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Abstract
Background: Gastroesophageal reflux disease (GERD) 

is a chronic condition that affects a large proportion of 
population. The aim of our study was to determine what 
percentages of patients with persistent heartburn on acid 
suppressive therapy have evidence of reflux disease while off 
acid suppressive therapy. Methods: In a prospective study 48 
patients with refractory heartburn from Taleghani Hospital 
were enrolled who had been on a double dose of proton 
pump inhibitor (PPI) for 8 weeks without improvement. 
Because of low index of suspicion for GERD as an etiology, 
all the patients underwent 24h pH-metry while off PPI. The 
variables of pH-metry such as the fraction time of pH <4 
were evaluated by comparing to normal volunteers. Results: 
The mean “number of acid refluxes” was 49.98 in upright 
position and 6.29 in supine position. The mean “longest 
acid reflux” duration was 2.98 minutes in upright and 3.13 
minutes in supine position. The total time fraction of pH 
<4 was 2.97% in upright position, 1.2 % in supine position 
and 2.74% in postprandial state. The mean DeMeester score 
was 10.06 (SD=10.48). However, the difference in the total 
fraction of time with pH <4 was not significant. Conclusion: 
Our study showed that most of the patients with refractory 
heartburn did not have acid reflux. Patients with refractory 
heartburn often do not have evidence of reflux disease 
on pH monitoring, thus evaluating these patients should 
be performed while on acid suppressive therapy (using 
impedance-pH monitoring) in order to clarify the relationship 
between symptoms and acid and non-acid reflux.
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Introduction
Over the years there has been a continuous interaction 

between the understanding, and the diagnostic tools and 
treatment of gastroesophageal reflux disease (GERD). 
The annual incidence of GERD in the western world is 
approximately 5 in 1000 people [1]. The use of proton 
pump inhibitor (PPI) trials by primary care physicians as a 
diagnostic tool in patients with symptoms suspected to be 
due to GERD has led to a shift in the type of patients referred 
to specialists. Currently, gastrointestinal specialists are 
frequently asked to evaluate patients with persistent reflux 
symptoms despite acid suppressive therapy.

Esophageal pH recording evaluates patients with 
either normal or equivocal endoscopic findings and reflux 
symptoms that are refractory to proton pump inhibitor 
therapy (pH study done after withholding an antisecretory 
drug regimen for one week if the study is done to confirm 
excessive acid exposure or while taking the antisecretory 
drug regimen if symptom-reflux correlation is to be scored) 
[2, 3]. 

Presently, controversy exists as to whether pH testing 
is more useful when performed with patients on or off 
PPI therapy. Testing off-therapy is often recommended for 
patients in whom there is a low index of suspicion for reflux 
disease, to “rule out GERD” on the basis of quantitatively 
normal esophageal acid exposure. A negative pH study on 
the patient off PPI therapy confirms that the patient does not 
have pathologic reflux disease, especially when combined 
with a negative symptom correlation measure. 

Refractory heartburn can be defined as the presence 
of heartburn that does not respond to therapy with acid 
suppressing medications. Patients who are unresponsive to 
4-8 weeks’ treatment with PPIs twice daily might have so-
called refractory GERD [4]. PPI therapy generally has been 
accepted as the best therapeutic medication in GERD but the 
dosing and timing of PPI therapies has not been established 
yet to describe treatment failure. While once-daily PPI 
therapy controls symptoms and heals esophagitis in over 
90% of patients, data on the normalization of esophageal 
acid exposure are limited, as pH testing is not an end point 
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of most clinical trials [5]. Limited prospective studies have 
demonstrated normalization of esophageal pH with q.i.d. 
PPI therapy in over 90% of patients with typical reflux 
symptoms [6].

The previous consensus was to consider the percentage 
time with the intraesophageal pH below 4 as the most useful 
outcome measure in discriminating between physiological 
and pathological esophageal reflux [7]. Distal esophageal 
acid exposure can be quantified using the DeMeester 
score (DS) or percentage time pH<4. The original scoring 
system devised by Johnson and DeMeester [8] examined 
six variables (percent total time pH was <4, percent upright 
time pH was < 4, percent recumbent time pH was < 4, 
number of reflux episodes, number of reflux episodes with 
pH < 4 for five minutes, and the period of the longest single 
acid exposure episode) and calculated a composite score 
according to a formula dependent on the deviation of each of 
these variables from normal values. With the exception of the 
overall number of reflux episodes which proves to be poorly 
reproducible, each of these derived values has merit, at least 
in some circumstances. However, there is now a consensus 
that the percent time with pH < 4 (esophageal acid exposure 
time) is the most useful discriminator between physiological 
and pathological reflux. Other variables  which vary with 
the esophageal acid exposure time, are less reproducible, 
and have less discriminatory power. Nonetheless, most 
commercially available software packages analyze pH data 
for all of the six scoring variables identified by Johnson and 
DeMeester [8]. In addition to these parameters, the symptom 
index (SI) is used to evaluate the association of symptoms 
and acid reflux. The SI is defined as the number of reflux 
– related symptom episodes divided by the total number 
of reflux episodes, expressed as a percentage. However, 
the SI is not validated against an independent criterion 
of diagnostic accuracy such as symptomatic response to 
antireflux therapy. 

The main goal of the present study was to determine 
what percentages of patients with persistent heartburn on 
acid suppressive therapy have evidence of reflux disease 
while off acid suppressive therapy.

Material and Methods
We conducted the study on 48 patients  complaining of 

heartburn referred to the Research Center of Gastrointestinal 
and Liver Disease, Department of Esophageal pH-metry 
and Manometry, Taleghani Hospital,Tehran, Iran, while off 
therapy (off PPI) for one week. The patients with  a history 
of persistent heartburn despite the use of 40 mg per day 
omeprazole for at least 8 weeks and with no response to 
treatment were included in the study as the group of “low 
index of suspicion for GERD”. The patients  with  heartburn 
which had improved only partially with doubling the dose 
of PPI were considered as “a high index of suspicion for 
GERD” and were excluded from the study. Since the majority 
of our patients had not undergone endoscopy, endoscopic 
data were not included among the variables. The data were 

gathered during two years in a Taleghani hospital. According 
to literature, they were told  that they had refractory GERD. 
The patients underwent ambulatory pH monitoring for 24 
hours. 

Ambulatory pH monitoring was performed with a trans-
nasally placed catheter to the distal esophageal mucosa. In 
this study pH-metry was done with a Metronic, Polygram 
(version 2.05) and by a gastrointestinal (GI) specialist with 
special interest and experience in esophageal reflux and 
motility diseases. The pH of buffering solutions was used to 
calibrate the pH sensors at the beginning of the esophageal 
acid monitoring. The device has two sensors; the pH sensors 
are coupled with compact, portable data loggers, and 
computerized data analysis. The catheter type pH electrode 
was positioned 5 cm above the manometrically defined upper 
limit of the lower esophageal sphincter. Esophageal pH was 
recorded in supine, postprandial positions. The variables that 
were important for the study were: number of acid refluxes, 
longest acid reflux, the fraction of time pH below 4 (%) and 
each of these variables related to upright, supine, during 
meal or postprandial were recorded. We used the DeMeester 
score for evaluation of acid reflux. A score more than 14.7 
was considered abnormal acid reflux.  A 24-hour esophageal 
pH study that samples intraesophageal pH every six seconds 
results in the generation of 14,400 data points in addition to 
the event marker data. We compared the results of the pH-
metry of our patients with the esophageal acid exposure in 
50 healthy volunteers in the DeMeester study [9].

The Ethical Committee  of the Shahid Beheshti 
University of Medical Sciences approved the study protocol. 
A consent form was  completed by each patient before any 
procedure.

Statistical Analysis
The Student’s t-test was used to compare means of 

continuous variables. Comparisons of the distribution 
of categorical variables between two study groups were 
performed using the Chi-squared test. Continuous variables 
are presented as mean ± standard deviation, and other 
parameters as frequency and percentage. Because of the 
number of patients in similar studies as well as the few cases 
found to have the inclusion criteria of our study, the sample 
size in our study was calculated as 50 patients. The statistical 
package SPSS 15.0 was used for data analysis. A P-value of 
0.05 or less was considered statistically significant and all 
reported P values were two sided. 

Results
The study comprised 48 patients (33% F, 67% M) who 

fulfilled the inclusion criteria and all of them had 24-hour 
esophageal pH monitoring. The mean age of the patients 
was 37 ± 11 years (range 17-64).

The mean  number of acid refluxes was 51.7% in upright 
position, 9.5% in supine position, 13.9% during meal and 
33.4% in postprandial state. 

The mean duration of the longest acid reflux was 3 min 
in upright and 4.8 min in supine position, 1.1 min during 
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meal and 2.5 min in postprandial state (Table I).
The fraction of time (%) during 24 hour pH metry pH <4 

was 3.1% in upright position, 2.2% in supine, 5.2% related 
to meal time and 2.8% in postprandial state.

The mean of the DeMeester score was 12.3 ± 18.8. 
The max and min of the DeMeester score were 51% and 
5%, respectively. A DeMeester score more than 14.7 that 
represents abnormal acid reflux, was observed in 22.8% 
of patients. A SI more than 50% was considered positive. 
Positive SI as well as a DeMeester score more than 14.7 was 
seen in14.5% of patients. A negative SI and DeMeester score 
less than 14.7 was detected in 66.7% of patients. 

We compared the results of the pH-metry of our 
patients with findings from the pH-metry of 50 normal 
healthy volunteers performed by DeMeester [9]. The 
result of postprandial pH was also compared with another 
pH recording of normal volunteers. Statistical analysis, 
comparing pH-metry variables between our patients and 
healthy volunteers are shown in Tables I and II.   

The test showed statistically significant differences for 
the DeMeester score. Symptom-reflux correlation in our 
patients is evidenced in Table III.

Discussion
In this study, according to the low probability of acid 

reflux in patients with refractory heartburn while using PPIs, 
we performed pH-metry in off PPI (for at least one week). 
The results showed that refractory heartburn in the majority 
of cases is not due to acid reflux.

Confirming the low index of suspicion for patients with 
refractory heartburn with double dose PPI, Charbel et al 
[10] reported that 30% of patients with either typical or 
extraesophageal symptoms had abnormal pH monitoring on 
q.i.d. PPI therapy. These proportions fell to 7% for the typical 
and 1% for the extraesophageal patients taking b.i.d. PPI and 
concluded that the likelihood of an abnormal esophageal pH 
for symptomatic GERD patients on b.i.d. PPI is very small 
[10]. In this group of patients failing b.i.d. PPIs, causes other 

than GERD should be sought.
Response to PPIs does not confidently establish the 

diagnosis of GERD when GERD has been defined using 
currently accepted reference standards. This raises the 
possibility that many patients who respond to a PPI (and 
are therefore frequently maintained on a PPI) are in fact 
receiving the equivalent of expensive long-term placebo 
treatment, or have an acid-responsive disorder other than 
GERD. On the other hand, the observation that 40 to 90 
percent of patients with symptoms suggestive of GERD 
have a symptomatic response to PPIs raises the question 
as to what the optimal gold standard should be for defining 
GERD [11].

An empirical trial of therapy with full- or double-dose PPI 
has been suggested as a “test” for GERD. Relief of symptoms 
within one week of omeprazole 20 mg twice daily had a 
sensitivity of 75% and a specificity of 55% when compared 

Table II. Statistical analysis: comparison of pH-metry variables 
between our patients and healthy volunteers [9].
Variables Patients 

Mean (±SD)
Healthy 

volunteer 
Mean (±SD)

p-value

% total time at 
pH less than 4

2.2 (2.8) 1.5 (1.4) 0.122

% upright 
time at pH less 
than 4

3.0 (4.2) 2.2 (2.3) 0.266

% supine time 
pH less than 4

1.2 (2.6) 0.6 (1.0) 0.140

Number of 
reflux episodes

56.0 (45.8) 19.0 (12.8) < 0.00001

Number of 
reflux episodes 
>5 min

0.8 (1.8) 0.8 (1.2) 0.872

Duration 
longest reflux 
episode (min)

4.8 (6.5) 6.7 (7.9) 0.199

DeMeester  
score

10.1 (10.5) 6.0 (4.4) < 0.00001

Table I. Comparing esophageal pH-metry results patients
Mean (±SD) Minimum Maximum

Patients Normal 
volunteers

Patients Normal 
volunteers

Patients Normal 
volunteer

% Total time at pH less than 4 2.2 (2.8) 1.5 (1.4) 0 0 14.4 6.0

% Upright time at pH less 
than 4

3.0 (4.2) 2.2 (2.3) 0 0 23.8 9.3

% Supine time pH less than 4  1.2 (2.6) 0.6 (1.0) 0 0 14.5 4.0

Fraction time % of pH<4: 
post prandial

2.7 (3.7) 2.3 (1.2) 0 0 19.3 7.5

Number of reflux episodes 56.0 (45.8) 19.0 
(12.8)

2.0 2.0 226 56.0

Number of reflux episodes 
>5 min

0.8 (1.8) 0.8 (1.2) 0 0 11 5.0

Duration longest reflux 
episode (min)

4.8 (6.5) 6.7 (7.9) 0 0 37 46.0

DeMeester score 10.1 (10.5) 6.0 (4.4) 0.5 0.4 51.8 18.0
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with endoscopy and ambulatory pH testing [12]. 
In another study, using pH as the gold-standard, an 

omeprazole trial had a positive and negative predictive value 
of 68% and 63%, respectively, and when the omeprazole 
trial was considered the standard, the pH test had identical 
positive and negative predictive values. Katzka et al reported 
abnormal esophageal pH studies in 56% of patients with 
refractory heartburn and 28% of patients with atypical reflux 
symptoms while taking omeprazole 20 mg b.i.d. and using 
the stricter definition of normal as esophageal pH <4 of 1.6% 
[13]. Sgouros et al [14] in a systematic review found that 
approximately 20% of patients with erosive esophagitis and 
15-25% of patients with normal endoscopy and abnormal 
24h esophageal pH monitoring continued to have heartburn 
despite treatment with standard PPI, furthermore, 30-40% 
of patients with normal endoscopy and 24-h studies have 
refractory heartburn to double dose PPI. In such cases 
compliance to therapy, duodenogastroesophageal reflux 
(DGER), gastroesophageal motility disorders may contribute 
to symptoms. Acid suppression appears adequate in the 
majority of patients with gastroesophageal reflux refractory 
to medical therapy. The exact cause of persistent reflux-like 
symptoms in patients who fail medical treatment is uncertain 
but may be related to non-acid-related factors such as 
esophageal hypersensitivity to physiologic reflux, increased 
intake of air resulting in aerophagia, or other factors such 
as bile reflux [15].

In order to demonstrate or exclude GERD in patients 
with PPI-resistant symptoms, Hemmink et al [16] concluded 
that ambulatory 24-h pH-impedance monitoring should 
preferably be performed after cessation of PPI therapy 
because this approach seems to offer the best chance to assess 
a relationship between symptoms and reflux episodes.

With the use of impedance pH-metry as in the literature, 
it can be confirmed that bile reflux (DGER) or gas reflux 

can participate in the patient’s symptoms. In the patients 
with refractory heartburn, the symptom can be associated 
with reflux (both acid and non-acid) or not associated with 
reflux. While conventional pH monitoring can quantify 
esophageal acid exposure and evaluate the association 
between symptoms and acid reflux, it cannot reliably detect 
reflux episodes with a pH > 4 (i.e. non-acid reflux). Detecting 
reflux episodes by changes in intraluminal resistance to 
alternating current (i.e. impedance), combined multichannel 
intraluminal impedance monitoring offers the opportunity 
to detect non-acid reflux episodes and to evaluate the 
relationship between symptoms and reflux. 

The limitation of our study was not performing esophageal 
impedance pH-metry to further categorize those patients with 
non-acid reflux and also comparing our results with healthy 
volunteers from a different population in another similar 
study. Still, esophageal pH monitoring is currently the most 
common used method to monitor gastroesophageal reflux in 
many laboratories around the world.

Conclusion
Our study showed that the majority of patients with 

refractory heartburn did not have acid reflux as documented 
by the DeMeester score and fraction time pH below 4 and 
also had negative symptom index. 

In patients with a low likelihood of GERD with no 
response to double dose PPI, a negative pH-metry finding 
while off PPI is sufficient to rule out acid reflux.We 
recommend esophageal impedance pH-metry to determine 
if there is non-acid reflux (gas or bile) to cause patients 
symptoms like heartburn. But in the minority of  patients 
with a high index of suspicion for GERD and refractory 
symptoms and a positive DeMeester score, there is a small 
possibility of acid reflux, and pH-metry while on PPI would 
be the next step.

Because patients with refractory heartburn often do 
not have evidence of reflux disease on pH monitoring,  
evaluating these patients should be performed while on acid 
suppressive therapy (using impedance-pH monitoring) in 
order to clarify the relationship between symptoms and acid 
and non-acid reflux.
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