultrasonography,
functional luminal imaging probe, or CT.4,8-10 Despite the variety of
means to evaluate EGJOO, none of current methods are known to
be able to predict patients’ symptom outcome.
The treatment of EGJOO is controversial. The majority of
patients with EGJOO were given either no specific intervention
or Botox injection. Some patients were treated by medication and
a few patients with persistent dysphagia by surgery. However, the
treatment outcomes were similar in these approaches.6 Therefore, it
is necessary to come up with measures to select appropriate patients
with EGJOO for aggressive treatment.
This study hypothesized that EGJOO is a heterogeneous
disease that need to be further evaluated by endoscopy, barium
esophagogram, and other parameters of high-resolution manometry
(HRM). The current study aim to describe the clinical characteristics of patients with EGJOO and to find out potential parameters to
predict patients’ symptom outcome.

Materials and Methods
Study Subjects
Consecutive patients who received HRM examination in our
hospital from January 2013 to December 2019 and diagnosed with
EGJOO were retrospectively included. The exclusion criteria were:
(1) gastroesophageal tumor history (2) gastroesophageal surgery
history. Their baseline characteristics and symptoms were recorded
in a questionnaire in our center including body mass index, impaction dysphagia question score (IDQ), Eckert-score, and gastroesophageal reflux disease questionnaire (GERDQ). Phone calls
were conducted to follow up these patients in terms of symptom
outcomes. Meanwhile, patients’ HRM, endoscopy, esophagogram,
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and multichannel impedance-pH monitoring (MII-pH) results
were reviewed. This study was approved by the Ethical Review
Board of Sun Yat-sen University (IRB No. 2019290), and was
conducted following the concept of the Declaration of Helsinki.

High-resolution Manometry
HRM was performed after the upper endoscopy tests. The
procedure was carried out as previously reported.11 Firstly, patients
were required to stop swallowing for 30 seconds to record the basal
pressure. Ten 5-mL liquid swallows were then performed in the
supine position as well as five 5-mL liquid swallows in the upright
position. Multiple rapid swallows (MRS) were administered at 1-2
second interval for 3 times both in the supine and upright position.12
HRM parameters analysis was conducted using Manoview
analysis software (Medtronic Inc, Minneapolis, MN, USA).
EGJOO was defined as a median lower esophageal sphincter
(LES) integrated relaxation pressure (IRP) ≥ 15 mmHg across
10 supine liquid swallows and could not meet the diagnosis criteria
of achalasia. Median IRP, mean distal contractile integral (DCI),
LES relaxation intrabolus pressure (IBP), maximum IBP, MRSDCI, MRS-IRP, MRS ratio of both supine and upright position
were calculated. MRS ratio was defined as MRS-DCI/mean liquid
swallow DCI.13 Abnormal upright IRP was defined as IRP in the
upright position > 12 mmHg.14

Multichannel Impedance-pH Monitoring
The reflux monitoring procedure was carried out as previously
reported.11 Patients were asked to live at their normal routines, and
to note down their symptoms, postures, and meals during monitoring.
Manual analysis was conducted by 2 certificated investigators
using the Bioview Analysis software (Sandhill Scientific Inc, Highland Ranch, CO, USA). Meal periods were excluded while analyzing. Pathological distal reflux was defined as acid exposure time at 5
cm above LES ≥ 4.2%, or ≥ 6% in the definition of Lyon consensus,15 of the monitoring time. Other reflux parameters including: (1)
reflux episode, (2) bolus clearance time, (3) bolus exposure percent
time, and (4) symptom association probability were also collected.

Symptom Outcome
Patients were followed up until December 2019. Treatments
of these patients were divided into (1) no specific treatment, (2)
medication treatment (including antacid medication, neuromodulator, prokinetic agents, herbal medicine, or any other drugs for chief
symptoms at standard dose for more than 8 weeks), and (3) specific
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Table 1. Baseline Characteristics of Esophagogastric Junction Out-

flow Obstruction Patients
Characteristics

Distribution

Age (yr)
Male
BMI (kg/m2)
IDQ score
GERDQ score

47.8 (12.5)
32.6
20.9 (3.2)
0.0 (0.0, 4.0)
8.0 (6.0, 9.0)

BMI, body mass index; IDQ score, impaction dysphagia question score;
GERDQ score, gastroesophageal reflux disease questionnaire score.
Values are presented as mean (SD), %, or median (interquartile range [IQR]).

surgery treatment. Patients whose chief symptoms relieved during
the week before follow-up were considered as responders. Persistent
dysphagia was defined as dysphagia that persists for more than 1
year or needs invasive treatment.

Statistical Methods
For categorical variables, the percentage form was adopted and
chi-square tests were used for comparisons. The mean ± SD of
normally distributed continuous variables were presented, which
were compared by t test. Median (95% confidence interval) and
Mann-Whitney U test were adopted for continuous data that were
not normally distributed. Receiver operator characteristic curve was
used to evaluate the efficacy of different parameters in predicting
symptom outcomes and to determine the optimal cutoff of different
indexes. The significance level (P -value) was set at 0.05.

Results
A total of 138 patients (accounting for 5.2% of total patients
taking HRM examination in our hospital, the demographic data
was shown in Table 1) were diagnosed with EGJOO in 20132019. The chief complaints of patients with EGJOO were heartburn, regurgitation, globus, chest pain, and dysphagia (Fig. 1).
Only 2.9% of patients with EGJOO had persistent dysphagia
symptoms. Among all the patients with EGJOO, 80.4% completed
a reflux monitoring, those who did not undergo reflux monitoring
were due to the lack of GERD symptoms and/or because they had
severe dysphagia symptoms which made them unable to tolerate
the ambulatory monitoring. Pathological reflux was found in 7.9%
(or 5.9% as defined in Lyon consensus) of patients with EGJOO.
As for endoscopy results, 12.2% of patients with EGJOO were
diagnosed with esophagitis while only 0.7% had anatomical causes
(vascular obstruction) for EGJOO. Only 36 patients completed the
barium esophagogram, and 4 patients (11.1%) were diagnosed with

17.7%
26.0%
9.4%
10.1%

Heart burn
Regurgitation
Globus
Chest pain
Dysphagia
Others

22.4%
14.4%

Figure 1. Chief complaints distribution of patients with esophagogastric junction outflow obstruction.

Table 2. Response Rates Comparison by Different Treatment Methods

Treatment methods
No specific treatment
Neuroregulator
Proton pump inhibitor
Other medication (mainly herbal medicine)
Botox injection
Pneumatic dilation
Peroral endoscopic myotomy

Number of Response
patients (%) rate (%)
81 (58.6)
26 (18.8)
18 (13.0)
10 (7.2)
0 (0.0)
0 (0.0)
3 (2.9)

70 (85.1)
20 (76.9)
12 (66.6)
9 (90.0)
3 (100.0)

achalasia (according to bird’s-beak appearance).
Most patients had benign symptom outcomes. The overall response rate of patients with EGJOO was 81.8%. More than half of
patients with EGJOO did not receive any specific treatment but the
symptoms relieved by itself. The most commonly used drugs were
neuromodulator (eg, tricyclic antidepressants and serotonin norepinephrine reuptake inhibitors) and proton pump inhibitors. Response
rates of different treatment methods were shown in Table 2.

Comparison by Symptoms
Patients were divided into dysphagia group (n = 13) and nondysphagia group (n = 125) according to their chief complaints.
Dysphagia group had significantly higher IDQ scores (Table 3).
No significant difference was observed in gender, age, body mass
index, and GERDQ scores (Table 3).
As for endoscopy, patients with chief complaint of dysphagia
were more likely to have organic causes for EGJOO (Table 3).
Seven patients in the dysphagia group (53.8%) and 26 patients in
the non-dysphagia (20.8%) group completed a barium esophagogram. EGJOO patients with chief complaint of dysphagia were
more likely to be diagnosed with achalasia by barium esophagogram
(Table 3).
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Patients with dysphagia were found to have higher IRP both in
supine (20.7 [17.8, 22.2] vs 17.5 [16.3, 19.3]; P = 0.008; Fig. 2A)
and upright positions (10.4 [8.6, 13.7] vs. 7.4 [3.1, 11.6]; P = 0.012;
Fig. 2B). No significant differences were found in other motility
parameters. No significant differences were found in reflux parameters between the dysphagia group and the non-dysphagia group

either.
Considering that some patients had dysphagia symptoms
relieved by itself, persistent dysphagia symptom may be more clinically significant. Therefore, the samples were further divided into
2 groups: (1) patients with persistent dysphagia (dysphagia that
persists for more than 1 year or needs invasive treatment) and (2)

Table 3. Baseline Characteristics Comparison by Chief Complaints

Characteristics

Dysphagia group (n = 13)

Non-dysphagia group (n = 125)

45.9 (13.8)
23.1
19.8 (3.4)
8.0 (1.0, 10.5)
6.0 (6.0, 9.5)

48.0 (12.4)
33.6
21.0 (3.2)
0.0 (0.0, 3.0)
8.0 (6.0, 9.0)

Age (yr)
Male
BMI (kg/m2)
IDQ score
GERDQ score
Endoscopy
Esophagitis
Vascular obstruction
Esophagogram
Achalasia (diagnosed by esophagogram)

P -value
0.560
0.646
0.218
< 0.001
0.631

0.0
7.6

13.6
0.0

0.328
0.029

57.1

0.0

< 0.001

BMI, body mass index; IDQ score, impaction dysphagia question score; GERDQ score, gastroesophageal reflux disease questionnaire score.
Values are presented as mean (SD), %, or median (interquartile range [IQR]).
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Figure 2. Motility parameters comparison by chief symptoms. IRP, integrated relaxation pressure. *P < 0.05.
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Figure 3. Motility parameters com-
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patients without persistent dysphagia. Patients with persistent dysphagia (n = 4; 3 of them received peroral endoscopic myotomy
treatment while the other 1 refused to receive any specific treatment) were more likely to have organic causes for EGJOO than
other patients (25.0% vs 0.0%; P < 0.001). They were also more
likely to be diagnosed with achalasia by barium esophagogram
(100.0% vs 0.0%; P < 0.001). EGJOO patients with persistent
dysphagia were found to have significantly higher upright IRP (16.6
[10.3, 19.8] vs 7.8 [3.2, 11.5]; P = 0.026; Fig. 3A) and abnormal
upright IRP ratio (75.0% vs 18.8%; P = 0.031; Fig. 3B). Receiver
operator characteristic curve was used to evaluate the efficacy of
different HRM parameters in predicting persistent dysphagia.
Upright IRP effectively distinguished the prognosis of patients
(area under curve: 0.826; P = 0.026), with the optimal cut-off of
9.05 mmHg (Fig. 4).
ROC curve
1.0

Sensitivity

0.8

Thirty-six patients in total had completed a barium esophagogram. Four patients (11.1%) were diagnosed with achalasia (3
of them received peroral endoscopic myotomy treatment while the
other 1 refused to receive any specific treatment), while the other
32 patients with EGJOO were considered normal. Patients were
divided into the achalasia group and the non-achalasia group based
on their barium esophagogram results. Patients in the achalasia
group were found to have significantly higher IDQ scores, and
were more likely to have dysphagia or persistent dysphagia
symptoms (Table 4). Compared with patients in the non-achalasia
group, more patients in the achalasia group were found to have
organic causes for EGJOO during endoscopy examination (Table
4). As for HRM, patients in the achalasia group had significantly
higher upright IRP (16.6 [10.3, 19.8] vs 7.9 [4.3, 12.8]; P =
0.012). Since none of these achalasia patients underwent MII-pH,
comparison of reflux parameters was not available.

Discussion

0.6
0.4
0.2

0

Comparison by Barium Esophagogram

0.2

0.4

0.6

0.8

1.0

1-Specificity

Figure 4. Receiver operator characteristic (ROC) curve of upright in-

tegrated relaxation pressures (IRP) in predicting persistent dysphagia.

With the widespread application of HRM, EGJOO is no longer a rare motility diagnosis in clinic. Former studies suggested that
EGJOO accounts for 8.2-24.3% of total patients taking HRM
examination.3,4,14,16 Although it was considered as a major motility
disorder, most patients diagnosed with EGJOO were dysphagiafree, not to speak of persistent dysphagia.2-5 Therefore, whether
EGJOO is clinically significant remains controversial. The current
study was designed to describe the clinical characteristics of these
patients. In this study, only 9.4% of patients with EGJOO had
a chief complaint of dysphagia, and 11.6% of patients had some

Table 4. Baseline Characteristics Comparison by Barium Esophagogram Diagnoses

Characteristics

Achalasia group (n = 4)

Non-achalasia group (n = 32)

P -value

Age (yr)
Male
BMI (kg/m2)
IDQ score
GERDQ score
Dysphagia
Persistent dysphagia
Endoscopy
Esophagitis
Vascular obstruction

42.8 (24.7)
75.0
20.9 (3.6)
7.0 (10.0, 13.8)
6.0 (6.0, 8.3)
100.0
100.0

48.2 (11.5)
31.2
20.8 (2.1)
0.0 (0.0, 4.8)
7.5 (6.0, 9.0)
9.3
0.0

0.446
0.244
0.974
0.005
0.327
<0.001
<0.001

0.0
25.0

9.3
0.0

0.390
0.031

BMI, body mass index; IDQ score, impaction dysphagia question score; GERDQ score, gastroesophageal reflux disease questionnaire score.
Values are presented as mean (SD), %, or median (interquartile range [IQR]).
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extent of dysphagia. Most patients with EGJOO had normal endoscopy, barium esophagogram results and most, whether having
received specific treatment or not, had benign symptom outcomes.
With regards to parameters that is possibly pertinent to symptom
outcomes, the current study found that persistent dysphagia symptoms were relevant to elevated upright IRP as well as to abnormal
EGJ findings in endoscopy and barium esophagogram.
Former studies have found that most patients with EGJOO
had benign clinical outcomes.2,10,17,18 A retrospective study by PérezFernández et al10 reviewed 44 patients with EGJOO and found
that over one-third of patients presented a spontaneous resolution
of symptoms without specific treatment. Another study retrospectively included 83 patients with EGJOO and found that only 2.7%
patients with EGJOO evolved to achalasia (median follow-up time:
6 months).2 EGJOO diagnosis is based on the supine swallows.
However, physiologically, drinking and eating are usually done in
the upright position. In the recumbent position, EGJ may be compressed by other organs, which may elevate the EGJ pressure. Nevertheless, compression may be relieved in the upright position. This
may partly explained the benign symptom outcomes and normal
upright IRP of most patients with EGJOO.
Despite the benign outcome of EGJOO, it is important to
screen out patients who need aggressive management. A study
published by Ong et al4 retrospectively included 40 patients with
EGJOO and found that 73.5% of functional patients with EGJOO
had spontaneous resolution of their symptoms and dysphagia may
be a signal of further evaluation. Poong-Lyul Rhee analysed 169
patients with EGJOO detected by combined multichannel intraluminal impedance and HRM and found that suspected clinical
significant patients are more likely to have dysphagia, compartmentalized pressurization, and abnormal liquid bolus transit.19 Another
retrospective study found that Nadir upper esophageal sphincterresidual pressure may predict EGJOO patients’ symptom outcome
for myotomy.5 It should be noted that none of the studies mentioned above compared upright HRM parameters as well as reflux
parameters. A recent study published by Triggs et al14 included
310 patients with EGJOO. Each patient performed 10 supine
and 5 upright 5-mL liquid swallows. It was found that the median
upright IRP for patients with radiographic evidence of EGJOO
or symptomatic dysphagia was higher than for patients without.
In the current study, results of endoscopy, barium esophagogram,
and reflux monitoring were all reviewed and compared. We also
compared upright HRM parameters and some novel metrics such
as MRS and IBP. In this study, symptoms of dysphagia especially
persistent dysphagia were found to be correlated to elevated upright
368

IRP and abnormal EGJ outflow findings during esophagogram
and endoscopy.
There were some limitations in our study. Firstly, only a few
number (26.1%) of patients with EGJOO conducted barium
esophagogram. Secondly, few patients with EGJOO in this study
had a repeated HRM test, leaving the question of whether elevated
IRP can resolve spontaneously unconfirmed. Thirdly, only a small
part patients in this study had dysphagia symptoms. Therefore,
some parameters that help predict patients’ symptom outcome may
be missed due to the disproportion of sample size among groups.
Last but not least, some of the patients with EGJOO included in
this study were diagnosed with achalasia by esophagogram. The
purpose of this study was to explore the clinical significance of patients with EGJOO diagnosed by HRM. Therefore, we did not
exclude these patients in the current study. We conducted comparison by the results of the esophagograms. Patients with dysphagia
symptoms and had higher upright IRP were more likely to be potential achalasia patients.
In conclusion, further evaluation (ie, esophagograms) and
aggressive management should be considered in patients with
EGJOO when patients report dysphagia symptoms and had significantly increased upright IRP (median ≥ 9.05 mmHg).
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Evaluations of Gastric Acid Pocket Using Novel
Vertical 8-Channel pH Monitoring System and
Effects of Acid Secretion Inhibitors
Shohei Sumi,1 Norihisa Ishimura,1* Hironobu Mikami,1 Eiko Okimoto,1 Yuji Tamagawa,1 Tsuyoshi Mishiro,1 Yoshikazu Kinoshita,1,2
and Shunji Ishihara1
1

Department of Internal Medicine II, Shimane University Faculty of Medicine, Izumo, Japan; and 2Department of Medicine, Steel Memorial
Hirohata Hospital, Himeji, Japan

Background/Aims
The gastric acid pocket has an important role in gastroesophageal reflux disease development. In this study, we utilized a novel
8-channel pH monitoring system with sensor intervals of 1 cm on the vertical axis for evaluation of postprandial gastric acid pocket in
healthy Japanese adults, as well as the effects of vonoprazan and rabeprazole.
Methods
Twelve healthy volunteers without Helicobacter pylori infection were enrolled. A catheter was inserted transnasally and positioned
under X-ray guidance, then postprandial acid pocket formation was monitored over time in a sitting position. Thereafter, acid pocket
changes were assessed following administration of vonoprazan (20 mg) or rabeprazole (20 mg).
Results
The gastric acid pocket was successfully measured by use of the present system in 10 cases, while failure occurred in 2 because of
inappropriate catheter positioning. Observed acid pockets were visualized with a mean length of 2.2 ± 0.4 channels on the top layer
of food contents approximately 20 minutes after finishing a meal. There were some variations for lasting time of the acid pocket.
Complete elimination within 3 hours after administration of vonoprazan was noted in all cases. Likewise, following administration of
rabeprazole, the acid pocket was eliminated in 7 cases, while acidity was reduced though the pocket remained observable in 3.
Conclusions
Gastric acid pocket observations were possible using our novel vertical 8-channel sensor catheter. The present findings showed that
vonoprazan strongly suppressed acid secretion within a short period, suggesting its effectiveness for gastroesophageal reflux disease
treatment.
(J Neurogastroenterol Motil 2021;27:370-376)
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Gastric acid; Gastroesophageal reflux; Potassium-competitive acid blocker; Proton pump inhibitors
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Gastric Acid Pocket in Japanese

pocket following administration of vonoprazan as compared to rabeprazole, a conventional PPI, with our system.

Introduction
Gastroesophageal reflux disease (GERD) is characterized by
the presence of reflux symptoms, such as heartburn and regurgitation, and/or esophageal mucosal injury caused by reflux of gastric
contents into the esophagus.1,2 In recent decades, the prevalence of
GERD has been increasing in Japan, likely due to the westernization of eating habits, as well as decreased Helicobacter pylori infection rates and increased gastric acid secretion in the general population.3-5 To date, it is widely accepted that transient lower esophageal
sphincter relaxation (TLESR) is the main mechanism of acid reflux
in patients with GERD as well as healthy individuals.6,7 TLESR
is triggered by gastric distention and thus occurs more frequently
after meal ingestion. Although the majority of gastroesophageal
reflux episodes occur during the postprandial period,8 that finding
is paradoxical, because intragastric acidity is rapidly and markedly
reduced by the buffering effect of food during the period. In 2001,
Fletcher et al9 were the first to report the presence of an unbuffered
acidic region in the proximal stomach during the postprandial period. This acid layer on top of the ingested meal, which escapes the
buffering effect and is referred to as a gastric acid pocket, is now
considered to be an important mechanism of GERD.8,10,11 TLESR
can cause reflux of the highly acidic contents of the acid pocket into
the esophagus during the postprandial period, especially in GERD
patients with hiatal hernia.10,11 However, details regarding the acid
pocket in Japanese patients with GERD as well as healthy adults
remain to be fully elucidated.
Proton pump inhibitors (PPIs) are often used as first-line treatment for GERD2 and have been shown to reduce the size of the
acid pocket.12,13 Recently, vonoprazan, a new potassium-competitive
acid blocker, has been approved as a treatment option for GERD
in Japan.14 This drug has been shown to provide faster, steadier,
and more potent acid reducing effects as compared to conventional
PPIs.15,16 However, no known report regarding the effects of vonoprazan on the acid pocket have been presented.
In most previous studies of gastric acid pockets, measurements
were performed by use of a pull-through technique with dual pH
sensors.9,13,17 However, such a technique only provides information
during a very brief period of time and changes over time cannot
be observed. To address this issue, we developed a novel catheter
equipped with 8 vertically arrayed pH sensors. The aim of this
study is to evaluate the gastric acid pocket in healthy subjects during
the postprandial period with this pH sensor catheter. In addition,
we sought to determine postprandial changes of the gastric acid

Materials and Methods
Enrolled Subjects
Twelve healthy adult volunteers were recruited (7 males, 5
females; mean age 24.0 ± 2.6 years, range 21-32 years; mean
body mass index 20.7 ± 1.9 kg/m2). All subjects were free of gastrointestinal symptoms. In addition, none had a previous history of
upper gastrointestinal surgery, or were taking any drugs that might
influence gastrointestinal motility or acid secretion. Each had negative results in a urine antibody test for H. pylori and those who had
received H. pylori eradication therapy at any time were excluded.
The protocol was approved by the Ethical Committee of Shimane
University Faculty of Medicine (Approval No. 2392). Written
informed consent was obtained from the enrolled subjects and the
study was carried out in accordance with the principles of the Helsinki Declaration.

Catheter Equipment
We developed a novel pH sensor catheter equipped with 8
vertically arrayed pH sensors in cooperation with Star Medical, Inc
(Tokyo, Japan). This flexible catheter measures 2.35 mm in diameter and is equipped with 8 pH electrodes along the distal end
(Fig. 1). The electrodes are arranged at intervals of 1 cm on the

A

pH sensor catheter

B
Ch 1
Ch 2
Ch 3
Ch 4
Ch 5
Ch 6
1 cm

Ch 7
Ch 8

Portable digital recorders

Figure 1. Novel pH sensor catheter equipped with 8 vertically ar-

rayed pH sensors (red arrows) used to assess postprandial gastric acid
pocket. The sensors are arranged at intervals of 1 cm on the vertical
axis and pH is measured within a width of 7 cm. The pH data from
the 8 channels can be simultaneously recorded by connecting to 4 portable digital recorders.
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vertical axis and pH can be determined within a span of 7 cm. This
multi-channel pH sensor catheter has been approved for medical
use and is reusable. Eight-channel pH data can be simultaneously
recorded by connecting the catheter to 4 portable digital recorders
(Pocket Monitor GMMS-200pH; Star Medical, Inc). Prior to
performing the present examinations, the probe was calibrated at
room temperature using pH 4.0 and 7.0 buffer solutions.
After providing nasal anesthesia with xylocaine, the catheter
was inserted transnasally into the esophagus and positioning was
confirmed with fluoroscopic imaging to ensure that the sensor
straddled the gastric fluid surface (Fig. 2). The external portion was
tightly fixed to the cheek at a point 2 cm outside the nostril, then

A

B

Figure 2. Positioning of 8-channel pH sensor catheter. (A) Fluoro-

scopic image and (B) schematic illustration showing 8-channel pH
sensor catheter after insertion. The catheter was inserted transnasally
into the esophagus and the position confirmed with fluoroscopic imaging so that the sensor straddled the gastric fluid surface. In the present
study, catheter positioning was thoroughly checked before and after
ingesting meals using X-ray imaging.

A

Overnight
fast

Meal
9:00 AM

Vonoprazan
12:00 PM

Period 1

Day 1
Day 2
rabeprazole rabeprazole
7:30 AM
7:30 AM
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Study Protocol
The enrolled subjects participated in 2 study sessions (Fig. 3).
All study sessions were performed after an overnight fast. For the
first session (Fig. 3A) the pH sensor catheter was placed transnasally at 8 AM and pH measuring was started. Starting from 9
AM, the subject consumed a standardized meal, consisting of fried
noodles (556 kcal; protein 9.4 g, fat 20.9 g, and carbohydrate 82.6 g)
and stew (167 kcal; protein 5.9 g, lipid 7.1 g, and carbohydrate
19.7 g), and pH measurements were continued for 3 hours (period 1).
Vonoprazan at 20 mg was given at 12 PM. At 3 PM, the subjects
consumed the same standardized meal and then the catheter was
removed at 6 PM after 3 hours of measurements (period 2).
PPIs are known to be slow to achieve steady-state inhibition of
gastric acid secretion, typically requiring 2 days to 3 days to reach a
therapeutic range.16 Therefore, in the second study session (Fig. 3B),
rabeprazole was administered for 2 days prior to performing pH
measurements. On the day of starting those measurements, the subject consumed breakfast at 7 AM and was given rabeprazole
at 20 mg at 7:30 AM. The catheter was inserted at 10:30 AM and
the standardized meal noted above was given 1:30 PM. After
3 hours of measurements (period 3), the catheter was removed.
There was a washout period of at least 2 weeks between the study
sessions. All sessions and testing were conducted by the same experienced investigator (S.S.).

Meal
3:00 PM
Period 2

pH measurements

Catheter insertion
8:00 AM

B

hung on an ear and attached to the skin of the neck with surgical
tape. The subjects were instructed to remain in the same seated
position without deep breathing during the observation period, and
the catheter position was thoroughly checked before and after the
meal by X-ray imaging.

Figure 3. Study protocol. All sessions
Catheter removal were performed after an overnight fast.
(A) Session 1: postprandial gastric acid
6:00 PM

pocket (period 1: yellow bar) and the effects of vonoprazan on the pocket (period
Meal
2: blue bar) were assessed. (B) Session 2:
1:30 PM
the effects of rabeprazole on the gastric
acid pocket (period 3: blue bar) were
Period 3
assessed. Rabeprazole was administered
for 2 days prior to each session. There
pH measurements
Catheter insertion
Catheter removal was a washout period of at least 2 weeks
between the sessions.
4:30 PM
10:30 AM

Day 3
meal Rabeprazole
7:00 AM 7:30 AM
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Table 1. Gastric Acid Pocket Characteristics in Enrolled Subjects (n = 10)

Detection of acid pocket (%)
Length (No. of channels)
Appearance time (min)
Lasting time (min)
Mean acid pocket pH

2
2h

1

Figure 4. Representative image of postprandial gastric acid pocket.
The vertical axis shows the number of pH sensor electrodes attached
to the catheter (channel 1, proximal end, to channel 8, distal end).
Horizontal axis shows time and pH metry is displayed by color surface contour plots.

Characteristic

Ch 8

n (%) or mean ± SD
10 (100)
2.2 ± 0.4
19.4 ± 6.8
145.5 ± 17.9
2.4 ± 0.4

Data Methods
Recorded data were analyzed using computer software (Eight
Star; Star Medical, Inc). The acid pocket was defined as the distinct region just below the esophago-gastric junction in the proximal
stomach, which is clearly more acidic (pH < 4) than the other
parts of the esophagus and stomach.8 To assess its characteristics,
the length, appearance time, lasting time, and mean pH of the most
acidic channel were evaluated in each subject. The length of the
acid pocket was expressed by positive numbers of pH channels. For
example, 2 positive channels in the acid pocket indicated a range of
1 cm to 3 cm because of the spacing between the pH sensors. In
addition, the effects of vonoprazan and rabeprazole on acid pocket
formation were assessed. Values are expressed as the mean ± SD.
Statistical analyses were performed using Fisher’s exact test, with
P < 0.05 considered to indicate statistical significance. All statistical
analyses were performed using the SPSS statistical analysis software
package for PC, version 22.0 (Chicago, IL, USA).

3h

4h

5h

6h

7h

8h

9h

10 h

1

152 min
Acid pocket
Meal
formation
Vonoprazan
Onset time

Figure 5. Representative image of postprandial gastric acid pocket
after administration of vonoprazan. The acid pocket was completely
eliminated following administration in all cases.

Results
All subjects completed the first study session, though the acid
pocket was not appropriately measured in 2 due to catheter position,
thus they were excluded. The remaining 10 subjects proceeded to
the second study session and all completed the testing. No apparent
hiatal hernia was shown by X-ray imaging in any of the subjects.
There were no adverse events during any of the sessions.
In the first study session, length, appearance time, lasting time,
and average pH were assessed for postprandial acid pockets in the
subjects (Fig. 3, period 1). In Figure 4, a representative image of a
postprandial acid pocket is shown, in which the vertical axis shows
the electrodes as part of the pH sensor catheter (channel 1, proximal end, to channel 8, distal end), while the horizontal axis shows
time and pH is displayed by pH metry color surface contour plots.
In this representative case, at 16 minutes after completion of a meal,
the gastric acid pocket, with a pH level of 2 or less, was clearly
visualized, and shown to be located at around channels 2 and 3.
The lasting time of this acid pocket was 156 minutes and the length
gradually broadened. An acid pocket was observed in all 10 cases
that were appropriately measured, with a mean length of 2.2 ±
0.4 channels. The mean appearance time of an acid pocket after
completion of a meal was 19.4 ± 6.8 minutes, mean lasting time
was 145.5 ± 17.9 minutes, and mean pH was 2.4 ± 0.4 (Table 1).
Next, the effects of vonoprazan on postprandial gastric acid
pocket development was evaluated (Fig. 3, period 2). A representative case is shown in Figure 5, in which an acid suppression effect
began to appear approximately 152 minutes after administration,
while the pH increased to approximately 7 or 8 after the second
meal and no subsequent acid pocket formation was seen. The acid
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Figure 6. Representative image of postprandial gastric acid pocket after administration of rabeprazole in a subject with remaining the acid pocket.
The length was reduced and mean pH was greater as compared to that before administration (period 1).

Table 2. Effects of Rabeprazole on Gastric Acid Pocket in Subjects
With Remaining the Acid Pocket (n = 3)

Characteristic
Length (No. of channels)
Appearance time (min)
Lasting time (min)
Mean acid pocket pH

Before administration After administration
(period 1)
(period 3)
2
10.7 ± 4.6
154.0 ± 5.3
2.3 ± 0.2

1
25.3 ± 9.0
102.7 ± 61.2
3.3 ± 0.4

Values are presented as n or mean ± SD.

pocket was completely eliminated in all cases after administration of
vonoprazan. The mean onset time for apparent acid inhibition by
vonoprazan was 133.9 ± 34.2 minutes. In addition, the mean pH
after administration was 7.6 ± 0.4, which was neutralized within
3 hours in all cases.
Finally, the effects of rabeprazole on postprandial gastric acid
pocket formation was evaluated (Fig. 3, period 3). Similar to treatment with vonoprazan, the acid pocket was eliminated in 7 of 10
cases. In the 3 cases with a remaining postprandial acid pocket, the
length was reduced and mean pH was greater as compared to that
before administration (Fig. 6 and Table 2). These results suggest
that an acid pocket in the present subjects had a higher incidence of
elimination with vonoprazan as compared to rabeprazole, though
there was no significant difference between those administrations
(P = 0.105).

Discussion
In the present study, formation of a gastric acid pocket in
healthy Japanese adults without H. pylori infection was revealed
using our novel 8-channel pH sensor catheter. Although measure-
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ments of gastric acid pockets performed using a pull-through
method with a dual sensor catheter have been presented in previous
studies,9,18,19 those noted difficulty with observing changes over
time. Recently, multi-pH catheters with 4 to 12 sensors have been
uniquely developed for acid pocket assessment,20-22 though unfortunately not available in Japan. We previously developed a pH sensor
catheter equipped with 8 pH sensors radially arrayed on its surface
to clarify radial asymmetrical acid exposure in the distal esophagus
and used that to investigate acid exposure time in different portions
of the radial walls of the esophagus in patients with GERD.23 With
that device, acid exposure was found to be predominant on the
right wall of the distal esophagus in patients with reflux esophagitis,
consistent with endoscopic findings.24,25 Based on those studies,
we recently developed a novel pH sensor catheter equipped with 8
vertically arrayed pH sensors that can be connected to commercially
available portable digital recorders. The catheter is 2.35 mm in
diameter and was safely inserted transnasally without pain in all of
the present subjects. In addition, as compared to the pull-through
technique, visualization of changes in the acid pocket over time was
easily performed with this system by viewing the color surface contour plots of the pH metry.
The gastric acid pocket forms due to secretion of acid from
parietal cells located in secretory glands in the proximal stomach.
That secretion is affected by various factors, including ethnicity,
gender, age, and H. pylori infection, with the latter a major cause of
gastric mucosal atrophy and reduced secretion. Indeed, acid pocket
attenuation has been found in H. pylori -infected subjects,26 which is
consistent with the negative association between that and GERD.27
In addition, gastric acid secretion varies among ethnicities, with that
in subjects in Japan reported to be lower as compared to Europeans
and North Americans, though an increasing trend from 1970 to
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1990 Japanese adults has been noted.5,28,29 Those findings suggest
that the characteristics of gastric acid pocket formation may be different between Japanese and Western populations. Interestingly, the
present results showed that the mean pH (2.4) of the acid pocket at
the highest acidity channel tended to be greater than that noted in
previous studies conducted in Western countries.9,30 Recently, Wu
et al18 investigated postprandial gastric acid pocket development in
healthy subjects and GERD patients in China using pull-through
pH monitoring, and the results regarding appearance time, length,
and mean pH of the pocket were similar to those in our study, suggesting that the present approach was consistently and appropriately
conducted.
This study is the first known to show the effects of vonoprazan
on the gastric acid pocket. This drug has been consistently found to
provide quicker and stronger acid inhibition than PPIs,16 while the
present results indicate that the postprandial acid pocket was completely eliminated and gastric pH neutralized within 3 hours after
a single administration of a standard dose (20 mg). In contrast, the
acid pocket remained observable in 3 of 10 subjects for 3 days following rabeprazole administration. Although PPIs remain as firstline treatment for GERD,1,2 up to 40% of those patients remain
symptomatic despite continuous PPI use.31 Other disadvantages
of PPIs include several days before reaching the maximal effect32
and GERD symptoms are not sufficiently relieved after the first
dose in two-thirds of administered patients due to the slow onset
of action. In addition, accumulating evidence suggests that longterm PPI administration is associated with increased risk of enteric
infection, Clostridium difficile -associated diarrhea, and osteoporotic
fractures.33 In the present study, the acid pocket was completely
eliminated after the initial dose of vonoprazan within a short period.
Consistent with our results, other recent report has found that ondemand therapy using vonoprazan (20 mg) is an effective alternative maintenance therapy for mild reflux esophagitis. Additionally, it
has been suggested that there is no significant difference in overall
symptomatic relapse rate in patients with reflux esophagitis undergoing on-demand therapy with vonoprazan or maintenance therapy
with a PPI.34 The acid pocket is now recognized as an important
source of postprandial acid in GERD cases and represents a unique
therapeutic target.10,18,21,22 Accordingly, on-demand therapy using
vonoprazan may provide effective treatment for GERD symptoms
during the postprandial period.
The present study has some limitations, including a limited
number of subjects and non-inclusion of patients with GERD. It
is difficult to directly compare the effects of vonoprazan and rabeprazole on the acid pockets due to the different mechanisms for

acid inhibition. Additionally, 2 subjects were subsequently excluded
because of inappropriate catheter positioning. With our method, the
catheter is not fixed to the esophagus using hemostatic metal clips
to reduce the burden caused by endoscopy,20,22 thus vertical movement of the catheter may have influenced the accuracy of obtained
data regarding the gastric acid pocket. A future study that includes
GERD patients with and without hiatal hernia is needed to clarify
whether formation of a gastric acid pocket differs as compared to
healthy subjects.
In summary, we successfully examined postprandial gastric acid
pocket formation in healthy adults in Japan using our novel vertically arrayed 8-channel pH sensor catheter. Acid pocket development
was strikingly suppressed following administration of vonoprazan
or rabeprazole. Moreover, a single administration of vonoprazan
completely eliminated the acid pocket within a short period, suggesting its effectiveness as treatment for GERD.
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The Reflux Symptoms Before and After Peroral
Endoscopic Myotomy of Chinese Patients With
Achalasia
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Background/Aims
Achalasia is a rare disease, but the incidence is increasing recently. Peroral esophageal myotomy (POEM) is an effective treatment.
Regurgitation is a common symptom before and after POEM. Our aim is to investigate the factors related to preoperative and postoperative
reflux symptoms.
Methods
Our study was retrospective. The achalasia patients diagnosed by high-resolution manometry and gastroscopy were divided into
reflux group and non-reflux group before and after POEM, respectively. General information, symptoms, POEM information, and
manometric results were compared.
Results
(1) Ninety-six of 130 patients had reflux symptoms before POEM. The lower esophageal sphincter pressure (LESP) in the reflux group
was significantly higher than the non-reflux group (P = 0.023), while integrated relaxation pressure (IRP) was similar. The reflux
group had longer esophagus than the non-reflux group (P = 0.006). Reflux symptoms were not related to subtypes of achalasia.
(2) Twenty-five of 84 patients had reflux symptoms after POEM. Postoperative Eckardt scores, LESP, and 4-second IRP (4sIRP) were
significantly lower than the preoperative values (P < 0.001). The preoperative values and POEM information were similar between the
postoperative 2 groups and there was no significant difference in the presence of preoperative reflux symptoms between 2 groups.
The postoperative LESP and 4sIRP were similar between the 2 groups, however, the postoperative UESP was significantly higher in
the reflux group than the non-reflux group (P = 0.042). The non-reflux group had more declines in Eckardt scores and LESP than the
reflux group.
Conclusions
The reflux symptoms of achalasia patients without treatment were mainly due to food retention. The postoperative reflux symptoms
were not the sign of the excessive relaxation of lower esophageal sphincter.
(J Neurogastroenterol Motil 2021;27:377-389)
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Introduction
Achalasia is a rare motility disorder of the esophagus characterized by insufficient esophagogastric junction relaxation and loss of
esophageal peristalsis.1 The pathogenesis of achalasia remains unclear. The main symptoms are dysphagia, regurgitation, chest pain,
and weight loss.2
Many patients with achalasia have the symptoms of regurgitation (76-91%).2 The regurgitation may be the retention of undigested food because of the insufficient relaxation of esophagogastric
junction. The cause of regurgitation may also be the transient
relaxation of the lower esophageal sphincter (LES) or the imbalance between the excitatory and inhibitory neurons of the myenteric
plexus.3 Many studies have been done to investigate the heartburn
of untreated achalsia.4 Few studies have focused on the reflux symptom. Fisichella et al5 studied the character of 145 untreated achalasia
patients, they found that the reflux of achalasia was not the true reflux. However, Shoenut et al6 found that the pH monitoring results
of untreated achalasia were inconsistent with those of stimulated
bacterial fermentation in vitro. So we focused on the reflux symptoms to investigate the factors related to it before treatment.
Peroral esophageal myotomy (POEM) is a recent endoscopic
technique and this technique has a consequent risk of gastroesophageal reflux disease (GERD).7 Many studies have investigated the
gastroesophageal reflux after POEM.7,8 However, few studies have
focused on the relevant factors of reflux symptoms and the relationship between preoperative and postoperative symptoms. This study
aims to evaluate the factors associated with the reflux symptoms
before and after POEM and to find the predictors of less reflux
symptom after POEM.

Materials and Methods
Patients
Our study was a retrospective study. One hundred and ninetynine patients with achalasia diagnosed by HRM in the First Affiliated Hospital of Nanjing Medical University from July 2011 to
October 2018 were recruited. Endoscopy and radiology was used
to rule out anatomical lesions. Patients with the following conditions
were excluded: age less than 18 years or over than 70 years, history
of botulinum toxin injection, pneumatic dilatation or surgical myotomy,9 with systemic diseases that could affect esophageal motility (ie,
scleroderma and diabetes),10 and consumption of prokinetic medi378

cation.10 One hundred and thirty patients underwent POEM and
were assessed symptoms before POEM. There were 46 patients lost
to follow-up, so 84 patients were assessed symptoms after POEM.
The study was approved by the Medical Review Ethics Committee
of Nanjing Medical University (Approval No. 2019-SR-516).

Symptoms Evaluation
The symptoms were assessed by questionnaires such as gastroesophageal reflux disease questionnaire (GERDQ) and Eckardt
scores. The Eckardt score was used to assess the severity of achalasia11 before and after POEM. The GERDQ was used to assess
symptoms after POEM.7 We defined the preoperative Eckardt
scores minus postoperative Eckardt scores for △Eckardt. We assessed the reflux symptoms according to the questionnaires and we
defined reflux symptom score greater than or equal to 1 in the Eckardt score as the presence of reflux symptom. Then we divided the
patients into 2 groups according to the reflux symptoms.

High-resolution Manometry
High-resolution manometry (HRM) was used before and
after POEM. HRM is the golden standard to diagnose achalasia.
All patients were asked to stop taking the medications that may affect esophageal motility a week before the examination. Before the
examination, the patient fasted for 12 hours and banned from water
for 8 hours. The patient was placed in a semi-decumbent position and a catheter was inserted through the nasal cavity. First, the
esophageal resting state was recorded. After that, each patient was
required to swallow 5 mL of water 10 times, with an interval of 2030 seconds between the 2 times. Each time, the patient was required
to swallow it as one mouthful as possible. The data was then analyzed. According to the Chicago classification criteria, achalasia was
defined as the integrated relaxation pressure (IRP) greater than
15 mmHg and no peristalsis in the esophagus body. According to
the patterns of non-peristaltic esophageal pressurization, achalasia
could be divided into 3 subtypes: type I, 100% failed contractions
and no esophageal pressurization; type II, no normal peristalsis and
≥ 20% swallowing with panesophageal pressurization; and type III,
no normal peristalsis and ≥ 20% swallowing with preserved spastic
contractions.10,12 For comparison, we defined the preoperative lower
esophageal sphincter pressure (LESP) minus postoperative LESP
for △LESP. We defined the preoperative IRP minus postoperative
IRP for △IRP.

Peroral Esophageal Myotomy
POEM was performed by an experienced chief physician.
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POEM was performed in a standard procedure.13 Each patient
completed preoperative examinations and received general anesthesia. The normal saline + indigo carmine + adrenalin were injected
into the submucosa of the wall of esophagus. After the mucosa was
fully elevated, a knife was used to cut through the mucosa to form
a longitudinal incision, which was then further separated to form
a tunnel. After that, a knife was used to cut the esophageal circular
muscle and part of the longitudinal muscle along the wall of the
esophagus to keep the fibrous membrane intact. The entry site of
the tunnel was closed by endoscopic clips.

Statistical Methods
All statistical analyses were performed using the SPSS version
23.0 (SPSS Inc, Chicago, IL, USA). The normality of data was
tested by the Kolmogorov-Smirnov. Independent-samples t test
and paired t test were used in normal data, and the values were presented as mean ± standard deviation in normal data. Chi-square
test was used in unordered categorical variables and the data were
presented as numbers and percentages. In the case of rank variables
or non-normally distributed data, Mann-Whitney U was used, and
the rank variables were presented as numbers and percentages, the
non-normally distributed data were presented as median and range.
A P -value < 0.05 was considered to be statistically significant.

Results
One hundred and thirty patients with achalasia who underwent
POEM were included. Eighty-four patients of them were followed
up at least 6 months after POEM, and 32 patients underwent
HRM at 6 months after POEM (Fig. 1).

199 Achalasia patients
(2011-2018)
69 Patients excluded
130 Patients underwent POEM
and HRM (2011-2018)
46 Patients lost to follow-up
84 Patients completed assessment
of symptoms after POEM

32 Patients underwent HRM
after POEM

Figure 1. Procedure and follow-up. HRM, high-resolution manom-

etry; POEM, peroral esophageal myotomy.

Table 1. Characteristics of Patients Before Peroral Esophageal Myotomy

Variables
Gender (male)
Age (yr)
BMI (kg/m2)
Eckardt scores
Dysphagia
Never, 0
Occasional, 1
Daily, 2
Every meal, 3
Regurgitation
Never, 0
Occasional, 1
Daily, 2
Every meal, 3
Chest pain
Never, 0
Occasional, 1
Daily, 2
Every meal, 3
Weight loss
No weight loss, 0
< 5 kg, 1
5-10 kg, 2
> 10 kg, 3
Total Eckardt scores
Other symptoms
Heartburn
Absent
Present
Nausea
Absent
Present
Emesis
Absent
Present
Ructus
Absent
Present
HRM
LESP (mmHg)
IRP (mmHg)
Subtypes
Type I
Type II
Type III

Achalasia patients before POEM
(n = 130)
58 (44.6)
42.64 ± 14.10
21.37 (18.85-24.06)

0 (0.0)
12 (9.2)
39 (30.0)
79 (60.8)
34 (26.2)
64 (49.2)
26 (20.0)
6 (4.6)
81 (62.3)
27 (20.8)
14 (10.8)
8 (6.1)
84 (64.6)
27 (20.8)
14 (10.8)
5 (3.8)
5(4-5)

79 (60.8)
51 (39.2)
82 (63.1)
48 (36.9)
68 (52.3)
62 (47.7)
89 (68.5)
41 (31.5)
34.90 (28.20-43.80)
30.58 ± 11.30
15 (11.5)
114 (87.7)
1 (0.8)

POEM, peroral esophageal myotomy; BMI, body mass index; HRM, highresolution manometry; LESP, resting lower esophageal sphincter pressure;
IRP, integrated relaxation pressure.
Values are presented as n (%), mean ± SD, or median (interquartile range).
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Table 2. The Reflux/Non-reflux Group Before Peroral Esophageal Myotomy

Variables
Gender (male/female)
Age (yr)
BMI (kg/m2)
Eckardt scores
Dysphagia
Never, 0
Occasional, 1
Daily, 2
Every meal, 3
Chest pain
Never, 0
Occasional, 1
Daily, 2
Every meal, 3
Weight loss
No weight loss, 0
< 5 kg, 1
5-10 kg, 2
> 10 kg, 3
Total Eckardt scores
Other symptoms
Heartburn
Absent
Present
Nausea
Absent
Present
Emesis
Absent
Present
Ructus
Absent
Present
HRM
LES center (distance from nostrils, cm)
Proximal LES (distance from nostrils, cm)
Length of LES (cm)
Length of esophageal (cm)
LESP (mmHg)
IRP (mmHg)
Subtypes
Type I
Type II
Type III
a

Reflux group (n = 96)

Non-reflux group (n = 34)

P -value

46/50
41.70 ± 13.80
21.10 (18.59-24.03)

12/22
45.29 ± 14.70
23.00 (20.17-24.12)

0.203
0.201
0.177

0 (0.0)
10 (10.4)
31 (32.3)
55 (57.3)

0 (0.0)
2 (5.9)
8 (23.5)
24 (70.6)

0.166

61 (63.5)
21 (21.9)
10 (10.4)
4 (4.2)

20 (58.8)
6 (17.6)
4 (11.8)
4 (11.8)

0.422

59 (61.5)
22 (22.9)
10 (10.4)
5 (5.2)
5 (4-6)

25 (73.5)
5 (14.7)
4 (11.8)
0 (0.0)
4 (3-5)

0.211
< 0.01a

52 (54.2)
44 (45.8)

27 (79.4)
7 (20.6)

0.010b

58 (60.4)
38 (39.6)

24 (70.6)
10 (29.4)

0.291

48 (50.0)
48 (50.0)

20 (58.8)
14 (41.2)

0.376

58 (60.4)
38 (39.6)

31 (91.2)
3 (8.8)

0.002a

47.00 (44.00-48.95)
44.90 ± 3.38
3.30 (3.00-4.00)
27.90 (26.00-29.00)
38.67 ± 15.86
31.00 ± 12.30
13 (13.5)
82 (85.4)
1 (1.0)

b

44.20 (43.00-46.00)
43.45 ± 3.20
3.60 (3.10-4.10)
25.80 (24.00-27.35)
33.02 ± 9.70
29.00 ± 7.60
2 (5.9)
32 (94.1)
0 (0.0)

0.020b
0.044b
0.311
0.006a
0.023b
0.288

0.521

P < 0.01, P < 0.05.
BMI, body mass index; HRM, high-resolution manometry; LES, lower esophageal sphincter; LESP, lower esophageal sphincter pressure; IRP, integrated relaxation pressure.
Values are presented as n, mean ± SD, median (interquartile range), or n (%).
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Characteristics of Patients Before Peroral Esophageal
Myotomy
Ninety-six of 130 patients had symptoms of regurgitation, 64
patients had the regurgitation symptom occasionally, 26 had the
regurgitation symptom daily, and 6 had the regurgitation symptom
every meal. The median total Eckardt score was 5 points. Some patients had other symptoms such as chest pain, weight loss, heart burn
and so on. One hundred and fourteen had type II achalasia, 15 had
type I achalasia, and only 1 person had type III achalasia (Table 1).

The Reflux/Non-reflux Group Before Peroral
Esophageal Myotomy
We divided the 130 patients into 2 groups according to the
reflux symptoms before POEM (Table 2). No significant difference was found in age, gender, and body mass index between 2
groups (P > 0.05). In terms of symptoms, dysphagia, chest pain
and weight loss were similar between 2 groups (P > 0.05). Those
with reflux symptoms were more likely to have heartburn and
ructus. The reflux group had higher Eckardt scores than the nonreflux group (P < 0.01). In addition, the reflux group had longer
esophagus than the other group (P = 0.006). The LESP in reflux
group was significantly higher than the non-reflux group (38.67 ±
15.86 mmHg vs 33.02 ± 9.7 mmHg, P = 0.023). The IRP was
similar between 2 groups (31 ± 12.3 mmHg vs 29 ± 7.6 mmHg,
P = 0.288). There was no significant difference in the composition
of the 3 subtypes between the 2 groups (P = 0.521).

The Reflux/Non-reflux Group After Peroral
Esophageal Myotomy
We compared preoperative and postoperative differences in 84

B 100

8
6
4

The Relationship Between Preoperative and
Postoperative Reflux Symptom
Then, to figure out the relationship between preoperative and
postoperative reflux symptoms, we divided the patients with preoperative reflux symptoms into the group with postoperative reflux

C
P < 0.001

80

IRP (mmHg)

P < 0.001

10

LESP (mmHg)

Eckardt scores (points)

A

follow-up patients (Fig. 2). Postoperative median Eckardt scores,
median LESP, and mean 4-second IRP (4sIRP) were significantly
lower compared to the preoperative values (P < 0.001).
We divided patients into 2 groups according to the postoperative reflux symptoms, regardless of preoperative symptoms. The
preoperative values were similar between the reflux group and the
non-reflux group after POEM (P > 0.05). In addition, there
was no significant difference in the presence of preoperative reflux
symptoms between 2 groups (Table 3). No significant difference
was found in tunnel length and myotomy length of POEM between 2 groups. We also compared the postoperative values between 2 groups (Table 3). The reflux group had higher Eckardt
scores and GERDQ scores than the non-reflux group (P <
0.01). The postoperative median LESP and mean 4sIRP were
similar between the 2 groups, however, the mean UES pressure
was significant higher in the reflux group than the other group
(71.4 ± 19.1 mmHg vs 53.96 ± 23.68 mmHg, P = 0.042).
Postoperative median Eckardt scores, median LESP, and mean
4sIRP were significantly lower compared to the preoperative values in each group (P < 0.001) (Fig. 3). We also compared the
△Eckardt, △LESP, and △IRP between the 2 groups. The △IRP
was similar between the reflux group and non-reflux group. The
△Eckardt and △LESP were different between the 2 groups (P
< 0.05), and the non-reflux group had greater reductions in these
2 values.

60
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2
0
After
POEM

P < 0.001
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40
20
0

0
Before

80

Before

After
POEM
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After
POEM

Figure 2. The values before and after peroral esophageal myotomy (POEM) in all patients. (A) The preoperative and postoperative comparison of

Eckardt scores in all patients. (B) The preoperative and postoperative comparison of lower esophageal sphincter pressure (LESP) in all patients. (C)
The preoperative and postoperative comparison of integrated relaxation pressure (IRP) in all patients.
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Table 3. The Reflux/Non-reflux Group After Peroral Esophageal Myotomy

Variables

Reflux group (n = 25)

Non-reflux group (n = 59)

P- value

Gender (male/female)
Age (yr)
BMI (kg/m2)
Before POEM
Regurgitation
Absent
Present
Total Eckardt scores
HRM
Length of esophageal (cm)
LESP (mmHg)
UESP (mmHg)
IRP (mmHg)
Subtypes
Type I
Type II
Type III
POEM
Tunnel length (cm)
Myotomy length (cm)
After POEM
Total Eckardt scores (range)
GERDQ

12/13
44.61 ± 15.77
22.20 (19.50-24.50)

30/29
41.40 ± 11.57
21.50 (18.70-23.90)

0.811
0.303
0.594

6 (24.0)
19 (76.0)
5 (4-6)
27.20 ± 2.35
34.50 (27.40-48.10)
71.30 (60.00-97.75)
31.20 ± 11.50

15 (25.4)
44 (74.6)
5 (3-5)
27.37 ± 2.60
35.20 (28.15-44.25)
64.40 (39.45-83.05)
29.10 ± 10.60

4 (16.0)
21 (84.0)
0 (0.0)
14.00 (12.25-15.00)
11.55 ± 1.90

5 (8.5)
53 (89.8)
1 (1.7)
13.00 (12.00-14.00)
10.70 ± 2.30

3 (2-4)
7 (7-8)

1 (0-1)
6 (6-6)

0.890
0.825
0.802
0.745
0.083
0.457

0.595
0.153
0.158
< 0.01
< 0.01

HRM variables

Reflux group (n = 13)

Non-reflux group (n = 19)

P- value

Length of esophageal (cm)
LESP (mmHg)
UESP (mmHg)
IRP (mmHg)
△Eckardt scores
△LESP (mmHg)
△IRP (mmHg)

26.90 ± 2.20
21.03 ± 7.35
71.40 ± 19.10
14.90 ± 3.50
2 (–0.5-3)
12.30 (2.45-16.75)
13.10 ± 9.15

27.10 ± 2.70
17.10 ± 7.20
53.96 ± 23.68
12.70 ± 5.20
4 (2-5)
17.15 (12.88-35.15)
17.60 ± 6.57

0.851
0.137
0.042a
0.201
< 0.01
0.030a
0.139

a

P < 0.05.
BMI, body mass index; POEM, peroral esophageal myotomy; HRM, high-resolution manometry; LESP, lower esophageal sphincter pressure; UESP, upper
esophageal sphincter pressure; IRP, integrated relaxation pressure; GERDQ, gastroesophageal reflux disease questionnaire; △Eckardt score = preoperative Eckardt
score - postoperative Eckardt score; △LESP = preoperative LESP - postoperative LESP; △IRP = preoperative IRP - postoperative IRP.
Values are presented as n, mean ± SD, median (interquartile range), or n (%).

symptoms (reflux+reflux+) and the group without postoperative
reflux symptoms (reflux+reflux–). We also divided the patients without preoperative reflux symptoms into the group with postoperative
reflux symptoms (reflux−reflux+) and the group without postoperative reflux symptoms (reflux−reflux−). We compared them respectively.
The preoperative and postoperative values of LESP, IRP, and
Eckardt scores were similar in patients who had non-reflux symptoms before POEM and reflux symptoms after POEM (reflux−
reflux+), while the values before and after POEM were signifi382

cantly different in the other 3 groups (Fig. 4 and 5).
There were 19 patients who had reflux symptoms after
POEM (reflux+reflux+) and 44 patients without reflux symptoms
(reflux+reflux–), while they all had reflux symptoms before POEM.
The general information, POEM information, LESP, IRP before
POEM, and POEM information were similar between 2 groups
(Table 4). Among them, 8 patients with postoperative reflux symptoms underwent HRM after POEM, and 14 patients without
postoperative reflux symptoms underwent HRM after POEM.
The postoperative LESP, IRP, and UESP were similar between
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Figure 3. The changes in reflux/non-reflux group after peroral esophageal myotomy (POEM). (A) The preoperative and postoperative compari-

son of Eckardt scores, lower esophageal sphincter pressure (LESP), and integrated relaxation pressure (IRP) in the patients with reflux symptoms
after POEM. (B) The preoperative and postoperative comparison of Eckardt scores, LESP, and IRP in the patients without reflux symptoms
after POEM. (C) The comparison of △Eckardt, △LESP, and △IRP between 2 groups. △Eckardt = preoperative Eckardt scores - postoperative
Eckardt scores; △LESP = preoperative LESP - postoperative LESP; △IRP = preoperative IRP - postoperative IRP.

2 groups. The postoperative Eckardt scores and GERDQ in
reflux+reflux+ group were significantly higher than the other group
and △Eckardt scores in reflux+reflux− group was higher (Table 4).
There were 21 patients without reflux symptoms before
POEM and among them, 6 patients had postoperative reflux
symptoms (reflux−reflux+) and 15 patients without postoperative
reflux symptoms (reflux−reflux−). Three of 6 patients underwent
HRM and 5 of 15 patients underwent HRM after POEM. The
general information, POEM information, and HRM values were

similar between 2 groups (Table 5). The patients in reflux−reflux+
group had higher postoperative Eckardt scores (P = 0.010) and
GERDQ (P < 0.01).

Discussion
Reflux is a common symptom of achalasia. Many people have
reflux symptoms after POEM. The pathogenesis of these 2 refluxes is not necessarily the same. So we should not confuse between
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Figure 4. The changes in preoperative reflux and postoperative reflux/non-reflux group. (A-C) The preoperative and postoperative comparison of

Eckardt scores, lower esophageal sphincter pressure (LESP), and integrated relaxation pressure (IRP) in preoperative reflux and postoperative reflux groups. (D, H) The comparison of △LESP and △IRP between 2 groups. (E-G) The preoperative and postoperative comparison of Eckardt
scores, LESP, and IRP in preoperative reflux and postoperative non-reflux groups. (I-L) The comparison of postoperative Eckardt scores, gastroesophageal reflux disease questionnaire (GERDQ), LESP, and IRP between 2 groups. △LESP = preoperative LESP - postoperative LESP; △
IRP = preoperative IRP - postoperative IRP.
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Table 4. The Preoperative Reflux and Postoperative Reflux/Non-reflux Group

Variables
Gender (male/female)
Age (yr)
BMI (kg/m2)
Before POEM
Total Eckardt scores
HRM
Length of esophageal (cm)
LESP (mmHg)
UESP (mmHg)
IRP (mmHg)
Subtypes
Type I
Type II
Type III
POEM
Tunnel length (cm)
Myotomy length (cm)
After POEM
Total Eckardt scores
GERDQ
HRM variables
Length of esophageal (cm)
LESP (mmHg)
UESP (mmHg)
IRP (mmHg)
△Eckardt scores
△LESP (mmHg)
△IRP (mmHg)

Preoperative reflux and postoperative
reflux group (n = 19)

Preoperative reflux and postoperative
non-reflux group (n = 44)

11/8
41.58 ± 12.60
22.70 (18.90-25.60)

24/20
43.25 ± 15.30
20.88 (18.59-23.65)

5 (4-6)

5 (4-7)

P -value
0.806
0.677
0.206
0.538

28.00 ± 1.80
37.10 ± 14.10
77.60 ± 28.98
29.40 ± 11.79

27.90 ± 2.50
39.20 ± 15.50
64.20 ± 28.60
32.30 ± 12.20

0.839
0.649
0.120
0.398

4 (21.1)
15 (78.9)
0 (0.0)

4 (9.1)
39 (88.6)
1 (2.3)

0.466

14.00 (12.00-15.00)
11.00 (10.00-12.00)

13.00 (12.00-14.00)
11.00 (9.00-12.00)

2 (1-5)
7 (7-8)

1 (0-1)
6 (6-6)

0.230
0.299
< 0.01
< 0.01

Preoperative reflux and postoperative
reflux group (n = 8)

Preoperative reflux and postoperative
non-reflux group (n = 14)

P -value

27.76 ± 2.05
17.38 ± 3.33
65.63 ± 16.20
13.01 ± 2.70
1.7 ± 2.3
12.55 (3.35-14.88)
16.10 (5.20-22.80)

26.89 ± 2.67
17.68 ± 5.81
48.75 ± 26.87
12.46 ± 4.17
4.3 ± 1.8
16.55 (7.90-48.00)
18.10 (10.35-24.10)

0.432
0.894
0.152
0.74
< 0.01
0.082
0.330

BMI, body mass index; POEM, peroral esophageal myotomy; HRM, high-resolution manometry; LESP, lower esophageal sphincter pressure; UESP, upper
esophageal sphincter pressure; IRP, integrated relaxation pressure; GERDQ, gastroesophageal reflux disease questionnaire; △Eckardt score = preoperative Eckardt
score - postoperative Eckardt score; △LESP = preoperative LESP - postoperative LESP; △IRP = preoperative IRP - postoperative IRP.
Values are presented as n, mean ± SD, median (interquartile range), or n (%).

these 2 types. In our study, we addressed symptoms that could not
be mistaken for pathological gastroesophageal reflux. We focused
on the reflux symptoms. Our aim is to investigate the factors related
to the reflux symptoms before and after POEM, we also wanted to
figure out the relationship between preoperative reflux symptoms
and postoperative reflux symptoms.
Preoperative reflux symptoms were independent of gender, age,
and body mass index. The patients with reflux symptoms had higher LESP while the IRP between the 2 groups were similar. This
may mean that preoperative reflux symptoms were primarily caused
by food retention. Fisichella et al5 studied 145 untreated achalasia
patients. In their study, Ambulatory pH monitoring was performed
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in 54 patients. The DeMeester score was normal in 47 patients and
abnormal in 7. In these 7 patients, the analysis of the pH monitoring tracings showed that the abnormal score was caused by false
reflux. This conclusion is consistent with our study. In addition,
in our study, we found that the patients with reflux symptoms had
the longer esophagus. This may indicate that long-term esophageal
dysperistalsis and food retention can cause esophageal elongation. It
is well known that the achalasia patients often have dilatation of the
esophagus.14 Few study have reported the extension of esophagus in
achalasia. Whether the expansion of the esophagus is accompanied
by the extension of the esophagus needs further verification. We
also compared the presence and absence of reflux symptoms with
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Table 5. The Preoperative Non-reflux and Postoperative Reflux/Non-reflux Group

Variables
Gender (male/female)
Age (yr)
BMI (kg/m2)
Before POEM
Total Eckardt scores
HRM
Length of esophageal (cm)
LESP (mmHg)
Mean UESP (mmHg)(SD)
Mean IRP (mmHg)(SD)
Subtypes
Type I
Type II
Type III
POEM
Tunnel length (cm)
Myotomy length (cm)
After POEM
Total Eckardt scores
GERDQ
HRM variables
Length of esophageal (cm)
LESP (mmHg)
UESP (mmHg)
IRP (mmHg)
△Eckardt scores
△LESP (mmHg)
△IRP (mmHg)

Preoperative non-reflux and
postoperative reflux group (n = 6)

Preoperative non-reflux and
postoperative non-reflux group (n = 15)

1/5
40.83 ± 8.33
20.90 (19.10-22.90)

6/9
48.60 ± 17.02
23.40 (20.06-26.83)

5 (3-6)

3 (3-4)

24.28 ± 1.57
35.00 ± 15.30
71.46 ± 21.23
28.20 ± 5.50

P -value
0.608
0.259
0.267
0.235

25.99 ± 2.32
30.60 ± 9.70
61.88 ± 34.85
27.30 ± 8.60

0.148
0.466
0.580
0.833

1 (6.7)
14 (93.3)
0 (0.0)

0.714

13.80 ± 3.70
12.20 ± 3.11

13.36 ± 1.99
10.36 ± 2.56

0.738
0.208

3.20 ± 0.75
7 (7-12)

1.60 ± 1.20
6 (5-6)

0.010a
< 0.01

Preoperative non-reflux and
postoperative reflux group (n = 3)

Preoperative non-reflux and
postoperative non-reflux group (n = 5)

P -value

24.00 (24.00-24.00)
34.60 (17.40-34.60)
87.80 (74.90-87.80)
19.00 (14.60-19.00)
1.50 (–1.00-3.25)
9.60 (–0.10-9.60)
12.20 (7.30-12.20)

28.00 (24.25-29.50)
10.80 (5.60-27.35)
69.70 (56.30-73.85)
9.70 (4.25-16.45)
2.00 (2.00-3.00)
18.50 (10.95-21.30)
18.60 (13.15-24.15)

0 (0.0)
6 (100.0)
0 (0.0)

0.250
0.143
0.071
0.143
0.470
0.393
0.250

a

P < 0.05.
BMI, body mass index; POEM, peroral esophageal myotomy; HRM, high-resolution manometry; LESP, lower esophageal sphincter pressure; UESP, upper
esophageal sphincter pressure; IRP, integrated relaxation pressure; GERDQ, gastroesophageal reflux disease questionnaire; △Eckardt score = preoperative Eckardt
score - postoperative Eckardt score. △LESP = preoperative LESP - postoperative LESP. △IRP = preoperative IRP - postoperative IRP.
Values are presented as n, median (interquartile range), mean ± SD, or n (%).

subtypes. In our study, the reflux symptoms were not related to subtypes. In one study, type I patients had more reflux symptoms than
type II patients,15 and in another study, the regurgitation score was
higher in type II than type I in achalasia.10 The relationship between
reflux symptoms and subtypes may still be controversial and needs
more research.
Then, we compared the groups of postoperative symptoms. In
our study, 25 of the 84 patients had postoperative reflux symptoms.
Postoperative reflux symptoms did not equal the presence of pathological gastroesophageal reflux, the reason may be neurological dysfunction, long-term food retention, and esophageal clearance prob-

lems.16 POEM tunnel length and myotomy length were similar
between the reflux group and the non-reflux group after POEM.
The LESP, IRP, and Eckardt scores after POEM were significant lower than those before POEM, which meant that POEM
was successful and effective. In addition, the LESP and IRP after
POEM were similar between the postoperative reflux group and
non-reflux group, so the reflux symptoms should not be considered
as a sign of LES excessive relaxation. The patients without reflux
symptoms had greater reductions in LESP and Eckardt scores,
and the patients with reflux symptoms after POEM had higher
UES pressure. A study found that when food was accumulated
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in esophagus of patients with achalasia, as a result, the UES was
contracted compensatorily in order to avoiding the food reflux while
swallowing.17 After POEM, LESP decreased significantly. So the
UES pressure may decrease. In our study, the patients with postoperative reflux symptoms had less reductions in LESP, this is why
they had higher UES pressure. The greater reduction in LESP
and the action of gravity could improve the food emptying, and the
UES could relax.
In addition, we divided the patients with preoperative reflux
symptoms into the group with postoperative reflux symptoms
and the group without postoperative reflux symptoms. We also
divided the patients without preoperative reflux symptoms into 2
groups, and we compared them separately. The general information, POEM information, LESP, and IRP were similar, this result
reconfirmed that the reflux symptom after POEM was not a sign
of LES excessive relaxation. The preoperative and postoperative
values of LESP, IRP, and Eckardt scores did not have significant
decline in patients who had reflux symptoms before POEM and
with reflux symptoms after POEM, this may be related to the small
patient population.
There were some limitations in our study. Our study was a
retrospective and single center study, and a sufficient data could
not be collected and hence there is bias. Also, the patient population is small, a larger sample study is required. Furthermore,
pH test was not routinely performed after surgery, thus lacking
support of objective data. In conclusion, the reflux symptoms
of achalasia patients without treatment were mainly due to food
retention. The reflux symptoms after POEM were not related to
the reflux symptoms before POEM, and were not the signs of
the excessive relaxation of LES. pH measurements are needed to
confirm whether there is gastroesophageal reflux. Further research
is needed.
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Background/Aims
Patients with diabetes mellitus (DM) often suffer from gastrointestinal (GI) symptoms, but these correlate poorly to established
objective GI motility measures. Our aim is to perform a detailed evaluation of potential measures of gastric and small intestinal motility
in patients with DM type 1 and severe GI symptoms.
Methods
Twenty patients with DM and 20 healthy controls (HCs) were included. GI motility was examined with a 3-dimensional-Transit capsule,
while organ volumes were determined by CT scans.
Results
Patients with DM and HCs did not differ with regard to median gastric contraction frequency (DM: 3.0 contractions/minute
[interquartile range {IQR}, 2.9-3.0]; HCs: 2.9 [IQR, 2.8-3.1]; P = 0.725), amplitude of gastric contractions (DM: 9 mm [IQR, 8-11];
HCs: 11 mm (IQR, 9-12); P = 0.151) or fasting volume of the stomach wall (DM: 149 cm3 [IQR, 112-187]; HCs: 132 cm3 [IQR, 107-154];
P = 0.121). Median gastric emptying time was prolonged in patients (DM: 3.3 hours [IQR, 2.6-4.6]; HCs: 2.4 hours [IQR, 1.8-2.7];
P = 0.002). No difference was found in small intestinal transit time (DM: 5 hours [IQR, 3.7-5.6]; HCs: 4.8 hours [IQR, 3.9-6.0]; P =
0.883). However, patients with DM had significantly larger volume of the small intestinal wall (DM: 623 cm3 [IQR, 487-766]; HCs: 478
cm3 [IQR, 393-589]; P = 0.003). Among patients, 13 (68%) had small intestinal wall volume and 9 (50%) had gastric emptying time
above the upper 95% percentile of HCs.
Conclusion
In our study, gastric emptying time and volume of the small intestinal wall appeared to be the best objective measures in patients with
DM type 1 and symptoms and gastroenteropathy.
(J Neurogastroenterol Motil 2021;27:390-399)
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Introduction
Gastrointestinal (GI) symptoms are common in patients with
diabetes mellitus (DM).1 Their severity ranges from mild discomfort to recurrent vomiting, chronic nausea, abdominal pain,
diarrhea, or constipation.1,2 Severe GI symptoms are associated
with reduced quality of life and cause significant burden on the
healthcare system.3 Diabetic dysmotility can affect all segments of
the GI tract and specific symptoms do not correlate well with the
underlying pathophysiology.4 Autonomic neuropathy of the extrinsic
vagal fibers and the intrinsic enteric nervous system is considered
the primary cause of dysmotility in DM. Unfortunately, the autonomic and enteric nervous systems are difficult to evaluate in vivo.
Although tests of cardiovascular function are used as proxy for GI
neuropathy, results correlate poorly with GI symptoms.5,6
Patients with symptoms attributed to the upper GI tract will
usually undergo gastric emptying tests. The gold standard is gastric
emptying scintigraphy, in which a standardized radiolabeled meal is
tracked 30 minutes after ingestion and then every hour for at least
4 hours.7 Limitations of this method include: high cost, radiation
exposure, and poor correlation to symptoms.8,9 The wireless motility capsule (WMC) overcomes some of these limitations. It allows
minimally invasive, ambulatory, radiation-free, and pan-enteric
assessment of total and regional GI transit times.4,10-12 However,
symptoms of gastroparesis, such as nausea, vomiting, bloating, and
early satiety, show uncertain correlation to transit times found with
the WMC.11,12 It is therefore plausible that other parameters than
gastric emptying time and intestinal transit times should be considered as future diagnostic tests of GI dysfunction in DM.
With the Motilis 3-dimensional (3D)-Transit system (Motilis
Medica SA, Lausanne, Switzerland) an electromagnetic capsule
is followed as it traverses the GI tract. Like the WMC, the 3DTransit provides ambulatory assessment of gastric emptying, small
intestinal transit time, and colonic transit time.13-15 Because the 3DTransit detects the exact anatomical position and orientation of the
capsule at a sampling rate of 5-10 per second, the method allows
detailed description of contraction parameters. Recent development
of the software for post processing of data now provides information not only on the frequency, but also on the amplitude of gastric
contractions.
Earlier studies have found increased small intestinal volume in
diabetic rats.16-18 In humans, small intestinal volume can be measured from a low-dose CT scan or by MRI. In spite of this, gastric
and small intestinal volumes have received little attention as mea-

sures of diabetic enteropathy.
In the present explorative study, we aim at comparing (1) the
basic gastric contraction rate, (2) the amplitude of gastric contractions, (3) gastric emptying time, (4) volume of the stomach, (5)
small intestinal transit time, and (6) volume of the small intestine in
patients with DM and GI symptoms with those of healthy controls
(HCs).

Materials and Methods
Subjects
Between September 2015 and May 2019, 20 adult patients (11
males; mean age, 46.5 [standard deviation {SD}, 12.2]) with DM
type 1 and severe GI symptoms and 20 age and sex-matched HCs
(11 males; mean age, 45.0 [SD, 10.6]) were enrolled. The patients
had been referred to our tertiary clinic because of chronic GI symptoms attributed to long-term diabetes. No formal symptom-based
definition of diabetic gastroenteropathy exists, but all patients were
evaluated by an experienced specialized neurogastroenterologist
(M.W.K.) and screened for the present study if their symptoms
were considered severe enough to warrant further clinical evaluation. All patients had symptoms which could be attributed to the
upper GI tract but most also had symptoms usually originating
from the colon. All participants signed a written informed consent
before enrollment and all patients had a total score in Gastroparesis
Cardinal Symptom Index (GCSI) above 10.19,20
Exclusion criteria were: previous intestinal resection or other
major abdominal surgery, other diseases affecting GI function, and
severely reduced kidney or cardiac function. Due to radiation exposure incurred by CT scans, fertile women had to present a negative
pregnancy test before participating. All medications affecting the
GI function were paused at least 48 hours before each investigation. As a part of the standard diagnostic workup, all patients had
been evaluated with gastroscopy, standard blood and stool tests
for inflammatory bowel disease, celiac disease, lactose intolerance,
thyroid disease, malabsorption, and GI infection. Also, on clinical
indication, gastric emptying scintigraphy had been performed in 14
patients.
The study was conducted according to the Helsinki declaration
and European Community rules of good clinical practice. Approval
was obtained from the scientific ethics committee (reference: 1-1072-54-15) and the medical authorities (reference: 2016101143).
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Assessment of Diabetic Autonomic Neuropathy
Cardiac autonomic neuropathy (CAN) was assessed using the
handheld medical device Vagus (Medicus Engineering, Aarhus,
Denmark). CAN is routinely used as a surrogate marker of autonomic neuropathy in patients with diabetes. CAN was defined by
using gold standard cardiovascular reflex tests including the heart
response: to standing from a supine position, to deep breathing, and
to forceful expiration (normal cardiovascular reflex tests, no CAN;
one abnormal cardiovascular reflex test, early CAN; and autonomic
dysfunction, 2 or 3 abnormal cardiovascular reflex tests, manifest
CAN). Age-dependent cutoffs were used to define abnormal
results.21 Twenty-four hour blood pressure had been recorded on
clinical request. Attenuated decrease (dip) in the nocturnal blood
pressure of less than 10% was considered abnormal. Periphery neuropathy was assessed with monofilament according to international
guidelines.22 Furthermore, patients were asked about their sensation
of hypoglycemia. The answers were categorized as “preserved,”
“poor,” or “no sensation.”

Assessment of Gastric Contraction Frequency,
Amplitude, and Emptying Time
The 3D-Transit system is a wireless electromagnetic capsule
system used for detailed assessment of GI motility patterns and
transit times.13-15,23,24 After an overnight fast, the extracorporeal detector was mounted and the electromagnetic capsule (21.5 mm ×
8.3 mm, 1.6 g/cm3) ingested with a standardized meal (2 granola
bars: total 250 kcal; protein 3.8 g, fat 7.4 g, and carbohydrate 42 g;
and 300 mL of water). The detector belt was worn from ingestion until capsule expulsion from the body or end of battery power.
However, subjects under study were allowed to remove the detector
briefly when showering. They were not allowed to do heavy exercise, or stay closer than 40 cm to a computer during the study. Otherwise, all normal daily routines could be followed. Patients wearing
an insulin pump or blood glucose sensor were hospitalized and had
the device removed the day before starting the 3D-Transit examination. This precaution was taken to avoid interaction between the
3D-Transit system and the medical devices. Blood glucose was adjusted with manual insulin injections supervised by an experienced
endocrinologist (S.L.). The blood glucose was targeted to be within
the interval of 5-10 mmol/mL.
With 3D-Transit, the electromagnetic field emitted by the
capsule is registered by the detector and data is converted into coordinates (x, y, z, ɸ, and q) via an iterative algorithm. The x, y, and
z coordinates define spatial 3D position while ɸ, and q express the
392

angular position of the capsule to the detector. The lifetime of the
battery within the capsule is approximately 60 hours.
Recordings were analyzed in a custom developed software
to calculate regional transit times and contractility patterns.13 As
previously described in detail, gastric emptying and small intestinal
transit times were defined from region-specific contraction frequencies and the changes in position of the capsule on 2D plots.13 All
gastric contractions were manually marked to calculate frequency,
amplitude, and percentage of time with visible gastric contractions.
Analysis of gastric contractions was restricted to the first 6 hours
after the index meal because subjects were allowed to eat after this
period of time. All analyses were independently made by 2 investigators (M.W.K. and A.M.H.). In case of disagreement, the mean
value was used.

Volumes of the Stomach and Small Intestine
A low-dose high-resolution CT scan with intravenous contrast
(Visipaque 270 mg/mL; 2 mL/kg body weight with a maximum
of 180 mL) was performed after a minimum of 6 hours fasting for
food and a minimum of 2 hours for liquids. The scan field covered
an area from the left cardiac ventricle to the lower part of the anal
canal allowing assessment of abdominal organ volumes as well as
gas and fluid volumes within the gut. Data analysis was performed
in PMOD version 3.6 (PMOD Technologies, Zurich, Switzerland). Regions of interest were manually defined on each slice of
the CT scan. Volumes-of-interest were computed by fusing all the
regions of interest. Water/fluid was defined by Hounsfield unit < 30
for water and < –200 Hounsfield units for gas.25 The investigator
making all analyses (M.W.K.) was blinded to clinical category of
the test subjects. Part of the volume data will be presented elsewhere.26

Assessment of Gastrointestinal Symptoms
GI symptoms were assessed by the following 3 validated questionnaires: (1) Symptoms from the upper GI tract were quantified by the 20 item Patient Assessment of Upper Gastrointestinal
Symptom Severity Index (PAGI-SYM) questionnaire.20 The
PAGI-SYM questionnaires consists of 6 subscales: heartburn/regurgitation, nausea/vomiting, fullness/early satiety, bloating, upper
abdominal pain, and lower abdominal pain, each ranging from 0
(minimum) to 5 (maximum severity). (2) Symptoms of gastroparesis were rated by the GCSI, which is a 9-item score derivate from
PAGI-SYM.19 (3) The severity of constipation was quantified by
the 8 item Constipation Score System.27
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Table 1. Demographics and Clinical Characteristics of Patients and Healthy Controls Included in the Study

Demographics

Patients with DM type 1

Participants (M/F)
Age (yr)
Duration of GI symptoms (mo)
Duration of diabetes (yr)
BMI (kg/m2)
Glomerular filtration rate (mL/min/1.73 m2)
Urine albumine-creatinine ratio
Hemoglobin A1C (%)
Fast acting insulin (IU/kg per day)
Slow-acting insulin (IU/kg per day)
Insulin pump
Insulin sensor
Diabetic eye disease
Heart disease
Lack of noctunal blood pressure dip

Healthy controls

11/9
46.5 (12.2)
42.0 (30.7)
27.3 (12.7)
23.3 (22.1-26.9)
89.4 (25.6)
10.5 (5.0-33.0)
8.4 (1.8)
24.3 (8.9)
25.2 (14.9)
5 (25%)
6 (30%)
12 (60%)
2 (11%)
4 (20%)

P -values

11/9
45.0 (10.6)

1.000
0.675

26.3 (24.2-27.1)
97.3 (18.8)

0.083
0.304

DM, diabetes mellitus; M, male; F, female; GI, gastrointestinal; BMI, body mass index; IQR, interquartile range.
Data are presented as mean (SD), medians (interquartile range [IQR]), or n (%).

Table 2. Clinical Characteristics of the Questionnaires Patients and Healthy Controls Included in the Study

Clinical questionnaires
PAGI-SYM
GCSI
Sub-score
Bloating
Nausea/vomiting
Fulness/early satiety
CSS

Patients with DM type 1

Healthy controls

35.6 (22.9)
17.85 (9.27)
6 (4.5-7.5)
2 (0.0-4.0)
9 (4.5-14.5)
10 (4.9)

P -values

5.6 (6.6)
3.1 (3.8)

< 0.001
< 0.001

1 (0.0-2.5)
0 (0.0-0.0)
0.5 (0.0-2.0)
4.4 (3.2)

< 0.001
< 0.001
< 0.001
< 0.001

DM, diabetes mellitus; PAGI-SYM, patient assessment of upper gastrointestinal symptom severity index; GCSI, gastroparesis cardinal symptom index; CSS, constipation scoring system.
Data are presented as mean (SD) or medians (interquartile range [IQR]).

Statistical Methods
Three-dimensional Transit data were prepared for analysis by a
custom-made file in MATLAB version 2018b (MathWorks Inc,
Natick, MA, USA). Statistical analysis was performed in Stata
statistical software version 2013 (StataCorp LLC, College Station,
TX, USA). Graphic illustrations were performed using Prism 8
(GraphPad Software, San Diego, CA, USA). Parametric data were
compared with two-way unpaired Student’s t test with Welch correction for unequal variance. Nonparametric data were compared
by means of Wilcoxon Mann-Whitney U test. P < 0.05 was considered significant.

Results
Among 128 patients with DM referred to our unit because of
GI symptoms, 20 fulfilled the inclusion criteria and were willing to
participate. Reasons for non-participation were: concomitant disease
(n = 65), concomitant medication (n = 27), previous surgery (n = 4),
uncertain symptoms (n = 7), declined study participation (n = 8),
and non-compliance (n = 4). A few patients had more than one
reason for non-participation. Patients’ demography is displayed in
Table 1 and clinical characteristics obtained from the questionnaires
in Table 2. Results from the diabetes neuropathy test are shown in
Tables 1 and 3.
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Table 3. Diagnostic Tests From Each Patient

Small intestinal
Gastric emptying Gastric wall volume
wall volume > 95%
Duration of
> 95% percentile > 95% percentile
DM (yr)
percentile of
of healthy
of healthy
healthy
5
11
12
15
15
18
19
21
22
28
28
32
33
34
36
37
40
45
45
49

No
Yes
Yes
Yes
No
No
No
Yes
No
Yes
Yes
No
Yes
Yes
No
Yes
No
No
9 (50%)

Yes
No
No
Yes
No
No
No
Yes
Yes
No
No
No
No
No
Yes
Yes
No
Yes
No
7 (37%)

Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
No
Yes
No
No
Yes
Yes
Yes
Yes
No
13 (68%)

Prolonged
gastric emptying
(scintigraphy)

Cardiac autonomic
neuropathy score
≥2

Periphery
neuropathy

Sensation of
hypoglycemia

Normal
Prolonged
Normal
Normal
Prolonged
Normal
Normal
Normal
Normal
Normal
Normal
Prolonged
Prolonged
Normal
4 (29%)

No
Yes
No
No
No
No
No
Yes
Yes
No
No
No
No
No
Yes
No
Yes
5 (29%)

Yes
No
No
No
No
No
No
Yes
No
Yes
No
No
Yes
Yes
Yes
No
Yes
7 (41%)

No
Poor
Yes
Yes
Yes
Yes
Yes
No
Poor
Yes
No
Poor
Yes
Poor
Yes
Yes
No
8 (47%)

DM, diabetes mellitus.
Normal values are highlighted in gray. “-” marks missing value. All patients with prolonged gastric emptying at scintigraphy also had abnormally large small intestine.
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Figure 1. Intragastric movements of the 3-dimensional Transit electromagnetic capsule. Recordings from a healthy volunteer (A) and a patient

with diabetes (B). Red dots show every 30 minute intervals position in the stomach.
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Gastric Contractions

Gastric Emptying Time

Median time with recognizable contractions of the stomach
was 92% (interquartile range [IQR], 79-94) in patients with
DM and 92% (IQR, 78-97) in HCs (P = 0.501). The median
frequency of gastric contractions was 3.0 contractions per minute
(CPM) (IQR, 2.9-3.0) in patients with DM and 2.9 CPM (IQR,
2.8-3.1) in HCs (P = 0.725). The median amplitude of capsule
rotation was 27 degrees (IQR, 19-41) in patients with DM and 31
degrees (IQR, 23-42) in HCs (P = 0.736). The median amplitude of change in position of the capsule was 9 mm (IQR, 8-11) in
patients with DM and 11 mm (IQR, 9-12) in HCs (P = 0.151).
In 2 (10%) patients with DM the amplitude (position) of gastric
contractions was below the lower 5% limit of HCs. Examples of intragastric movements in a patient with DM and in a HC are shown
in Figure 1.

Median gastric emptying time was 3.3 hours (IQR, 2.6-4.6)
in patients with DM and 2.4 hours (IQR, 1.8-2.7) in HCs (P =
0.002). In 9 (50%) of 18 patients, gastric emptying time was beyond the upper 95% limit of the HC group (Table 3).

Gastric Volume
There was no difference in gastric wall volume between patients
with DM and HCs (Fig. 2 and Table 4). In 7 of 19 patients (37%),
the volume of the gastric wall was above the upper 95% percentile
of HCs. The amount of fluid in the stomach and the total volume
of the stomach including both the wall and luminal content did not
differ significantly between the 2 groups (Table 4).

Small Intestinal Transit Time
Median small intestinal transit time was 5.0 hours (IQR, 3.75.6) in patients with DM and 4.8 hours (IQR, 3.9-6.0) in HCs
(P = 0.883). In 2 of 19 patients (11%), small intestinal transit time
was above the upper 95% limit of the HC group.

A

Volume of the stomach

B

Volume of the small intestine
1000

800

300

3

Volume (cm )

3

Volume (cm )

400

200
100

600
400
200

0

0
HCs

DM

HCs

DM

Figure 2. Volumes of the gastric (A) and small intestinal walls (B) as-

sesses with CT scans. The horizontal line shows the median. Diabetes
patients had a significantly larger volume of the small intestinal wall
(P = 0.003) but not of the stomach (P = 0.121). HCs, healthy controls; DM, patients with diabetes mellitus.

Volume of the Small Intestine
As illustrated in Figure 2 and seen in Table 4, patients with
DM had significantly larger volume of the small intestinal wall.
In 13 of 19 patients (68%), the small intestinal wall volume was
above the upper 95% limit of that in HCs (Table 3). The total small
intestinal volume including both the wall and luminal content was
likewise significantly larger in patients with diabetes. DM patients
had more fluid in the small intestine compared to HCs, but the difference did not reach statistical significance (Table 4).

Questionnaires
In all questionnaires, patients with DM scored significantly
higher than HCs (Table 2). Within the group of patients with DM,

Table 4. Gastric and Small Intestinal Volumes

Gastrointestinal volumes (cm3)
Volume of the stomach including luminal content
Volume of the gastric wall
Volume of fluid in the stomach
Volume of the small intestine including gas and luminal content
Volume of the small intestine wall
Volume of fluid in the small intestine
Volume of gas in the small intestine

Healthy controls

Patients with diabetes

P -value

182 (151-246)
131 (107-154)
31 (17-56)
713 (639-899)
478 (393-589)
209 (165-236)
95 (40-150)

162 (138-193)
149 (112-187)
37 (24-84)
927 (829-1051)
623 (487-766)
227 (191-288)
83 (56-139)

0.078
0.121
0.293
0.002
0.003
0.082
0.872

Among patients with diabetes, 7 (37%) had a total small intestinal volume and 4 (21%) had a total gastric volume above the upper 95% percentile of healthy controls.
Data are presented as medians (interquartile range [IQR]).
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there was no association between any of the scores and the objective
measures described above.

Discussion
Symptoms of gastric and small intestinal dysfunction are common among patients with DM. In the present explorative study,
we found no differences in basic gastric contraction frequency or
the amplitude of gastric contractions when comparing patients with
DM and HCs. Gastric emptying time, but not small intestinal
transit time, was longer in patients with DM than in HCs. The
volume of the small intestine was significantly larger in patients than
in HCs. Hence, the main implications of our study are that gastric
emptying time and small intestinal wall volume seem to be the most
sensitive objective measures in patients with DM type 1 and symptoms of dysmotility within the upper GI tract.

Diabetic Enteropathy
Because of the non-specific symptoms, diagnosis of diabetic
gastroenteropathy is difficult. The pathophysiology behind diabetic
gastroenteropathy is incompletely understood. Enteric and vagal
neuropathy, depletion of interstitial cells of Cajal, reduced function
of smooth muscle cells, and hyperglycemia may all contribute to
gastroenteropathy.28-32 The GI tract is innervated by sympathetic,
parasympathetic, and enteric nerves. Animal studies have found
morphological changes in the vagal nerve and segmental demyelination as well as axonal degeneration of the myenteric and submucosal plexus.29-31 Products of glycation may cause neural damage and
reduce neuronal nitric oxide synthase.33 Since neuronal nitric oxide
synthase is reduced in early stage diabetic rats while cholinergic
nerves are affected later, it has been suggested that inhibitory neurons are affected by DM before excitatory.34 Both factors increase
the risk of GI complications. Diabetic gastroparesis is usually diagnosed after 10 years of disease.35 In our study population, the mean
duration of diabetes was more than 20 years and hemoglobin A1C
was relatively high.

Standard Tests of Autonomic and Peripheral
Neuropathy
Earlier studies have shown that autonomic, but not peripheral
somatic neuropathy correlates with prolonged gastric emptying.8,36
Hence, CAN is commonly used as a surrogate for enteric neuropathy in patients with DM. CAN is easily assessed with 3 different
cardiovascular reflex tests sometimes in combination with a 24-hour
blood pressure measurement, but unfortunately the correlation with
396

GI symptoms remains poor.5,8 In the present study, 29% patients
with symptoms of diabetic enteropathy had manifest CAN. Bharucha et al37 showed in 78 patients with DM type 1, that decreased
heart rate variability in the deep breathing test and not the response
to standing or the Valsalva maneuver, correlated with prolonged
gastric emptying. Detailed heartrate variability analysis was not part
of the primary endpoint and the possible association to prolonged
gastric emptying will be investigated in a future study.

Gastric Contractions
Comparing the basic gastric contraction frequency, the amplitude of contractions and the time with identifiable contractions, we
found no difference between patients with DM and HCs. Previous
studies of the myoelectrical activity assessed with electrogastrography have shown discoordinated activity in patients with DM.
This contrasts our results, but electrical impulses from the surface
of the body may not entirely correlate with gastric contractions.38
Also, in contrast to our data, a study of 113 subjects evaluated with
the WMC found a decreased number of contractions per hour in
patients with DM. The reduced number of contractions was associated with prolonged gastric emptying.39 The difference to our
study may be due to a type II error caused by the smaller number of
patients in our study.
We used the electromagnetic 3D-Transit system to describe
gastric motility in detail. The 3D-Transit capsule is very sensitive as
even millimeters of displacements in its position or a few degrees of
rotation will be registered. Capsule location in the stomach fundus
may change the contraction frequency. However, brief stays in the
fundus were included in the total gastric contraction analysis, as
the stays were short lasting and estimated without influence of the
contractility pattern. Theoretically, changes in position are more
sensitive than pressure changes, especially in large hollow organs.
Hence, we expected that the 3D-Transit would add new and valuable information about gastric contractions not available with other
methods. However, median values for the frequency of gastric contractions were almost identical among patients with DM and HCs.
The number of subjects included in the present study was too small
to draw definite conclusions, but our data may suggest the basic
frequency of myoelectrical activity generated by the smooth muscle
cells was intact. The amplitude of movements of the capsule was
lower in patients with DM than in HCs, but the difference did not
reach statistical significance, which may be related to the relatively
small sample. Previous studies have shown that DM causes impaired accommodation of the stomach, which may contribute to GI
symptoms even if gastric contractions remain unaltered.40
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Gastrointestinal Transit Times
Patients with diabetic enteropathy have pan-enteric dysmotility and assessment of regional GI transit times is part of the clinical
evaluation at many centers. The commonly used WMC is a radiation-free, ambulatory and minimal invasive method that has been
validated against scintigraphy and the 13C breath test.41 The 3DTransit system is not yet as well established as the WMC. However, gastric emptying and small intestinal transit time obtained by
magnet tracking have been tested together with endoscopic video
capsule (PillCam) and gastric emptying scintigraphy.24,42 The electromagnetic capsule for 3D-Transit is smaller (21.5 mm × 8.3 mm)
than the WMC (26.8 mm × 11.7 mm) but normative data for
regional transit times with the 2 methods are very similar. With the
WMC, gastric emptying was more affected in DM than the small
intestinal transit time.43 Thus, the previous studies with the WMC
support the findings of the present study.

Volume of the Small Intestine
In previous studies, rats with DM had hyperplasia of the
small intestine.16-18 This is probably mainly due to mucosal hypertrophy.44,45 In our study, patients with diabetes had a 34% increase
of small intestinal wall volume compared to HCs. We found it
noteworthy that 68% of patients with DM and symptoms of upper
GI dysmotility had volumes of the small intestinal wall above the
upper 95% limit of the HCs. Thus, assessment of small intestinal
wall volume holds promise as a more sensitive marker of diabetic
enteropathy than other existing methods. Unfortunately, assessment
of intestinal volumes is time consuming and new techniques for this
are warranted.

Limitations
The present study is an explorative study including 40 study
participants in total. The small study size increases the risk of type
II errors. Thus, a larger study is needed to confirm our findings.
Furthermore, in future studies a control group of patients recently
diagnosed with DM could be included. The patients included
in the present study were selected from the much larger group of
patients referred to our unit for assessment of diabetic enteropathy.
This may have caused selection bias and therefore affect the external
validity of the study findings. The main reasons for excluding patients from the study were use of medication influencing gut motility and nephropathy.
Gastric emptying scintigraphy was not part of our study protocol, but 14 patients had the procedure performed on clinical indica-

tions. A direct comparison between 3D-Transit or volume assessed
by CT and gastric emptying scintigraphy would be highly relevant,
as the latter is considered the gold standard test for gastric emptying. Such comparison was however beyond the scope of the present
study. There was discrepancy between results from gastric emptying scintigraphy and the 3D-Transit capsule. Scintigraphy was not
performed on the same days as the 3D-Transit study. Symptoms
of diabetic enteropathy may fluctuate and there is intersubjective
variation in objective methods used. Whether this is the cause of the
discrepancy found or 3D-Transit is more sensitive than gastric emptying scintigraphy needs to be addressed in larger studies. Finally,
all patients in the present study had DM type 1 and results may not
be directly applicable to patients with DM type 2.
In conclusion, in this present study the frequency of gastric
contractions was unaffected by DM. Among the parameters studied, gastric emptying time and volume of the small intestine seem to
provide the most sensitive objective measures in patients with DM
type 1 and symptoms attributed to the upper GI tract.
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Bile Reflux Gastropathy and Functional Dyspepsia
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Background/Aims
The pathoetiology of functional dyspepsia remains unclear; one mechanism could be chemical gastropathy from chronic bile reflux.
We aim to examine the association of bile reflux gastropathy with functional dyspepsia and identify predisposing factors.
Methods
In a retrospective study, patients with functional dyspepsia (Rome III) who completed symptom assessment, esophagogastroduo
denoscopy, and biopsies were categorized into 3 groups; bile gastropathy (BG), non-bile gastropathy (NBG), and no gastropathy
(NG). Demographics, symptoms, endoscopy, and motility data were compared between groups. Multivariate analysis identified clinical
factors associated with BG.
Results
Of 262 patients (77.5% female), 90 had BG, 121 had NBG, and 51 had NG. Baseline demographics were similar, however, patients
with BG reported significantly more severe abdominal pain than NBG or NG groups (P = 0.018). Gastric erythema was significantly
more common in BG vs NBG groups (P < 0.001). Cholecystectomy was significantly associated (OR, 6.6; P = 0.003) with the presence
of gastropathy in BG compared to NBG or NG group. Patients with cholecystectomy had significantly more severe abdominal pain (P <
0.05), gastric erythema (P < 0.03), and gastritis (P < 0.05), and were more likely to be prescribed narcotic medications (P < 0.004)
than patients without cholecystectomy.
Conclusions
Bile reflux gastropathy is associated with functional dyspepsia and causes more severe symptoms. Cholecystectomy predisposes to BG
and abnormal pain, and could contribute to the pathogenesis of functional dyspepsia.
(J Neurogastroenterol Motil 2021;27:400-407)
Key Words
Bile reflux; Cholecystectomy; Dyspepsia; Gastritis

Introduction
Dyspepsia, defined as discomfort or pain arising from the
central, upper, or gastroduodenal region is a common condition

affecting 25.0% of the United States population.1 In the absence
of known organic etiologies such as peptic ulcer disease or Helicobacter pylori infection, many patients with such symptoms are
labeled as suffering with functional dyspepsia. Functional dyspepsia
is a heterogeneous disorder with a number of proposed pathophysi-
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ological mechanisms including impaired gastric accommodation,
altered gastric emptying, gastric hypersensitivity to balloon distension, dysregulated acid production, and more recently duodenal
eosinophilia.2,3
Gastric luminal irritants include the reflux of duodenal contents
into the stomach such as bile salts, alkaline pancreatic, and duodenal
secretions, lysolecithin, or ingestion of non-steroidal anti-inflammatory drugs (NSAIDs). All of these agents can cause chemical injury
to the mucosa leading to a reactive or chemical gastropathy.4 Such
a gastropathy has long been recognized as a post-gastric surgery
problem, and has been reported following Billroth II gastrectomy.5
However, whether bile reflux causes dyspeptic symptoms in a
normal, non-operated stomach is unclear, and there are conflicting
reports in the literature.6,7 Furthermore, the exact cause(s) of duodenogastric reflux and its association with symptoms is incompletely
understood.6,8,9
Cholecystectomy may serve as a risk factor for bile reflux into
the stomach.6 Following gallbladder removal, there may be unregulated and increased delivery of bile into the duodenum. This excessive amount of bile could impair duodenal motility,10-12 leading to
bile retention and proximal spillage from duodenogastric reflux.
The aim of our study is to evaluate whether bile reflux into the
stomach could contribute to the development of functional dyspepsia symptoms, by assessing the demographic, clinical, endoscopic,
and gastrointestinal motility characteristics in a cohort of patients
with bile gastropathy (BG) and comparing this with patients categorized as non-bile gastropathy (NBG) or no gastropathy (NG).

A

Materials and Methods
Study Inclusion Criteria
A retrospective cohort analysis was performed of all patients
referred to a gastrointestinal clinic in a tertiary care center between
January 2012 and September 2015 with dyspeptic symptoms, and
those who fulfilled the Rome III criteria for functional dyspepsia.13
Patients were included in the study if they underwent esophagogastroduodenoscopy (EGD) and gastric biopsies as part of their
diagnostic evaluation. Patients were excluded if they had a history
of stomach (antrectomy or pyloroplasty) or proximal small bowel
resection (ie, Whipple, Billroth I or II), including gastric bypass
surgery (ie, sleeve gastrectomy). Patients were further excluded if
they had a history of untreated H. pylori infection, history of alcohol abuse, were pregnant, or had severe comorbid illnesses such as
chronic renal failure, chronic obstructive pulmonary disease and
chronic heart failure, or previous strokes as assessed by history,
laboratory testing, and/or appropriate consultations. All endoscopies
were performed by a single experienced endoscopist (S.S.C.R.) to
exclude any inter-rater variability in interpretation, sampling, or
documentation. Biopsy specimens were collected from the gastric
antrum and body and sent for pathology review with hematoxylin
and eosin staining. The histopathologists convened a meeting and
agreed on descriptors and criteria for chemical gastropathy in January 2012,14 in order to minimize any inter-observer disagreement,
and H. pylori testing was performed according to the Sydney System.14 The study was approved by our Institutional Review Board
(IRB No. 744920-4).

B

Endoscopy

Histopathology

Figure 1. (A) Characteristic endoscopic appearance of bile gastropathy with a large pool of thick yellowish-green bile noted in the antrum, and
an underlying erythematous, inflamed gastric mucosa, indicative of bile gastritis/gastropathy after aspiration of bile. (B) Biopsy of gastric mucosa
showing cork-screwing of foveolar glands (red arrow) and splaying of smooth muscle into the lamina propria (black arrows), typical of bile-induced
chemical gastropathy. No significant inflammation is seen in the lamina propria.
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Patient Cohorts

Statistical Methods

All patients underwent upper endoscopy (EGD) with careful
inspection of the gastric lumen for any endoscopic evidence of gastropathy including erythema, edema, erosions, or ulcerations. Specifically, we documented the presence of duodenogastric bile reflux,
defined as mucosal erythema with or without gastritis or erosions
along with the presence of intragastric bile (Fig. 1A) during endoscopy.15 EGD findings together with histopathology were used to
categorize patients into 1 of 3 cohorts: (1) BG cohort characterized
by the presence of sufficient amount of intragastric bile together
with histopathologically identified chemical gastropathy (Fig. 1B),
(2) NBG cohort characterized by the presence of chemical gastropathy but without intragastric bile, or (3) NG cohort characterized
by normal gastric mucosa and histology and without visible bile in
the stomach. Endoscopic findings were correlated with pathology
reports of biopsy specimens.

Curated clinical data were compared between BG, NBG, and
NG cohorts to identify variables associated with bile reflux gastropathy. All data were stored in a password-protected Microsoft
Office database (Redwood, CA, USA). Categorical data were compared using chi-square test. Continuous data were compared using
one-way analysis of variance or Kruskal–Wallis test, as appropriate.
Variables significant (P < 0.05) on univariate testing were evaluated using multiple logistic regression. Two binary models were
created with BG coded as dichotomous dependent variable:
BG (coded = 1) vs NBG + NG (both coded = 0), and a second
model restricted to BG (coded = 1) vs NBG (coded = 0). The
Hosmer-Lemeshow statistic was used to assess model goodnessof-fit. All data were analyzed using SigmaPlot version 10.2 (Systat
Software, San Jose, CA, USA). A P -value < 0.05 was considered
statistically significant.

Gastrointestinal Symptom Evaluation
Patients’ symptoms were assessed using validated bowel
symptom questionnaires obtained as part of their routine clinical
evaluation.16 Briefly, participants were asked to rate the frequency,
intensity, and duration of 9 common gastrointestinal complaints
such as abdominal pain, nausea, and fullness on a 0-3 Likert-type
scale. Component scores were summated to obtain a total score with
maximum possible range of 0-9. Total scores < 3 points were considered mild, scores 3-6 were considered moderate, and scores ≥ 7
were considered severe.

Gastrointestinal Motility Testing
Patients underwent motility testing as indicated by their symptoms, and this included a standard 4-hour gastric emptying scintigraphy study or a wireless motility capsule test (SmartPill; Medtronics, Minneapolis, MN, USA). An abnormal study was defined
using standard American Neurogastroenterology and Motility
Society consensus criteria.17,18 Duodenal aspirates were obtained to
assess for small intestinal bacterial overgrowth (SIBO) or small intestinal fungal overgrowth (SIFO) as previously described.19 SIBO
was diagnosed using either glucose breath testing and/or quantitative duodenal aspirate cultures (≥ 103 CFU/mL), with patients
adjudged as positive for SIBO if either test was positive.19,20 SIFO
was diagnosed with positive duodenal aspirate for fungal cultures
(≥ 103 fungal CFU/mL).19,20 Additional medical and surgical history were obtained from the electronic medical record.
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Results
Patient Characteristics
A total of 262 patients with functional dyspepsia were included
in the study (Fig. 2). Patients were predominantly female (77.5%),
middle aged (mean age, 48.9 years), and overweight (mean body
mass index, 27.0 kg/m2). Severe (≥ 7) gastrointestinal symptoms
most frequently reported were bloating (64.4%), fullness (56.0%),
and abdominal pain (51.0%). Most patients were on proton pump
inhibitors (57.0%) or histamine H2 receptor antagonists (6.5%)

262 Patients with
functional dyspepsia
Endoscopy with gastric biopsy

Bile gastropathy
(n = 90)

Non-bile gastropathy
(n = 121)

35%

69%
31%

Prior cholecystectomy*

No gastropathy
(n = 51)

22%
65%

78%

No prior cholecystectomy

Figure 2. Consort flow diagram of subjects with functional dyspepsia
including the proportion of patients with a history of cholecystectomy
(*P < 0.05).
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Table 1. Patient Demographic Features for the Study Cohorts

Demographics

Bile gastropathy
(n = 90)

Non-bile gastropathy
(n = 121)

No gastropathy
(n = 51)

P -value

Age (yr)
Female
Body mass index (kg/m2)
Diabetes mellitus
Hemoglobin A1C (%)
Histamine H2 receptor antagonists use
Proton pump inhibitors use
Any anti-acid medication use
Aspirin use
NSAID use
Chronic prescription narcotics

49.3 ± 16
85.6%
28.2 ± 9.0
16.7%
8.0 ± 2.0
5.6%
58.9%
64.4%
14.4%
13.8%
24.4%

49.7 ± 16.0
71.9%
26.6 ± 8.0
14.1%
7.6 ± 1.6
6.6%
54.5%
61.2%
12.4%
19.1%
20.7%

51.0 ± 16.0
76.5%
25.8 ± 5.0
15.7%
8.2 ± 1.9
7.8%
56.9%
64.7%
13.7%
11.1%
15.7%

0.823
0.062
0.145
0.869
0.804
0.867
0.819
0.852
0.907
0.374
0.468

NSAID, non-steroidal anti-inflammatory drug.
Values are presented as mean ± SD.

Proportion with severe (> 7)
symptoms (%)

100

Bile gastropathy
No bile gastropathy
No gastropathy

80

*
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without group differences. Approximately 1 in 5 (21.0%) patients
were prescribed narcotic pain medications.
Patients were stratified into 3 cohorts: BG group (n = 90),
NBG group (n = 121), and NG group (n = 51) (Table 1 and Fig. 2).
The demographic variables in the 3 cohorts were similar (Table 1).
However, patients with BG reported significantly more severe
(> 7) abdominal pain than patients with NBG or NG group (P <
0.05; Fig. 3). The severity of other bowel symptoms such as bloating, nausea, and fullness was not different between groups. Patients
with BG had a significantly higher prevalence of cholecystectomy
(68.0%) than patients with NBG (35.0%) or NG (22.0%) groups,
respectively (Fig. 2).

Endoscopy Findings
Endoscopic findings for BG and NBG cohorts are summarized in Table 2. BG patients had significantly higher prevalence of
gastric erythema than NBG patients (88.9% vs 63.6%; P < 0.001).
NBG patients had significantly increased prevalence of superficial
erosions (22.3% vs 8.9%) and gastric polyps (8.3% vs 0.0%; both
P < 0.05). The location of gastropathy was not different between
groups, occurring predominantly in the gastric antrum and less
frequently in the body or fundus. A representative endoscopic image of BG is shown in Figure 1A, showing moderate to severe
erythematous gastric mucosa with thick overlying yellowish staining
from duodenogastric reflux of bile.

Gastric Pathology
Pathology results were correlated with endoscopic findings,
showing as expected, benign mucosa (95.0%) in most patients in

Figure 3. Proportion of patients with severe (score > 7) gastrointesti-

nal symptoms in the 3 cohorts with functional dyspepsia (*P < 0.05).

NG cohort. Gastropathy was associated with a marked increase
in the prevalence of foveolar hyperplasia (BG: 82.2% and NBG:
83.5%) and reactive glandular changes (BG: 84.4% and NBG:
82.6%) (Fig. 1B and Table 2). However, within the gastropathy
groups, there was a striking increase in the prevalence of gastritis
(37.8% vs 7.4%), edema (30.0% vs 0.8%), and chronic active inflammation (7.8% vs 1.7%) in BG vs NBG groups, suggesting that
bile reflux into the stomach is associated with more severe gastric
mucosal alterations than NBG.

Cholecystectomy and Functional Dyspepsia
To examine if cholecystectomy is a risk factor for BG and func-
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Table 2. The Prevalence of Endoscopic and Histologic Features in Patients With Bile Gastropathy, Non-bile Gastropathy and No Gastropathy

Cohorts
Bile gastropathy
(n = 90)

Non-bile gastropathy
(n = 121)

88.9%
8.9%
1.1%
0.0%
1.1%

63.6%
22.3%
6.6%
8.3%
1.7%

0.0%
0.0%
0.0%
0.0%
0.0%

66.3%
32.6%
1.2%

65.0%
28.2%
6.8%

0.0%
0.0%
0.0%

Pathology description

Bile gastropathy
(n = 90)

Non-bile gastropathy
(n = 121)

No gastropathy
(n = 51)

Normal mucosa
Foveolar hyperplasia
Reactive glandular changes
Gastritis (any)
Minimal gastritis
Mild gastritis
Moderate gastritis
Edema
Chronic inactive inflammation
Chronic active inflammation
Intestinal metaplasia

0.0%
82.2%
84.4%
37.8%
35.6%
2.2%
0.0%
30.0%
5.6%
7.8%
2.2%

0.0%
83.5%
82.6%
7.4%
3.3%
3.3%
0.8%
0.8%
6.6%
1.7%
1.7%

95.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
5.0%
0.0%
0.0%
0.0%

Endoscopy features
Erythema
Erosions
Ulcers
Polyps
Atrophy
Gastropathy involvement
Antrum
Body
Fundus

No gastropathy
(n = 51)

P -value
< 0.001
0.016
0.107
0.046
0.796
0.148

P -value < 0.05 was considered statistically significant (bile gastropathy vs non-bile gastropathy).

Table 3. Multivariate Logistic Regression Evaluating Bile Gastropathy (n = 90) Group vs Non-bile Gastropathy or No Gastropathy (n = 172)

Group
Demographic variable
a

Age
Female gender
BMIb
GERD
Appendectomy
Delayed colon transit
Cholecystectomy
a

Model A

Model B

OR

95% CI

P -value

OR

95% CI

P -value

0.53
1.79
0.50
6.60

0.11-2.56
0.39-8.26
0.16-1.63
1.87-23.30

0.433
0.451
0.255
0.003

1.48
8.74
1.55
0.54
1.69
0.46
6.44

0.91-2.39
0.81-93.7
0.92-2.58
0.10-2.80
0.32-8.66
0.12-1.66
1.51-27.44

0.115
0.073
0.095
0.465
0.531
0.238
0.012

Age coded as increasing deciles.
Body mass index (BMI) coded as < 20.0, 20.0-24.9, 25.0-29.9, 30.0-34.9, ≥ 35 kg/m2.

b

tional dyspepsia, we performed multivariate regression modeling
comparing BG group (n = 90) vs NBG + NG group (n = 172).
This revealed that cholecystectomy (OR, 6.60; 95% CI, 1.87-23.30;
P = 0.003; Model A) (Table 3) was significantly associated with
BG. Other clinical factors such as GERD or appendectomy were
404

not significantly associated with BG (P > 0.05). A second regression (Model B) was constructed where additional baseline demographic factors such as age, female gender, and body mass index
were included as covariates in the model. This model again revealed
that cholecystectomy (OR, 6.44; 95% CI, 1.51-27.44; P = 0.012)
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was significantly associated with BG (Table 3).
Patients with cholecystectomy (n = 114) also reported significantly more severe (> 7) abdominal pain, fullness, and nausea than
patients without prior cholecystectomy (n = 148) (Supplementary
Figure). Erythema was significantly more common in patients
with cholecystectomy than those without cholecystectomy (81.6%
vs 67.6%; P = 0.030). Similarly, gastritis (30.0% vs 6.0%), edema
(25.0% vs 0.0%), and chronic active inflammation (6.0% vs 1.0%)
were more frequently reported in gastric biopsies of patients with
cholecystectomy. Patients with cholecystectomy were also significantly more likely to be prescribed chronic prescription narcotics
than those without cholecystectomy (30.0% vs 14.0%; P = 0.003).
Stratifying the entire cohort into patients with (≥ 7) and without (< 7)
severe abdominal pain, our analysis revealed that cholecystectomy
(P = 0.037) as the only variable was also significantly associated
with severe pain (Supplementary Table 1). Regression analysis also
found that cholecystectomy was significantly associated with severe
abdominal pain (OR, 2.05; 95% CI, 1.09-3.86; P = 0.026).

Motility Testing
Wireless motility capsule testing (n = 137) revealed that the
prevalence of delayed colonic transit was significantly increased in
NBG group vs other groups (P = 0.045; Supplementary Table 2).
Other upper gastrointestinal tract conditions such as gastric emptying or small bowel transit disorders were not significantly different
between groups. Similarly, duodenal aspirate and breath testing
studies (n =241) revealed that the prevalence of SIBO and SIFO
were not different between groups (Supplementary Table 2).

Discussion
Functional dyspepsia is a heterogeneous, polysymptomatic
disorder of unclear etiology. Furthermore, there is no effective or
Food and Drug Administration-approved therapy, and empirical
trials have only helped a minority of patients.21 Our objective was
to ascertain whether duodenogastric reflux of bile plays a role in the
pathogenesis of symptoms in patients with functional dyspepsia, and
if so, to examine the influence of phenotypic, environmental and
clinical factors.
In a well characterized population, we found that duodenogastric bile reflux significantly contributed to the pathogenesis of
symptoms in over one third of patients with chronic functional dyspepsia. Moreover, we found that cholecystectomy was a significant
predisposing risk factor for the development of bile reflux, and was
associated with more severe gastrointestinal symptoms, and use of

narcotic pain medications. These findings not only confirm but
extend previous case reports and indicate that cholecystectomy significantly increases the risk of duodenogastric bile reflux and causes
more severe symptoms of functional dyspepsia, necessitating a
need for stronger analgesia in many patients.11,22 However, whether
opioid use predates cholecystectomy cannot be excluded from our
observations.
We found that the prevalence of specific symptoms such as
abdominal pain, fullness, and nausea not only increased following
cholecystectomy but were also more severe in intensity. This observation is particularly alarming given the increasing number of cholecystectomies that are being performed,23 and often for less defined
indications, such as biliary dyskinesia, or unexplained right upper
quadrant pain with or without low ejection fraction on a hepatobiliary iminodiacetic acid scan with an otherwise normal gallbladder.23
As observed in this study, the dyspeptic symptoms were likely exacerbated rather than relieved by cholecystectomy.
Several factors such as pyloroplasty may increase the reflux of
duodenal contents into the stomach and cause chemical gastropathy.10 In a previous study, we showed that the duodenum serves as
both a capacitative resistor and a resistive resistor,12 both of which
could impair duodenal motility leading to retention of duodenal
contents, and possible bile reflux into the stomach. Furthermore,
infusion of bile into the duodenum decreased duodenal motility in
healthy subjects causing stasis of duodenal contents.12
Irrespective of the predisposing factors, prolonged and excessive bile reflux into the stomach can cause direct chemical injury to
the mucosa resulting in mucin depletion and hydrogen ion influx
into the enterocytes and decreased transepithelial resistance.24 This
likely begins a cascade of events leading to mast cell degranulation,
edema, vascular congestion, and foveolar hyperplasia, alongside
other characteristic histopathological changes.6 The degree and duration of bile exposure that is needed to develop gastropathy is not
fully understood, but once developed it manifests as gastric mucosal
edema and hyperemia along with symptoms of functional dyspepsia.
Endoscopically, this could appear as erythematous mucosa initially,
progressing to moderately severe gastritis, and in more advanced
cases superficial erosions may be seen.24-26 Although, these features
are likely bile-induced, most patients are treated with acid suppression.27 We found that approximately 60.0% of our patients were on
acid suppresant therapy, but mostly without relief.
The clinical presentation of our patients with BG was similar
to that of other patients with functional dyspepsia and the NBG
cohort. Hence, symptoms alone may not help to differentiate or
identify this problem. An important step in the diagnosis of this
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problem is awareness and recognition of the endoscopic features
that may include the presence of bile (Fig. 1A), as well as the increased prevalence of erythematous mucosa and gastritis involving
either the antrum or the body of the stomach without erosions or ulcerations, especially after aspirating the bile.6 Confirmation of bileinduced chemical gastropathy with histopathological examination is
important, not only to rule out other causes of gastritis, but also to
identify conditions such as H. pylori infection, and physiologic bile
reflux that may occur from retching during upper endoscopy.
The findings of erythematous mucosa on endoscopy together
with chemical gastropathy on biopsy is not uncommon, and has
been reported in 15.0% of routine screening endoscopy procedures.28 In most cases, this gastropathy may be secondary to H.
pylori infection or NSAID. NSAID-induced chemical gastropathy
is however indistinguishable from BG histologically, and is clearly
one limitation that may contribute to the under recognition of BG.29
Another limitation is that most endoscopists may not recognize or
document duodenogastric bile reflux. We used the presence of bile
in the stomach as an endoscopic marker for duodenogastric reflux,
as it can be easily identified during endoscopy. Usually, there is little
or no bile in the stomach, given the prolonged fasting, and the nature of physiologic bile secretion that usually occurs, post-prandially,
often after fatty meals.24 However, prior studies have suggested that
endoscopy has decreased accuracy and a lower positive predictive
value when compared to other methods, such as hepatobiliary scintigraphy, further contributing to the missed diagnosis.6,29-31
The prevalence of motility disorders was similar to those seen
in previous studies of functional dyspepsia, with approximately one
third of patients showing delayed gastric emptying.2,32 The lack of
significant delay in gastric emptying, especially in the BG group
suggests that a primary gastric emptying/motility problem is unlikely to be an important mechanism and that excess duodenogastric
bile reflux is the key driver for this problem. Additionally, we found
an increased incidence of delayed colonic transit in the NBG group
with about 50.0% of patients showing an abnormal colonic delay
suggesting slow transit constipation when compared to a prevalence
of 25.0% in the other groups. This suggests an association of constipation with dyspeptic symptoms.33
The limitations of our study include the unequal distribution of
subjects across the 3 groups, possibly due to the retrospective nature
of our study. Although this is the largest controlled study to date
that examined BG, our study was performed in a tertiary care center
with possible referral bias and in patients with refractory dyspeptic
symptoms. Hence, a community-based, prospective, multicenter
study is needed to confirm the relationship between bile, chemical
406

gastropathy, and cholecystectomy. Another limitation is the lack of
information on the clinical outcome, as most of these patients were
not followed-up at our tertiary care center. However, treatment of
BG may be useful in the management of these patients, but requires
rigorous controlled trials.6
In conclusion, duodenogastric bile reflux appears to be common in patients with symptoms of functional dyspepsia, especially in
those with a previous history of cholecystectomy. Cholecystectomy
appears to be a significant risk factor for the development of BG.
The presence of bile gastritis during an upper endoscopy together
with chemical gastropathy identified by histology is essential for a
diagnosis. Given the rising incidence of cholecystectomy for unexplained abdominal pain,23 especially in the absence of pathologic
gallbladder disease, we recommend caution and awareness of the
association of BG and functional dyspepsia.
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Background/Aims
Gastroparesis is a chronic gastrointestinal disorder that frequently presents with symptoms that are difficult to manage, necessitating
frequent hospitalizations. We sought to determine the predictors of early readmission due to gastroparesis based on etiology.
Methods
We identified all adults discharged with a principal diagnosis of gastroparesis after hospitalization from the 2014 Nationwide
Readmission Database. We compared etiology wise (diabetes, post-surgical, and idiopathic) early readmission. Multivariate regression
analyses were performed to identify significant predictors of 30-day readmission.
Results
A total of 12 689 patients were identified, 30.7% diabetic, 2.6% post-surgical, and 66.7% were idiopathic. Patients with diabetic
gastroparesis were more likely to be readmitted within 30 days than idiopathic (adjusted odds ratio [aOR], 0.81; 95% confidence
interval [CI], 0.69-0.94) and post-surgical gastroparesis (aOR, 0.58; 95% CI, 0.34-0.98). Pyloroplasty was associated with less
likelihood of 30-day readmission (aOR, 0.45; 95% CI, 0.20-0.97). In addition, male gender (aOR, 1.18; 95% CI, 1.02-1.37), modified
Elixhauser comorbidity score ≥ 3 (aOR, 1.38; 95% CI, 1.18-1.61), chronic pain syndrome (aOR, 1.41; 95% CI, 1.11-1.78), younger
(18-64 years) age (aOR, 1.64; 95% CI, 1.34-2.00), need for percutaneous endoscopic gastrostomy/jejunostomy tube (aOR, 2.06; 95%
CI, 1.21-3.52), and need for total parenteral nutrition (aOR, 1.70; 95% CI, 1.24-2.35) were associated with increased risk of 30-day
readmission.
Conclusions
One in 5 patients was readmitted with gastroparesis within 30 days. In the diabetic group, diabetes-related complications contributed
to readmissions than gastroparesis. Pyloroplasty is associated with reduced early hospital readmission. Prospective studies are needed
for validation of these results.
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Introduction

Materials and Methods

Gastroparesis is a clinical condition characterized by upper
gastrointestinal (GI) tract symptoms and delayed gastric emptying
in the absence of mechanical obstruction.1 While several conditions
can result in this clinical entity, the most common etiologies are
idiopathic (36%), diabetic (29%), and post-surgical (13%) in a tertiary referral setting.2,3 Treatment of gastroparesis focuses on initial
restoration of the nutritional state, optimizing glycemic control, and
symptom relief by the use of prokinetics. Approximately 10% of patients fail to respond to conventional medical therapy, often requiring frequent hospitalizations for symptom control and nutritional
support.4,5
Gastroparesis related hospitalizations have been on the rise in
the United States (US), contributing to the increasing economic
impact of hospitalizations. The burden of gastroparesis has been
rising with increased emergency department visits, hospitalizations,
and resultant health care costs.6,7 This translates into a significant
economic burden due to impaired quality of life, reducing daily
activities resulting in unemployment, loss of income, and medical
disability.8
The factors associated with readmissions in this population
are largely unknown and have not been systematically studied. It
is unknown if gastroparesis patients from one etiology have worse
outcomes compared to others. Thus, we sought to evaluate rates
and predictors of 30-day readmissions in patients discharged with
gastroparesis as well as the impact of the etiology of gastroparesis on
health care outcomes.

Data Source
We utilized the Nationwide Readmissions Database (NRD)
for our study. This is sponsored by the Agency for Healthcare Research and Quality (AHRQ) as part of the Healthcare Cost and
Utilization Project (HCUP). The 2014 NRD was constructed
from 22 state inpatient databases, which account for 51.2% of the
total US population and 49.3% of all hospitalizations.9 All of the
data is de-identified and cannot be tracked to specific individual
patients. The Ohio State University Data and Specimen Policy and
Human Subjects Research Policy do not require Institutional Review Board approval for population-based public data set.
The NRD was queried from January to November 2014 using the International Classification of Diseases, Ninth Revision,
and Clinical Modification (ICD-9-CM) diagnosis and procedure
codes. Hospitalizations for acute gastroparesis were selected using
ICD-9-CM diagnostic code 536.3. All procedures performed during hospitalization and patient-related co-morbidities were identified using ICD-9-CM codes as per Supplementary Table 1.

Patients and Outcomes
All patients discharged from the hospital with a principal diagnosis of gastroparesis during 2014 were selected for potential
inclusion (Fig. 1). Patients with the following were excluded: (1)
age less than 18 years, (2) pregnancy, (3) post-operative vomiting,
(4) psychogenic vomiting, (5) rumination disorder, (6) anorexia,
and (7) bulimia. When calculating 30-day readmissions, patients
discharged in the month of December 2014 were excluded to allow
for follow-up duration.

Adult patients (> 18 yr) hospitalized
with gastroparesis
NRD 2014
N = 12 766
Exclusions (n = 159)
Anorexia and bulimia (n = 22)
Pregnancy (n < 10)
Psychogenic vomiting (n < 10)
Rumination disorder (n = 35)
Post-operative vomiting (n < 10)
Patients with overlapping etiologies (n = 82)
Idiopathic gastroparesis
n = 8412 (66.7%)

Diabetic gastroparesis
n = 3865 (30.7%)

Post-surgical gastroparesis
n = 330 (2.6%)
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Figure 1. Study schematic and patient
flow. NRD, Nationwide Readmission
Database.
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Table 1. Baseline Characteristics of Patients With Gastroparesis
Undergoing Hospitalization During 2014: Nationwide Readmission
Database

Characterisitc
Age (yr)
Age group (yr)
18-64
≥ 65
Gender
Male
Female
Type of insurance
Medicare
Medicaid
Private
Other
Type of hospital
Urban non-teaching
Urban teaching
Rural
Hospital sizea
Small
Medium
Large
Modified AHRQ-Elixhauser Indexb
<3
≥3
Diabetes
Cannabis/marijuana
CVA
Dys-autonomia
Migraine
Narcotics/opioid use
Obesity
Scleroderma
Malnutrition
Bypass for obesity
Chronic pain syndrome
Psychiatric disorder
Other associated GI conditions
PEG tube
Percutaneous jejunostomy tube
TPN
Total gastrectomy
Pyloroplasty
Post-surgical gastroparesis
Index admission mortality
Calendar year mortality
30-Day readmissionc
90-Day readmissiond

410

Table 1. Continued

Characterisitc

Gastroparesis
(N = 12 689)
49.82 (± 0.31)
10 136 (79.88)
2553 (20.12)
3253 (25.64)
9436 (74.36)
5206 (41.10)
2574 (20.32)
3744 (29.56)
1142 (9.01)
3631 (28.62)
8075 (63.64)
983 (7.74)
1806 (14.24)
3611 (28.46)
7272 (57.31)
5612 (44.23)
7076 (55.77)
3947 (31.11)
608 (4.79)
250 (1.97)
77 (0.60)
883 (6.96)
585 (4.61)
1782 (14.04)
51 (0.40)
1025 (8.08)
247 (1.95)
880 (6.94)
4716 (37.16)
2781 (21.92)
166 (1.31)
23 (0.19)
493 (3.89)
11 (0.09)
171 (1.35)
412 (3.25)
55 (0.43)
254 (2.01)
3008 (25.71)
4308 (44.36)

LOS (day)
Cost (USD)

Gastroparesis
(N = 12 689)
4.96 (± 0.08)
9230 (± 200)

a

Hospital size categorizes are based on hospital beds and are specific to the
hospital’s location and teaching status. Bed size assesses the number of shortterm acute beds in a hospital.10
b
Comorbidities for risk adjustment were derived from Agency for Healthcare
Research and Quality (AHRQ) comorbidity measures based on the methods
by Elixhauser.13 Diabetes was excluded to avoid multicollinearity.
c
December admissions and patients who died on their index admission excluded (11 699 included).
d
October, November, and December admissions and patients who died on
their index admission excluded (9712 included).
AHRQ, Agency for Healthcare Research and Quality; CVA, cerebrovascular
accident; GI, gastrointestinal; PEG, percutaneous endoscopic gastrostomy;
TPN, total parenteral nutrition; LOS, length of stay; USD, United States
dollar.
Values are presented as mean (± SE) or n (%).

Patients with gastroparesis were further classified into 3 cohorts; diabetic gastroparesis if patients have a history of diabetes in
the same admission; post-surgical gastroparesis if patients had any
of the surgeries performed during the same admission; cholecystectomy, vagotomy, Nissen fundoplication, partial gastrectomy, obesityrelated surgeries, pancreatectomy10,11; and idiopathic if patients
did not have diabetes nor any of the above-mentioned surgeries.
Patients with both diabetes and one of the surgeries of interest were
excluded for all analyses which involved a comparison between the
3 etiologies. The primary outcome was to evaluate predictors of 30day all-cause readmissions in patients discharged with a principal
diagnosis of gastroparesis after the index hospitalization. We did a
subanalysis to assess the etiology of 30-day readmission in various
gastroparesis cohorts using ICD-9-CM codes. Secondary outcomes were index hospitalization mortality, length of stay, and costs.
Patient-level variables included age, sex, median household income quartile for patient’s zip code, and type of insurance. Comorbidities for risk adjustment were derived from AHRQ comorbidity
measures based on the methods by Elixhauser et al.12 Elixhauser
comorbidity scores were modified to exclude diabetes. Patients were
categorized based on the number of comorbidities present: 0-2 and
≥ 3. Other covariates included were psychiatric disorders and the
presence of other GI conditions. Anxiety, bipolar disorder, depression, and schizophrenia were grouped into “psychiatric disorders.”
Irritable bowel syndrome, chronic constipation, slow transit constipation, dyspepsia, and other specified disorders of function of the
stomach were grouped into “other associated GI conditions.”
Hospital-related variables were hospital type (urban non-
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teaching, urban teaching, and rural) and hospital bed size (large,
medium, and small). Hospital bed size was classified as small, medium or large based on the algorithm developed by HCUP.

Results

Statistical Methods

Baseline Characteristics

The characteristics of patients discharged with gastroparesis
were summarized using frequencies and percentages or means and
standard errors, as appropriate. Logistic regression was used to
determine the impact of etiology on and significant predictors of
30-day readmissions. Linear regression was similarly used for the
outcomes of index hospitalization length of stay and cost. Terms included in the models were determined through the use of stepwise
selection where age, sex, insurance type, income quartile, hospital
type, hospital size, modified Elixhauser score, cannabis/marijuana,
cerebrovascular accident, dysautonomia, migraine, narcotics/opioid
use, obesity, scleroderma, loss of weight, malnutrition, bypass for
obesity, chronic pain syndrome, psychiatric disorder, other associated GI conditions, total parenteral nutrition (TPN), percutaneous endoscopic gastrostomy (PEG)/percutaneous endoscopic
jejunostomy (PEJ) tube and pyloroplasty was eligible for inclusion.
Statistical significance was defined by a P -value 0.05. SAS 9.4 (SAS
Institute, Cary, NC, USA) using appropriate survey procedures to
account for the complex study design was used to conduct all analyses and all results are weighted to represent national estimates.

The baseline characteristics of the study cohort are shown in
Table 1. Hospitalized patients with gastroparesis were predominantly women (74.4%), less than 65 years of age, and were admitted to large urban teaching hospitals. Index admission mortality was
0.4%, the mean length of stay (LOS) (standard error [SE]) was
4.96 (± 0.08) days, and the mean hospital costs (SE) were 9230 (±
200) dollars. The 30-day readmission rate was 25.76%. The mean
LOS (SE) for first readmission with any cause was 5.83 (± 0.16)
days.

Etiology Wise Outcomes of Hospitalization
Univariate analysis (Table 2) comparing gastroparesis cohorts
based on etiology revealed that patients with post-surgical gastroparesis had prolonged LOS (8.33 days) and hospitalization costs
(USD 21 802) compared to those with diabetic and idiopathic gastroparesis, albeit these outcomes include the burden of the preceding surgery. Thirty-day readmissions from any cause were higher
in the diabetic gastroparesis cohort as compared to the post-surgical
and idiopathic gastroparesis cohorts (29.42% vs 17.97% vs 24.36%,
P = 0.001). On further analysis using patients readmitted within
30 days after index admission, gastroparesis specific 30-day readmission was higher in idiopathic gastroparesis compared to diabetic
and post-surgical gastroparesis (29.91% vs 11.28% vs 7.13%, P <

Table 2. Comparison of Calendar Year Mortality, Index Admission Mortality, 30-Day All Cause Readmission, 30-Day Gastroparesis Specific Re-

admissions Among Study Population, 30-Day Gastroparesis Specific Readmissions Among Readmitted Patients, 90-Day Readmission, Length of
Stay, and Index Hospitalization Costs Based on Etiology
Outcome

Idiopathic
gastroparesis
(n = 8412)

Diabetic
gastroparesis
(n = 3865)

Post-surgical
gastroparesis
(n = 330)

P -value

Index admission mortality
30-Day all cause readmissiona
30-Day gastroparesis specific readmission among all patients in each groupa
30-Day gastroparesis specific readmission rate among readmitted patientsb
90-Day readmissionc
LOS (day)
Cost (USD)

41 (0.48)
1887 (24.36)
564 (7.29)
564 (29.91)
2707 (42.13)
5.15 (± 0.10)
9277 (± 234)

12 (0.32)
1054 (29.42)
119 (3.32)
119 (11.28)
1516 (50.91)
4.19 (0.11)
7800 (214)

0 (0.00)
53 (17.97)
≤ 10 (≤ 3.03)
≤ 10 (7.13)
69 (28.70)
8.33 (0.79)
21 802 (1553)

0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

a

December admissions and patients who died on their index admission excluded. Total number of patients in each cohort was used for calculating percentage.
December admissions, patients who died on their index admission, and patients who were not readmitted within 30 days are excluded.
c
October, November, and December admissions and patients who died on their index admission excluded.
LOS, length of stay; USD, United States dollar.
Values are presented as mean n (%) or (± SE).
b
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Post-surgical vs diabetic gastroparesis
Idiopathic vs diabetic gastroparesis
Pyloroplasty
Obesity
Other GI conditions
Male vs female
Elixhauser comorbidity score > 2
Chronic pain syndrome
Age 18-64 yr vs > 64 yr
TPN
PEG/PEJ tube

Figure 2. Predictors for early admission,

0
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1.5
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2.5
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Odds ratio

multivariable analysis. GI, gastrointestinal; TPN, total parenteral nutrition;
PEG, percutaneous endoscopic gastros3.5 tomy; PEJ, percutaneous endoscopic
jejunostomy.

Table 3. Predictors of 30-Day Readmissions in Patients Admitted With Gastroparesis During Year 2014, Nationwide Readmission Database:
Multivariate Logistic Regression Analysis

Variable
Etiology
Diabetic gastroparesis
Post-surgical gastroparesis
Idiopathic gastroparesis
Age group (yr)
18-64
≥ 65
Gender
Female
Male
Type of insurance
Private
Medicare
Medicaid
Other
Type of hospital
Rural
Urban non-teaching
Urban teaching
Hospital sizea
Small
Medium
Large
Modified Elixhauser Index ≥ 3b
Obesity
Chronic pain syndrome
Other associated gastrointestinal conditions
TPN
PEG/PEJ tube
Pyloroplasty

Reduced model
OR

95% CI

P -value
0.011

Reference
0.58
0.81

(0.34-0.98)
(0.69-0.94)
< 0.001

1.64
Reference

(1.34-2.00)
0.030

Reference
1.18

(1.02-1.37)
0.002

Reference
1.44
1.25
1.27

(1.19-1.75)
(1.03-1.52)
(1.00-1.63)
0.025

Reference
1.40
1.46

(1.05-1.86)
(1.11-1.93)
0.005

1.27
Reference
1.40
1.38
0.81
1.41
0.81
1.70
2.06
0.45

a

(0.97-1.66)
(1.14-1.71)
(1.18-1.61)
(0.66-0.98)
(1.11-1.78)
(0.69-0.95)
(1.24-2.35)
(1.21-3.52)
(0.20-0.97)

< 0.001
0.033
0.004
0.010
0.001
0.008
0.042

Hospital size categorizes are based on hospital beds and are specific to the hospital’s location and teaching status. Bed size assesses the number of short-term acute
beds in a hospital.10
b
Comorbidities for risk adjustment were derived from Agency for Healthcare Research and Quality (AHRQ) comorbidity measures based on the methods by Elixhauser.13 Diabetes was excluded to avoid multicollinearity.
TPN, total parenteral nutrition; PEG, percutaneous endoscopic gastrostomy; PEJ, percutaneous endoscopic jejunostomy.
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0.001). Less than 10 patients were readmitted with gastroparesis
in the post-surgical group within 30 days. There were no deaths in
the post-surgical gastroparesis cohort, while there was less than 1%
mortality in the idiopathic and diabetic cohorts.

Sub-group Analysis of Patients Readmitted Within
30 Days Among Various Etiological Cohorts
Of all the patients readmitted within 30 days after index gastroparesis hospitalization, we found 22.84% were readmitted for gastroparesis and its related symptoms, whereas 14.49% were readmitted with diabetes-related complications (Supplementary Table 2A
and 2B). On subgroup analysis of the diabetic gastroparesis cohort,
11.28% of patients were found to be readmitted for gastroparesis,
whereas 35.36% of patients were readmitted for diabetes-related
complications (Supplementary Table 3A and 3B). Among the postsurgical gastroparesis readmissions, 7.13% were from gastroparesis,
10.43% from complications secondary to organ transplant, 10.01%
from complications of the surgery, and 21.87% from infectious
complications (Supplementary Table 4A and 4B). In idiopathic gastroparesis readmissions, 29.91% of patients were readmitted with
gastroparesis (Supplementary Table 5A and 5B). Among patients
who had PEG/PEJ tube placed during index hospitalization and
readmitted within 30 days, we found 16.59% of patients were from
gastroparesis and related symptoms and 12.48% from gastrostomy
tube complications (Supplementary Table 6).

Predictors of Early Readmission
On multivariable analysis (Fig. 2, Table 3, and Supplementary
Table 7), idiopathic (aOR, 0.81; 95% CI, 0.69-0.94) and postsurgical gastroparesis (aOR, 0.58; 95% CI, 0.34-0.98) cohorts were
less likely to be readmitted within 30 days compared to the diabetic
gastroparesis cohort.
Similarly, obesity (aOR, 0.81; 95% CI, 0.66-0.98), other associated GI conditions (aOR, 0.81; 95% CI, 0.69-0.95), and
pyloroplasty (aOR, 0.45; 95% CI, 0.20-0.97) were associated with
decreased odds of 30-day readmissions whereas, age 18-64 years
(aOR, 1.64; 95% CI, 1.34-2.00), male sex (aOR, 1.18; 95% CI,
1.02-1.37), modified Elixhauser score ≥ 3 (aOR, 1.38; 95% CI,
1.18-1.61), chronic pain syndrome (aOR, 1.41; 95% CI, 1.111.78), TPN (aOR 1.70; 95% CI, 1.24-2.35), and percutaneous
endoscopic gastrostomy/percutaneous endoscopic jejunostomy
(PEG/PEJ) tube placement (aOR, 2.06; 95% CI, 1.21-3.52) were
associated with increased odds of 30-day readmissions.
As compared to private insurance, Medicare (aOR, 1.44; 95%
CI, 1.19-1.75) and Medicaid (aOR, 1.25; 95% CI, 1.03-1.52)

were associated with higher odds of 30-day readmission. Further,
patients discharged from urban non-teaching (aOR, 1.40; 95% CI,
1.05-1.86) and urban teaching (aOR, 1.46; 95% CI, 1.11-1.93), as
well as patients discharged from large hospitals (aOR, 1.40; 95%
CI, 1.14-1.71) were associated with higher odds of 30-day readmission as compared to patients discharged from rural and medium
sized hospitals respectively.

Etiology Based Predictors Associated With Increased
Healthcare Utilization (Length of Stay and
Hospitalization Costs)
Idiopathic gastroparesis cohort has prolonged hospital LOS
(0.62 days; 95% CI, 0.42-0.83) and increased hospital costs
(US$645; 95% CI, 280-1009) compared to the diabetic gastroparesis cohort (Tables 4 and 5; Supplementary Tables 8 and 9). Similarly, the post-surgical gastroparesis cohort has higher healthcare
utilization (LOS, 2.97 days; 95% CI, 1.82-4.12 and hospital costs
US$11 151; 95% CI, 9373-12 929) than the diabetes cohort.
Multiple other factors, including Modified Elixhauser score ≥ 3,
need for total parenteral nutrition, and need for PEG/PEJ tubes
were associated with increased health care utilization as listed in
Tables 4 and 5. On the contrary, the use of cannabis/marijuana was
associated with decreased healthcare utilization (Tables 4 and 5).

Discussion
In this national database looking at 30-day readmissions among
patients discharged after index hospitalization with gastroparesis, we
found 1 in 4 patients were readmitted with any cause whereas 1 in 5
patients were readmitted with gastroparesis. In addition, cumulative
comorbidities, younger age, male gender, chronic pain syndrome
history, and need for an alternate form of nutrition were independently associated with higher 30-day readmission in patients admitted with gastroparesis, whereas pyloroplasty and the presence of
other GI conditions were associated with decreased odds of 30-day
readmissions. To our knowledge, this is the first study to evaluate
predictors of 30-day readmissions in patients admitted with gastroparesis based on etiology in a large population database.
In our study, we found idiopathic and post-surgical gastroparesis patients are less likely to be readmitted compared to diabetic
gastroparesis within 30 days of the index hospitalization. However,
diabetes-related complications (35.36%) accounted for the majority
of the readmissions while only a small fraction (11.28%) accounting
for gastroparesis related readmission in diabetics. Gastroparesis is a
well-known complication of diabetes mellitus13 and poor glycemic
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Table 4. Factors Associated With Length of Stay in Patients Admitted With Gastroparesis Nationwide Readmission Database 2014: Linear Re-

gression
Variable
Etiology
Diabetic gastroparesis
Post-surgical gastroparesis
Idiopathic gastroparesis
Age group (yr)
18-64
≥ 65
Type of hospital
Rural
Urban non-teaching
Urban teaching
Hospital sizea
Small
Medium
Large
Modified Elixhauser Index ≥ 3b
Cannabis/marijuana
CVA
Dys-autonomia
Migraine
Narcotics/opioid use
Malnutrition
Other associated gastrointestinal conditions
TPN
PEG/PEJ tube

Reduced model
Coefficient in days

95% CI

P -value
< 0.001

Reference
2.97
0.62

(1.82-4.12)
(0.42-0.83)
0.001

Reference
0.56

(0.22-0.91)
< 0.001

Reference
0.12
0.53

(−0.06-0.30)
(0.32-0.75)
< 0.001

−0.09
Reference
0.80
1.06
−1.41
1.10
1.98
0.87
0.75
3.70
0.83
6.08
7.89

(−0.37-0.18)
(0.57-1.02)
(0.88-1.25)
(−1.70-−1.11)
(0.19-2.00)
(0.22-3.75)
(0.36-1.37)
(0.21-1.28)
(3.02-4.37)
(0.58-1.08)
(5.08-7.08)
(5.61-10.16)

< 0.001
< 0.001
0.018
0.027
0.001
0.006
< 0.001
< 0.001
< 0.001
< 0.001

a

Hospital size categorizes are based on hospital beds and are specific to the hospital’s location and teaching status. Bed size assesses the number of short-term acute
beds in a hospital.10
b
Comorbidities for risk adjustment were derived from Agency for Healthcare Research and Quality (AHRQ) comorbidity measures based on the methods by Elixhauser.13 Diabetes was excluded to avoid multicollinearity.
CVA, cerebrovascular accident; TPN, total parenteral nutrition; PEG, percutaneous endoscopic gastrostomy; PEJ, percutaneous endoscopic jejunostomy.

control is associated with precipitation of gastroparesis symptoms
and consequent hospitalizations.14 Further, diabetic complications
including autonomic neuropathy and nephropathy can worsen
gastroparesis; tight glycemic control improves gastric emptying
and gastroparesis symptoms2,15-17 by slowing down microvascular
complications. Furthermore, diabetic patients frequently have associated comorbidities like cardiovascular disease, hypertension,
and retinopathy, and metabolic syndrome which may contribute to
frequent readmissions.18 Diabetic gastroparesis has a higher number of hospitalizations than idiopathic gastroparesis in the National
Institute of Diabetes and Digestive and Kidney Disease Gastroparesis Research Consortium.19 Although we were unable to evaluate
glycemic status using NRD, we suspect better glucose management
in diabetic gastroparesis may potentially reduce rates of early read414

mission by improving the gastroparesis as well as decreasing the
complications related to diabetes.
Similar to the diabetic cohort, only 7.13% of readmitted patients in post-surgical gastroparesis were due to gastroparesis while
catheter-related infections (21.87%) is the major contributor for
its readmissions. Patients with Nissen fundoplication appear to be
commonly associated with post-surgical gastroparesis and more
than 90% of these patients had resolution of symptoms by 1 year.20
Unlike the diabetic and post-surgical group, about 29.91% of
readmitted patients with idiopathic gastroparesis were from gastroparesis. Though the all-cause 30-day readmissions were lower than
diabetic gastroparesis, gastroparesis specific 30-day readmission was
higher in patients with idiopathic gastroparesis. Idiopathic gastroparesis is a heterogeneous group of patients with various etiologies.
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Table 5. Factors Associated With Index Hospitalization Costs in Patients Admitted With Gastroparesis Nationwide Readmission Database 2014:

Linear Regression Analysis
Variable
Etiology
Diabetic gastroparesis
Post-surgical gastroparesis
Idiopathic gastroparesis
Income quartile
First
Second
Third
Fourth
Type of hospital
Rural
Urban non-teaching
Urban teaching
Hospital sizea
Small
Medium
Large
Modified Elixhauser Index ≥ 3b
Cannabis/marijuana
CVA
Dys-autonomia
Migraine
Obesity
Malnutrition
Other associated gastrointestinal conditions
TPN
PEG/PEJ tube
Pyloroplasty

Reduced model
Coefficient in dollars

95% CI

P -value
< 0.001

Reference
11 151
645

(9373-12 929)
(280-1009)
< 0.001

Reference
40
791
1933

(−436-516)
(211-1370)
(1239-2626)
< 0.001

Reference
−770
95

(−1235-−305)
(−424-614)
< 0.001

218
Reference
995
1958
−2538
2721
5005
1437
−808
5723
877
12 803
12 526
3650

(−471-906)
(521-1470)
(1462-2455)
(−3013-−2062)
(1637-3806)
(1439-8572)
(367-2506)
(−1274-−342)
(4297-7150)
(370-1385)
(10 772-14 835)
(8168-16 885)
(2181-5119)

< 0.001
< 0.001
< 0.001
0.006
0.009
0.001
< 0.001
0.001
< 0.001
< 0.001
< 0.001

a

Hospital size categorizes are based on hospital beds and are specific to the hospital’s location and teaching status. Bed size assesses the number of short-term acute
beds in a hospital.10
b
Comorbidities for risk adjustment were derived from Agency for Healthcare Research and Quality (AHRQ) comorbidity measures based on the methods by Elixhauser.13 Diabetes was excluded to avoid multicollinearity.
CVA, cerebrovascular accident; TPN, total parenteral nutrition; PEG, percutaneous endoscopic gastrostomy; PEJ, percutaneous endoscopic jejunostomy.

The exact cause of the higher gastroparesis specific readmissions
among the idiopathic gastroparesis group is largely unknown and
warrants further prospective studies.
In our study, about 7% of gastroparesis patients had chronic
pain syndrome and this is associated with increased 30-day readmissions. Abdominal pain frequently was a debilitating symptom
in gastroparesis21 as well as in chronic pain syndrome. The use of
opioid analgesics for chronic pain syndrome could further delay
gastric emptying and exacerbate gastroparesis symptoms. This
may lead to readmissions and thus should be avoided. Low dose
tricyclic antidepressants20 and other classes of medications including

selective serotonergic reuptake inhibitors, selective norepinephrine
reuptake inhibitors, gabapentin, pregabalin have been used for pain
alleviation with limited benefit.2,22-25 Future research should focus on
better pain management strategies to help with both improving the
quality of patient’s life and potentially reducing hospitalizations.
PEG/PEJ tube is offered to patients who fail to thrive due
to severe symptomatic gastroparesis to improve nutritional status.
While PEG tube vents the gastric contents and improves gastroparesis symptoms, PEJ provides access for enteral nutrition in patients
with severe gastroparesis. Venting gastrostomy tube for refractory
idiopathic gastroparesis is effective in relieving gastric stasis symp-
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toms and improved patients’ quality of life.26 Though surgically
placed venting gastrostomy reduced hospitalizations from 0.5 admissions per year to 0.1 admissions per year (a factor of 5) in colonic intestinal pseudo-obstruction,27,28 studies addressing the same
outcome in gastroparesis patients were lacking. In our study, we
found PEG/PEJ tube has been associated with increased 30-day
readmission, prolonged length of stay, and higher index hospitalization costs. On the subgroup analysis of patients with PEG/PEG-J
tube, we found 16.59% of patients were readmitted with gastroparesis and related symptoms whereas 12.48% were readmitted with
complications from gastrostomy tube placement. Nationwide inpatient readmission database used in this study is limited by the lack
of indication for procedures like PEG tube or PEJ tube placement.
We suspect the severity of gastroparesis among these patients and
complications related to tube placement likely contribute to higher
readmissions in this group, whereas prolonged LOS and higher
index hospitalization costs could be associated with PEG/PEJ tube
procedure itself.
Similarly, we noted the use of TPN was associated with an increased risk of 30-day readmissions in our study. TPN is generally
used in patients with severe and uncontrolled gastroparesis leading
to malnourishment. Infections, including vascular line infections,
can contribute to gastroparesis exacerbation and, thus hospitalizations.14 Further, TPN is associated with complications such as catheter-related bacterial bloodstream infections, sepsis, thrombosis, and
liver disease that may contribute to readmissions.29-31 Hence risks
and benefits should be weighed while considering TPN because of
the associated complications.
Laparoscopic pyloroplasty has improved gastroparesis cardinal
symptom index scores and gastric emptying with even normalization in some patients.32-34 This was reflected in our study as it was
associated with decreased odds of 30-day readmission. This management option could be offered in patients with refractory symptoms and poor quality of life.35
Cannabis use was associated with decreased length of stay and
costs in our study. We did not find an association of cannabis use
with 30-day readmissions. A recent retrospective study showed
cannabis use had been associated with reduced gastroparesis symptoms.36 Although cannabis had been shown to delay gastric emptying, it helps reduce nausea by its central effect in patients with severe
gastroparesis.37 Further randomized prospective trials are needed to
validate the role of cannabis in gastroparesis.
While few studies were looking at risk factors for 30-day readmission in gastroparesis patients using NRD, our study is unique in
comparing 30-day all-cause and gastroparesis specific readmissions
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among the 3 main etiologies of gastroparesis. In a study by Shahsavari et al,38 patients with diagnoses of both primary and secondary
gastroparesis were included; marijuana use was associated with
increased 30-day readmissions and diabetes with decreased 30-day
readmissions. Conversely, the 30-day readmissions were not associated with marijuana use and increased in the diabetic gastroparesis
group in our study. In a study by Qayed and Muftah,39 using
NRD 2010-2014, looking at care fragmentation in gastroparesis
patients, there was no association of PEG/PEJ tube with 30-day readmissions whereas our study found an increased association. The
difference in the results in our study could be related to stringent
exclusion criteria such as post-operative vomiting, eating disorder,
rumination syndrome, and pregnancy-related vomiting which could
mimic gastroparesis.
Our study has several limitations inherent to an administrative
database dependent on ICD-9-CM coding. We utilized NRD
to account for individual patient readmission rates. However, the
database is limited by a lack of information on medication administration, laboratory values, and outpatient follow-up. Since the NRD
is not all-inclusive, the possibility of unobserved confounding is
nevertheless present. Also, we were unable to differentiate between
diabetes types as there was a common ICD-9 code. However, a
major advantage of utilizing the NRD is that we can study many
individual/unique patients and follow them longitudinally over 1
calendar year. Since NRD is a nationally representative sample, the
results are thus generalizable to the US population. LOS and hospitalization costs associated with gastroparesis in the post-surgical
group include burden from the surgery itself, which can be confounding and makes it difficult to conclude. Idiopathic gastroparesis
patients, categorized by exclusion, may have unaccounted variables
contributing to the results. Cannabis usage could be inaccurate
in our study as the coding for cannabis is questionable at best and
underreporting its use. There is a possibility that patients with idiopathic gastroparesis could get one of the surgeries of interest and be
categorized into post-surgical gastroparesis cohort. Similarly, some
of the post-surgical patients may have been classified into idiopathic
if surgery was done before January 2014 and were not captured in
our database. Similarly, patients categorized to idiopathic gastroparesis group could develop diabetes later. We were unable to assess
the correlation between the severity of diabetes and gastroparesis
readmissions as NRD does not have information on glycosylated
hemoglobin.
In conclusion, we found out 1 in 5 gastroparesis patients are
readmitted with gastroparesis symptoms within 30 days. Diabetic
gastroparesis patients were frequently readmitted compared to other
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etiologies, but the majority was contributed by diabetes-related
complications rather than gastroparesis. Cannabis use is not associated with higher 30-day readmissions. Pyloroplasty was associated
with reduced 30-day readmissions, and prospective randomized
controlled studies are needed to confirm our findings and further
evaluate pyloroplasty in gastroparesis management.
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Rectosigmoid Localization of Radiopaque Markers
for Identifying Defecation Disorders in Patients
With Chronic Constipation: A Retrospective
Cohort Study
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Background/Aims
Defecation disorders (DD) are part of the spectrum of chronic constipation with outlet obstruction. Although anorectal physiologic
tests are required for the diagnosis of DD, these tests are not available in many institutions. This study aims to investigate the
predictivity of DD using rectosigmoid localization of radiopaque markers in a colonic transit study.
Methods
A total of 169 patients with refractory constipation with a mean age of 67 years were studied. All patients underwent anorectal
manometry, a balloon expulsion test, and a colonic transit study. Barium defecography was performed if needed. The relationship
between DD diagnosed by these anorectal tests and the rectosigmoid accumulation of markers was examined.
Results
Seventy-nine (46.7%) patients were identified to have DD based on anorectal test combinations. Rectosigmoid accumulation of
markers was observed in 39 (23.1%) patients. The sensitivity and positive predictive value of rectosigmoid accumulation for identifying
DD were 31.6% and 64.1%, respectively. Rectosigmoid accumulation provided poor discrimination of DD from normal transit
constipation, at a specificity of 82.1% but with a sensitivity of only 10.6%. In discriminating DD from slow transit constipation,
rectosigmoid accumulation was found to be useful with a positive likelihood ratio of 5.3.
Conclusions
Rectosigmoid accumulation of markers can differentiate DD from slow transit constipation. However, non-rectosigmoid accumulation
does not exclude the presence of DD.
(J Neurogastroenterol Motil 2021;27:419-425)
Key Words
Biofeedback; Constipation; Defecation; Defecography; Manometry

Received: September 9, 2020 Revised: October 31, 2020 Accepted: December 11, 2020
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: Tatsuya Abe, MD, PhD
Department of Proctology, Kunimoto Hospital, 1-7 Akebono, Asahikawa 0700061, Japan
Tel: +81-166252241, Fax: +81-166231726, E-mail: t-abe@cf6.so-net.ne.jp
ⓒ 2021 The Korean Society of Neurogastroenterology and Motility

J Neurogastroenterol Motil, Vol. 27 No. 3 July, 2021
www.jnmjournal.org

419

Tatsuya Abe, et al

Introduction

Materials and Methods

Functional constipation is a common disorder that is classified
into 3 large categories: slow transit constipation (STC), normal
transit constipation (NTC), and defecation disorders (DD).1,2 DD
is common in patients with medically refractory chronic constipation (CC) and is characterized by impaired rectal evacuation resulting from increased resistance to evacuation and/or inadequate rectal
propulsive forces. Various terms including anismus, dyssynergic
defecation, pelvic floor dyssynergia, obstructive defecation, and outlet obstruction have been used to describe DD.3-5 It is important to
discriminate patients with DD from those with other types of CC,
as those with DD have been shown to benefit from biofeedback
therapy.6
Excessive straining, feeling of incomplete evacuation, and digital facilitation of bowel movements are symptoms related to DD,
but these symptoms may also occur in patients with STC without
DD. Several studies have advocated that no particular symptoms
were useful in recognizing patients with DD.7,8 Thus, the diagnosis
of DD should depend on physiologic findings by means of anorectal testing.3 In diagnostic guidelines, anorectal manometry (ARM)
and the rectal balloon expulsion test (BET) are initially recommended in identifying DD, followed by defecography when ARM
and BET results are equivocal or do not concur with the clinical
impression.3,9,10 However, these anorectal tests are not available in
many institutions.
In Western countries, colonic transit studies (CTSs) using radiopaque markers are routinely used in clinical practice to evaluate
patients with CC. The most commonly used techniques include a
single ingestion of markers with an abdominal X-ray after 3 days11-13 or
a serial ingestion of markers over 3 days with an X-ray on the fourth
day.14,15 Because a CTS is simple, safe, and inexpensive, clinicians
frequently use rectosigmoid (RS) localization of markers or regional
colon transit as an alternative for anorectal tests. However, the role
of CTS in diagnosing DD remains controversial. Some consensus
guidelines suggest that marker accumulation in RS can help differentiate DD from STC.16,17 In the latest guideline, a CTS result is
no longer advocated as a diagnostic criterion for DD.3
Therefore, we attempt to reconfirm the relationship between
marker location and the constipation subtypes. Moreover, we hypothesized that marker accumulation in RS would correlate with
DD diagnosed by anorectal tests. This study aims to establish a
simple method using a CTS to predict the possibility of DD.
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Study Design
This retrospective, observational cohort study was based on the
medical records of patients who were referred to the anorectal physiology unit in our hospital for refractory constipation. All processes
of this study were approved by the Institutional Review Board of
our hospital (Approval code: K11-002), and written informed consent to perform the tests and use the test results was obtained from
all patients.

Study Participants
We assembled a retrospective cohort consisting of all adults
(≥ 20 years) who met the Rome diagnostic criteria for functional
constipation5 and underwent ARM, a BET, and CTS between
January 2011 and December 2015. Patients were excluded if they
had symptomatic anorectal abnormalities, such as anal stricture,
rectocele, and rectal prolapse detected by proctologic examination
or defecography. Patients with small rectoceles or rectal intussusceptions who were able to expel contrast in defecography were not
excluded. Prior to the physiologic tests, a questionnaire regarding
various CC symptoms based on the Rome criteria and Cleveland
Clinic Constipation Score (CCCS)18 was conducted to all patients.

Functional Studies
All patients underwent ARM, a BET, and CTS. Barium defecography (BD) was performed if the results of those tests were
discrepant or differed from the clinical impression. These tests were
performed by the same physicians while using the same devices
during the study period. Dyssynergic patterns on ARM and impaired evacuation on a BET or BD were defined by the proposed
diagnostic criteria for DD.4 Details of each test are described below.
Colonic transit study
All patients ingested a Sitzmarks capsule (Konsyl Pharmaceuticals, Easton, MD, USA) containing 20 markers. The combination
of drugs already used for the treatment of constipation was allowed.
The CTS was assessed using the method by Bouchoucha et al,12
where an abdominal X-ray was obtained 72 hours after ingestion.
Retention of 8 or more markers on imaging was defined as STC,
and retention of less than 8 markers was defined as NTC. Localization of markers on an X-ray was done by identifying body structures as described in the study by Arhan et al19 (Fig. 1).
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fluoroscopy during evacuation was recorded on video. Retention of
≥ 50% contrast was defined as impaired evacuation.4

Diagnosis of Defecation Disorders
DD was diagnosed according to the Rome criteria for functional DD.5 The Rome criteria require evidence of at least 2 of the
following: (1) the presence of a dyssynergic pattern (types I-IV) on
ARM, (2) inability to expel a balloon, and (3) ≥ 50% retention of
barium during defecography.

Main Outcome Measures

Figure 1. Colonic segments on an abdominal film. Spinal processes

and imaginary lines from the fifth lumber vertebra to the right pelvic
outlet and left iliac crest serve as landmarks and defined projection
zones of the right (R), left (L), and rectosigmoid (RS) colon.

The primary outcome measure was RS localization of residual
markers on day 3 of abdominal X-ray. The accumulation rate of
markers was calculated as the ratio of the number of markers localizing in the RS colon among all the remaining markers on the film.
Receiver operating characteristic (ROC) curves were used to find
the diagnostic utility and optimal cutoffs of the RS accumulation
rate. We stratified our cohort into patients with RS accumulation
based on the ROC curves and those without RS accumulation.

Anorectal manometry

Statistical Methods

ARM was performed using a one-channel, solid-state catheter
with the patient in the left lateral position. The patient was instructed to bear down (push), as if trying to defecate, and staff recorded
intrarectal pressure and anal pressure during the push. Manometric
findings were regarded as pathologic findings when there was one
of the following dyssynergic patterns according to the Rao classification4: sufficient rise in rectal pressure (≥ 45 mmHg) with paradoxical rise in anal pressure (type I), insufficient rise in rectal pressure (< 45 mmHg) with paradoxical rise in anal pressure (type II),
sufficient rise in rectal pressure with incomplete decrease (< 20%)
in anal pressure (type III), or insufficient rise in rectal pressure with
incomplete decrease in anal pressure (type IV).

Categorical variables are reported as frequencies and percentages, whereas continuous variables are reported as means and SD.
We determined the correlation between RS accumulation and the
individual anorectal tests or DD based on the Rome criteria, using
sensitivity, specificity, positive and negative predictive values, and
likelihood ratios (LR). LRs ≥ 5.0 or ≤ 0.2 were considered clinically relevant. All statistical analyses were performed using EZR
software version 1.11 (Saitama Medical Center, Jichi Medical University, Saitama, Japan).

Balloon expulsion test

Patient Demographics

Following ARM, a 4-cm long latex balloon filled with 25 mL
of air was placed in the patient’s rectum. Thereafter, the patient was
asked to expel the balloon. Failure to expel the balloon within < 60
seconds was considered impaired rectal evacuation.4

The study included 97 women (57.4%) and 72 men (42.6%)
aged 22-92 years (mean age ± SD [67.2 ± 16.3] years). Patient
characteristics and individual CCCS symptom domains are shown
in Table 1. The breakdown of immediate pharmacotherapy for
constipation was 98 cases of stimulant laxatives, 49 cases of osmotic
laxatives, and 25 cases of enemas or suppositories and others (overlapping).

Barium defecography
A suppository was used to empty the rectum before defecography. The patient was seated on a portable plastic toilet, and approximately 150 mL of diluted barium paste was injected into the
patient’s rectum. Next, the patient was asked to start defecating, and

Results

Findings of the Colonic Transit Study
At least 1 marker remained in 96 (56.8%) patients, whereas
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in 73 (43.2%), no marker was seen on the abdominal film. There
was a mean of 6.85 markers present on the film, and 66 (39.1%)
patients had STC (≥ 8 markers remaining). There was a mean of
4.31 markers present in the RS colon, and 86 (50.9%) patients had
at least 1 marker in the RS colon.

Findings of the Anorectal Tests
The manometric characteristics and prevalence of each dyssynergic pattern are shown in Table 2. A dyssynergic pattern was
observed in 158 (93.5%) patients, and the prevalence of type 1 dys-

Table 1. Characteristics of the Study Population (N = 169)

Variable

Value

Age (yr)
67.2 (16.3)
Female sex (n [%])
97 (57.4)
Height (cm)
157.8 (8.9)
Weight (kg)
57.2 (11.8)
Stool frequency (time/wk) (n [%])
≥3
89 (52.7)
≥ 1 to < 3
60 (35.5)
<1
20 (11.8)
Bristol stool form scale score (n [%])
1-2
91 (53.8)
3-5
57 (33.7)
6-7
21 (12.4)
Immediate pharmacotherapy for constipation (n [%])
141 (83.4)
Cleveland Clinic Constipation Score
11.5 (4.1)
Frequency of bowel movement
0.9 (1.1)
Painful evacuation effort
1.8 (1.2)
Feeling incomplete evacuation
2.4 (1.2)
Abdominal pain
1.0 (1.2)
Minutes in lavatory per attempt
1.1 (1.1)
Assistance for defecation
1.4 (0.7)
Unsuccessful attempts per 24 hr
1.2 (0.9)
Duration of constipation (yr)
1.8 (1.5)
Values are presented as mean (SD) unless specified otherwise.

synergia was considerably high. The BET result was positive in 75
(44.4%) patients, and these patients were categorized as having impaired rectal evacuation. BD was performed in 83 (49.1%) patients,
of whom 44 (53.0%) patients were unable to expel ≥ 50% of the
barium. These patients were also categorized as having impaired
evacuation (Table 3). Incidentally, BD also revealed a small asymptomatic rectocele in 7 patients.

Diagnosis of Defecation Disorders
Based on the findings of anorectal tests, 79 of 169 (46.7%)
patients were identified to have DD. There were no significant differences in the prevalence of DD and positive findings on anorectal
tests between patients with NTC and those with STC (Table 3).

Receiver Operating Characteristic Analysis of
Rectosigmoid Accumulation
For the rate of RS accumulation, a cutoff of ≥ 80% of markers
was most useful (sensitivity, 31.6%; specificity, 83.3%) in discrimi-

Table 2. Anorectal Manometric Characteristics and Distribution
of Manometric Pattern of the Study Population (N = 169)

Variable
Anorectal pressure (mmHg)
Anal pressure at rest
Anal pressure at simulated evacuation
Rectal pressure at simulated evacuation
Rectoanal gradient at simulated evacuation
Manometric patterns (n [%])
Normal
Type I dyssynergia
Type II dyssynergia
Type III dyssynergia
Type IV dyssynergia
Unclassified

Value
51.2 (22.7)
80.6 (38.5)
59.6 (24.2)
−21.0 (32.2)
4 (2.4)
101 (59.8)
31 (18.3)
19 (11.2)
7 (4.1)
7 (4.1)

Values are presented as mean (SD) unless specified otherwise.

Table 3. Proportion of Positive Findings on Anorectal Tests in Patients With Normal and Slow Transit Constipation

Positive findings (positive patients/total patients)
Dyssynergic pattern on ARM (158/169)
Failure to expel the balloon during a BET (75/169)
Impaired evacuation (< 50% contrast) on BD (44/83)
Meets the Rome criteria for DD (79/169)

Colonic transit study results
NTC (n = 103)

STC (n = 66)

96 (93.2)
45 (43.7)
32/55 (58.2)
47 (45.6)

62 (93.9)
30 (45.5)
12/28 (42.9)
32 (48.9)

P -value
0.850
0.822
0.186
0.717

NTC, normal transit constipation; STC, slow transit constipation; ARM, anorectal manometry; BET, balloon expulsion test; BD, barium defecography; DD, defecation disorders.
Values are presented as n (%) unless specified otherwise.
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Table 4. Relationship Between Rectosigmoid Accumulation and the Findings of Anorectal Tests

RS accumulation
Positive findings on anorectal tests
Dyssynergic pattern on ARM
Impaired evacuation on a BET
Impaired evacuation on BD
DD met the Rome criteria
Discriminating DD from NTC
Discriminating DD from STC

≥ 80%
(n = 39)

< 80%
(n = 130)

36/39
23/39
9/16
25/39
5/15
20/24

122/130
52/130
35/67
54/130
42/88
12/42

Sensitivity Specificity
(%)
(%)
22.8
30.7
20.5
31.6
10.6
62.5

72.7
83.0
82.1
84.4
82.1
88.2

PPV
(%)

NPV
(%)

+LR

−LR

92.3
59.0
56.3
64.1
33.3
83.3

6.2
60.0
47.8
58.5
52.1
74.1

0.84
1.81
1.15
2.03
0.59
5.31

1.06
0.83
0.97
0.81
1.09
0.43

RS, rectosigmoid; PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; −LR, negative likelihood ratio; ARM, anorectal
manometry; BD, barium defecography; DD, defecation disorders; NTC, normal transit constipation; STC, slow transit constipation.

nating patients with DD from those without DD. The corresponding area under the ROC curve was 0.514.

Patient with DD related symptoms
/pathologic findings on DRE

Identification of Defecation Disorders by Rectosigmoid
Accumulation
RS accumulation (≥ 80%) was observed in 39 (23.1%) patients: 25 of 79 patients with DD and 14 of 90 patients without
DD. No single anorectal test result correlated with RS accumulation (Table 4). The sensitivity and positive predictive value of RS
accumulation for identifying DD were 31.6% and 64.1%, respectively. In determining DD from NTC at a specificity of 82.1%, the
sensitivity was only 10.6%. However, for discriminating DD from
STC at a sensitivity of 62.5%, the specificity was 88.2%, and it was
found to be useful for predicting DD, with a +LR of 5.31 (Table 4).

Discussion
In this study, we found that RS accumulation was useful in
discriminating DD from STC, but it did not help in distinguishing
between DD and NTC.
The essential reason why RS accumulation failed to determine
DD from NTC in this study was that no marker was retained in
70.9% of NTC cases. Prediction of DD by RS accumulation is
impossible in cases where no marker is retained. Thus, most of
the DD cases with NTC were missed, and the sensitivity was extremely low at 10.6%. On the other hand, since at least 8 markers
were retained in patients with STC, DD could be identified based
on RS accumulation. However, even in patients with STC, DD
can be missed where most markers have not yet reached RS due to
extremely slow transit. As a result, the sensitivity to detect DD from
STC was still insufficient (62.5%).
Despite the frequent use of a CTS in clinical practice, there is

Colonic transit study
NTC
NTC without
RS accumulation

STC
RS accumulation
(> 80% of markers)

Treatments for NTC
Non-responders
(eg, false negatives
for no residual marker)

STC without
RS accumulation
Treatments for STC

DD suspected

Non-responders
(eg, no marker
reaches the RS)

Figure 2. Our diagnostic algorithm of defecation disorders using a
colonic transit study. DD, defecation disorders; DRE, digital rectal
examination; NTC, normal transit constipation; STC, slow transit
constipation; RS, rectosigmoid colon.

little evidence that RS localization of markers is associated with the
presence of DD. Staller et al20 reported that there was no significant
correlation between patients with complete accumulation of markers in RS and those with DD defined by anorectal tests. Grotz et al7
also reported that RS transit delay was not helpful for discriminating DD from NTC as well as DD from STC. Moreover, Cowlam
et al13 reported that neither RS transit time nor the geometric center
of markers could discriminate patients with DD. On the other
hand, Nullens et al21 showed that regional (descending and RS colon) transit profiles can differentiate DD from STC.
As mentioned earlier, the drawback of a CTS is that it misses
DD when the residual marker is zero or when the markers do not
even reach the RS colon. In order to increase the sensitivity of detecting DD by a CTS, 2 methods can be used: use different types
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of markers for a few consecutive days and take additional abdominal
films. However, our aim is to establish a simple method, rather than
a research tool, that can be applied in routine clinical practice. We
believe that a single-capsule technique with a single abdominal film
is the best method in terms of simplicity, cost, patient compliance,
and radiation exposure.
With reference to these findings, we propose the following
CTS diagnostic algorithm for predicting patients with DD (Fig. 2).
A patient with suggested DD based on clinical symptoms or digital
rectal examination findings is considered to have DD if any of the
following patterns are shown: (1) NTC patients without RS accumulation do not respond to treatments for NTC (eg, false negatives
for no residual marker), (2) NTC or STC patients with RS accumulation, and (3) STC patients without RS accumulation do not
respond to treatments for STC (eg, no marker reaches the RS).
Among patients with refractory constipation with no underlying organic cause, assessments of anorectal function are initially
recommended because DD may be responsible for delayed colonic
transit.3,4 Using the aforementioned protocol, the presence of DD
can be inferred by performing a CTS in general clinics. As a result,
clinicians can make a timely diagnosis to provide an appropriate
treatment or optimize referral to specialized centers.
This study has several strengths. The sample size was comparable to other reports. Clinical symptoms and results of the anorectal
tests were evaluated using validated and standardized techniques
and interpreted using established criteria. The limitations of this
study include its retrospective, single-center, observational design
and the low accuracy of ROC analysis due to the low sensitivity of
RS accumulation.
In conclusion, the appearance of RS accumulation weakly suggests the presence of DD. However, a CTS is not suitable for the
exclusion diagnosis of DD because there are many false negatives,
particularly in NTC. When clinicians use a CTS to recognize the
mechanism of its low sensitivity, it may be helpful for identifying
subgroups of patients with CC.
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Connection in Patients With Irritable Bowel
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Background/Aims
Irritable bowel syndrome (IBS) is a prevalent functional gastrointestinal disease characterized by recurrent abdominal pain and bowel
dysfunction. However, the majority of previous neuroimaging studies focus on brain structure and connections but seldom on the
inter-hemispheric connectivity or structural asymmetry. This study uses multi-modal imaging to investigate the abnormal changes
across the 2 cerebral hemispheres in patients with IBS.
Methods
Structural MRI, resting-state functional MRI, and diffusion tensor imaging were acquired from 34 patients with IBS and 33 healthy
controls. The voxel-mirrored homotopic connectivity, fractional anisotropy, fiber length, fiber number, and asymmetry index were
calculated and assessed for group differences. In addition, we assessed their relevance for the severity of IBS.
Results
Compared with healthy controls, the inter-hemispheric functional connectivity of patients with IBS showed higher levels in bilateral
superior occipital gyrus, middle occipital gyrus, precuneus, posterior cingulate gyrus, and angular gyrus, but lower in supplementary
motor area. The statistical results showed no significant difference in inter-hemispheric anatomical connections and structural
asymmetry, however negative correlations between inter-hemispheric connectivity and the severity of IBS were found in some regions
with significant difference.
Conclusions
The functional connections between cerebral hemispheres were more susceptible to IBS than anatomical connections, and brain
structure is relatively stable. Besides, the brain areas affected by IBS were concentrated in default mode network and sensorimotor
network.
(J Neurogastroenterol Motil 2021;27:426-435)
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Brain; Default mode network; Irritable bowel syndrome; Neuroimaging
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Introduction
Irritable bowel syndrome (IBS) is a common functional gastrointestinal disease which is characterized by abdominal pain and disordered defecation.1 Global studies that recorded the prevalence of
IBS is about 5-22%,2 and this number is about 5-10% in China.3,4
In the general population, IBS is more prevalent in women compared with men.5 The subtypes of IBS were distinguished depend
on predominant stool pattern, including constipation-predominant
IBS, diarrhea-predominant IBS, mixed IBS alternating constipation and diarrhea, and an unsubtyped IBS. The pathogenesis of
IBS appears to be multifactorial, including diet, an altered neuroendocrine system, abnormal intestinal microbiota, genetics, and
mucosal low-grade inflammation.6 Hitherto, the underlying pathophysiological mechanisms of IBS are still incompletely understood.
The majority of IBS patients were discovered with psychological abnormalities, such as fatigue, anxiety, and depression.7-10 The
human gut and brain interact complexly through the gut-brain
axis (GBA), which includes the central nervous system, autonomic
nervous system, enteric nervous system, and hypothalamic pituitary
adrenal (HPA) axis.11 The enteric microbiota is widely distributed
in the human gastrointestinal tract, although individuals’ gut microbiota may not be identical, the relative abundance and distribution
of these bacterial phylotypes are similar to healthy controls (HCs).
IBS is considered an exemplary disorder of gut-brain communication. An increasing number of studies suggested that gut microbiota
is an environmental factor that can regulate the brain through the
GBA.12,13 In recent years, some studies have reported a relationship
between neuropsychiatric and GBA,14-16 and suggested that the
modulation of gut microbiota may be a viable strategy for the treat-

ment of mental diseases.13
Noninvasive neuroimaging has become a popular method to
identify neurophysiologic abnormalities in several diseases of the
brain. Meanwhile, multimodal brain imaging has promoted a better understanding of brain diseases. Previous studies have reported
significant brain abnormalities in patients with pain or mental diseases.17-19 For example, abnormal rest-state functional connectivity
(rsFC) was reported in adults with major depressive disorders.20
Stress-related mental disorders such as major depressive disorders
and anxiety disorders are associated with the change of brain structure,21 and over time these diseases can lead to more severe changes
in the brain. Simultaneously, different types of chronic pain showed
unique anatomical reorganization of brain.22
The human brain is remarkably asymmetrical and which increases throughout life.23 Despite the left and right halves of the
brain resembling each other, the 2 hemispheres also display significant anatomical and functional differences.24 There is an advantage
to bihemispheric processing, provided that each hemisphere participates in specific functions. Besides, the interaction of perception,
cognition, and behavior between 2 brain hemispheres is important
for brain functioning.25 Several studies have suggested stress-related
mental disorders displayed the disruption of inter-hemispheric
structural connectivity and the loss of functional connectivity (FC),26,27
accompanied by significant changes in structural asymmetry.28
Recently analyses have identified regional and network alterations in the brain of patients with IBS.29,30 Compared to HCs,
alterations in rsFC of the default mode network (DMN), central
executive network, and sensorimotor network have been observed
in patients with IBS.31,32 A recent study reported IBS had lower
fractional anisotropy (FA) and higher mean diffusivity in the thalamic regions, the basal ganglia, and the sensory/motor association/
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integration regions.33 However, there is a lack of consistency with
regard to the morphologic abnormalities of the brain reported in
patients with IBS,34-36 which is probably influenced by the gender
and IBS subtypes of patients.37,38 Although a number of researches
on patients with IBS have investigated the abnormalities in specific
brain areas and connections, few studies focus on the inter-hemispheric connections and asymmetry.
We hypothesized that patients with IBS would display aberrant
inter-hemispheric functional and anatomical connections compared
with healthy adults. Five types of MRI features, including voxelmirrored homotopic connectivity (VMHC) from functional MRI
(fMRI), asymmetry index (AI) from structural MRI, FA, fiber
length, and FN from diffusion tensor imaging (DTI), were analyzed in this study. To the best of our knowledge, this is the first attempt to evaluate the asymmetry and inter-hemispheric connectivity
of patients with IBS.

Materials and Methods
Participants
Thirty-four participants with IBS (24 diarrhea-predominant
IBS, 4 constipation-predominant IBS, and 6 mixed IBS) and 33
age-, gender-matched HCs were recruited from Lanzhou University Second Hospital (see Table 1 for details). All participants were
right-hand. The diagnosis was based on the Rome IV criteria by

Table 1. Demographics and Psychological Assessments Between Ir-

ritable Bowel Syndrome and Healthy Controls
IBS (n = 34)
Gender (F/M)
16/18
Age (yr)
27.35 ± 4.40
22.56 ± 4.08
BMI (kg/m2)
Education (yr)
17.35 ± 1.92
IBS-SSS
247.06 ± 39.04
IBS-QOL
83.33 ± 10.97
PCS
10.15 ± 8.39
PHQ-15
11.06 ± 7.49
HAMA
10.82 ± 7.79
HAMD
9.41 ± 6.82
SF-MPQ
8.59 ± 5.65

HC (n = 33)

P -value

22/11
0.105
25.67 ± 4.56
0.128
20.36 ± 2.24
0.008
17.00 ± 2.02
0.466
120.00 ± 23.98 < 0.001
96.88 ± 3.57
4.683e-9
2.24 ± 4.51
1.034e-5
0.00 ± 0.00
4.055e-12
2.18 ± 2.95
1.074e-7
2.82 ± 4.82
2.332e-5
0.00 ± 0.00
1.453e-12

IBS, irritable bowel syndrome; HC, healthy control; F, female; M, male;
BMI, body mass index; IBS-SSS, IBS Severity Scoring System; IBS-QOL,
IBS-quality of life; PCS, Pain Catastrophizing Scale; PHQ-15, Patient
Health Questionnaire; HAMA, Hamilton Anxiety Scale; HAMD, Hamilton
Depression Scale; SF-MPQ, short-form McGill Pain Questionnaire.
Values are expressed as n or mean ± SD.
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a gastroenterologist who is experienced in the evaluation of IBS.39
Exclusion criteria included psychiatric disease, other severe disease,
and history of drug or alcohol abuse. Written informed consent to
participate was obtained from each participant. All procedures were
in accordance with the guidelines. Ethical approval (2019A-176)
was obtained from the medical ethics committee of Lanzhou University Second Hospital.

Psychological Assessment
All participants underwent a battery of standardized psychological assessments before MRI scanning. Body mass index
(BMI),40 IBS Severity Scoring System (IBS-SSS, range = 100-500),41
Pain Catastrophizing Scale (PCS, range = 0-52),42 Patient Health
Questionnaire (PHQ-15, range = 0-30),43 and short-form McGill Pain Questionnaire (SF-MPQ, range = 0-60)44 were used
to evaluate the severity of health problems. Anxiety and depression
states were measured using the Hamilton Anxiety Scale (HAMA,
range = 0-56)45 and Hamilton Depression Scale (HAMD, range =
0-54).46 IBS-quality of life (IBS-QOL, range = 0-100) assessed
the influence of bowel habit on daily life.47 BMI, IBS-SSS, PCS,
PHQ-15, SF-MPQ, HAMA, and HAMD assessed the level of
obesity, severity of IBS symptoms, degree of pessimism about pain,
somatic symptom burden, overall intensity of pain, and severity of
anxiety and depression, respectively. The higher score means the
higher level of these symptoms. Besides all that, IBS-QOL is a
valuable scale to reflect the impact of physical and psychological in
IBS patients, and the higher score indicate better QOL.

Image Acquisition
All MRI data were acquired on a 3.0 T Siemens scanner using
the standard 8-channel head coil at Lanzhou University Second
Hospital. High-resolution 3-dimensional T1-weighted data
were acquired with the following parameters: repetition time
(TR) = 2000 msec, echo time (TE) = 2.67 msec, voxel size = 1.0 ×
1.0 × 1.0 mm, slice thickness = 1.0 mm, field of view (FOV)
read = 256 mm, FOV phase = 87.5%, flip angle = 12°, inversion
time (TI) = 900 msec. All of the images were checked to rule out
structural abnormalities. Resting-state fMRI images were acquired
using an echo-planar-imaging sequence with the following parameters: TR = 2000 msec, TE = 30 msec, voxel size = 3.4 × 3.4 ×
3.0 mm, slice thickness = 3.0 mm, FOV read = 220 mm, FOV
phase = 100.0%, flip angle = 90°. DTI images were performed
with echo-planar-imaging sequence with the following parameters:
TR = 7600 msec, TE = 90 msec, voxel size = 2.0 × 2.0 × 3.0 mm,
slice thickness = 3.0 mm, FOV read = 256 mm, FOV phase =
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100.0%, Throughout scans, all subjects were instructed to relax,
keep their eyes closed and avoid thinking of anything in particular.

Data Preprocessing
Functional MRI preprocessing was performed using the data
processing assistant for resting-state fMRI48 with statistical parametric mapping (https://www.fil.ion.ucl.ac.uk/spm).49 The first 10
images of each functional time series were discarded to allow signal
stabilization and adaptation of the participants to the scanning environment. Slice timing correction, head motion correction, spatial
normalization to the Montreal Neurological Institute template, and
spatially smoothed with 6 mm full width at half maximum Gaussian
kernel were applied to the remaining volumes. Subsequently, linear
detrending and band-pass-filter (0.01-0.08 Hz) were performed to
reduce the effect of low-frequency drift and high-frequency physiological noise. Nuisance covariates including 6 head motion parameters, cerebrospinal fluid signals, global mean, and white matter
were removed by linear regression.
The 3-dimensional T1 images were processed using the
FreeSurfer software (http://surfer.nmr.mgh.harvard.edu), which
include a set of automatic sequences to reconstruct the surface of
whole brain.50,51 Details of this pipeline were described in previous
studies.50,52 A 2-dimensional cortical surface was calculated and we
divided the whole brain into 45 anatomically labeled areas for each
hemisphere using the Automated Anatomical Labeling template.
For the DTI data, we first converted the format of images from
DICOM into 4-dimensional nifti-1 format file. Data processing
was executed by using the pipeline for analyzing brain diffusion
images (PANDA; http://www.nitrc.org/projects/panda/),53 which
is based on FSL (http://fsl.fmrib.ox.ac.uk/fsl)54 and Diffusion Toolkit.55 The approach of processing included correction for simple
head motion and eddy current distortions using affine transformation to the b0 image. After correction, we obtained the FA maps of
each subject. Fiber assignment by continuous tracking algorithm
was subsequently performed to obtain the whole-brain fiber tractography. Path tracking procedure started from the deep white matter
regions and terminated at a voxel with a turning angle greater than
45° or reached a voxel with an FA of < 0.2. The DTI metrics were
calculated for each subject, followed by spatial standardization and
Gaussian smoothing.

Calculation of Voxel-mirrored Homotopic Connectivity

resting-state fMRI data analysis toolkit (REST V1.8; http://www.
restfmri.net/forum/REST_V1.8).57 The procedure of computation included the follow steps: (1) creating a mean normalized T1
image and averaged it with left-right mirrored version to generate
a group-specific symmetrical template, (2) registering the T1 image of each subject to the symmetrical template and applying this
transformation to the corresponding functional data, (3) computing the Pearson’s correlation coefficient between each voxel and its
symmetrical interhemispheric counterpart, (4) applying the Fisher’s
z transformation to improve normality. The resultant values constituted the VMHC maps and were used in group-level analyses.

Voxel Based Morphometry-based Volumetric
Analysis
For each subject, the volume of each region of interest (ROI)
and intracranial volume were obtained with FreeSurfer software
(https://www.freesurfer.net/). To evaluate the possible structural
abnormalities of hemispheric asymmetry produced by IBS, we calculated the AI using the following formula:
AI = [(L - R)/ (L + R)]/2
where L and R represent the corresponding volume on the left and
right hemisphere respectively. The absolute value of AI ranges from
0.0 to 0.5. Thus, positive and negative AI values indicate leftward
(left larger than right) and rightward asymmetry respectively.

Statistical Methods
Statistical analyses were performed using REST V1.8. To
test the group differences in age, years of education, psychological assessments, FA, FN, and fiber length, data was analyzed with
Student’s t test. The chi-square test was employed to compare
gender distributions between groups. A value of P < 0.05 was
considered significant. To examine the differences in AI between
IBS and HCs, we used one-way ANOVA with intracranial volume
as covariate. Individual-level VMHC maps were entered into a
group-level voxel-wise t test analysis. AlphaSim was used to correct
for multiple comparisons, and significance threshold was defined
as P < 0.05. Lastly, Pearson correlation analyses were performed
to assess the relationships between metrics and the severity of IBS.
Significant correlation was defined as r > 0.3 and P < 0.05.

The VMHC was obtained to quantify the rsFC between each
voxel in one hemisphere and its mirrored counterpart in the opposite hemisphere.56 We computed the value of VMHC using
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Figure 1. Statistical maps showing voxel-mirrored homotopic connectivity (VMHC) differences between irritable bowel syndrome (IBS) and

healthy controls (HCs; P < 0.05, corrected with Alphasim). IBS patients showed much higher VMHC in superior occipital gyrus, middle occipital gyrus, precuneus, posterior cingulate gyrus, and angular gyrus (red), while lower in supplementary motor area (blue). The color bar indicates
the T-value from t test between groups.
Table 2. Regions With Significant Differences in Voxel-mirrored
Homotopic Connectivity (P < 0.05, AlphaSim Corrected)

Peak MNI
coordinate

Brain region
Bilateral superior occipital gyrus
Bilateral middle occipital gyrus
Bilateral precuneus
Bilateral posterior cingulate gyrus
Bilateral supplementary motor area
Bilateral angular gyrus

x

y

z

±24
±24
±3
±3
±6
±39

–99
–99
–57
–57
15
–75

18
20
27
29
57
45

Peak
T-value
3.678
2.903
4.882
4.854
–3.998
4.327

MNI, Montreal Neurological Institute.

Results
Characteristics of Participants
The demographics and psychological assessments of participants were presented in Table 1. There was no significant difference in gender, age or education level between IBS patients or HC
adults. IBS patients had a significant higher BMI, IBS-SSS, PCS,
PHQ-15, HAMA, HAMD, and SF-MPQ scores than that in
HCs, whereas IBS-QOL declined significantly.

Table 3. Correlation Analyses Between Voxel-mirrored Homotopic

Connectivity and Irritable Bowel Syndrome Severity Scoring System
Score
Peak MNI
coordinate

Brain region
Bilateral middle occipital gyrus

x

y

z

±45

–87

15

Peak
r -value
–0.600

MNI, Montreal Neurological Institute.

Functional Connectivity Differences Between Groups
Figure 1 and Table 2 show the group comparisons of VMHC
values. Patient with IBS had higher VMHC than the control
group in the superior occipital gyrus (SOG), middle occipital gyrus
(MOG), precuneus, posterior cingulate gyrus (PCG), and angular
gyrus (ANG). Supplementary motor area (SMA) exhibited lower
VMHC in the IBS than HC (P < 0.05, Alphasim correction).
We also examined the correlation between VMHC in each pair
of ROIs and IBS-SSS scores, but a significant negative correlation
between VMHC and the severity of IBS were found only in the
bilateral middle occipital gyrus (r = –0.600, P < 0.05) (Table 3).

Anatomical Connection Differences Between Groups
We performed a between-group analysis for the AI, FA, fiber
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Figure 2. Correlation analyses between fractional anisotropy (FA)/fiber length and irritable bowel syndrome severity scoring system (IBS-SSS)
score in posterior cingulate gyrus.

length, and fiber number. However, no significant differences were
detected between IBS and HCs. As shown in Figure 2, we analyzed the correlations between FA/fiber length and IBS-SSS
score using Pearson’s correlation. The result showed that the FA
(r = –0.340, P < 0.05) and fiber length (r = –0.399, P < 0.05)
of the bilateral posterior cingulate gyrus showed significant negative
correlation with the severity of IBS.

Discussion
In this study, we investigated the inter-hemispheric connection
and structural asymmetry of IBS patients compared with HCs.
Our results demonstrated that the FC of brain is the most sensitive to enteric disease, followed by anatomical connection, and the
brain morphology of patients is the most stable. Compared with
HCs, we found significant VMHC changes in the bilateral SOG,
MOG, precuneus, PCG, SMA, and ANG. ROIs with abnormal
changes may be related to the symptom manifestation of patients.
Furthermore, we also found a negative correlation between interhemispheric FC and IBS-SSS in MOG. Although the differences
of structural connectivity and asymmetry were not statistically
significant, negative correlation was observed between anatomical
connection and IBS-SSS. To our knowledge, this study is the first
research aimed to evaluate inter-hemispheric connectivity and morphology of the brain in IBS patients.

Inter-hemispheric Functional Connectivity
VMHC describes the strength of FC between symmetric interhemispheric voxels. As shown in Figure 2 and Table 2, compared

with HCs, inter-hemispheric FC significantly increased in precuneus, PCG, and ANG in IBS patients. Moreover, these areas are
all important components of the DMN. An increase in VMHC
means a significant increase in inter-hemispheric connectivity of
IBS patients. Some previous studies interpreted higher VMHC as
more inter-hemispheric coordinated processing among the corresponding neuronal communities.58 The increase of VMHC in IBS
patients may be related to the strengthened neural activity in ROIs
associated with pain modulation and emotional processing. It has
been shown that increased connectivity can be regarded as a sign
of functional reorganization in early subtle brain damage.59 FC has
also been proposed as an objective marker of the impact of a brain
injury.60 Thus, significantly increased VMHC may reflect an early
damage and reorganization of DMN in IBS patients. Topological
reorganization of DMN have been reported in some previous studies of IBS.61,62 The DMN is known to be altered in pain diseases
and to participate in cognitive and memory-related aspects of pain
modulation,63 and is thought to be preferentially effected by the
presence of chronic pain.64 The significant increase of PCS and
SF-MPQ scores also confirms this. Meanwhile, cognitive function in adult patients with IBS was found to be changed compared
to HCs, especially in visuospatial episodic memory functioning,
which is perhaps related to the cortisol levels.65 Beyond this, PCG
also plays a role in processing self-relevant emotional information.
One study reported that there is increased processing of sad memories in depression.66 Abdominal symptoms can affect the patients’
mood disorder such as depression and anxiety through a bottom-up
model with the GBA, but also psychological factors will influence
motor functions, sensory threshold, and stress reactivity of the gut
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via vagal and sympathetic afferents (top-down model).67 Other
studies have found IBS patients display an increased recognition
memory to words with negative emotional connotation or gastrointestinal symptoms,68 which may mean that selective attention to
gastrointestinal symptoms play a role in decreased pain thresholds
and consequently increased symptom severity.
The precuneus in humans is functionally connected with the
motor, sensorimotor, and visual cortices.69 Our findings indicated
that IBS patients showed increased inter-hemispheric FC in SOG
and MOG. Meanwhile, as the severity increases, the VMHC of
MOG is lower (Table 3). The SOF and MOF are near BA18 and
BA19 that participate in various sensory inputs to the brain, such as
somatosensory, visual, and auditory.70 In addition to this, VMHC
was significantly decreased in the SMA, which has been reported
to be activated by pain and play an important role in functional
processing of painful stimuli. A prior functional study focusing on
intrinsic whole brain FC pattern reported higher long-range FC
density in the occipital lobe and right SMA in patients with IBS.71
Therefore, chronic abdominal pain may potentially affect the pain
processing of SMA, which cause the abnormal FCs in these areas.

Inter-hemispheric Anatomical Connectivity
Although no group differences were found in the structural
asymmetry and inter-hemispheric anatomical connections, FA and
fiber length were negatively related with the severity in PCG (Fig. 1).
We speculate that the anatomical connection of IBS patients would
be damaged, but the differences did not reach statistical significance. Several studies have reported microstructural white matter
abnormalities in IBS patients,33,72 but the region with significant
differences were not consistent, including insula, thalamus, basal
ganglia, and sensory/motor association/integration regions.33 Our
experimental results showed that the changes in brain structure have
not occurred, which would also suggest the structure of the brain is
not easily attacked by functional gastrointestinal disorders.
Numerous factors can clearly affect the GBA in each process,
and bi-directional communication can together add significant
complexity to the system. Bilateral brain abnormalities in IBS patients were analyzed through inter-hemispheric connectivity and
structural asymmetry. Our results reflected that the FC is often
more vulnerable to IBS than structural connection, and the morphology of brain is the most insensitive. Similar results regarding
inter-hemispheric connectivity was reported in previous studies,73,74
namely that the structural connectivity is relative stable.
In addition to these, we analyzed several common clinical scoring scales. As shown in Table 1, patients with IBS have significantly
432

higher HAMD and HAMA scores compared with healthy adults,
and the scores reached to mild depression (8 < HAMD < 13)
and anxiety criteria (HAMA < 17), The results showed that patients with IBS are particularly susceptible to depressed or anxiety
moods, which is consistent with the result of previous studies.7,75,76
In this regard, stress-related emotion can exacerbate gastrointestinal
symptoms via the GBA, as well as affecting the QOL.77,78 Consistent with our speculation, statistical analysis results of IBS-QOL
scores indicated the life quality declining of IBS patients. Gastrointestinal and psychological changes can interact and affect one another through the feedback mechanisms. Concomitantly, some clinical
studies revealed that antidepressants have a continuous outcome
for improvement of abdominal pain.79,80 Although it is unrealistic to
treat IBS with psychotropic drugs, the abdominal pain of patients
can be partially relieved after psychotherapeutic interventions. By
reducing signaling and enhancing downregulation at the level of the
dorsal horn, noxious painful experiences can be reduced.81

Limitations
Limitations of the current study must be recognized. First, this
study only considered a Chinese population, and the sample size
was relatively small. It is well known that some variables may have
no statistically significant differences between the 2 groups because
of the small sample size, and the performance of correlation analysis
would be affected.82 Second, the use of cross-sectional data limits
the interpretation, thus we cannot explore the causal relationship
between brain alterations and intestinal symptoms. Third, the medication status of patients with IBS were not considered here, because
different drugs or treatment modalities may affect the bidirectional
brain-gut interactions. Consequently, future research may consider
utilizing longitudinal imaging and enlarge the sample size to follow
changes with symptom severity. Besides, inclusion of gut microbiota, serum, or stool metabolites in the analysis may further help us
understand the pathological mechanisms of IBS.

Conclusion
In this study, through taking comprehensive analysis of the bilateral brain in patients with IBS, we speculate that inter-hemispheric FC is more vulnerable to IBS than anatomical connectivity, while
the structural morphology of brain is the most stable. Meanwhile,
the affected areas were concentrated in DMN and sensorimotor
network. The results of our study are only preliminary, but it may
provide theoretical basis for future research on the regulation of
GBA and pathophysiology in functional intestinal diseases.
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A Novel Cohesinopathy Causing Chronic Intestinal
Pseudo Obstruction in 2 Siblings and Literature
Review

Introduction

Case

Chronic intestinal pseudo obstruction (CIPO) is a rare intriguing disorder affecting the gastrointestinal (GI) motility leading to
significant morbidity and mortality. As the name indicates, affected
children experience symptoms of intestinal obstruction in the absence of any mechanical cause.1 Various genes like SOX10, FLNA,
L1CAM, TYMP, and POLG are implicated in the pathogenesis
of familial forms of CIPO.2 Here we describe 2 siblings of the same
family affected with CIPO and identified to harbor mutation in the
Shugoshin like-1 (SGOL1) gene on genetic analysis.

The index patient is a 12-year-old boy, born out of a nonconsanguineous marriage, who presented with constipation,
intermittent episodes of pain, and distension of the abdomen for
a year associated with poor weight gain. X-rays and CT scans of
the abdomen done on various occasions showed multiple air fluid
levels, dilation of small bowel loops, normal sized ureters (Figure
A-C), and was managed as subacute intestinal obstruction. The
hemogram, liver, kidney, and thyroid function tests were normal.
Esophagogastroduodenoscopy revealed a dilated body of stomach

A

B

C

D
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Figure. (A) X-ray of the abdomen

showing dilated bowel loops with air
fluid levels. Note can be made of fecal
loading of the colon. (B, C) CT scan
of the abdomen showing dilated small
bowel loops. No obvious mechanical
cause of obstruction could be found. (D)
Sequence chromatogram showing variation in exon 2 (c.67A>G; red arrow) of
the Shugoshin like-1 (SGOL) gene in
the index patient.

Letter to the Editor

with bile reflux, dilated duodenum, and ileocolonoscopy was normal. The biopsy samples from the esophagus, stomach, ileum, and
colon were normal on histopathology. High-resolution esophageal
manometry showed weak peristalsis with small peristaltic breaks;
anorectal manometry was normal. A whole bowel transit study
revealed normal gastric emptying with delayed colonic transit time.
There was only a partial response with medical therapy (polyethylene glycol and itopride). Age-appropriate protein-calorie diet with
supplemented vitamins and micronutrients was advised. Similar
complaints and investigative findings were noted in his elder sibling,
a 16-year-old girl who presented with constipation, pain abdomen
for 3 years. Neither of the siblings reported palpitation, dizziness or
syncope, and the cardiac evaluation (12 lead electrocardiogram and
echocardiography) of both was normal. Due to familial occurrence,
a possibility of primary CIPO was suspected and next generation
sequencing performed in the index patient revealed a homozygous
missense variation in exon 2 of SGOL1 gene (chr3; c67A>G;
p.Lys23Glu; Figure D). It was later validated by Sanger sequencing and the same mutation was also identified in the sibling.

Discussion
Small bowel and colon are commonly involved segments in
children with CIPO, though it can involve any part of the GI tract.
Due to its rarity, lack of knowledge regarding the disease entity, and
absence of well-defined diagnostic criteria, the diagnosis of CIPO is
often delayed.3 Moreover, lack of definitive pharmacological treatment results in significant morbidity impairing the quality of life,
leading to intestinal failure and death.4,5 A proportion of primary
CIPO in children is familial. SGOL1 gene encodes for a part of
cohesin complex which is involved in cell division and is expressed
in the intestinal wall; both smooth muscle and enteric nervous
system. On extensive literature search, we identified only 2 studies
describing CIPO due to SGOL1 mutations. In a single study of 17
patients, the authors describe a syndrome termed chronic atrial and
intestinal dysrhythmia due to homozygous mutations in SGOL1
that cause failure of cohesin protection, promoting cell senescence
leading to hypoplastic, mislocalized ganglia and Cajal cells in the
smooth muscle.6 Poinsot et al,7 reported CIPO due to SGOL1
mutations presenting at an older age with predominant GI manifestations and absence of cardiac involvement as seen in our case.7
Small bowel motility testing could not be performed in our patients.
There was no history of consanguinity in the parents of these children but they belong to the North Indian “Baniya or Aggarwal
Community,” who tend to be highly endogamous and founder

variations in culpable genes of some genetic disorders are described
in this community.8 Patients with this disorder gradually develop
intestinal failure requiring total parenteral nutrition. At the time of
writing this report, both siblings were on medical treatment and are
under periodic follow-up for assessing the need of total parenteral
nutrition as well as for any evidence of cardiac dysfunction. To the
best of our knowledge, this is the first report from Asia of this gene
mutation leading to CIPO.
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Metastatic Intrahepatic Cholangiocarcinoma
Presenting as an Achalasia-like Syndrome

Case
The authors present a case of a 53-year-old woman with cutaneous lupus erythematosus without systemic involvement and no
current medication, who was evaluated at our department due to a
4-month history of significant weight loss (approximately 25%) and
an initially selective dysphagia for solids, that progressively became
non-selective for liquids and solids. The patient denied recent endemic trips, ingestion of caustics, or exposure to radiation. Esophagogastroduodenoscopy revealed a slight dilatation of the esophageal
lumen with food stasis, a regular and easily traversed gastroesophageal junction (GEJ), and absence of gastric and duodenal lesions.
Esophageal biopsies excluded eosinophilic esophagitis. High-resolution manometry revealed 100% of failed contractions (10% with
esophageal pressurization) with an increased integrated relaxation
pressure (33.9 mmHg), characteristic of a type I achalasia (Chicago
classification version 3.0) (Fig. 1). Pneumatic dilation at 30 mm
and 35 mm (Rigiflex, Boston Scientific, Boston, Massachusetts)
was performed, without symptomatic improvement. CT detected
a solid mass with central hypodensity and peripheral uptake with
4.4 × 3.0 cm in segment II, without clear margins within GEJ
structures suggesting infiltration (Fig. 2). In segments V and IV,
2 other hypodense lesions with 2.2 cm and 2.0 cm were identified,
suggestive of secondary nature. Histology of the lesion in segment
II was obtained through a percutaneous biopsy, showing the presence of an adenocarcinoma with diffuse expression of Cytokeratin
(CK)-19 and CK-20, multifocal of Caudal type homeobox-2, and
focal of CK-7 (without expression of Thyroid transcription factor-1, aspects favoring a primary neoplasia of the gastrointestinal
tract, without microsatellite instability expression. Colonoscopy did

not reveal an invasive colorectal neoplasia and subsequent CT for
staging presented a dimensional increase in the main lesion and
mesenteric enlarged lymph nodes. Positron emission tomography
study (F-18 fluorodeoxyglucose) corroborated pericardial, peritoneal, ganglionic, and hepatic metastasis. In a multidisciplinary team
discussion, intrahepatic cholangiocarcinoma with distant metastasis
was assumed, conditioning invasion at the GEJ level with a consequent pseudoachalasia. The patient was proposed for palliative
chemotherapy with cisplatin/gemcitabine and enteral feeding.

Discussion
Pseudoachalasia is an achalasia-pattern like syndrome presenting with dilatation of the esophagus due to the narrowing of the
distal esophagus from causes other than primary denervation.1 It
is a rare entity, and could be difficult to differentiate from achalasia
even in the manometric findings (aperistalsis of esophageal body
and incomplete relaxation of lower esophageal sphincter) and, in a
recent systematic review, 23.6% of patients were primarily treated
for a mistakenly diagnosed achalasia.2 Generally, symptoms with
less than 6 month-duration, age older than 50 years old and a
marked weigh loss were considered to be clinical features that help
distinguish pseudoachalasia from achalasia.2,3 According to a recent
European guideline,4 it is suggested an additional testing using CT
or endoscopic ultrasound should be performed in patients with 2
or more of the following risk factors: duration of symptoms of less
than 1 year, age over 55 years old, weigh loss over 10 kg, and severe
difficulty passing the lower esophageal sphincter with an endoscope.
In our case, regardless of patient’s age, the significant weight loss
and short symptom duration was relevant to prompt a CT. The
most common cause of pseudoachalasia is adenocarcinoma of GEJ
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43.7 mm

Figure 1. High-resolution manometry: 100% of failed contractions

(10% with esophageal pressurization) with an increased integrated
relaxation pressure (33.9 mmHg), characteristic of a type I achalasia
(Chicago classification version 3.0).

(70%) followed by other lymphoproliferative disorders, metastatic
carcinomas and small cell lung carcinomas.2 To our knowledge, this
is the second case in the literature reporting an intrahepatic cholangiocarcinoma with GEJ infiltration conditioning a pseudoachalasia
syndrome.2
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Figure 2. Findings on CT. Solid hepatic mass with 4.4 × 3.0 cm in

segment II infiltrating gastroesophageal junction structures.
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Erratum

Erratum

Effect of Physical Activity on the Association Between Dietary Fiber and Constipation: Evidence From the National Health and Nutrition Examination Survey 2005-2010
Yi Li, Wei-Dong Tong, and Yang Qian
(J Neurogastroenterol Motil 2021;27(1):97-109; https://doi.org/10.5056/jnm20051)

The authors added description of the missing data that should have been written in this study, and corrected the statistical data associated with it. To support this, they added 2 tables and 1 supplementary table.
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Corrigendum

2019 Seoul Consensus on Esophageal Achalasia Guidelines
Hye-Kyung Jung, Su Jin Hong, Oh Young Lee, John Pandolfino, Hyojin Park, Hiroto Miwa, Uday C Ghoshal, Sanjiv Mahadeva, Tadayuki
Oshima, Minhu Chen, Andrew S B Chua, Yu Kyung Cho, Tae Hee Lee, Yang Won Min, Chan Hyuk Park, Joong Goo Kwon, Moo In Park,
Kyoungwon Jung, Jong Kyu Park, Kee Wook Jung, Hyun Chul Lim, Da Hyun Jung, Do Hoon Kim, Chul-Hyun Lim, Hee Seok Moon, Jung
Ho Park, Suck Chei Choi, Hidekazu Suzuki, Tanisa Patcharatrakul, Justin C Y Wu, Kwang Jae Lee, Shinwa Tanaka, Kewin T H Siah, Kyung
Sik Park, and Sung Eun Kim; The Korean Society of Neurogastroenterology and Motility
(J Neurogastroenterol Motil 2020;26(2):180-203; https://doi.org/10.5056/jnm20014)

The Figure 1 shows the algorithm of the management for achalasia. However, an arrow which is located in the management of
patients with type I/II subtypes of achalasia was missed. In patients with type I/II achalasia of low surgical risk, POEM, PBD
and LHM should have been indicated. The Figure 1 should have been presented as follows.

Suspicious achalasia
Endoscopy (+ CT/EUS)
Esophagography (TBE)*
High resolution manometry**

Malignancy, peptic stricture with
acid reflux, structural disorder
such as esophageal webs and
rings or eosinophilic esophagitis

Achalasia: subtype I/II/III

Low surgical risk
Subtype III

Subtype I/II
LHM

High surgical risk
Botulinum toxin injection/+ oral
pharmaceutical agents

POEM

PBD

Failed initial treatment
PBD/POEM/LHM

*For helpful for diagnosis and estimation of the severity and treatment
response of achalasia by time barium esophagograpjy (TBE)
**Gold standard for diagnosis and classification of subtypes of
achalasia

Previous Figure 1
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Suspicious achalasia
Endoscopy (+ CT/EUS)
Esophagography (TBE)*
High resolution manometry**

Malignancy, peptic stricture with
acid reflux, structural disorder
such as esophageal webs and
rings or eosinophilic esophagitis

Achalasia: subtype I/II/III

Low surgical risk
Subtype III

Subtype I/II
LHM

High surgical risk

PBD

Botulinum toxin injection/+ oral
pharmaceutical agents

POEM

Failed initial treatment
PBD/POEM/LHM

*For helpful for diagnosis and estimation of the severity and treatment
response of achalasia by time barium esophagograpjy (TBE)
**Gold standard for diagnosis and classification of subtypes of
achalasia

Corrected Figure 1
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Potent Potassium-competitive Acid Blockers: A New Era for the Treatment of Acid-related Diseases
Tadayuki Oshima and Hiroto Miwa
(J Neurogastroenterol Motil 2018;24(3):334-344; https://doi.org/10.5056/jnm18029)
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The purpose of these regulations is to establish and observe
research ethics for research papers submitted to the Journal of

Neurogastroenterology and Motility.

Article 2 (Researcher Ethics)
1. Researchers should be honest about their research. Researchers need to have a high ethical standard at all times
during the research, in areas such as receiving funds for
research, publishing research results, and fairly compensating participants. More specifically, research papers that are
forged, altered, plagiarized, overlapped, and/or dishonest
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eligible for research funds.
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(2) Researchers cannot write down participants’ names or
initials. In case of possible disclosure of participants’
identification through pictures of face or anything
similar, researchers should receive written informed
consent from the participants or their guardians.
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wishes to publish the research results.
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went through.
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NIH guideline (NIH Guide for the Care and Use of
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hereafter).
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the Chair of the Council. The constitution of the Council is
decided by the Publication Committee of KSNM.
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Council should call a meeting immediately to review the
situation, and report the results to the executive committee.
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Abbreviation, Acronyms and Short Names

Journal of Neurogastroenterology and Motility provides a list of the official abbreviations. Otherwise, any unofficial abbreviation
should be used where they appear in the text at least three times, and be explained in parentheses at the first time in the text.
Do not use abbreviation(s) in the title.

ACTH
ADP
ADPase
ALT
AMP
anti-HAV
anti-HBc
anti-HBe
anti-HBs
anti-HDV
AST
ATP
ATPase
BUN
cAMP
cDNA
cGMP
CNS
CT
DNA
EDTA
HAV
HBcAg
HBeAg
HBsAg
HBV

adrenocorticotropic hormone
(adrenocorticotropin)
adenosine diphosphate
adenosine diphosphatase
alanine aminotransferase
adenosine monophosphate
antibody to hepatitis A virus
antibody to hepatitis B core antigen
antibody to hepatitis B e antigen
antibody to hepatitis B surface antigen
antibody to hepatitis D (delta) virus
aspartate aminotransferase
adenosine triphosphate
adenosine triphosphatase
blood urea nitrogen
adenosine 3’,5’-cyclic monophosphate
complementary DNA
guanosine 3’,5’-cyclic monophosphate
central nervous system
computed tomography
deoxyribonucleic acid (deoxyribonucleate)
ethylenediaminetetraacetic acid
hepatitis A virus
hepatitis B core antigen
hepatitis B e antigen
hepatitis B surface antigen
hepatitis B virus

HCV
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
ursodeoxycholic acid
vasoactive intestinal polypeptide
volume
versus
weight

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

ampere(s)
angstrom(s)

cal
CFU
C
cpm
cps
cm3
Ci
cycle/min
cycle/sec
Da
day(s)
dL
o
C
d
dpm
dps
eV
Eq
o
F

calorie(s)
colony-forming unit(s)
coulomb(s)
counts per minute
counts per second
cubic centimeter(s) (not cc)
Curie(s)
cycles per minute
cycles per second
dalton(s)
day(s) (do not abbreviate)
deciliter
degree(s) Celsius
density
disintegrations per minute
disintegrations per second
electron volt(s)
equivalent(s)
degree(s) Fahrenheit

F
ft
G
g
t1/2
H
Hz
hr
in
IU
J
K
kcal
kDa
kg
L
×
m
mg
mL
mm
msec
mL
mmHg
min
mo
mol/L
mol
msec

farad
foot
gauss
gram(s)
half-life
henry(ies)
hertz
hour(s)
inch(es)
international unit(s)
joule(s)
kelvin
kilocalorie(s)
kilodalton(s)
kilogram(s)
liter(s)
magnification
meter(s)
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

General Information
Drug names. Please use generic names wherever possible. If a trade name drug was used in the study being reported, please cite
the trade name in parentheses, along with the manufacturer’s name and location.
Chemical names. Chemical names should be spelled and styled according to the Merck Index, 10th edition.
Manufacturers. When the use of specific scientific equipment or other products is cited in the manuscript, the manufacturer’s full
name, city, and state (or country) should be given in parentheses immediately after the citation. If other equipment or products from
the same manufacturer are cited later in the paper, the manufacturer’s name only should be given in parentheses.
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