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Abstract
AIM: To investigate the pathophysiology of functional 
heartburn (FH) in Japanese patients.

METHODS: A total of 111 patients with proton pump 
inhibitor (PPI)-refractory non-erosive gastroesophageal 
reflux disease underwent intraesophageal pressure 
testing and 24-h multichannel intraluminal impedance-
pH (24MII-pH) testing. The patients also completed 
several questionnaires while they were receiving the 
PPI treatment, including the questionnaire for the 
diagnosis of reflux disease (QUEST), the frequency 
scale for the symptoms of gastroesophageal reflux 
disease (FSSG), the gastrointestinal symptoms rating 
scale (GSRS), SF-36, and the Cornell Medical Index 
(CMI). The subjects were classified into FH and 
endoscopy-negative reflux disease (ENRD) groups 
based on the Rome Ⅲ criteria.

RESULTS: Thirty-three patients with esophageal 
motility disorder were excluded from this study, while 
22 patients with abnormal esophageal acid exposure 
time (pH-POS) and 34 with hypersensitive esophagus 
(HE) were included in the ENRD group. The FH group 
included 22 patients with no reflux involvement. Sex, 
age, and body mass index did not differ significantly 
between the groups. The mean SF-36 values were 
< 50 (normal) for all scales in these groups, with no 
significant differences. The GSRS scores in these groups 
were not different and showed overlap with other 
gastrointestinal symptoms. The QUEST and the FSSG 
scores did not differ significantly between the groups. 
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heartburn (FH) have been described as belonging 
to one of the functional gastrointestinal disorders, 
which present with chronic gastrointestinal symptoms 
despite the absence of organic gastrointestinal 
disease. According to the latest Rome Ⅲ criteria[7], a 
diagnosis of FH must fulfill all of the following criteria: 
(1) burning retrosternal discomfort or pain; (2) no 
evidence that gastroesophageal acid reflux is the cause 
of the symptoms; (3) no histopathologic evidence of 
esophageal motility disorders; and (4) these criteria 
have been fulfilled for the past 3 mo, with symptom 
onset at least 6 mo before the diagnosis. It has also 
been shown that a presumptive diagnosis of heartburn 
can be made in cases of endoscopy-negative reflux 
disease (ENRD) if 24-h intraesophageal pH monitoring 
reveals abnormal acid reflux, or acid reflux within the 
normal range that is associated with symptoms that 
abate after a course of PPI treatment[8]. In all other 
cases, the diagnosis should be FH. Regarding the 
putative mechanism of FH, various mechanisms that 
are directly related, indirectly related, or unrelated to 
reflux can be cited. Possible reflux-related mechanisms 
include acidic factors, such as weak acid reflux, and 
other factors, such as weak alkaline (bile) reflux. The 
latter may result from hypersensitivity to physiologic 
stimuli, abnormal central processing of esophageal 
signals, hypervigilance, or emotional factors[7].

According to the Rome Ⅲ criteria, FH might 
be involved in esophageal motility disorders that 
exhibit no histopathologic abnormalities. However, 
esophageal motility disorders are present in 4% of 
patients who have FH and NERD, and their prevalence 
increases according to the GERD severity[9]. We 
have reported that patients with PPI-refractory 
NERD have esophageal motility disorders, and that 
gastroesophageal reflux plays a role in the symptoms’ 
onset[10]. Therefore, it is important to differentiate 
esophageal motility disorders from diagnoses of FH 
during pathophysiologic investigation. We planned a 
prospective study of patients with PPI-refractory NERD, 
which is routinely diagnosed as FH, to investigate 
the pathophysiology of FH and to define rigorous 
diagnostic criteria for FH in Japanese patients.

MATERIALS AND METHODS
Subjects
This prospective study was conducted at Aichi Medical 
University Hospital between January 2007 and March 
2014. All patients who complained of heartburn at 
least twice per week for more than 6 mo, and who did 
not receive antisecretory therapy, underwent upper 
gastrointestinal endoscopy. If no organic abnormalities 
(excluding esophageal hiatus hernia) were detected 
during the endoscopy, the patients were diagnosed 
as having NERD and were prescribed the standard 
dose of PPI. PPI-refractory NERD was defined as NERD 
with no improvements in heartburn symptoms after 
≥ 8 wk of PPI treatment at the standard dose, and 

Tamura Y et al . FH based on Rome Ⅲ criteria

5010 April 28, 2015|Volume 21|Issue 16|WJG|www.wjgnet.com

Neuroticism was diagnosed using the CMI questionnaire 
in 17 of the 78 included subjects within the pH-POS 
(n  = 4), HE (n  = 8), and FH (n  = 5) groups, with no 
significant differences.

CONCLUSION: Clinical characteristics of the FH 
and PPI-refractory ENRD groups were similar. 
Therefore, esophageal function should be examined 
via manometry and 24MII-pH testing to differentiate 
between them.

Key words: Functional heartburn; Endoscopy-negative 
reflux disease; Proton pump inhibitor-resistant; Rome 
Ⅲ criteria; 24-h multichannel intraluminal impedance-
pH testing 
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Core tip: The Rome Ⅲ criteria define functional 
heartburn (FH) by normal esophageal acid exposure 
time, with no relationship between symptoms and 
reflux, and no response to proton pump inhibitor (PPI) 
treatment. However, in Japanese clinical practice, PPI-
refractory non-erosive reflux disease is often treated 
as FH, thought the pathophysiology of these diseases 
is not clear. In this study, we found no differences in 
the clinical characteristics of FH and PPI-refractory 
endoscopy-negative reflux disease, and recommend 
using manometry and 24-h multichannel intraluminal 
impedance-pH testing to differentiate between these 
two conditions. 
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INTRODUCTION
Non-erosive reflux disease (NERD) is characterized 
by the absence of esophageal mucosal damage 
during upper gastrointestinal endoscopy, despite the 
presence of classic symptoms of gastroesophageal 
reflux, such as heartburn and acid reflux[1]. In 
addition, NERD accounts for more than half of all 
cases of gastroesophageal reflux disease (GERD)[2]. 
Furthermore, acid reflux is known to have only a minor 
effect on the pathophysiologic mechanism of NERD[3]. 
For this reason, NERD patients who receive proton 
pump inhibitors (PPIs), which are the first-line therapy 
for GERD, show a low symptom-improvement rate, 
and almost 50% of NERD patients fail to respond to 
standard acid-suppression therapy that uses PPIs[2,4-6]. 

Heartburn symptoms that are defined as functional 



all patients with PPI-refractory NERD were enrolled in 
this study. All medical interviews and examinations 
were conducted while the patients were receiving a 
continuous course of PPI at the standard doses (30 
mg of lansoprazole, 20 mg of rabeprazole, or 20 mg of 
omeprazole per day) for ≥ 8 wk.

This study was approved by the Ethics Committee 
of Aichi Medical University School of Medicine, and was 
performed with the written, informed consent of the 
patients.

Intraesophageal pressure test
Intraesophageal pressure was measured using a 
Polygraf ID multiparameter gastrointestinal motility 
function measurement system (Sierra Scientific 
Instruments, Los Angeles, CA, United States) and an 
8-channel, water-perfused, Dent’s sleeve catheter 
that was inserted nasally into the esophagus. With the 
patient recumbent, the lower esophageal sphincter (LES) 
position from the nasal cavity, LES pressure, and the 
primary peristaltic wave was observed over ten water 
swallows. Esophageal motility disorders were classified 
as achalasia, diffuse esophageal spasm, nutcracker 
esophagus, hypertensive LES, ineffective esophageal 
motility, and nonspecific esophageal motility disorders, 
according to the classifications of Castell et al[11]. 

Twenty-four-hour multichannel intraluminal impedance-
pH testing
Patients in whom esophageal motility disorders were 
not detected after the intraesophageal pressure testing 
subsequently underwent twenty-four-hour multichannel 
intraluminal impedance-pH (24MII-pH) testing (Sleuth 
multi impedance pH monitoring system; Sandhill 
Scientific, Highlands Ranch, CO, United States)[12]. This 
system includes a portable data logger with impedance-
pH amplifiers and a catheter with one antimony pH 
electrode and eight impedance electrodes at 2, 4, 6, 8, 
10, 14, 16, and 18 cm from the tip of the catheter. Each 
pair of adjacent electrodes represents an impedance-
measurement segment (length, 2 cm) that corresponds 
to one recording channel. The one pH signal and 
six impedance signals were recorded at a frequency 
of 50 Hz on a 128-MB CompactFlash memory card 
(SanDisk, Milpitas, CA, United States). The single-
use MII-pH catheter was transnasally inserted into the 
esophagus and positioned with the pH electrode 5 cm 
above the upper margin of the LES. The MII-pH data 
were continuously recorded for 24 h while the patient 
was in the hospital. All patients ate three meals and 
were asked to record their posture (e.g., recumbent), 
the meals they consumed, and the occurrence of 
heartburn or other symptoms. Analysis of the data, 
excluding the meal times, was performed using 
BioVIEW Analysis software (version 5.3.4; Sandhill 
Scientific). This software is capable of automatically 
evaluating parameters such as reflux frequency for 
liquid, gas, and mixtures of the two, as well as liquid 

pH and the symptom indices (SI) of these parameters, 
with a high degree of reliability[13]. SI was defined as 
positive if the proportion of the symptoms due to reflux 
accounted for ≥ 50% of the overall symptoms in the 
24 h period[14]. After the automatic analysis, an expert 
visually confirmed the results. In the group with clear 
intraesophageal prolongation of the esophageal acid 
reflux exposure time, based on the proportion of the 
24-h intraesophageal pH monitoring when the pH was 
< 4 and the DeMeester scores[15], the reflux of non-
acidic material (i.e., liquid or gas with pH ≥ 4) was 
evaluated based on the relationship with SI (subgroups 
with SI ≥ 50% and with SI < 50%). This method was 
chosen as the relationship between symptoms and 
liquid/gas reflux materials is difficult to evaluate using 
reflux frequencies and time ratios. In this study, reflux 
materials consisting of a mixture of liquid and gas was 
treated as liquid reflux.

Medical interview
During the medical examination, reflux symptoms were 
assessed using the questionnaire for the diagnosis of 
reflux disease (QUEST)[16] and the frequency scale 
for the symptoms of GERD (FSSG)[17]. Patients also 
completed the gastrointestinal symptoms rating scale 
(GSRS) as an indicator of the other gastrointestinal 
symptoms that involve acid reflux, the SF-36[18] to 
evaluate lifestyle and health, and the Cornell Medical 
Index (CMI) questionnaire to evaluate for the presence 
of neuroticism.

Statistical analysis
Data are reported as mean ± SD, and the analysis 
was performed using the Kruskal-Wallis test or the χ 2 
test, where appropriate. Differences were considered 
statistically significant at P < 0.05.

RESULTS
Pathologic classification of PPI-refractory NERD
A total of 111 patients with PPI-refractory NERD 
were recruited and underwent intraesophageal 
pressure testing. Thirty-three patients were diagnosed 
with esophageal motility abnormalities, including 
achalasia (n = 4), ineffective esophageal motility 
(n = 8), nonspecific esophageal motility disorders 
(n = 13), hypertensive LES (n = 5), and nutcracker 
esophagus (n = 3). All patients with esophageal 
motility disorders were excluded, and the remaining 
78 patients [40 men, 38 women; mean age: 55.5 ± 
15.4 years; mean body mass index (BMI): 22.3 ± 3.1 
kg/m2] were evaluated using 24MII-pH. Twenty-two 
patients showed a clear intraesophageal prolongation 
of esophageal acid exposure time based on the 
proportion of the 24 h when their intraesophageal pH 
was < 4 and on the DeMeester scores[15]. In addition, 
34 patients were classified into the group with normal 
esophageal acid exposure time and SI associated 
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group contained 22 patients (14 men, 8 women; mean 
age: 54.8 ± 3.9 years; BMI: 22.9 ± 3.5 kg/m2), the 
HE group contained 34 patients (17 men, 17 women; 
mean age: 54.9 ± 2.6 years; BMI: 22.0 ± 3.0 kg/m2), 
and the FH group contained 22 patients (9 men, 13 
women; mean age: 57.7 ± 2.7 years; BMI: 21.3 
± 2.7 kg/m2). When these groups were compared, 
no differences in sex, age, or BMI were observed, 
and there was no causal relationship with alcohol or 
tobacco use (Table 1). The results of the symptom 
evaluations did not differ significantly between the 
FSSG and QUEST questionnaires, and there were no 
differences in any of the GSRS scores (Table 2). The 
SF-36 scores fell below the normal population values 
on all subscales, although no intergroup differences 
were observed. On the CMI health questionnaire, 
scores of grades Ⅲ and Ⅳ indicate neuroticism. Four 
patients in the pH-POS group scored grades Ⅲ or Ⅳ, 
compared to 8 patients in the HE group and 5 patients 
in the FH group; these differences were not statistically 
significant (Table 1).

The distal and proximal numbers of gastro-
esophageal reflux episodes (total and acid) were 
significantly higher in the pH-POS group than those 
in the HE and FH groups, although there was no 
difference between the HE and FH groups (Table 3).

DISCUSSION
The Japanese Society of Gastroenterology GERD 
Diagnosis Guideline[19], which was published in 2009, 
provides one flowchart for using PPI as a first-line 

with ≥ 50% non-acid reflux, and 22 patients were 
classified into the group in which reflux contributed to 
< 50% of the symptoms. Based on this classification, 
patients with PPI-refractory NERD were classified into 
4 subgroups according to whether their symptom 
onset was associated with: (1) esophageal motility 
abnormality; (2) acid reflux; (3) non-acid reflux; or (4) 
no reflux (Figure 1).

Based on the results of the esophageal function 
testing, the three subgroups, except for those with 
esophageal motility abnormality, were classed as: 
the pH-positive group (pH-POS) with acid reflux, the 
hypersensitive esophagus group (HE) group with no 
acid, and the FH group with no reflux. The pH-POS 
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Table 1  Clinical characteristics

Characteristic pH-POS HE FH P value

(n  = 22) (n  = 34) (n  = 22)

Age, yr 54.8 ± 3.9 54.9 ± 2.6 57.7 ± 2.7 0.3
(26–80) (21–86) (29–76)

Sex, male:female 14:08 17:17 9:13 0.3
Body mass index, kg/m2 21.9 ± 3.5 22.0 ± 3.0 21.3 ± 2.7 0.6
Drinking 8 (36.3) 16 (47.0) 8 (36.3) 0.4
Smoking 7 (31.8) 10 (29.4) 5 (22.7) 0.7
Neuroticism (Ⅲ or Ⅳ)1 4 (22.7) 8 (23.5) 5 (22.7) 0.8

Data are expressed as mean ± SD (range), or as n (%), unless otherwise 
indicated; 1Neuroticism was defined using the Cornel Medical Index. 
P-values were obtained using the Kruskal-Wallis or χ 2 tests. FH: Functional 
heartburn; HE: Hypersensitive esophagus (non-excessive esophageal 
acid exposure time and positive symptom index); pH-POS: Excessive 
intraesophageal acid exposure time.

PPI-refractory NERD (n  = 111)

Normal motility (n  = 78)

Symptom indices ≥ 50%

Endoscopy-negative reflux disease 

Acid related pH-POS (n  = 22) Non-acid related HE (n  = 34) Functional heartburn (n  = 22)

Symptom indices < 50%

Esophageal motility disorder (n  = 33)

Esophageal manometry

24-h multichannel intraluminal 
impedance-pH testing

Figure 1  Based on the results obtained from intraesophageal manometry and 24-h-long intraesophageal pH/impedance monitoring, the subjects were 
classified into three groups according to the Rome Ⅲ criteria: acid reflux-related mechanism (n = 22), non-acid reflux-related mechanism (n = 34), and 
functional heartburn (n = 22). pH-POS: Excessive intraesophageal acid exposure time; HE: Hypersensitive esophagus (non-excessive esophageal acid exposure 
time and positive symptom index); FH: Functional heartburn; PPI: Proton pump inhibitor. 
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therapy and another flowchart for using endoscopy 
as the initial phase of treatment for patients with 
symptoms indicative of GERD. Therefore, early 
treatment can be started for all patients, even at 
facilities where endoscopy is unavailable. In both 
cases, a pathophysiologic evaluation using 24-h pH 
monitoring at a specialist facility is recommended 
only if the symptoms persist after the PPI treatment. 
In Japan, pH monitoring and esophageal motility 
function tests are not widely used in clinical practice. 
As a result, cases in which no obvious organic lesions 
or mucosal damage are detected during endoscopy 
are typically classified as NERD, as ENRD if the 
symptoms respond to PPI treatment, or as FH if PPI 
treatment does not improve the symptoms. Thus, 
patients with PPI-refractory NERD are often treated 
as having FH. Therefore, to identify the characteristics 
of Japanese patients with FH, it is appropriate to 
target the broadly defined group of patients with FH 
who are characterized by a diagnosis of NERD based 
on endoscopy and lack of symptom response to PPI 
treatment.

One hundred and eleven patients with PPI-refractory 
NERD were grouped into those with esophageal motility 
abnormalities (n = 33), patients with ENRD and whose 
symptoms were related to some form of reflux (pH-
POS and HE, n = 56), and patients with FH based on 
the Rome Ⅲ criteria (n = 22). Regarding the ENRD 
pathophysiology, 22 patients exhibited insufficient 
suppression of acid secretion, despite taking a standard 
dose of PPI for 8 wk, and 34 patients had weak 

acid reflux or non-acidic reflux, which is considered 
a hypothetical diagnosis in the Rome Ⅲ criteria. 
Previous studies have reported that patients with 
abnormal gastroesophageal reflux, as confirmed by pH 
monitoring and including GERD patients, are typically 
men and often have a high BMI[9,20-22]. Furthermore, 
a comparison of patients with FH and those with 
ENRD and some form of reflux-related symptoms 
(based on 24MII-pH monitoring) reported that ENRD 
was more common among men and was associated 
with a high BMI[23], whereas FH was more common 
in younger patients and among women[24,25]. Other 
studies have reported that age and lifestyle habits (i.e., 
alcohol or tobacco use) are not specific to either FH 
or ENRD[9,23,26]. The present study found no significant 
differences between the ENRD (pH-POS and HE) and 
FH groups when sex, age, BMI, and lifestyle habits 
(alcohol and tobacco use) were compared. The reason 
for this discrepancy remains unclear, although it may 
be related to the fact that BMI is lower in Japan than in 
the Western countries where the previous studies were 
conducted. In addition, a study investigating symp-
toms using questionnaires and 24MII-pH monitoring 
reported stronger reflux symptoms than heartburn 
symptoms in these groups[20], whereas a study that 
used pH monitoring to evaluate the occurrence rate of 
reflux symptoms reported a higher rate in patients with 
ENRD than in those with FH[25]. However, the present 
study found no significant intergroup differences in the 
symptoms or their occurrence rates using the FSSG and 
QUEST questionnaires. This discrepancy highlights the 
difficulty encountered when attempting to differentiate 
between ENRD and FH based on symptoms. 

ENRD is associated with a marked deterioration 
in quality of life[27] and has a high rate of overlap 
with other functional gastrointestinal disorders[28]. In 
GERD, mild heartburn at least twice per week has a 
considerable effect on quality of life, whereas similar 
criteria for the frequency and severity of symptoms 
in FH have not yet been identified[29]. In the present 
study, the mean SF-36 scores in these groups fell 
below the normal population values on all subscales, 
although no significant intergroup differences were 
observed. This indicates that patients who have FH 
experience a similar deterioration in their quality of 
life compared to patients who have ENRD (pH-POS 
and HE). FH often occurs in tandem with symptoms 
that are normally considered to be indicative of 
dyspepsia, such as nausea, abdominal bloating, and 
early satiation[30,31]. In the study of 200 patients with 
NERD by Savarino et al, a questionnaire given to the 
54 patients who were diagnosed with FH revealed 
that the prevalence of postprandial bloating, early 
satiation, and nausea was significantly higher in 
patients with FH, whereas in a study of 68 patients 
with NERD by Capasso et al[32], a significantly higher 
score for indigestion in functional dyspepsia (FD) 
symptoms was found among 25 patients with no 
abnormal acid reflux according to pH monitoring. In 
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Table 2  Questionnaire scores

Questionnaire pH-POS HE FH P value1

(n  = 22) (n  = 34) (n  = 22)

FSSG score (median) 16.4 ± 7.2 18.4 ± 9.6 19.5 ± 10.3 0.6
QUEST score (median)   5.8 ± 4.7   5.1 ± 4.5 4.2 ± 4.2 0.5
GSRS scale
   Over all   2.5 ± 0.6   2.5 ± 0.8 2.2 ± 1.0 0.5
   Acid reflux   3.4 ± 1.6   3.2 ± 1.5 3.0 ± 1.4 0.7
   Abdominal pain   2.5 ± 1.1   2.4 ± 1.3 2.3 ± 1.3 0.7
   Indigestion   2.9 ± 1.8   2.8 ± 1.1 2.5 ± 1.4 0.5
   Diarrhea   1.6 ± 0.7   1.9 ± 1.2 1.7 ± 0.1 0.8
   Constipation   2.3 ± 1.4   2.4 ± 1.2 2.0 ± 1.1 0.3
SF-36 scale
   Physical Functioning   46.5 ± 11.1   45.1 ± 16.2 44.7 ± 16.1 0.9
   Role Physical   40.5 ± 13.2   41.0 ± 15.4 40.4 ± 15.1 0.9
   Bodily Pain 43.6 ± 9.1   44.1 ± 10.1 43.5 ± 11.8 0.9
   General Health 38.9 ± 9.8 42.1 ± 6.3 43.1 ± 10.5 0.5
   Vitality   46.0 ± 10.6 45.5 ± 9.5 45.4 ± 11.1 0.9
   Social Functioning   44.8 ± 10.6   39.2 ± 13.1 44.6 ± 11.2 0.2
   Role Emotional   41.9 ± 14.3   42.5 ± 14.3 44.6 ± 14.2 0.8
   Mental Health   43.9 ± 10.5   42.2 ± 11.0 41.8 ± 13.8 0.9

1Determined by the Kruskal-Wallis test; Data are expressed as mean ± SD 
unless otherwise indicated. FH: Functional heartburn; FSSG: Frequency 
scale for the symptoms of gastroesophageal reflux disease; GSRS: 
Gastrointestinal symptoms rating scale; HE: Hypersensitive esophagus 
(non-excessive esophageal acid exposure time and positive symptom 
index); pH-POS: Excessive intraesophageal acid exposure time; QUEST: 
Questionnaire for the diagnosis of reflux disease.
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the patients with GSRS, a high degree of overlap in 
the gastrointestinal symptoms that were unrelated 
to acid was expected in the FH group, although no 
significant difference was observed between these 
groups. This difference might be explained by whether 
the subjects were or were not receiving PPI treatment. 
Patients with reflux esophagitis and who were treated 
with a PPI (pantoprazole) for up to 16 wk showed 
improvements in their reflux, FD, and irritable bowel 
syndrome symptoms[33]. However, when those patients 
were monitored for up to 6 mo after stopping the PPI 
treatment, their reflux symptoms returned, although 
their FD and irritable bowel syndrome symptoms did 
not. Similarly, the subjects in the present study had 
received PPI treatment at the standard oral dose for 
at least 8 wk, and it is possible that it suppressed the 
non-acid reflux dyspepsia symptoms. 

In clinical practice, the psychologic profile of 
patients with reflux symptoms is characterized by 
higher scores for anxiety and depression than those 
of patients with no reflux[34]. Similarly, patients with 
heartburn that is poorly correlated with acid reflux 
during pH monitoring have higher scores for anxiety 
and hysteria than those in whom heartburn onset is 
correlated with acid reflux[35]. Therefore, many cases of 
FH are interpreted as esophageal neurosis. However, 
the present analysis of the CMI health questionnaire 
responses found no significant intergroup differences 
in the number of patients who were diagnosed with 
an emotional disturbance, and the scores were similar 
in the FH and ENRD (pH-POS and HE) groups. This 
finding suggests that the contribution of emotional 
factors to the putative factors that affect FH is not as 
high as was previously thought.

Savarino et al[23] reported that the increased 
number of weakly acidic reflux episodes and the 
higher rate of proximal reflux are the main causes of 
symptoms in HE patients who were evaluated with 
24MII-pH. However, the data in the present indicate 
that the total reflux and proximal reflux time of the 
acid contents are significantly higher in the pH-POS 
group than in the HE and FH groups, which do not 
differ. This difference may be related to the presence 
or absence of PPI treatment. The present analysis was 
undertaken to evaluate the clinical practical situation 

of NERD, and to identify its pathophysiology, while 
avoiding the acid-related effects.

This study has several limitations. First, there may 
have been a case selection bias, as the subjects were 
patients with PPI-refractory NERD who were expertly 
examined at a specialist facility. Furthermore, the 
sample size was small, as the study was limited to 
one facility. Second, the subjects were patients who 
were receiving PPI at the standard dose set within the 
context of healthcare covered by Japanese national 
health insurance. Therefore, caution is required when 
comparing the present data with data from other 
countries, particularly regarding PPI dose and the 
duration of administration.

Despite this study’s limitations, the pathophysiologic 
classification of patients with PPI-refractory NERD, 
who are routinely encountered in clinical practice, 
was achieved by testing their esophageal function. In 
addition, the pathology of FH in Japanese patients, 
based on the Rome Ⅲ criteria, was clarified through 
a comparison of patients with NERD who were 
divided into FH and ENRD (pH-POS and HE) groups. 
Furthermore, this study was conducted while the 
patients were receiving a continuous course of PPI at 
the standard doses to reflect the current Japanese 
clinical practice and to more clearly define the 
pathophysiology of FH, while avoiding the acid-related 
effects. A recently published review has mentioned 
that the use of 24MII-pH is the only functional method 
to reliably perform sub-classification of the complex 
population of patients with NERD. In addition, this 
technique is recommended to clearly separate the 
subsets of patients with real reflux disease from the 
subset with FH[36]. Our study supports this idea, and 
indicates that NERD is a markedly heterogeneous 
condition from the pathophysiologic and clinical points 
of view, and that it should be correctly classified by 
esophageal function testing to provide adequate relief 
from the related symptom. For example, patients with 
FH should be treated with non-PPI and non-reflux 
inhibitor medication, such as with pain modulators[36]. 
Our data might contribute to developing a therapeutic 
strategy for patients with PPI-refractory NERD.

In conclusion, Japanese patients with PPI-refractory 
NERD, who are typically treated as having FH in 
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Table 3  Twenty-four-hour intraesophageal pH-multichannel intraluminal impedance testing

Variable pH-POS (n  = 22) HE (n  = 34) FH (n  = 22) P  value1

% acid exposure time  16.1 ± 15.3b 1.4 ± 2.4   0.7 ± 0.8 < 0.01
Number of reflux episodes  77.8 ± 40.6b 54.6 ± 30.3   33.9 ± 20.8 < 0.01
   Acid reflux (pH < 4)  34.1 ± 23.7b 11.2 ± 11.1   7.1 ± 6.3  < 0.01
   Non-acid reflux (pH ≥ 4) 41.0 ± 35.1 37.7 ± 32.2   23.8 ± 17.3   0.2
Number of proximal reflux episodes  34.4 ± 26.7b 22.2 ± 12.5 14.1 ± 9.0  < 0.01
% of proximal reflux Episodes 42.5 ± 14.3 42.5 ± 13.3   41.4 ± 14.3   0.9
% of gastric acid exposure time 66.1 ± 20.5 50.6 ± 30.9   49.9 ± 28.7   0.1

1Determined by the Kruskal-Wallis test; bP < 0.01 vs HE and FH. FH: Functional heartburn; HE: Hypersensitive esophagus (non-excessive esophageal acid 
exposure time and positive symptom index); pH-POS: Excessive intraesophageal acid exposure time.
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clinical practice, exhibit a mix of several pathologies 
and low rates of rigorously defined FD. The FH and 
PPI-refractory ENRD groups showed no differences in 
their clinical characteristics, such as their background, 
symptoms, and neuroticism, and it was difficult to 
differentiate between these groups. However, both 
manometry and MII-pH testing should be used to 
differentiate between patients with PPI-refractory 
ENRD and those with FH. Further studies with larger 
samples are needed to validate the diagnostic criteria 
for FH based on the Rome Ⅲ criteria.
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The Rome Ⅲ criteria for functional heartburn (FH) suggest various possible 
factors that are involved in these mechanisms, and position FH as being 
primarily defined by a normal esophageal acid exposure time, with no 
relationship between symptoms and reflux, and no response to proton 
pump inhibitor (PPI) treatment. However, in Japanese clinical practice, PPI-
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