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Forty years have elapsed since Johnson and DeMeester’s
seminal studies on prolonged intraluminal esophageal pH
monitoring [1] that led to the now popular notion of using
ambulatory studies to detect abnormal gastroesophageal
reflux (GER). Major technical diagnostic advances coupled
with the evolution of highly effective acid suppressing
medications have enhanced diagnosis and treatment of
GER.

In this issue of Digestive Diseases and Sciences, Drs.
Lin and Triadafilopoulos [2] describe their retrospective
observations obtained from combined gastric and esopha-
geal pH monitoring without impedance in 172 patients
diagnosed with proton pump inhibitor (PPI)-responsive
persistent heartburn or acid regurgitation. Despite being
asymptomatic when receiving either a single (43.6 %) or
double (56.4 %) PPI dose, 54.1 % of the patients surpris-
ingly had abnormal esophageal acid exposure (mean
time < pH 4 = 14.3 %; nl = <8.2 %), indicating that
gastric acidity is poorly controlled by PPIs and that gastric
acidity correlates poorly with reflux symptoms. Since the
technique of combined impedance pH measures all reflux
episodes [3], it is predictable that use of this technique
identifies more continuing reflux and opportunities for
symptoms than does pH-only-based monitoring. In the Lin
and Triadafilopoulos study, some patients did report
symptoms, including dyspepsia, which may well have been
identified as heartburn or regurgitation by other patients.
As an example, Rife et al. [4] from our laboratory reported
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a wide variation of symptoms between patients and phy-
sicians, the understanding of which is essential to the
interpretation of reflux symptoms.

Lin and Triadafilopoulos reported a very weak correla-
tion (R = 0.011) between esophageal and gastric %
time < pH 4 while receiving PPI therapy, entirely consis-
tent with our results obtained with similar methods in 398
patients taking PPIs twice daily, in which we also reported
very poor correlation (R* = 0.11) between gastric and
esophageal % time < pH 4.0 [5], reflected in the inde-
pendent scatter between these two measures depicted in
Fig. 1.

There are at least two simple explanations for these poor
correlations. The first relates to the pH determination itself,
which is a qualitative measure of acid concentration and
provides no information on the quantity of acid present in
the stomach. Thus, a pH of <4 could represent 5 ml or 5 1
of such acidic material. It is well known that the volume of
gastric contents is a major factor determining the potential
for GER. Moreover, multiple factors feed into GER path-
ophysiology such as transient lower esophageal sphincter
(LES) relaxations induced by gastric distention [6],
mechanical factors related to sliding hiatal hernia, LES
resting tone, obesity, gastric emptying, and esophageal
peristalsis. Thus, it would be somewhat unreasonable to
expect a strong correlation between gastric and esophageal
pH values without accounting for esophageal motility
abnormalities, hiatal hernia, or low LES pressure, which
were not discussed by Lin and Triadafilopoulos. Another
source of variability, as the authors pointed out, is that the
patients did not consume standard meals, had varying
lifestyles, and, most importantly, were treated with differ-
ing types and frequency of PPIs, since meal pH, type of
PPI, and frequency of PPI administration can affect % time
of esophageal and gastric pH <4 [7].
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Fig. 1 Relationship between percent time of gastric pH <4 and
percent time of esophageal acid exposure

Ambulatory gastric pH measurement is, however, of
value in assessing the need to adjust acid suppressive
therapy. Of the 398 patients studied in our laboratory, 50 %
had gastric pH >4 throughout the monitoring period,
although one-third had variable periods at night with gas-
tric pH <4, a pharmacologic phenomenon typical of PPI
therapy termed “nocturnal acid breakthrough,” [8] readily
controlled with the addition of a single dose of an hista-
mine-2 receptor antagonist at bedtime [9]. A 24-h gastric
pH >4 indicates successful acid suppressive therapy.

The report by Lin and Triadafilopoulos provides
important information on the effectiveness and limitations
of acid control with PPI therapy [2]. Combined with our
similar experience, it emphasizes the importance of

monitoring gastric and esophageal pH during PPI therapy
as a guide to therapy.
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