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IMPACT OF PROLONGED 48-H WIRELESS 
CAPSULE ESOPHAGEAL pH MONITORING 
ON DIAGNOSIS OF GASTROESOPHAGEAL 
REFLUX DISEASE AND EVALUATION OF THE 
RELATIONSHIP BETWEEN SYMPTOMS AND 
REFLUX EPISODES

Gerson Ricardo de Souza DOMINGUES1, Joaquim Prado P. MORAES-FILHO2 and  
Aline Gonçalves Leite DOMINGUES1

ABSTRACT – Context - Gastroesophageal reflux disease is one of the most common digestive diseases and an important cause of 
distress to patients. Diagnosis of this condition can require ambulatory pH monitoring. Objectives - To determine the diagnostic 
yield of a wireless ambulatory pH monitoring system of 48-hours, recording to diagnose daily variability of abnormal esophageal 
acid exposure and its symptom association. Methods - A total of 100 consecutive patients with persistent reflux symptoms underwent 
wireless pH capsule placement from 2004 to 2009. The wireless pH capsule was deployed 5 cm proximal to the squamocolumnar 
junction after lower esophageal sphincter was manometrically determined. The pH recordings over 48-h were obtained after 
uploading data to a computer from the receiver that recorded pH signals from the wireless pH capsule. The following parameters 
were analyzed: (1) percentual time of distal esophageal acid exposure; (2) symptom association probability related to acid reflux. 
The results between the first and the second day were compared, and the diagnostic yield reached when the second day monitoring 
was included. Results - Successful pH data over 48-h was obtained in 95% of patients. Nearly one quarter of patients experienced 
symptoms ranging from a foreign body sensation to chest pain. Forty-eight hours pH data analysis was statistically significant when 
compared to isolated analysis of day 1 and day 2. Study on day 2 identified seven patients (30.4%) that would be missed if  only day 
1 was analyzed. Three patients (18.7%) out of 16 patients with normal esophageal acid exposure on both days, showed positive 
symptom association probability, which generated an increase in diagnostic yield of 43.4%. Conclusion - Esophageal pH monitoring 
with wireless capsule is safe, well tolerated, does not require sedation. The extended 48-h period of study poses an increased yield 
to diagnose gastroesophageal reflux disease patients.

HEADINGS – Gastroesophageal reflux. Esophageal pH monitoring. Gastric acidity determination. Capsule endoscopes.

INTRODUCTION

Gastroesophageal reflux disease (GERD) is one 
of the most prevalent diseases in gastroenterology(16). 
In Brazil, a population based study looking for reflux 
typical symptoms interviewed 13,959 individuals 
showed GERD prevalence of 12%(17).

Ambulatory catheter-based esophageal pHmetry 
is considered the gold-standard for diagnosing GERD 
because it quantifies esophageal acid exposure and 
symptom association(13). Traditionally, the catheter which 
has an antimonium pH sensor is passed transnasally 
and its tip is positioned 5-cm above the upper border 
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of the lower esophageal sphincter (LES) to monitor 
intra-esophageal pH. The study has 24-h duration(7) 
and a sensitivity of 75% and a specificity of 90%(11). 
This relatively low sensitivity is due to changes in 
activities and behavior of patients during the study. 
The pharyngeal discomfort and social constraint 
lead patients to assume a more sedentary lifestyle, 
decreasing reflux-provoking activities(6). In addition, the 
day-to-day variability in intensity of gastroesophageal 
reflux may influence the results of the esophageal pH 
monitoring(8). Johnsson et al.(12) showed that only 77% 
of patients that performed catheter-based esophageal 
pHmetry would repeat the study a second time.
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Recently, aiming to overcome these limitations, it was 
developed a new ambulatory esophageal pH monitoring 
device using a wireless system (Bravo system®)(18) that collects 
data during an extended period of time (48 hours). The data 
are captured by a small capsule attached to distal esophageal 
mucosa that transmits the signals via radio telemetry to a 
receiver worn by the patient(18).

Therefore, the aim of this study was to retrospectively 
determine the advantages of a 48-h study using a wireless 
ambulatory pH monitoring system in terms of diagnostic 
yield in consecutive patients referred to a motility laboratory 
to investigate GERD.

METHODS

Patients
This is a retrospective study of diagnostic method. One 

hundred consecutive patients were selected, 39 female, mean 
age 53 years (range 18 to 81 years) between 2004 and 2009 
referred to a gastrointestinal motility laboratory to investigate 
GERD with typical and/or atypical symptoms, persistent 
GERD symptoms on medical therapy, recurrent GERD 
symptoms after surgical fundoplication procedure.

The exclusion criteria were: patients aged less than 18 
years or with history of bleeding tendency or coagulopathy; 
significant concomitant medical co-morbidities; severe 
gastrointestinal bleeding within the past 6 months; a past 
history of upper gastrointestinal surgery that could interfere 
with acid esophageal profile such as total or partial gastrectomy 
and esophagectomy; patients on medication with proton pump 
inhibitors (PPI); presence of esophageal varices; Barrett’s 
esophagus; esophageal stenosis; erosive esophagitis; pacemaker 
or implantable cardiac defibrillator in situ(20).

This study was approved by the Ethic Committee of University 
of Santo Amaro - UNISA, São Paulo, SP, Brazil.

Before the 48-hour wireless test was performed, patients 
were instructed to discontinue all antiacid and antisecretory 
medications for a minimum of 7 days. The only exception 
occurred in patients being evaluated for whom referring 
physicians specifically requested the study be performed on 
medications. Diet restriction included nothing by mouth at 
least 6 hours before procedure.

Study protocol
All patients underwent previous upper endoscopy after 

an overnight fast to discard counter indications to capsule 
attachment.

Initially, 98 patients underwent standard transnasal 
esophageal manometry to identify the proximal border of the 
LES. Two patients underwent upper endoscopy to determine 
the position of LES(20). Thereafter, to those patients that 
performed transnasal manometry, a validated conversion 
factor of 4 cm was applied in order to permit accurately 
transoral placement of Bravo capsule(15) (Figure 1). The Bravo 
capsule with its delivery catheter was introduced through 
the mouth and positioned 5 cm above the upper border of 
LES determined by transnasal manometry or 6 cm above 

the LES to those two patients who performed endoscopy(15). 
A vacuum pump was turned on to apply a suction pressure 
of >500 mm Hg to a well within the wireless pH capsule(18). 
After the optimal pressure has been reached a small amount 
of  esophageal mucosa was drawn into the wireless pH 
capsule. Subsequently, an activation button was twisted 
clockwise (90°) and re-extended resulting in release of the 
delivery system from the capsule(18). A remote data recorder 
was worn around the waist of the patient and recording was 
carried out for 48-h. Patients were instructed to keep a diary, 
record meal times, position changes, the time and type of 
their symptoms and symptoms that could be related to the 
capsule, such as chest discomfort, chest pain and dysphagia. 
Patients were encouraged to pursue their every day activities 
and usual diet. During bath, sleep and physical exercises(19), 
patients were instructed to put the recorder apart the body to 
a distance of no more than 2 meters. Patients were informed 
to refrain from a magnetic resonance imaging study within 
30 days of the Bravo procedure and a 10-days period after 
the study ended, patients underwent a chest X-ray to confirm 
capsule detachment(21).

Data analysis
Data analysis was performed using standard commercially 

available computer software. Reflux was defined as pH <4 and 
reflux time as the interval until pH >4. The characteristics 
of esophageal acid exposure during the 48-h study period 
to consider a study positive are as follow(29): (1) % total time 
acid exposure >4.4%; (2) % total time in upright position 
>6.3; (3) % total time in supine position >3.7; (4) symptom 
association probability (SAP) to express the relationship 
between symptoms and acid reflux episodes(1). The SAP is 
considered positive when the association is superior to 95%. 

FIGURE 1. Wireless pH capsule
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Adverse effects n (patients) %
Mild foreign  
body sensation

17 22.9

Chest pain during  
meal periods

2 2.7

Total 19 25.6

TABLE 1. Adverse effects reported during Bravo system procedure

Day 48-h P
n* (%) n (%)

Day 1 51 (68.9) 58 (78.3) 0.023
Day 2 49 (70.2) 58 (78.3) 0.007

TABLE 2. Comparison between the results of abnormal pHmetry on day 
1 and 48-h and on day 2 and 48-h

* n represents the number of patients with abnormal pH data

SAP+ SAP+ 48-h P
n* (%) n (%) 

Day 1 19 (44.1) 27 (62.7) 0.026
Day 2 17 (40.4) 26 (61.9) 0.007

TABLE 3. Comparison between the results of SAP+ on day 1 and 48-h 
and on day 2 and 48-h

* n represents the number of patients with SAP+

 

no symptoms
(n = 26)

n = 74

with symptoms
(n = 48)

Symptoms only on 
day 1

(n = 6)

Symptoms only on 
day 2

(n = 5)

Symptoms on day 1 
and day 2 

(n = 37)

FIGURE 2. Algorithm of symptom distribution on study day 1 and 
day 2

The results found on the 1st and 2nd days of the study were 
compared with those of the 48-h study.

The premature detachment of  the capsule from the 
esophageal mucosa was defined as sudden prolonged drop 
in pH representing the capsule in the stomach (pH <4.0) and 
than the sharp rise as the capsule enters the small intestine 
through the pylorus (pH >7.0)(20).

Statistical analysis
The results are reported as percentages unless otherwise 

stated. The McNemar test was used to compare the pH data 
from the 1st or the 2nd day of the study with the data from the 
48-h study. The SPS 11.0 was used for all statistical analyses. 
Alpha <0.05 defined statistical significance.

RESULTS

Eighty-two patients (82%) were referred to diagnosis GERD 
and 18 patients were referred due to persistent symptoms 
despite PPI use.

Successful capsule attachment to distal esophageal mucosa 
was seen in 95 patients (95%). Mean duration of the study 
was 47 hours.

Twenty-six patients were excluded from data analysis: 
(a) technical flaws: failure to attach the capsule (1 patient), 
premature detachment of the capsule (2 patients), failure to 
capture the signal (2 patients); (b) only 24-h study (2 patients); 
(c) downloaded data lost (2 patients); (d) on PPI therapy 
(10 patients); (e) and with fundoplication (8 patients). One 
patient on PPI use also performed only 24-hour study. Thus, 
74 patients composed the study group.

Complications related to capsule attachment were generally 
mild, reported by 19 patients (25.6%). Seventeen patients 
(22.9%) noted a mild foreign body sensation, and 2 patients 
(2.7%), chest pain during meal periods, mainly on day 1 of 
the study (Table 1).

On day 1 pH data were abnormal in 51 patients (68.9%) 
and on day 2 pH data were abnormal in 49 patients (70.2%). 
Analysis of 48-h study showed abnormal pH data in 58 patients 
(78.3%). Table 2 shows that there was statistical significant 
difference between pH data of the 48-h study and day 1 (P 
= 0.023) and day 2 (P = 0.007).

Forty-eight patients (64.8%) reported symptoms related 
to GERD. Six patients only on day 1, 5 patients only on 
day 2, and 37 patients reported symptoms on both days 
of the study (Figure 2). SAP was positive during day 1 in 

19 patients (44.1%) and positive during 48-h in 27 patients 
(62.7%). There was statistical significant difference (P = 
0.026) between SAP of the day 1 and the SAP of 48-h study. 
During day 2, SAP was positive in 17 patients (40.4%) and 
during 48-h in 26 patients (61.9%). There was also statistical 
significant difference (P = 0.007) between SAP of the day 2 
and the SAP of 48-h study. The difference of one patient in 
the total number of SAP positive patients in the 48-h period 
from day 1 to day 2 is due to the methodology intrinsically 
used to calculate SAP. Thus, when SAP was calculated based 
on the relationship between symptoms and reflux episodes 
during day 1, it was positive. However, when data of 48-h 
study period was taken into account, SAP showed a negative 
result (Table 3).

Analysis of day 2 identified 7 patients (30.4%) out of 23 
patients with abnormal pH data that had not been identified 
on day 1. Positive SAP was observed in 3 patients (18.7%) 
out of 16 patients that had normal pH data in both days of 
the study. Thus, the additional 10 patients with abnormal pH 
data identified with the extended period study of 48-h ensued 
an increase in GERD diagnostic yield of 43.4%.
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DISCUSSION

In this study, 48-h ambulatory wireless capsule intraesophageal 
pH monitoring was successful in 95% of patients. Failure 
to attach the capsule to distal esophageal mucosa occurred 
in only one patient, evincing that the period of the learning 
curve is short. The 48-h extended period of study revealed 
significant day-to-day variability in esophageal acid exposure 
and symptom perception. This represented an increase in 
GERD diagnostic yield of 43.4%.

Traditional 24-h catheter-based esophageal pHmetry 
has been considered the gold-standard method to diagnose 
GERD. However, Bortolotti et al.(3) monitored esophageal pH 
of individuals with the Bravo system and a standard probe-
based device simultaneously and showed both techniques 
had similar results to detect acid reflux in distal esophagus. 
Subsequently, it was demonstrated that the Bravo system is 
capable of distinguish between GERD patients and controls 
with sensitivity of 84% and specificity of 85%(18).

Acid exposure is greater just above the squamocolumnar 
junction(22), however, by convention, in catheter-based 
pHmetry the tip of  the probe is positioned 5 cm above the 
LES to prevent migration of  the pH sensor into stomach, 
due to esophageal shortening during swallows, which in 
turn could lead to record false episodes of  acid reflux(8). 
Bravo system monitors pH with a capsule attached to 
esophageal mucosa, therefore, in a fixed position in relation 
to LES, overcoming this limitation seen with catheter-based 
pHmetry(21). To compare our results with previous studies 
and due to a lack of  normal values to acid exposure just 
above the squamocolumnar junction(10) we decided to attach 
the capsule 5 cm above the LES.

In general, capsule spontaneously falls off  within 5 days. 
Endoscopic removal is reserved for patients who do not 
respond to conservative management and/or continue to 
have symptoms for more than 48 h. To remove the capsule 
one should use a cold snare placed loosely around the 
base of  the attachment area between the capsule and the 
esophageal wall and than apply gentle traction in a to-and-
fro movement(20). In our study the spontaneous dislodgement 
of  the capsule occurred in all patients within 5 to 10 days, 
with no complications.

The most common complication of Bravo system was 
foreign body sensation reported by 22.9% of patients, the 
second most common complication was chest pain observed 
in only 2.7% of patients, similar results were found by other 
authors(18, 31). Pandolfino et al.(18) reported 3 out of 85 patients 
with chest pain, 2 patients requiring endoscopic removal of 
the capsule. In this study, two patients reported chest pain 
during meal period, although endoscopic removal of the 
capsule was not necessary. The proposed mechanism to chest 
pain in these patients probably is related to abnormalities 
in central or peripheral visceral nociception, in particular, 
decreased threshold in generation or perception of symptoms(9). 
Similar to other authors(10, 31) patients in this study did not 
complain of pharyngeal discomfort or interference in their 
daily activities.

Limitations to Bravo system also occur. Laryngeal and/
or proximal esophageal reflux monitoring is not feasible 
with capsule technology and in this direction, symptoms like 
globus sensation can not be suitably evaluated(23). Esophageal 
impedance studies point to the height reached by the refluxate 
as an important factor in generation of globus sensation(14). 
In patients with Barrett’s esophagus, capsule attachment to 
esophageal mucosa can be difficult(20). Recently, discussion 
has been aroused around the role of non-acid reflux and its 
relationship with generation of symptoms or persistence of 
symptoms despite antisecretory medical therapy(25). With 
Bravo system is not possible to capture non-acid reflux in 
order to correlate with symptoms. Other limitation of this 
system is that capsule is expensive.

Acid exposure in distal esophagus shows day-to-day variability 
and it can affect 24-h pHmetry accuracy(2). Factors such as 
diet, body position, physical activity, social inconvenience 
and intraesophageal catheter position alter intensity of 
gastroesophageal reflux(6). On the other hand, Bravo system 
has inherent advantages, as patients report significant less 
discomfort during the procedure when compared to catheter-
based pHmetry(31). Furthermore, there is less impairment in 
daily activities and diet modifications and patients monitored 
by Bravo system can have normal daily routine(30), including 
physical exercises practice(19). A study in patients that did 
not tolerate catheter-based pHmetry and underwent Bravo 
system esophageal pH monitoring, showed that patients were 
highly tolerant and pleased during the study(27).

Our study showed increased yield to diagnose GERD 
when compared day 1 or day 2 with the extended 48-h 
period study. Three patients with only positive SAP but 
normal distal esophageal acid exposure were included in the 
results because according to Rome III criteria, these patients 
are considered sensitive to normal distal esophageal acid 
exposure, and therefore, they should be included in the same 
spectrum of GERD disease(7). Thus, in total, additional 10 
patients were diagnosed as GERD (43.4%) among 23 patients 
that had no diagnosis of GERD when the first 24-h of the 
study was analyzed. Increased GERD diagnostic yield with 
48-h extended monitoring was also observed in a Mexican 
study(26). Pandolfino et al.(18) observed daily variability with 
Bravo system in normal individuals, patients with erosive and 
non-erosive GERD. Roughly 27% of patients with GERD 
diagnosis showed different results considering both days of 
monitoring, for instance, abnormal acid exposure on day 1 
and normal on day 2 and vice-versa(18). In patients with erosive 
esophagitis, the sensitivity of the Bravo system increased 
from 74% to 100% when the worst day was recruited and 
compared with the recording of the first 24-h(18).

The extended time period to 48-h increases the probability 
of patients have symptoms in order to be associated with acid 
reflux episodes, reducing the possibility of this association 
occurs by chance(24).

Results of  Bravo system increases GERD diagnostic yield 
and can substantially help in decision making, for instance, 
in selection of  candidates to fundoplication surgery(4). Good 
response to medical therapy with PPI is a strong predictor 
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Domingues GRS, Moraes-Filho JPP, Domingues AGL. Impacto da monitorização prolongada do refluxo por pHmetria sem cateter por 48 horas, no 
diagnóstico da doença do refluxo gastroesofágico e no estudo da relação entre os sintomas e o refluxo. Arq Gastroenterol. 2011;48(1):24-9

RESUMO – Contexto - A doença do refluxo gastroesofágico é uma das doenças digestivas mais comuns e importante causa de desconforto para os 
pacientes. O diagnóstico desta condição clínica pode requerer monitoramento ambulatorial do pH esofágico. Objetivos - Determinar o espectro 
diagnóstico do sistema de monitoramento ambulatorial do pH esofágico com cápsula telemétrica por um período de 48 horas no diagnóstico da 
variabilidade diária da exposição ácida anormal e sua associação com sintomas. Métodos - Foram incluídos 100 pacientes adultos, consecutivos, 
com sintomas relacionados com a doença do refluxo gastroesofágico, que realizaram pHmetria com cápsula telemétrica por 48 horas entre 2004 e 
2009. A cápsula foi posicionada e implantada a 5 cm da borda superior do esfíncter esofágico inferior, definida pela manometria esofágica. Foram 
analisados os seguintes parâmetros: (1) tempos percentuais de exposição ácida no esôfago distal; (2) probabilidade de associação dos sintomas com 
o refluxo ácido. Foram comparados os resultados entre o 1º e o 2º dia de monitoramento, assim como o eventual ganho diagnóstico obtido após a 
inclusão do 2º dia no monitoramento. Resultados - Sucesso na obtenção dos dados do pH esofágico durante 48 horas foi obtido em 95% dos pacientes. 
Aproximadamente 25% dos pacientes apresentaram sintomas relacionados à implantação da cápsula, variando entre sensação de presença de corpo 
estranho à dor torácica. A análise dos resultados do estudo de 48 horas mostrou-se estatisticamente significante quando comparada com as análises 
isoladas do dia 1 e do dia 2. O estudo do dia 2 identificou sete pacientes (30.4%) que teriam sido perdidos se somente o dia 1 fosse analisado. Três 
pacientes (18.7%) dos 16 pacientes com exposição ácida normal no esôfago distal em ambos os dias, apresentaram probabilidade de associação 
com o sintoma positivo, que gerou incremento no ganho diagnóstico com este método diagnóstico de 43.4%. Conclusões - O monitoramento do 
pH esofágico com a cápsula telemétrica é seguro, bem tolerado e não requer sedação. A extensão do período de estudo para 48 horas representa 
significativo aumento no ganho diagnóstico em pacientes com doença do refluxo gastroesofágico.

DESCRITORES – Refluxo gastroesofágico. Monitoramento do pH esofágico. Determinação da acidez gástrica. Cápsulas endoscópicas. 
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