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Abstract

AIM: To evaluate the technical failures of the Bravo pH
test in a population with nonerosive gastroesophageal
reflux disease.

METHODS: Over the course of a year, we prospectively
studied a population of 66 nonerosive reflux disease
patients who received a Bravo pH test. The number and
frequency of all technical failures were documented,
quantified and analyzed.

RESULTS: A total of 66 patients, with a mean age of
41.7 years, were studied. Technical failures occurred in
15.15% of the sample. The most frequent failures were
due to poor data reception (4.5%), early dislodgement
(4.5%) and capsule removal (6.1%).

CONCLUSION: The Bravo capsule pH test involves
a low but non-negligible rate of technical problems, a
fact that must always be considered by physicians.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Gastroesophageal reflux disease (GERD) is a condition
characterized by heartburn and regurgitation with or with-
out esophageal lesions!. It is a common condition, with
a prevalence of up to 52.8%, and occurs more frequently
in women than in men”. Erosive esophagitis and nonero-
sive reflux disease (NERD) are the primary presentations,
with NERD being the most common phenotypep"q. This
group of patients must undergo pH measurements to
confirm the diagnosis of acid reflux, as they lack visible
esophageal reflux lesions®™.

To date, the two best methods employed for objec-
tively demonstrating the presence of acid reflux are con-
ventional ambulatory catheter pH-metry monitoring and
the Bravo capsule (Medtronic, Minneapolis, MN, USA)
catheter-free pH test”™. Both methods are valid and reli-
able for the measurement of esophageal acid exposure™”.

The traditional catheter pH-metry remains the more
commonly used of the two methods. However, it can
cause undue burden on the patient due to the discomfort
and embarrassment of the transnasal pH probe place-
ment, which is known to be uncomfortable and is pootly
tolerated" . Although the Bravo capsule is a device that is
designed to overcome the disadvantages of traditional pH
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monitoting, to improve acceptance of testing and to ex-
tend the period of monitoring, it is not exempt from tech-
nical problems and side effects">"”. The primary technical
problems of this test are related to failures in transmission
or carly detachment of the Bravo capsule. Nevertheless,
there are many case reports that describe a list of unusual
and diverse problems. Both novice and expert gastro-
enterologists must be familiar with the various possible
technical problems that can occur with this device so that
they can solve them promptly and efficiently, avoiding ad-
ditional complications.

In this paper, we quantify and describe our experience
of the technical problems that can occur with the use
and physical presence of the Bravo capsule in a sample
of patients with NERD.

MATERIALS AND METHODS

Patients

We enrolled a total of 66 consecutive patients in a pro-
spective study of 48-h ambulatory pH monitoring using
the Bravo capsule, in order to record all technical failures.
Before enrollment, each patient had undergone an upper
endoscopy which showed an absence of lesions on the
esophageal mucosa and were thus diagnosed as having
NERD. Patients were asked to discontinue the use of pro-
ton pump inhibitors and histamine-2 receptor antagonists
for one week prior to the study and to avoid the use of
anti-acids 24 h prior to the examination.

None of the patients had significant comorbidities,
such as coronary artery disease. The study was conducted
in accordance with the Declaration of Helsinki, and writ-
ten informed consent was obtained from all participants.

Bravo procedure and pH recording
The Bravo capsule was placed 6 cm from the squamo-
columnar junction, using standard techniques. All the
capsules were placed orally. A second-look esophagos-
copy documented suitable capsule attachment. Once the
pH recording was initiated, patients were encouraged to
engage in their usual daily activities and to consume their
usual diet without restrictions. All subjects were instruct-
ed to document their food intake, sleep periods and the
occurrence of GERD symptoms in a diary to complete
the pH-metry evaluation. From the pH records of the
first and second day, the average pH value was obtained.
To confirm any capsule dislodgment, a chest X-ray
was obtained seven days after the the beginning of the
study. Those patients who still showed the device in the
esophagus were asked to undergo another plain radiogra-
phy seven days later to record the detachment.

Assessment of technical problems and statistical
analysis

Technical failures of the device were recorded in a “data-
base” and analyzed with a statistical package. Quantitative
data, including age and the fraction of time with pH < 4
on the first and second monitoring days were also added.
The percentages, means and standard deviations were cal-
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Technical problems Patients (7 = 66)

Technical failure 10 (15.15)
Transmission failure 3 (4.5)
Early dislodgement 3 (4.5)

Capsule removal 4 (6.1)
Absolute

Intolerable chest pain 1(1.5)
Relative

Detachment failure 1(1.5)

Transmission failure 1(1.5)

Error in placement 1(1.5)

Capsule replacements 2(3.0)

Feasibility
Fully finished tests (48 h) 59 (89.39)
Half-finished tests (24 h) 4 (6.0)
Tests without record (0 h) 3 (4.5)

culated for each variable. The analysis was performed with
the statistical software package SPSS, version 9.0 (SPSS
Inc., Chicago, 1L, USA).

RESULTS

Patient population
Between July 2007 and June 2008, a total of 66 patients
were enrolled in the trial. These patients included 27 men
(40.9%) and 39 (59.1%) women, aged 11-73 years (mean
age = 41.7 years; standard deviation = 13.3 years).

Of the total population, 31 patients reported typical
gastroesophageal reflux symptoms, 15 had atypical mani-
festations and 20 had a mixed symptomatology.

Technical failures and recording efficacy

All of the technical failures observed in our trial are de-
scribed in Table 1. In the 66 patients, 10 technical failures
(15.15%) were observed. Three probes had poor data
reception (4.5%), and three more presented with early
dislodgement (4.5%). In four cases (6.1%), the capsule
had to be removed. We considered intolerable chest pain
in one case as an absolute indication for removal. On the
contrary, we considered cases of detachment failure (12 d
after implantation, because a Heller myotomy was to be
performed), transmission failure and placement error to
be relative indications for removal. In the last two cases,
new capsules (3%) were reinstalled so that those patients
could complete the study.

Of the total sample, 89.39% completed the 48-h ex-
amination period, and 6% were able to complete only 24 h.
However, 24 h was enough time to gather sufficient infor-
mation to obtain a diagnosis; indeed, using 24 h of data,
the Bravo test was accurate in 95% of patients. Only three
(4.5%) patients lacked records.

DISCUSSION

This study describes our experience with the Bravo pH
test in patients with NERD, a patient population with spe-
cial features in terms of sensibility and treatment issues.
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Figure 1 Tracings of problems. A: pH tracing with the typical prolonged drop
in the pH line when the capsule drops into the stomach; B: pH tracing (in blue)
showing gaps as a result of poor data reception.

Technical problems occurred in a low but non-negligible
proportion (15.15%) of the sample. Our most remarkable
problems were early dislodgement, poor data reception
and capsule removals, which occurred at similar rates.

In early capsule dislodgement, the Bravo probe de-
taches from its location and falls prematurely, i.c., before
the 48 h monitoring period is complete. This finding can
be observed in the pH tracing as a sudden prolonged
drop in the pH value line when the capsule drops into the
stomach, followed by a subsequent sharp rise in the pH
line as the capsule enters the small intestine (Figure 1A).
This eatly capsule dislodgement rate of 4.5% is similar to
those in other reports, which registered rates between 0%
and 3.22%"Y. Although early dislodgement is considered
a failure, it is sometimes possible to complete at least 24 h
of monitoring, a time petiod that still allows a diagnosis of
NERD (Table 1).

In the same way, the poor data reception rate of 4.5%
(3 of our 66 patients) presented a similar problem to that
of early capsule dislodgment. Some authors have reported
transmission failure rates of 8.2%!". This electromechani-
cal flaw may be seen in the pH tracing as time periods
during which data capture was interrupted and are shown
as gaps on pH tracings (Figure 1B); these gaps may be in-
terpreted as artifacts during the computerized data analy-
sis. They are potentially attributable to malfunctions in the
electronics or possibly the receiver being beyond the range
of the signal emanating from the pH capsule.

The need for capsule removal is another frequently
observed problem. The capsule removal frequency
reached 6.1% (4 of our 66 patients), higher than previ-
ously documented frequencies, which ranged from 0% to
3.5%". However, the higher incidence observed in our
study may have been due to the fact that we considered
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Figure 2 Improper delivery and removal. A: Capsule placement at an
erroneous site; B: Mucosal appearance after a hot snare removal.

absolute and relative indications, even though our only
absolute indication was a patient with intolerable chest
pain (1.5%). This symptom was the primary indication in
most previous studies'*'”. The other three patients had a
relative indication. One of these patients presented with
transmission failure, and another with a placement error
(gastroesophageal junction) (Figure 2A). We decided to
remove and replace the capsule with a new one in order
to finish the test and to avoid the side effects produced
by the presence of two probes in the esophagus, as the
presence of the capsule produces esophageal contractions
associated with pain[”’lg]. Finally, a fourth capsule was
retrieved twelve days after implantation, as a Heller my-
otomy was to be performed. Three of these capsules were
retrieved by a cold snare technique, and the other by a hot
snare technique (Figure 2B), as previously described".

Other studies have reported different and unusual
technical problems. Ward ez a/”” observed that the cap-
sules did not attach properly on the first attempt in at least
7 of 60 (12%) patients. Although there are some reports
of major complications, we did not observe any. The
main complications previously described wete trauma,
severe bleeding, esophageal perforations and aspiration
into the bronchus™". In addition, minor incidents have
been reported, such as localized inflammation, capsules
not deploying from the delivery system, the plunger being
broken off during delivery, mucosal tearing and probes
not being correctly calibrated”.

In conclusion, the Bravo capsule results in a low but
non-negligible rate of heterogeneous technical difficul-
ties, and although most of them are not life-threatening,
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gastroenterologists must be aware of these difficulties in
order to interpret and address them appropriately.
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