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Executive Summary

Background

Gastroesophageal reflux disease (GERD) is a disorder marked by heterogeneity in symptoms,
severity, and available treatment options. Esophageal pH recording is a technique used to evaluate
certain patients who may have unusual presentations or difficult to treat manifestations of GERD.
Traditionally, this has been done using a pH probe placed in the esophagus and attached by wires
to recording equipment, usually for a period of 24 hours. A wireless system is now available, in
which the pH probe clipped to the esophagus transmits information to a pager-sized receiver worn
by the patient. The wireless system may offer better patient comfort.

Evaluating the value of pH monitoring is difficult. First, there is no gold standard diagnostic test
for GERD. The ability of pH monitoring to distinguish between clinically defined GERD subjects
and normal controls is limited. Without a reference standard, standard measures of sensitivity and
specificity cannot be calculated.

Solid evidence linking the use of any type of pH monitoring to improved patient outcomes is lacking.
Current practice guidelines endorse the use of pH monitoring in selected patients, but technical
reviews accompanying the guidelines acknowledge that there is modest evidence showing that pH
monitoring improves patient outcomes.

Objective
This Special Report will provide information relevant to the evaluation of wireless pH monitoring.
This Report will summarize information on:

m Diagnostic performance and clinical utility of traditional pH monitoring
m Feasibility of wireless pH monitoring
m Comparison of performance of traditional and wireless pH monitoring

Methods

MEDLINE was searched using the terms “wireless” and “pH monitoring” for the time period up
to March 2006. Articles were identified that involved human studies of the wireless pH monitoring
system for use in the diagnosis and management of patients with possible GERD. Additionally,
article bibliographies and a bibliography updated to January 2006 supplied by the manufacturer
of the wireless system were searched.

* This Special Report evaluates the available evidence on wireless esophageal pH monitoring. It does not address the question as to
whether the TEC criteria are met, primarily because evidence supporting the clinical role of conventional esophageal pH monitoring
is limited and because of the lack of a gold standard, it would be difficult to derive meaningful performance data for the use of
wireless monitoring in a formal systematic review setting.

NOTICE OF PURPOSE: TEC Assessments are scientific opinions, provided solely for informational purposes. TEC Assessments
should not be construed to suggest that the Blue Cross Blue Shield Association, Kaiser Permanente Medical Care Program or the
TEC Program recommends, advocates, requires, encourages, or discourages any particular treatment, procedure, or service; any
particular course of treatment, procedure, or service; or the payment or non-payment of the technology or technologies evaluated.
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Results

Several case series show that the device is successfully attached and produces pH readings for
24 to 48 hours in over 90% of attempts. Two studies compared wireless and wired monitoring in
terms of patient comfort and found that in most measures, wireless monitoring is judged to be
more comfortable. One study assesses test positivity in GERD subjects and normal controls and
found that performance was similar to what has been found with wired monitoring. Although one
study shows an 88% concordance in diagnosis of GERD when comparing wireless monitoring to
simultaneous wired monitoring, it does not demonstrate that wireless monitoring is better than
traditional monitoring in diagnosing or managing GERD. The study does not demonstrate that
the wireless monitor is more accurate when the tests are discordant. This degree of concordance
between the two methods was achieved only after adjusting test thresholds to maximize concor-
dance. Such a post-hoc adjustment of course cannot be done with the device in use in clinical
practice. More experimentation with the device on both GERD patients and normal controls will
be needed to better establish appropriate test thresholds that optimize clinical utility of the test.

Studies purporting to show improved diagnostic capability of wireless monitoring when used
for 48 hours versus 24 hours were fundamentally flawed because there was no gold standard
for diagnosis and no control patients were enrolled in the studies.

Conclusions
Thus, the following conclusions appear to apply to wireless monitoring:

® The procedure is successfully performed and produces successful measurement of esophageal
acid in a high proportion of cases. The relatively small number of cases reported does not allow
for reliable estimation of rare but potentially serious adverse complications.

m QOverall, it is more comfortable than traditional wired monitoring.
Measurements correlate fairly closely to wired monitoring after adjusting test thresholds;
however, because of the lack of an established gold standard, even when the two devices
are discrepant, it cannot be determined which device is “correct.” Also, different studies
have produced different cutoff values for a normal test. More data are needed to establish
appropriate diagnostic thresholds.

® No studies establish that wireless monitoring is superior to wired monitoring in reaching a
GERD diagnosis or optimally managing a patient. There is no evidence linking the use of the
wireless device to an improvement in health outcome.
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Objective

Gastroesophageal reflux disease (GERD) is

a disorder marked by heterogeneity in symp-
toms, severity, and available treatment options.
Esophageal pH recording is a technique used
to evaluate certain patients who may have
unusual presentations or difficult to treat mani-
festations of GERD. Traditionally, this has been
done using a pH probe placed in the esophagus
and attached by wires to recording equipment,
usually for a period of 24 hours. A wireless
system is now available, where the pH probe
attached to the esophagus transmits informa-
tion to a pager-sized receiver worn by the
patient. The wireless system may offer better
patient comfort. The test may offer better
information regarding the diagnosis of GERD
due to more natural food intake and physical
behavior of the patient during the test and the
feasibility of expanding the time interval of
testing to 48 hours.

Wireless esophageal monitoring may be con-
sidered simply a substitute for traditional wired
esophageal monitoring, in which case only
evidence that it produces identical information
to wired esophageal monitoring is of interest.
However, comparing the performance of the
two systems in terms of which test is “better”
in terms of improving patient outcomes is
problematic. First, there is no gold standard
diagnostic test for GERD. As will be described
in this Report, the ability of pH monitoring to
distinguish between clinically defined GERD
subjects and normal controls is limited. Without
a reference standard, standard measures of
sensitivity and specificity cannot be calculated.

The second problem in evaluating the per-
formance of these tests is that solid evidence
linking the use of any type of pH monitoring

to improved patient outcomes is lacking.

A diagnostic test can be useful, even without

a solid reference standard, if it appropriately
directs treatment such that patient outcomes
are better. Current practice guidelines endorse
the use of pH monitoring in selected patients,
but technical reviews accompanying the
guidelines acknowledge that there is modest
evidence showing that pH monitoring improves
patient outcomes. Thus, it would be difficult or
impossible to show incremental improvements
in patient outcomes with an alternate test.

This Special Report will provide informa-
tion relevant to the evaluation of wireless

pH monitoring. This report will summarize
information on:

®m Diagnostic performance and clinical
utility of traditional pH monitoring

m Feasibility of wireless pH monitoring

m Comparison of performance of traditional
and wireless pH monitoring

Kahrilas and Quigley (1996) summarized

the available literature on the first point in
their technical review accompanying the 1996
American Gastroenterological Association
(AGA) guideline on use of esophageal pH
recording. Their review will be extensively
cited when summarizing current knowledge
about traditional pH monitoring. A review

of GERD treatment by Ip et al. (2005) reviewed
studies that examined the association of
patient factors, including esophageal pH tests,
with treatment success.

Background

Gastroesophageal Reflux Disease
Gastroesophageal reflux disease (GERD) is

a common disorder defined as symptoms or
mucosal damage produced by the abnormal
reflux of gastric contents into the esophagus.
Population studies have estimated that chronic
daily GERD symptoms occur in 7-10% of the
population (Castell 2001) and weekly symptoms
occur in up to 20% (Arora and Castell 2001).
GERD is more prevalent in the elderly popula-
tion, with greater than half of patients reporting
chronic symptoms (Arora and Castell 2001).

The pathophysiology of GERD involves exces-
sive exposure of the esophagus to stomach
acid. However, it is clear that more than just
the quantity of acid exposure is involved.
GERD may also be related to the sensitivity of
the esophageal mucosa, mucosal resistance to
inflammation, or other contents of reflux other
than acid (Kahrilas and Quigley 1996).

The clinical severity of GERD encompasses

a broad spectrum. Many persons will have
mild or transient symptoms that do not require
treatment or are self-treated with lifestyle
modifications or over-the-counter (OTC) medi-
cations. A subset of patients will have more
serious disease characterized by chronic acid
reflux, chronic symptoms, and esophagitis. In
patients with chronic symptoms, approximately
20% develop more serious complications

4 ©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



(Castell 2001). Complications include erosive
esophagitis, esophageal stricture, dysphagia,
Barrett’s esophagus and esophageal carcinoma.
Pulmonary complications that can result from
aspiration of stomach acid into the lungs
include asthma, pulmonary fibrosis, bronchitis
and bronchiectasis. Otolaryngologic complica-
tions include hoarseness, cough and chronic
sore throat (DiPalma 2001).

Most GERD is diagnosed through assessment of
symptoms associated with GERD along with a
trial of empiric therapy. Endoscopy is indicated
for those suspected of having complications of
GERD. A finding of esophagitis is diagnostic for
GERD. The role of additional testing, using pH
monitoring or esophageal manometry, is now
reserved for more complicated patients who do
not respond to therapy (medical or surgical), or
as part of the preoperative evaluation or post-
operative monitoring of surgical treatments.

Traditional pH Monitoring

Practice Guidelines on the Use of Esophageal
pH Monitoring. In 1996, the AGA published
guidelines and a technical report on esophageal
pH monitoring (American Gastroenterological
Association 1996). Testing was indicated for

1) preoperative evaluation of endoscopy-
negative surgical candidates 2) postoperative
evaluation of surgical patients with continued
symptoms, and 3) endoscopy-negative patients
refractory to treatment. Testing was possibly
indicated for 1) chest pain syndrome patients,
2) patients with possible otolaryngologic
manifestations of GERD refractory to treatment,
and 3) patients with asthma possibly linked to
GERD. Testing was not indicated for 1) diagno-
sis of esophagitis and 2) evaluation of “alkaline
reflux.” These guidelines were essentially
reiterated in brief in updated guidelines for
diagnosis and treatment of GERD published

in 2005, describing the indication for pH testing
as evaluation of symptomatic endoscopy-
negative patients refractory to treatment
(DeVault and Castell 2005). The evidence
supporting this recommendation was classified
as Level I1I, which means well-designed trials
but no randomized trials.

Output and Interpretation of pH Monitoring.
There are innumerable minor variations in the
technique of pH recording that may affect the
results, but all devices produce data regarding
the pH in the esophagus measured at frequent
intervals (approximately every 6 seconds) over a
24-hour period of time. Thus, over 10,000 data

©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.

points are produced, which can be analyzed

in a variety of ways. Johnson and DeMeester
developed a scoring system based on 6 vari-
ables derived from the data. Of these variables,
the consensus is that the percent time with pH
less than 4 is the most useful discriminator
between normal and pathological reflux.

Another more complex set of methods to
interpret the data output from pH recording
is to correlate symptoms of reflux to recorded
episodes of abnormal pH. Because there is
not a one-to-one correspondence between
reflux and symptoms, statistical methods are
required to quantify the association. The AGA
technical report accompanying the guidelines
discusses briefly the methodologic issues of
this method, but concludes “despite the evolu-
tion in sophistication, none of the proposed
schemes of reflux-symptom association have
been prospectively validated against an inde-
pendent criterion of diagnostic accuracy....”
(Kahrilas and Quigley 1996).

Diagnostic Performance of pH Monitoring.
The lack of a true gold standard is problematic
when evaluating this test in clinically relevant
populations. However, the proportion that test
positive among persons with known disease
can give the most optimistic estimate of sen-
sitivity, and the proportion that test negative
among normal controls gives an optimistic
estimate of specificity. The degree to which
these estimates apply to the clinically relevant
population of problematic GERD patients is
unknown. When comparing patients with endo-
scopically confirmed GERD to normal controls,
studies show 77-100% sensitivity and 85-100%
specificity of esophageal pH recording using
the parameter of percent time with pH less
than 4 (Kahrilas and Quigley 1996).

When comparing clinically defined but endo-
scopically negative GERD patients to normal
controls, the diagnostic performance is

much worse, with sensitivities of 0-71% and
specificities of 85-100% (Kahrilas and Quigley
1996). They state, “one has to conclude that
ambulatory pH studies quantify esophageal
acid exposure but that this has an imperfect
correlation with reflux-related symptoms,
esophageal sensitivity, or response to acid sup-
pressive therapy.” With respect to capability of
pH monitoring to ascertain the role of reflux
in extraesophageal conditions such as asthma
and laryngitis, they state, “distal pH monitoring
has no proven benefit in establishing causality
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between GERD and asthma but that proximal
pH monitoring is potentially useful. Presently,
however, there are insufficient data to state this
with any certainty.”

pH Monitoring and Improvement

of Patient Outcomes

Monitoring of pH might be demonstrated to

be useful if it stratifies patients into different
management categories that result in improved
patient outcomes. Given that there is no real
gold standard for the diagnosis, studies that
examine this issue might be able to establish
the utility of pH monitoring. The utility of pH
monitoring has been evaluated in the following
clinical circumstances:

Prediction of Medication Requirements.
Kahrilas and Quigley (1996) cite studies
showing that there was no correlation between
pH study result and eventual treatment needs.
The only predictive factors found useful were
a symptom profile (in the case of mild disease)
and an endoscopic examination (in the case of
severe disease). “For patients between these
extremes, no diagnostic test is superior to an
empirical trial of pharmacological agents in
devising an individualized therapeutic plan.”
A more recent review of medical treatment for
GERD by Ip et al. (2005) cites a study in which
esophageal pH findings were not associated
with failure of medical therapy.

Prediction of Benefit from Antireflux
Surgery. Kahrilas and Quigley (1996) note that
pH monitoring has often been used as a means
of patient selection. In general, patients with
abnormal pH monitoring results have high
success rates after surgery. However, there

is a lack of data on the outcomes of patients
excluded from surgery based on pH monitoring,
and thus they conclude that although “there
are data supporting the view that ... pH study
is a useful selection criterion ... for antireflux
surgery, there are no data on the more difficult
question of whether or not the test identi-

fies patients for whom surgery is the optimal
therapy.” Ip et al. (2005) in their review of
studies examining factors associated with out-
comes from reflux surgery, found inconsistent
findings. Two studies reported better results

in patients with increased preoperative acid
reflux, one study reported no difference, and
another study showed worse results.

Management of Treatment Failures. Kahrilas
and Quigley (1996) cite several studies showing
an imperfect correlation between changes in
pH monitoring result and changes in symptoms
after treatment. Patients can have resolution

of symptoms with persistently abnormal pH
tests, or persistent symptoms with normal pH
results. In summarizing these studies, they
conclude, “Taken together, these data suggest
that ambulatory pH monitoring can be useful
in documenting antireflux treatment failures,
but its precise sensitivity and specificity in this
application are unclear.”

In sum, traditional pH monitoring has limited
capability to discriminate between GERD and
non-GERD patients, and there is limited evi-
dence that it improves patient outcomes. This
makes it problematic to evaluate an alternative
such as wireless monitoring.

Wireless pH Monitoring

Chotiprashidi et al. (2005) in their technol-
ogy status evaluation report on behalf of

the American Society for Gastrointestinal
Endoscopy briefly summarize pertinent facts
regarding this method of pH monitoring. The
pH monitor is an oblong plastic capsule which
is affixed with a metal clip to the esophageal
mucosa during upper endoscopy. The capsule
can be placed either orally or nasally. Data on
pH are transmitted to a pager-sized receiver
worn by the patient. The data produced are
largely similar to those produced by traditional
pH monitoring and interpreted using similar
parameters. The capsule is expected to detach
from the esophageal mucosa by itself and to
pass through the GI tract.

Important issues regarding its use are the
success rates of use, comfort and tolerability

of monitoring, and of course, the utility of

the results. Specific problems that have been
reported in case reports have been chest pain,
failure of data retrieval, premature detachment
(before 24 or 48 hours), and failure to sponta-
neously detach within 14 days (Chotiprashidi
et al. 2005).

FDA Status. The Bravo pH Monitoring System
received U.S. Food and Drug Administration
(FDA) 510(k) marketing clearance on
September 29, 2000 (U.S. Food and Drug
Administration 2000). The device is “intended

6 ©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



to be used for gastroesophageal pH measure-
ment and monitoring of gastric reflux. The pH
probe can be delivered and placed endoscopi-
cally or with standard manometric procedures.
The pH Software Analysis Program is intended
to record, store, view and analyze gastroesoph-
ageal pH data.”

Methods

Search Methods

MEDLINE was searched using the terms
“wireless” and “pH monitoring” for the time
period up to March 2006. Articles were identi-
fied that involved human studies of the wireless
pH monitoring system for use in the diagnosis
and management of patients with possible
GERD. Additionally, article bibliographies

and a bibliography updated to January 2006
supplied by the manufacturer of the wireless
system were searched.

Article Selection

After review of the articles, we found that the
information coalesced into certain categories
that may provide evidence on the utility of
wireless monitoring. We classified findings in
the articles into these categories, and selected
articles for presentation.

Technical Feasibility and Success. A repre-
sentative sample of studies which presented
quantitative data on the success rate of monitor
placement and successful monitoring on a
consecutive series of patients were selected.

Comfort and Satisfaction with Wireless
Monitoring. Only studies comparing traditional
and wireless monitoring were selected. Case
series only evaluating wireless monitoring
were not reviewed.

Sensitivity and Specificity of Wireless

Monitoring. Studies which calculated sensi-
tivity and specificity using confirmed GERD
patients and normal controls were selected.

Comparison of Traditional and Wireless
Monitoring. Studies which evaluated the
concordance of traditional and wireless moni-
toring in the same patient were selected.

Utility of 48-Hour Versus 24-Hour pH
Monitoring. These studies were selected for
review because of the claim that 48 hours is
superior to 24 hours of monitoring.

©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.

Evidence Linking the Use of Wireless
Monitoring to Improvement in Health
Outcomes. Although this type of information
would be valuable in establishing the utility
of wireless pH monitoring in patients with
GERD, no studies directly linking the use

of the device to an improvement in health
outcome were found.

We did not select case reports, abstracts, or
studies reporting unusual applications or rare
populations for whom wireless monitoring
might be used.

Medical Advisory Panel Review

The Blue Cross and Blue Shield Association
Medical Advisory Panel (MAP) reviewed this
Special Report on February 23, 2006. To main-
tain the timeliness of scientific information

in the Report, literature search updates were
conducted subsequent to the Panel’s review
(see “Search Methods”). If the search updates
identified any additional studies that met

the criteria for detailed review, the results of
these studies were included in the text where
appropriate. There were no studies that would
change the Report’s conclusions.

Review of Evidence

Studies Describing the Technical Feasibility

of Wireless Monitoring

Several studies only include information relat-
ing to technical aspects of inserting the device
and achieving successful monitoring over a
period of time. Selected results of these studies
are summarized in Table 1. Also included

are studies that assessed other aspects of the
wireless monitor, but included such results in
the paper. Technical failure can occur when
attempt to attach the device to esophagus fails.
Subsequently, monitoring can fail if the device
detaches from the esophagus prematurely or
if there are failures in transmitting the signal
to the receiver. Most studies show a high rate
(>95%) of attempts result in successful place-
ment of the pH monitor in the esophagus, and
a high rate of success in achieving 48 hours

of monitoring. Although these studies provide
information on overall success and failure
rates, the number of cases reported is probably
too small to understand the risk of serious,
probably rare adverse consequences that may
occur when foreign bodies are placed in the
human body.
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Studies Evaluating Patient Comfort and
Tolerability of Wireless pH Monitoring

Several case series studies have reported rates
of symptoms like chest discomfort and diffi-
culty swallowing. It is difficult to evaluate such
information because the methods of measur-
ing and evaluating these symptoms are not
reported in the studies. Two studies were found
that provide more rigorous data on the issue
of patient comfort with a formal comparison to
traditional pH monitoring (Table 2).

Pandolfino et al. (2003) surveyed 29 patients
who had had wireless monitoring and 30 age-
and sex-matched patients who underwent
traditional monitoring regarding comfort,

satisfaction and interference with living activi-
ties. About half of the patients who had wire-
less monitoring were asymptomatic volunteer
controls, whereas all 30 patients with wired
monitoring were symptomatic patients. Thus,
the groups were not really well matched. On
most measures, wireless monitoring had fewer
adverse effects than traditional monitoring.
However, patients with wireless monitoring
reported higher frequency of esophageal dis-
comfort (34% vs. 17%, p<0.03).

Wong et al. (2005) enrolled 50 patients in a ran-
domized trial comparing patient experiences
with the wireless and the traditional monitor.
Adverse effects, daily activity, sleep, overall

Table 1. Studies Reporting Placement and Monitoring Success Rates of Wireless Monitoring

Successful Successful Successful Overall

Author n Placement 24-hour Monitor ~ 48-hour Monitor ~ Success
Belafsky 2004 46 96% — — 85%

Tu 2004 30 100% 100% 97%

Pandolfino 2003 85 100% 96% 89%

Ward 2004 60 98% 97%

Remes-Troche 2005 84 95% 92% 92%

Wenner 2005 50 100% 100% 96%

Table 2. Comparison of Wireless and Traditional Monitoring Regarding Comfort and Satisfaction During Test,

Comparative Studies

Study Outcome (Question Format) Wireless Traditional p-value

Observational Study

Pandolfino 2003 overall satisfaction (0-5, O=best) 0.8 1.9 0.001
% throat discomfort (y/n) 73 14 0.001
% esophageal discomfort 34 17 0.05
% diet affected 3 47 0.001
% activity affected 0 60 0.001
% disrupted sleep 9 30 0.07

Randomized Study

Wong et al. 2005 % nose pain 32 60 0.05
% runny nose 52 96 0.001
% throat discomfort 48 92 0.001
% headache 20 56 0.009
% chest discomfort 36 8 0.037
% work during test 58 11 0.049
Interference daily life (0-4, 0=none) 0.32 1.3 0.001
Overall experience (ordinal scale) better 24 0.004
Overall satisfaction (ordinal scale) better 0.023
SF-36 overall score 18 0.191

8 ©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



satisfaction, and quality of life as measured

by SF-36 were compared between the groups.
On most measures of adverse symptoms, the
patients with the traditional monitor reported
more problems. However, chest discomfort
was greater with the wireless monitor. Patients
with wireless monitors reported less interfer-
ence with activities of daily life, a better overall
experience, and greater overall satisfaction.

In sum, except for a consistently higher pro-
portion of subjects reporting chest discomfort,
wireless monitoring shows improved comfort,
fewer reported effects on activities of daily
living, and greater satisfaction when compared
to traditional monitoring.

Studies Evaluating Sensitivity

and Specificity of pH Monitoring

One study by Pandolfino et al. (2003) evaluated
wireless pH monitoring in both confirmed GERD
subjects (both endoscopy positive and endos-
copy negative) and normal controls, and calcu-
lated sensitivity and specificity values (Table 3).
Note that this study does not enroll patients for
whom pH monitoring is clinically indicated, and
that both groups are likely to be convenience
samples. However, the design is similar to the
many studies cited by Kahrilas and Quigley
(1996) that attempt to calculate diagnostic per-
formance of traditional pH monitoring.

Forty-four healthy subjects and 41 GERD
patients were enrolled. Percent time that pH
was less than 4 was used as the measure to
assess GERD, and the 95th percentile of that
measure in normal controls was used as the
diagnostic threshold (5.3%). Sensitivity and
specificity were calculated based on the whole

2-day period of observation, the first day of
observation, or the worst of 2 days of observa-
tion. Given that the cutoff was calculated based
on 2 days of observation of the control group,
the specificity of the test at 2 days observation
is “fixed” at 95%.

The sensitivities and specificities calculated

are typical of the numbers found in similar
studies of traditional pH monitoring cited by
Kahrilas and Quigley (1996). A rigorous quan-
titative comparison with other studies is not
warranted, given unknown differences between
these patients and other studies. Of note is the
extremely poor sensitivity of 35.7% for endos-
copy-negative subjects, when using data from
the entire 2-day monitoring period. When other
definitions of positivity are used, such as the
worst day value, sensitivity always increases
and specificity always decreases.

Studies Comparing Simultaneous Wireless

and Traditional pH Monitoring

There are 2 studies in which subjects had both
wireless and traditional pH monitors inserted
and results compared. Such experiments could
assess the degree of concordance between the
2 techniques as a measure of the comparability.
If the 2 tests are highly concordant, then the
tests are measuring the same thing, and are
substitutes for each other. If the 2 tests are dis-
cordant, then without an independent reference
standard or a measure of clinical outcome, then
it is impossible to know which test is superior.

A study by Pandolfino et al. (2005) studied 25
normal controls with both traditional and wire-
less pH monitors. Surprisingly, there is no data
analysis presented that shows the correlation

Table 3. Sensitivity and Specificity of Wireless Monitoring, from Pandolfino et al. (2003)

Observation Period
for Calculation of

Groups Compared Test Characteristics Sensitivity (%) Specificity (%)

Entire GERD vs. control 2 days 64.9 94.8
(n's, 37 ,39) first day 67.5 84.5
worst day 83.8 84.5
endoscopy (+) GERD vs. control 2 days 78.3 94.8
(n's, 23, 39) first day 73.9 84.5
worst day 100 84.5
endoscopy (-) GERD vs. control 2 days 35.7 94.8
(n's, 14, 39) first day 57.1 84.5
worst day 57.1 84.5
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or concordance of the 2 methods. However,
they did find differences between the 2 systems
regarding the calibration of pH values, which
resulted in traditional monitoring showing
higher mean acid exposure times than wireless
monitoring. When the devices were appropri-
ately adjusted using samples of known pH, the
two devices produced similar mean pH values.
However, they did not analyze concordance of
individual measurements.

The other study by Bruley des Varannes et al.
(2005) studied 40 patients with GERD symp-
toms with both types of monitors. They found a
highly significant correlation (r=0.87) between
the two systems using the first day’s data. They
also found that the traditional monitor showed
higher acid exposure times than wireless
monitoring. After lowering the test threshold
of wireless monitoring to 2.9% time with pH <5
in order to maximize the concordance of diag-
nosis between the 2 devices, the concordance
in the diagnosis of GERD was 88%, correspond-
ing to a kappa of 0.76. Out of 33 patients with
successful monitoring over the first 24 hours,
11 had GERD with both tests, 3 were positive
only with traditional monitor, 2 were positive
only with wireless monitoring, and 17 were
negative with both tests. Other analyses in this
study included comparison of first day monitor-
ing with second day monitoring, and compari-
son of symptom association probability between
the 2 techniques, with no significant findings
noted. Thus, the study shows reasonably good
concordance between the 2 methods of moni-
toring. Note that this study design maximizes
the concordance between the 2 tests by using
simultaneous measurements. pH monitoring is
known to have only fair reproducibility when
using identical techniques in the same indi-
vidual on different occasions.

The finding of a systematic difference in pH
values between wireless monitoring and tradi-
tional monitoring raises an important issue of
what should be considered the threshold value
for a “normal” test. Different investigators have
used different methods to define this value,
and it is critical to understand how this value
might affect the utility of the test. Pandolfino et
al. (2003) has defined the cutoff at 5.3% time
with pH less than 4 based on the 95% percen-
tile of an asymptomatic control sample (n=39),
thus “fixing” specificity to be 95%. Bruley

des Varannes et al. (2005) as described above
set the cutoff at 2.9%, in order to achieve the

highest diagnostic concordance with the cutoff
value of simultaneously measured traditional
pH monitoring. There is one other study by
Wenner et al. (2005) that replicates the method
of Pandolfino and co-workers in establishing

a cutoff value. In this sample of 50 control
patients, the 95th percentile of normal resulted
in a cutoff value of 4.4%. Thus, different studies
using either different samples or different
methodology have established different cutoff
values for a normal pH monitoring test result.
Different cutoffs would affect the sensitivity and
specificity of the test, and potentially alter the
interpretation of the test.

Studies Comparing the Yield of 24- Versus
48-Hour Monitoring

A proposed advantage of wireless monitoring

is that 48-hour monitoring is feasible due to
patient tolerability and comfort. Forty-eight
hours of monitoring is purported to provide
improved diagnostic accuracy for GERD. Two
studies (Prakash and Clouse 2005 and Tseng et
al. 2005) report case series of patients with pos-
sible GERD undergoing wireless monitoring for
48 hours (Table 4). In lieu of an independent
24-hour monitoring period, the first 24 hours
was used as a comparison period. Both studies
report increased numbers of positive tests
when using various methods of incorporating
48 hours of data.

The increase in positive yield from 48 hours is
interpreted by the authors as an improvement
in test performance. However, this argument is
flawed. An increase in positive tests is a fore-
gone conclusion when using a test with limited
reproducibility and the criteria for a positive
test is a positive test on either day. The study
by Tseng et al. assumes that all patients actu-
ally have GERD, and that the increase in yield
reflects all true-positive patients. The study has
no control group to examine any loss of speci-
ficity due to using 48 hours of data. The study
by Prakash et al. incorrectly uses the 48-hour
data as a gold standard to calculate sensitivi-
ties and specificities for 24-hour monitoring.
The sensitivities and specificities from that
article are not presented here because 48-hour
monitoring is not a “gold standard.” Thus, both
studies ignore the possibility of false-positive
tests, and thus, do not provide meaningful
information on whether 48-hour monitoring
better discriminates between subjects with and
without GERD.
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Table 4. Results of Studies Comparing 24 versus 48 Hours of Monitoring

% Positive % Positive
Test from Method Test from
24-hour of Using 48-hour
Study n Measure of GERD Data 48-hour Data Data
Prakash and Clouse (2005)
All subjects 121 % time pH>4, cutoff 5.33% 50% worst of 2 days 62%
Typical symptoms 67 % time pH>4, cutoff 5.33% 65% worst of 2 days 80%
Atypical symptoms 54 % time pH>4, cutoff 5.33% 35% worst of 2 days 50%
Tseng et al. (2005) 190 Johnson-DeMeester >14.7 49% 48 hours of data 61%
190 % time pH>4, cutoff 5.33% 44% worst of 2 days 54%

Conclusions

Although one study shows an 88% concordance
in diagnosis of GERD when comparing wireless
monitoring to simultaneous wired monitoring,
there is little evidence that wireless monitoring
is better than traditional monitoring in diag-
nosing or managing GERD. The concordance
between the two methods was achieved only
after adjusting an apparent calibration problem
between the two types of devices. Such a post-
hoc adjustment, of course, cannot be done with
the device in use in clinical practice. More
experimentation with the device on both GERD
patients and normal controls will be needed to
better establish appropriate test thresholds that
optimize clinical utility of the test.

Studies purporting to show improved diagnostic
capability of wireless monitoring when used for
48 hours are fundamentally flawed. No control
patients were enrolled in the studies, and the
investigators assumed that there were no false
positives with wireless monitoring. Proving

that one diagnostic test is better than another

is problematic in this case because of lack of

a that gold standard. Another method to show

a diagnostic test is superior to another is to
demonstrate that it better stratifies patients into
different treatments, producing overall better
patient outcomes. No such studies exist for
wireless monitoring, or even for wired moni-
toring. Lack of strong evidence showing that

wired monitoring is effective, even though it is
a generally accepted diagnostic test for certain
patients, makes it difficult to evaluate an alter-
native such as wireless monitoring.

Thus, the following conclusions appear to apply
to wireless monitoring:

m The procedure is successfully performed
and produces successful measurement
of esophageal acid in a high proportion of
cases. The relatively small number of
cases reported does not allow for reliable
estimation of rare but potentially serious
adverse complications.

m QOverall, it is more comfortable than
traditional wired monitoring.

m Measurements correlate fairly closely to
wired monitoring after adjusting for calibra-
tion measures; however, because of the lack
of an established gold standard, even when
the two devices are discrepant, it cannot
be determined which device is “correct.”
Also, different studies have produced differ-
ent cutoff values for a normal test. More
data are needed to establish appropriate
diagnostic thresholds.

m No studies establish that wireless monitoring
is superior to wired monitoring in reaching
a GERD diagnosis or optimally managing a
patient. There is no evidence linking the use
of the wireless device to an improvement in
health outcome.

NOTICE OF PURPOSE: TEC Assessments are scientific opinions, provided solely for informational purposes. TEC Assessments
should not be construed to suggest that the Blue Cross Blue Shield Association, Kaiser Permanente Medical Care Program or the
TEC Program recommends, advocates, requires, encourages, or discourages any particular treatment, procedure, or service; any
particular course of treatment, procedure, or service; or the payment or non-payment of the technology or technologies evaluated.

CONFIDENTIAL: This document contains proprietary information that is intended solely for Blue Cross and Blue Shield Plans
and other subscribers to the TEC Program. The contents of this document are not to be provided in any manner to any other
parties without the express written consent of the Blue Cross and Blue Shield Association.
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