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Gastroesophageal reflex disease is a common 
problem that frequently presents with atypical 
complaints including nausea, hiccups, globus 
sensation, chest pain, hoarseness, coughing, or 
various pulmonary complaints. Diagnosis may be 
difficult, as these patients often do not have ra- 
diographic or endoscopic evidence of esophagi- 
tis. In these difficult cases, prolonged esophageal 
pH monitoring provides an accurate method of 
quantitating acid reflux parameters and corre- 
lating symptoms with reflux episodes in an out- 
patient setting. Current equipment is compact, 
durable, and not difficult to use or extremely ex- 
pensive. Data analysis, with a particular empha- 
sis on acid-exposure time (total, upright, supine), 
reliably discriminates between abnormal and 
normal subjects but it is not a perfect “gold 
standard” for gastroesophageal reflux disease. 
Indications for esophageal pH monitoring in- 
clude: (1) atypical symptoms of acid reflux with 
normal endoscopy, (2) typical ref’lux symptoms 
unresponsive to medical therapy, and (3) the fol- 
low-up of reflux disease after either medical or 
surgical therapy. This test is currently per- 
formed primarily by gastroenterologists, but we 
believe many other groups may find this tech- 
nology helpful. To meet these expanding appli- 
cations, test refmements are necessary, particu- 
larly easier methods of placing the pH probe and 
better standards for defining abnormal pH pa- 
rameters in older patients. The future for esoph- 
ageal pH monitoring is bright. This technology 
has the potential to do for the diagnosis of gas- 
troesophageal reflux disease what endoscopy has 
done for the diagnosis of peptic ulcer disease. 
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G astroesophageal reflux disease (GERD) is the 
most common disorder of the esophagus, the 

major indication for antacid consumption [l], and 
probably the most prevalent clinical condition aris- 
ing from the gastrointestinal tract. In a recent Gal- 
lup survey [2], 20% of 800 randomly questioned 
adults complained of heartburn more than three 
times in the previous month, and an additional 25% 
had noted heartburn at least once in the last month. 
Although heartburn is the most common symptom 
of GERD, many patients have atypical complaints 
including nausea, vomiting, belching, hiccups, chest 
pain, hoarseness, recurrent coughing, globus sensa- 
tion, or pulmonary symptoms such as asthma or 
recurrent pneumonias. Awareness and a careful his- 
tory may help to identify some of these patients, but 
many have minimal to no complaints of heartburn 
or regurgitation. Many physicians rely on upper 
gastrointestinal evaluation with endoscopy or bari- 
um radiography in these cases. However, only 30% 
to 50% of patients with reflux develop mucosal 
damage to the esophagus [3,4], and the prevalence 
of endoscopic esophagitis may be even less in pa- 
tients with atypical forms of GERD [5]. 

In 1969, the British investigator Spencer [6] re- 
ported the use of an indwelling glass pH electrode, 
positioned above the lower esophageal sphincter 
(LES), to monitor intraesophageal pH continuous- 
ly. Patients were hospitalized and their activities 
restricted. Nevertheless, this technique overcame 
many of the limitations of other tests for detecting 
GERD [3]. The recent development of portable, 
compact recorders combined with rapid computer 
data analysis makes possible the widespread clini- 
cal application of esophageal pH monitoring. The 
purpose of this review is to familiarize physicians 
with prolonged esophageal pH monitoring, the data 
obtained, the advantages and limitations of this 
technology, and its clinical applications in the diag- 
nosis and management of GERD. 

HISTORICAL PERSPECTIVES 
The pioneering work with esophageal pH moni- 

toring was first reported by Spencer [6] and then by 
Johnson and DeMeester [7] in the United States. 
The latter investigators performed landmark stud- 
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ies in control subjects and patients with various 
degrees of GERD. Reflux was defined as an intrae- 
sophageal pH below 4.0; the duration of the reflux 
episode was the time until the pH was greater than 
4. A pH of 4 was chosen because: (1) it is unequivo- 
cally distinct from the usual esophageal pH, which 
is close to 7; (2) the proteolytic enzyme pepsin, 
which may be the most damaging component of 
acid reflux [8], is largely inactivated above pH 4.0; 
and (3) patients with symptomatic reflux show a 
reasonable association between an intraesophageal 
pH of 4.0 and onset and resolution of their symp- 
toms [9]. 

Johnson and DeMeester [7] developed a scoring 
system based on six variables to characterize the 
patterns of acid reflux: percentage of recorded time 
with intraesophageal pH less than 4 in the upright 
and supine positions as well as during the total ob- 

Figure 1. Various patterns of gas- 
troesophageal reflux as recorded 
by 24-hour ambulatory esophageal 
pH monitoring. pH is on the vertical 
axis and time on the horizontal 
axis. M = meal; S = sleep; P = post- 
prandial period. Top, normal or 
“physiologic” reflux pattern char- 
acterized by short, rapidly cleared 
acid reflux episodes after meals but 
no acid reflux while asleep. Mlddle, 
“upright reflux” pattern, which pri- 
marily represents an exaggeration 
of the physiologic pattern without 
supine reflux. These patients com- 
plain of frequent heartburn, regur- 
gitation, and belching but infre- 
quently have endoscopic esophagi- 
tis because the excessive acid is 
rapidly cleared by gravity, peristal- 
sis, and saliva during the awake 
hours. Bottom, “combined reflux” 
pattern with excessive acid reflux in 
both the upright and supine posi- 
tion. Note the prolonged acid expo- 
sure from 12:DD AM to 1:SD AM re- 
sulting from poor acid clearance. 
These patients frequently have se- 
vere symptoms, endoscopic esoph- 
agitis, and complications of GERD 
(strictures, ulcers, Barrett’s esoph- 
agus). 

servation period, the total number of reflux epi- 
sodes, the number of reflux episodes lasting longer 
than 5 minutes, and the duration of the longest 
episode [7]. Their studies in healthy subjects intro- 
duced the concept of “physiologic reflux” charac- 
terized by rapidly cleared upright reflux episodes 
occurring primarily postprandially, which are infre- 
quently associated with symptoms of esophagitis 
[7] (Figure 1). Studies in symptomatic patients 
with varying degrees of endoscopic and histologic 
esophagitis identified three patterns of pathologic 
reflux [lo]: upright refluxers, supine refluxers, and 
those with a combination pattern (Figure 1). More 
importantly, they called attention to the impor- 
tance of recumbent reflux episodes, primarily oc- 
curring during sleep, as a major risk factor for 
esophagitis. Later studies showed that supine re- 
flux was particularly damaging because acid clear- 
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ante was markedly delayed due to the supine posi- 
tion and decreased esophageal peristalsis and saliva 
production while asleep [11,12]. 

TECHNICAL ASPECTS 
Equipment 

The basic equipment consists of a pH electrode, 
reference electrode, and portable data logger. The 
pH electrode is usually attached to a catheter 
passed transnasally, but an alternative system em- 
ploys a pH-sensitive capsule that is swallowed and 
tethered intraesophageally by a string. pH elec- 
trodes are primarily made of glass or monocrystal- 
line antimony ranging in diameter from 2 to 4.5 mm. 
Response time and sensitivity are better with the 
glass electrodes [13], but they are more expensive 
and fragile than the antimony probes. Most studies 
are performed with a unipolar sensing electrode 
placed in the esophagus and a reference electrode 
attached to the skin. Differences between actual 
and recorded pH (drift) may occur when skin refer- 
ence electrodes are used, but much of this has been 
overcome by using adequately adherent reference 
electrodes and better contact jelly. Some new elec- 
trodes combine the pH sensor and reference elec- 
trode, eliminating the potential for drift, but the 
combination probes are larger in diameter and more 
expensive. Catheter systems containing two or 
more pH electrodes have been used to study gastro- 
pharyngeal, gastropulmonary, and alkaline reflux 
[14,X1]. Prior to the study, the pH electrode is cali- 
brated using neutral buffer and acid buffer (usually 
pH 2 or 4). To verify the reliability of the measure- 
ments, this calibration is often repeated after the 
probe is removed from the patient. Glass electrodes 
can usually be used for five to 10 studies and cost 
between $200 and $400, whereas antimony elec- 
trodes are more durable (8 to 15 studies) and less 
expensive ($50 to $lOO).’ 

Data loggers are now compact, weigh approxi- 
mately two pounds, and are worn on waistbelts. The 
important considerations are the ability to record 
accurately for the desired time interval with suffi- 
cient sampling rates (usually every 6 to 8 seconds) 
to provide reliable estimates of fluctuations in in- 
traesophageal pH [16]. Reflux data recorded from 
the same pH electrode on both a standard physio- 
graph and ambulatory recorder agree very closely 
[17,18]. An event marker in the recording system is 
essential to allow patients to indicate their symp- 
toms, which can be correlated with their diary and 
pH changes. Some systems have multiple event 
markers, but they appear to offer little advantage 
and may be confusing to the patient. At the comple- 
tion of the monitoring period, the stored data are 

downloaded into a computer, which analyzes the 
data and prints a graphic display of intraesophageal 
pH over time (Figure 1). There are several ambula- 
tory pH systems available in the United States that 
range in price from $10,000 to $15,000. 

Placement of the pH Electrode 
By convention, the pH electrode is placed 5 cm 

above the upper border of the manometrically de- 
fined LES. This naturally implies that one cannot 
place a pH electrode without performing esophage- 
al manometry-a possible limitation to the wide- 
spread use of this technology. Other methods of pH 
electrode placement include endoscopic or fluoro- 
scopic positioning and the observation of the pH 
change as the electrode is removed from the stom- 
ach. The former measurements have been com- 
pared with esophageal manometry and are not ac- 
curate enough for placement [19]. A recent study 
reports excellent correlation between the upper 
LES border and the pH step-up across the esopha- 
gogastric junction assessed as a mean of three deter- 
minations in the supine position [20]. However, our 
recent clinical experience suggests that this may not 
always be the case, especially in patients with large 
hiatal hernias or free GERD. 

Standardization of Diet and Activities 
The type, quality, and pH of ingested foods may 

all affect intraesophageal pH recordings. Patients 
are frequently told to avoid acidic foods such as 
fruit juices, tomato-based products, carbonated 
beverages, tea, black coffee, and yogurt during pro- 
longed pH monitoring. However, a recent study 
found that the esophageal pH changes from ingest- 
ed acidic foods are so transitory that the effect on 
the overall 24-hour acidity is minimal [21]. This 
observation is supported by a preliminary report 
suggesting that an ad-lib diet as compared with a 
pH greater than 5 standardized diet does not affect 
the discrimination and reproducibility of esophage- 
al pH monitoring [22]. Since many reflux symptoms 
primarily occur postprandially, dietary restriction 
may unnecessarily modify the patient’s regimen, 
thereby interfering with an accurate recording of 
symptoms and normal reflux patterns. Likewise, 
smoking, alcohol consumption, and exercise should 
not be restricted during esophageal pH monitoring. 

Duration and Timing of pH Testing 
The duration of the pH recording period and its 

timing in the diurnal cycle are both important con- 
siderations. Widely different recommendations 
have been made, including a 3-hour postprandial 
period [21,23], two consecutive 3-hour postprandial 
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periods [24], between 10 to 18 hours total duration 
[25,26], as well as a full 24-hour recording period. 
Although more convenient, the sensitivity of 
shorter test periods for detecting GERD is contro- 
versial. For example, one group [21] showed a high 
correlation (r = 0.92, p <O.OOl) between reflux mea- 
sured over a 23-hour period and that measured dur- 
ing only the upright period. On the other hand, 
another group [26] compared three different peri- 
ods of pH monitoring (24, 12, and 10 hours post- 
prandially) in 20 healthy control subjects and 20 
outpatients with symptomatic esophagitis. The 
sensitivity was 81% for the 24-hour recording period 
compared with 50% for the 12-hour period and 70% 
for the lo-hour postprandial period. Also, no signif- 
icant differences were observed in terms of patient 
tolerability for the test during any of the three peri- 
ods. We believe prolonged intraesophageal pH 
monitoring should involve at least 18 hours of test- 
ing. This duration maximizes the ability to discrim- 
inate subjects with abnormal reflux while also pro- 
viding sufficient time to study the patient’s normal 
activities and spectrum of complaints. Shorter 
study periods, however, may be adequate for pa- 
tients in whom travel, compliance, or the need for 
professional attention are major logistical 
problems. 

Study Tolerance and Technical Problems 
Patient tolerance and technical problems may in- 

terfere with accurate data collection. Some patients 
may not tolerate the indwelling pH probe, or the pH 
probe may not be properly positioned. Potential 
technical problems include displacement of the pH 
probe, pH drift of the reference electrode [13], sig- 
nal loss from the radio pill transmitter, lack of con- 
tact between the probe and the esophageal fluid as 
the result of food, mucus, or tip impaction in the 
esophageal wall [27], and lack of gastric acidity dur- 
ing a portion of the monitored period [28]. In our 
experience, patient compliance and technical prob- 
lems have been infrequent. Of a total of 585 studies 
attempted over the last 2 years, 560 (96%) were 
completed successfully. The most common prob- 
lems were technical (11 patients), patient compli- 
ance requiring early study termination (11 pa- 
tients), and inability to pass the probe (three 
patients). Other groups report unsuccessful studies 
in 6% to 13% of patients [28-301. 

DATA INTERPRETATION 
Normal Control Values 

Establishment of cut-off points for normal limits 
is a prerequisite for interpreting any test data. 
However, the mean age of control subjects and pa- 
tients should be similar if these values are to be 

clinically applicable. A normal data base estab- 
lished from younger control subjects may represent 
one of the more important limitations of current pH 
methodology. 

In a recent review of nine studies [31], the mean 
ages of the control subjects was 35.8 years compared 
with 48.9 years for the patients. The widely used 
normal values given by Johnson and DeMeester [7] 
come from 15 control subjects of whom neither the 
mean age nor sex ratio was stated. Using their six 
variables and a composite score, these investigators 
found that 85% of their symptomatic patients could 
be distinguished from control subjects. On the oth- 
er hand, Schleisinger et al [32] used the same pH 
variables but found that only 41% of symptomatic 
patients and 71% of patients with erosive esophagi- 
tis could be distinguished from control subjects. In 
this study, the mean age ,of control subjects (58 
years) was closely matched to that of the patients 
(56 years) but the mean f 1 SD for five of the six 
variables was markedly higher than reported by 
Johnson and DeMeester [7]. This suggests that age 
differences among control groups may be an impor- 
tant clinical variable. 

Investigations designed to address the effects of 
age on pH parameters have yielded conflicting re- 
sults. One study [33] found that patients over 45 
years had significantly greater amounts of physio- 
logic reflux than their younger counterparts. An- 
other group found that age by itself was not a criti- 
cal factor in selecting control subjects [34]. In a 
prospective serial study, aging approximately 8 
years in healthy adults (n = 10, age range 30 to 50 
years) did not alter the results of their overnight 
intraesophageal pH record [35]. Furthermore, De- 
Meester [36] recently reported no important 
changes in his normal values now that they have 
been extended to 50 subjects of whom 15 were 40 
years of age or older. Other factors clouding this 
issue include the type of control subjects used and 
the tendency of sensitivity to esophageal pain to 
decrease with age. For example, Schleisinger’s [32] 
control subjects consisted of hospitalized veterans 
with coronary artery disease, liver disease, hyper- 
tension, and diabetes mellitus. Neither their group 
nor other older control subjects with reflux values 
exceeding previously accepted “normal limits” 
have undergone endoscopy to exclude occult esoph- 
agitis or Barrett’s esophagus. We and others [37] 
have observed pathologic findings of esophagitis in 
both young and old “healthy” control subjects 
whose pH values exceeded normal laboratory 
limits. 

Recent studies [33,38] have shown the esophageal 
pH variables from healthy adults are not normally 
distributed, but rather have an asymmetric distri- 
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TABLE I 
Normal Values for pH 

Component 

Creighton (DeMeester) (n = 50) 
Mean Age 32 years (23-71 years) 

30 women, 20 men 
Mean SD 95% 

Bowman Gray/UAB (n = 48) 
Mean Age 32 years (19-57 years) 

24 women, 24 men 
Mean SD 95% 

Total time (%) 1.51 1.36 4.45 1.60 1.47 4.70 
Upright time (%) 2.34 2.34 8.42 2.19 2.26 6.71 
Supine time (%) 0.63 1.00 3.45 0.50 0.77 2.42 

Number of episodes 19.00 12.76 46.90 20.09 15.17 58 

Number >5 minutes 0.84 1.18 3.45 0.56 1.29 Longest episode (minutes) 6.74 7.85 19.80 4.51 5.56 1G.5 
UAB = University of Alabama at Birmingham. 

bution, skewed to the right. Therefore, it may not 
be appropriate to establish an upper limit of normal 
using the mean f 2 SD. Nonparametric analysis 
should be applied, with normal data presented as 
either the 95th percentile of the actual individual 
reflux points [36,37], or a receiver-operating charac- 
teristic (ROC) analysis may be used to define opti- 
mal thresholds [38]. The latter analysis correlates 
true- and false-positive rates for a series of cut-off 
points, thereby maximizing the sensitivity without 
compromising the specificity. Using an ROC analy- 
sis, Schindlebeck et al [38] achieved a maximum 
sensitivity of 93.3% and specificity of 92.9% using as 
reflux parameters the percent time with pH less 
than 4 in both the upright (10.5%) and recumbent 
(6%) positions. These threshold values, however, 
were considerably higher than values previously re- 
ported [7,22,26,32,37]. In contrast, we have recently 
expanded our normal data base to 46 subjects, of 
whom 12 were 40 years of age or older (Table I). 
Data presented as either mean + 2 SD or 95th pei- 
centile are remarkably similar to the expanded nor- 
mal data base of DeMeester [36]. This would indi- 
cate that normal reflux parameters for healthy, 
relatively young individuals can be quantitated and 
are similar in various parts of the United States. 

Discriminating pH Parameters for Separating Abnor- 
mal and Normal Subjects 

Scoring systems that incorporate several of these 
individual parameters have been proposed to in- 

Many variables have been advocated as the best 
discriminator of abnormal GERD, including the to- 
tal percent time with acid reflux [37-411, the per- 
cent time with acid reflux while erect [25,30], the 
percent time with acid reflux while supine [7], the 
daytime percent time with acid reflux [42], and the 
number of reflux episodes longer than 5 minutes 
[32]. The majority of studies favor the total percent 
time at pH less than 4 as the single best and most 
reproducible determinate of GERD, with a sensitiv- 
ity and specificity approaching 88% and 96%, 
respectively. 

crease the discrimination between physiologic and 
pathologic reflux. The scoring system of Johnson 
and DeMeester [43] incorporates six weighted pH 
variables, depending on their deviation from nor- 
mal values, into a composite score. The calculations 
are somewhat complex but can rapidly be done by 
computer, giving a 90.3% sensitivity and a 90% 
specificity [43]. A simpler frequency-duration index 
derived by multiplying the mean number of reflux 
episodes/hour by the mean cumulative duration of 
reflux episodes per hour has been popularized by 
European investigators [44]. This score appears to 
provide good discrimination between normal sub- 
jects and symptomatic patients during the day, but 
it is less discriminating at night. However, we have 
found that the number of reflux episodes per hour is 
the least reproducible of pH parameters [41,45]. 
This shortcoming results from the somewhat sub- 
jective definition of the end of a reflux episode such 
that minor oscillations of pH above the threshold 
value can produce a great variation in the numbers 
of reflux episodes with little change in the actual 
acid exposure time. We suggest that acid contact 
time, expressed as percent acid exposure in the up- 
right position, in the supine position, and during 
the total study, be the primary criterion for identi- 
fying abnormal reflux. In our experience, an abnor- 
mal value among any combination of these three pH 
parameters has a 93% sensitivity and 93% specific- 
ity [41]. 

Reproducibility and Variability of pH Parameters 

We have studied 53 subjects on two occasions at 
least 10 days apart using the three variables of acid 

The reproducibility of data obtained during pro- 
longed esophageal pH monitoring is a critical issue 
because it is the most physiologic test for GERD 
and may be the only study capable of identifying 
some patients with abnormal acid reflux. The re- 
producibility of pH monitoring is confounded by 
the potential for large daily variability in acid expo- 
sure resulting from diet, activity, position, and idio- 
syncrasies in the pH probe (position, mucus, drift). 
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Figure 2. One hour of pH monitoring record, showing associa- 
tion of atypical reflux symptoms (chest pain) with acid reflux 
episodes. The study was obtained from a middle-aged man 
who had several admissions to coronary care units for chest 
pain and eventually had a normal coronary angiogram. Upper 
gastrointestinal endoscopy was unrevealing and the patient 
did not respond to a “therapeutic” trial of an Hs blocker at 
bedtime. The only study identifying GERD was 24-hour pH 
monitoring. Once diagnosed, his symptoms resolved with 
morning and bedtime Hz blocker therapy. 

exposure time (total, upright, supine) as the criteria 
of abnormal reflux [41]. The differentiation of ab- 
normal from normal agreed overall in 89% of cases. 
Among subsets, the reproducibility was 93% for the 
normal subjects and patients with esophagitis and 
84% for the subjects with atypical chest symptoms. 
However, there was considerable variability in the 
amount of total acid exposure occurring in any one 
individual from day-to-day. The overall interstudy 
variability was 3.2-fold with the absolute percent 
time of reflux varying from 69% lower to 224% high- 
er than that of the initial study. Nevertheless, sub- 
jects usually did not cross the cut-off point separat- 
ing normal and abnormal reflux parameters. 

Other studies confirm the reproducibility of pH 
monitoring despite the considerable variability in 
acid exposure times. Three different studies in a 
total of 50 patients found agreement in 75% of the 
tests reported on two occasions [46-481. Boesby [49] 
performed 10 separate 12-hour overnight pH stud- 
ies on one patient. Despite a high coefficient of vari- 
ation ranging from 0.61 to 0.94, he found that the 
pH results were always within the normal range. 
Donald et al [29] noted a two-fold variation in the 
total duration of reflux in six patients studied for 24 
hours. He advised caution when interpreting values 
near the upper limit of normal. 

Ambulatory esophageal pH monitoring may not 
be a true “gold standard” for identifying GERD. 
However, it is reasonably reliable as a diagnostic 
test once its limitations are understood. Differences 
between individual studies must be interpreted 
carefully when the values are near the cut-off point 
for normal. The large daily variability in acid expo- 
sure also makes 24-hour pH monitoring a poor indi- 
cator of therapeutic efficacy in the individual pa- 
tient unless medical or surgical therapy can reduce 
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previously high acid exposure times well into the 
normal range [41]. 

Correlation of Symptoms and pH Events 
Documentation of abnormal GERD does not 

prove that the patient’s symptoms are acid related. 
The ability to provide direct correlation between 
symptoms and pH activity may be the most impor- 
tant feature of ambulatory esophageal pH monitor- 
ing systems. In our laboratory, we have developed a 
“symptom index,” which is defined as the quotient 
of the number of symptoms specifically associated 
with acid reflux divided by the total number of 
symptoms during the recording interval, expressed 
as a percentage [45,50]. This is particularly helpful 
in patients with atypical symptoms of GERD (Fig- 
ure 2). In our experience, approximately one third 
of patients will have normal reflux parameters but 
close correlation between symptoms and reflux epi- 
sodes. Whether this represents hypersensitivity to 
physiologic amounts of refluxed acid or abnormal 
amounts of reflux missed by the pH probe is un- 
known. Likewise, one third of patients with abnor- 
mal amounts of acid reflux will have poor or no 
correlation between their symptoms and reflux epi- 
sodes. Since GERD is very common, this may repre- 
sent the coincidental occurrence of two problems 
without a direct causal relationship. 

An obvious limitation of the symptom index is 
the requirement that the patients have their symp- 
toms during the study interval. As a result of inves- 
tigating patients with frequent symptoms (at least 
weekly) and encouraging them to participate in ac- 
tivities known to bring on their complaints, only 
10% to 15% of patients have no symptoms during 
the monitoring period. In addition, it is difficult to 
define clearly the lower limits of a positive symptom 
index. Our initial study suggested that a correlation 
between 75% to 100% was highly suggestive of a 
causal relationship, while correlations between 25% 
to 75% were indeterminate [50]. Subsequent studies 
in noncardiac chest pain patients treated with high 
doses of Hz blockers or omeprazole suggest that 
most patients with symptom indexes greater than 
25% will improve with intensive medical therapy 
[511. 

COMPARISON OF PROLONGED pH 
MONITORING AND OTHER TESTS FOR GERD 

Physicians have a large number of tests available 
to help in diagnosing GERD. These tests evaluate 
different variables in a disease spectrum [3]: poten- 
tial for reflux (low LES pressure, hiatal hernia); 
esophageal mucosal damage (esophagography, en- 
doscopy, mucosal biopsy); esophageal acid sensitiv- 
ity (Bernstein test, prolonged pH monitoring); and 
the actual presence of reflux (esophagography, 
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standard acid reflux test, esophageal scintigraphy, 
prolonged pH monitoring). Unfortunately, no sin- 
gle test has been accepted as the “gold standard” 
for GERD nor may any single test answer all ques- 
tions in a difficult case. In addition, the availability 
of the tests, requirements for special equipment 
and training, expense, and patient discomfort are 
important factors in determining the priority in 
which these tests are obtained. 

When the purpose of the test is screening for 
GERD, the high sensitivity (88% to 95%) of pro- 
longed pH monitoring makes it the best test cur- 
rently available [3,31]. The data support this con- 
tention with typical reflux symptoms and also 
suggest it is the best study to identify the possible 
contributions of GERD in patients with atypical 
reflux presentations. Patient discomfort and cost 
($250 to $400 including physician fees in the South- 
eastern United States) are comparable to those of 
upper gastrointestinal endoscopy. However, gener- 
al widespread application of prolonged 24-hour pH 
monitoring has been limited by equipment avail- 
ability (currently used primarily by gastroenterolo- 
gists in large medical centers or private groups) and 
the need for pH probe placement by manometric 
measurements of the LES. For these practical rea- 
sons, endoscopic examination of the esophagus or a 
barium esophagography is usually the first diagnos- 
tic study ordered in patients with GERD. Endosco- 
py with mucosal biopsies has 100% sensitivity and 
specificity for identifying esophagitis but only 50% 
to 70% sensitivity for the presence of GERD. Simi- 
larly, the barium esophagography, particularly dou- 
ble contrast studies, has a sensitivity and specificity 
approaching 90% for erosive or ulcerative esophagi- 
tis [52] and has excellent diagnostic accuracy for 
identifying strictures, rings, or carcinomas. How- 
ever, this test is insensitive for mild degrees of in- 
flammation and the fluoroscopic presence of free 
reflux has a sensitivity of only 40% for GERD [3]. 
Esophageal manometry has a unique role in the 
assessment of esophageal motility and should be 
performed before all antireflux operations. How- 
ever, the presence of a low LES pressure (less than 
10 mm Hg) has poor sensitivity (12% to 73%) for 
GERD [3,31]. Figure 3 summarizes our suggested 
algorithm for using prolonged esophageal pH moni- 
toring in the diagnosis of GERD. 

CLINICAL APPLICATIONS 
Although designed and used principally by physi- 

cians and surgeons studying esophageal complica- 
tions of GERD, the ease and availability of 24-hour 
esophageal pH monitoring has provided a tool for 
assessing the contributions of GERD to diseases 
generally considered to be of extradigestive origin. 
Consequently, the clinical applications of pro- 

GERD Symptoms 

l Alarming 

. Atypiral 

1 Unresponsive 

Negative Positive 

I I 
Prolonged pH Monitoring 

Aggressive Medical 
or Surgical Treatment 

Normal Abnormal 

I I 
Look for other 
Diagnosis 

Aggressive Medical 
or Surgical Treatment 

Figure 3. Suggested algorithm for diagnosing GERD using en- 
doscopy, barium radiography, and prolonged pH monitoring. 
Patients with typical reflux symptoms can be treated without 
further diagnostic studies. Alarming symptoms (dysphagia, 
bleeding, weight loss), atypical symptoms (chest pain, pulmo- 
nary, or ear, nose, or throat complaints), or “classic” symp- 
toms unresponsive to HZ blockers require further investiga- 
tion. Depending upon the availability, upper gastrointestinal 
(UGI) endoscopy or radiography will be the first diagnostic 
study. If esophagitis is identified, no further testing is neces- 
sary and the physician can pursue more aggressive medical 
or surgical therapy. If these studies are negative or inconclu- 
sive, prolonged esophageal pH monitoring should be per- 
formed even if this requires referral to a major medical cen- 
ter. 

TABLE II 

Indications for Ambulatory Prolonged Esophageal pH 
Monitoring 

l Atypical symptoms of GERD with normal endoscopy 
Non-cardiac chest pain 
ENT or pulmonary symptoms 
Other atypical presentations 

(belching, hiccups, epigastric pain) 
l Typical symptoms of GERD, normal endoscopy, and 

unresponsive to medical therapy 
l Follow-up of GERD after therapy 

Medical (assess efficacy of drug treatment) 
Surgical (preoperative and postoperative) 

ENT = ear, nose, or throat. 

longed esophageal pH monitoring have broadened 
(Table II). 

Non-Cardiac Chest Pain 
Non-cardiac chest pain is a syndrome defined by 

angina-like substernal chest pain in patients with 
normal epicardial coronary arteriograms. Some of 
the most difficult and perplexing cases seen by phy- 
sicians fa into this category. Although the natural 
history is benign [53-541, patients with non-cardiac 
chest pain can be quite debilitated by their symp- 
toms and utilize disproportionate amounts of medi- 
cal resources [55]. Potential sources of non-cardiac 
chest pain include musculoskeletal problems [56], 
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esophageal motility disorders [57], GERD [58], pan- 
ic attacks [59], and most recently the syndrome of 
microvascular angina [60]. 

Symptomatic GERD usually causes heartburn 
but up to 10% of patients with reflux can have 
angina-like chest pain as their only symptom [57]. 
Recent studies suggest that acid reflux disease may 
be the most common cause of non-cardiac chest 
pain. This is an important message because GERD 
is easily treated when identified. 

The first clinical study of GERD-associated chest 
pain was by DeMeester et al [58]. They investigated 
50 patients with angina-type chest pain and normal 
coronary angiograms, finding 23 to have abnormal 
acid exposure during prolonged pH monitoring. Of 
the 13 patients with acid reflux having chest pain 
during the study, 12 had an association with acid 
reflux. These latter patients all had a complete re- 
sponse to medical or surgical therapy directed at 
treating their GERD. Other reports have shown 
that 9% to 33% of patients with normal coronary 
anatomy will have their typical chest pain occur 
during reflux episodes [61-63]. We have recently 
used prolonged pH monitoring to study 75 consecu- 
tive patients with non-cardiac chest pain referred to 
us by cardiologists. Thirty-nine patients (52%) had 
abnormal reflux parameters. Thirteen patients did 
not have chest pain during pH monitoring but 10 
had abnormal reflux parameters. Of the remaining 
62 patients with chest pain during pH monitoring, 
37 (49%) had symptoms coinciding with document- 
ed reflux episodes (mean symptom index 53%; 
range 6% to 100%). Overall, GERD definitely con- 
tributed to chest pain in 49% of our patients and 
may have contributed to pain in an additional 25% 
[641- 

Exertional chest pain is a classic symptom of cor- 
onary artery disease and an important differential 
finding. However, recent studies suggest that exer- 
tion may exacerbate GERD in reflux patients 
and induce acid reflux in healthy subjects [65,66]. 
Schofield et al [65] used prolonged esophageal 
pH monitoring during exercise treadmill testing in 
52 patients with chest pain and normal coronary 
arteriograms to assess the frequency of GERD-as- 
sociated pain. Eleven patients had abnormal base- 
line reflux parameters, of which nine (82%) had 
their typical chest pain occur coincident with reflux 
during treadmill testing. More interestingly, 13 pa- 
tients with normal baseline reflux parameters expe- 
rienced exertional chest pain while on the treadmill 
that occurred during acid reflux episodes. None of 
these patients showed electrocardiographic evi- 
dence of ischemia. Overall, 44% of patients studied 
were shown to have their chest pain reproduced 
simultaneous with acid reflux [65]. 

GERD and heart disease both increase in preva- 

lence as people grow older [57]. Therefore, reflux- 
induced chest pain can also occur in patients with 
obstructive coronary artery disease. Since these 
pain syndromes can be identical, objective data are 
essential to determine the source. Prolonged ambu- 
latory esophageal pH monitoring and simultaneous 
multilead cardiac monitoring (Halter) permit the 
concurrent recording of both esophageal and cardi- 
ac events. In a group of 18 patients with angio- 
graphically documented obstructive coronary ar- 
tery disease, we found that seven patients (39%) 
had abnormal acid reflux parameters and eight of 
16 patients (50%) experienced chest pain episodes 
coinciding with acid reflux during prolonged moni- 
toring. Four patients also had evidence of ischemia, 
two with associated acid-induced’ chest pain and 
one with abnormal reflux parameters. Therapy 
based on these findings resulted in coronary artery 
bypass grafting in two patients, increased nitrates 
in one patient, and Hz-antagonist therapy in seven 
patients. In the last group, five of seven patients 
with reflux-associated pain improved while receiv- 
ing famotidine, 40 mg twice daily [51]. 

Pulmonary Disorders 
Recently the link between GERD and respiratory 

disease has gained increased recognition [67-691. 
Asthma [70-731, chronic cough [74], bronchitis 
[75,76], pneumonitis [75,77,78], apnea [79-81], at- 
electasis [77], and pulmonary fibrosis [82] occur in 
adults and children in association with acid reflux 
disease. The proposed mechanisms of reflux-in- 
duced pulmonary disease include microaspiration 
[83,84] and intraesophageal acid stimulating reflex 
neural pathways [73,83,85]. 

Reactive airway disease is the most extensively 
studied pulmonary complication associated with 
GERD. From 30% to 85% of selected groups of asth- 
matics will have abnormal acid reflux [70,86,87]. 
When compared with control subjects, asthmatic 
patients have significantly greater esophageal acid 
exposure times, more frequent reflux episodes, and 
longer clearance times in both the upright and su- 
pine positions during prolonged esophageal pH 
monitoring [88]. In addition, first-line asthma med- 
ications (theophylline and &adrenergic agonists) 
may exacerbate reflux by decreasing LES pressure 
[89], although a recent report questions this rela- 
tionship [88]. A number of investigations have doc- 
umented the effectiveness of antireflux surgery in 
managing acid-induced bronchospasm [70,90-941 
and medical therapy with Hz antagonists has also 
been shown to improve respiratory symptoms 
[71,81,95,96]. 

Prolonged ambulatory esophageal pH monitor- 
ing is the most sensitive and reliable test available 
for documenting abnormal GERD in patients with 
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suspected acid-induced pulmonary symptoms 
[68,94,96]. For example, Pellegrini et al [94] identi- 
fied abnormal GERD by 24-hour esophageal pH 
monitoring in 22 of 46 patients suspected of having 
pulmonary aspiration symptoms. Only eight of 
these patients (36%) had endoscopic esophagitis 
and LES pressures did not differentiate the two 
groups. Therefore, where available, ambulatory 24- 
hour pH monitoring should obviate circumstantial 
means of documenting acid reflux, such as barium 
esophagography, esophageal manometry, and en- 
doscopic visualization of esophagitis. 

Most prolonged pH studies assessing asthmatic 
patients have only identified acid reflux into the 
distal esophagus. If reflex neural pathways are pro- 
ducing bronchospasm, this would be the best posi- 
tion for locating the pH probe. However, a recent 
study found that only 25% of wheezing events oc- 
curred during or immediately after an episode of 
acid reflux recorded at 5 cm above the LES [97]. 
This poor correlation suggests that other factors, 
such as microaspiration, might be important in pro- 
ducing acid-induced wheezing episodes. Current 
technology now permits a second pH probe to be 
positioned at or just above the upper esophageal 
sphincter. Using this dual system, we have docu- 
mented distal acid reflux in four of seven patients 
with suspected acid-induced respiratory symptoms. 
More importantly, the pharyngeal probe identified 
microaspiration in three patients with excellent 
correlation with wheezing symptoms [98]. Hopeful- 
ly, more studies with the dual probe and drugs that 
can virtually eliminate acid secretion (i.e., omepra- 
zole) may help to define the contributions of mi- 
croaspiration and/or reflex neural pathways to 
acid-related pulmonary symptoms. 

On the other hand, cough caused by primary pul- 
monary disorders can induce GERD due to inter- 
mittent increases in intra-abdominal pressure. Pro- 
longed ambulatory monitoring can help determine 
whether the cough is preceded and potentially due 
to reflux or whether the reflux is a secondary event 
WI. 
Laryngopharyngeal Disorders 

Chronic hoarseness, cough, cervical dysphagia, 
and globus are laryngopharyngeal symptoms that 
occur in association with GERD [5,15,99-1041. 
Structural abnormalities such as vocal cord ulcers 
and granulomas [105-1071, posterior pharyngitis 
and laryngitis [102,108], subglottic stenosis [log], 
and laryngeal and glottic carcinoma [15,110,111] 
have been attributed to GERD. Traditionally, these 
disorders were thought to be caused by external 
irritants such as alcohol, tobacco smoke, and endo- 
tracheal intubation while “post-nasal drip” was 
considered the major cause of chronic hoarseness 

[103,112]. Pioneering work by Margulies, Cherry, 
Delahunty, and co-workers [100,105,108] implicat- 
ed reflux as a possible cause of laryngeal ulcers and 
granulomas because they were able to reproduce 
these lesions in dogs by applying gastric juices to 
the vocal cords [ 1061. Empiric treatment of laryngo- 
pharyngeal symptoms with antireflux medical pro- 
grams or surgery has resulted in symptomatic relief 
in some, but not all, cases [lOl-103,107,113], possi- 
bly because treatment was largely based on circum- 
stantial evidence of GERD. 

Prolonged esophageal pH monitoring has con- 
firmed that laryngopharyngeal disorders are associ- 
ated with GERD. We have studied 33 patients with 
chronic hoarseness and laryngeal lesions suggestive 
of acid irritation with a dual pH probe system [15]. 
The majority (67%) of patients with hoarseness had 
abnormal upright or supine acid reflux into the dis- 
tal esophagus but only one patient had a single epi- 
sode of detected gastropharyngeal reflux. Likewise, 
56% of patients with laryngeal cancer had abnormal 
upright and supine distal acid reflux and two epi- 
sodes of gastropharyngeal reflux were detected [98]. 
In contrast, studies by Katz et al [114] documented 
simultaneous hypopharyngeal and distal esophage- 
al reflux in seven of nine patients with chronic re- 
fractory dysphonia. Further studies by several labo- 
ratories have provided some other interesting 
insights [5,15,114,115]: (1) up to two thirds of pa- 
tients presenting with laryngopharyngeal symp- 
toms associated with GERD do not demonstrate 
typical symptoms of heartburn; (2) endoscopic or 
radiographic evidence of esophagitis is uncommon 
in these patients; (3) patients with laryngopharyn- 
geal disorders are predominantly upright refluxers; 
and (4) repeat studies may be needed to document 
GERD, as the false-negative rate may be as high as 
15%. In balance, Wilson et al [116] failed to demon- 
strate abnormal acid reflux in the vast majority of 
patients with globus symptoms despite the fact that 
56% complained of occasional heartburn. 

Symptomatic Heartburn in the Setting of a Negative 
Workup 

Conservative antireflux measures will fail in 
some patients with typical reflux symptoms and 
they will not respond to therapeutic trials of Hz 
blockers administered twice daily. In this group, 
prolonged esophageal pH monitoring is particularly 
useful and generally identifies two subsets. The 
first is the patient with symptoms compatible with 
GERD that occurs during the study in the absence 
of acid reflux. The second is the patient with symp- 
toms correlating with acid reflux that seem to be 
intractable to conventional therapy. 

The group of patients with GERD symptoms 
poorly correlating with acid reflux are difficult to 
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manage. They tend to see a number of physicians 
and are apt to submit themselves to multiple proce- 
dures and even surgery when offered promises of 
relief. Some of these patients may be having acid 
reflux undetected by the pH probe [27], or esopha- 
geal distension without acid reflux may be produc- 
ing their symptoms of “heartburn” [117]. A recent 
study in our laboratory suggests another possible 
mechanism. We studied 10 patients with upright 
reflux during laboratory-induced stress after a re- 
fluxogenic meal. Psychologic profiles were mea- 
sured with the Hopkins Symptom Checklist 90-R 
and Millon Behavior Health Inventory. Patients 
with psychologic profiles suggesting a tendency 
toward gastrointestinal somatization reported in- 
creased symptoms of acid reflux during stress with- 
out significant changes in reflux parameters [118]. 
This and other preliminary studies [119,120] sug- 
gest a link between patients’ psychologic states and 
their perception of reflux symptoms. 

The second type of patient with confirmed reflux 
refractory to medical therapy poses a separate 
problem. In some cases, it may be reasonable to 
repeat a prolonged pH study while the patient is 
receiving a standard dose of Hz blockers to docu- 
ment “breakthrough reflux.” If persistent reflux is 
identified, there is emerging data suggesting that 
increases in the dose and frequency of the Hs 
blocker will result in symptomatic improvement 
[121,122]. Usually famotidine 40 mg two to three 
times daily or ranitidine 300 mg two to four times 
daily will result in improvement in up to two thirds 
of refractory cases. Omeprazole will even more dra- 
matically improve reflux symptoms [122]. 

Preoperative and Postoperative Evaluation of Patients 
Who Undergo Antireflux Surgery 

Physiologic evaluation of the esophagus is essen- 
tial prior to antireflux surgery [123]. Prolonged am- 
bulatory pH studies can confirm that the patient’s 
symptoms are due to GERD. Even if ulcerative 
esophagitis is present, the absence of abnormal re- 
flux parameters, particularly in older patients, 
should suggest an alternative diagnosis such as pill- 
induced esophagitis [ 1241. Esophageal manometry 
ensures the presence of adequate peristaltic forces 
to propel a bolus through the surgically recreated 
high pressure zone at the gastroesophageal junc- 
tion. Because symptoms overlap, inadequate objec- 
tive documentation may result in poor postopera- 
tive results due to the incorrect initial diagnosis of 
GERD or an unrecognized primary esophageal mo- 
tor disorder such as achalasia [123,125]. 

Prolonged esophageal pH monitoring is also use- 
ful postoperatively in evaluating persistent or re- 
current reflux symptoms. This study will usually 
show abnormal pH parameters prior to the redevel- 

opment of endoscopic esophagitis [123]. Following 
antireflux surgery, some patients will have postop- 
erative symptoms in the absence of acid reflux. If a 
preoperative pH study is not available, the unan- 
swerable question about acid reflux causing the pre- 
operative symptoms is raised, leading to frustration 
on the part of the patient and the physician. 

CONCLUSIONS 
Ambulatory esophageal pH monitoring has been 

extensively investigated and is regarded as a reli- 
able diagnostic aid, although it is not a perfect “gold 
standard,” for GERD. Clearly, patients with typical 
reflux symptoms or endoscopic esophagitis need no 
further confirmation of their diagnosis. However, 
ambulatory pH monitoring can provide extremely 
useful information in many other difficult cases 
(Table II). This test is currently ordered and per- 
formed usually by gastroenterologists, but we be- 
lieve other groups may find this technology helpful, 
including cardiologists, pulmonologists, otolaryn- 
gologists, surgeons, and internists. To meet these 
expanding applications, test refinements are neces- 
sary, particularly easier placement of the pH probe 
and better standards for defining abnormal pH pa- 
rameters in older patients. The future clinical and 
research applications of prolonged esophageal pH 
monitoring are bright. This technology has the po- 
tential to do for the diagnosis of GERD what endos- 
copy has done for the diagnosis of peptic ulcer 
disease. 
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