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Abstract

Background—Adult studies suggest conscious sedation increases gastroesophageal reflux 

(GER), but the role of anesthesia on GER in children is unclear. Our aim was to study the 

anesthesia effects on GER and pH study interpretation in children.

Methods—Children undergoing BRAVO wireless pH capsule placement under anesthesia and 

study duration >36 hours were included. We evaluated the pH parameters (number of reflux 

episodes >5 minutes, duration of longest reflux episode, time pH <4 and fraction time pH <4) at 1, 

2, 6-hour and total study duration blocks using 2 cut-off values (5.3% and 6%) for the worst day, 

average of both days and 1st day alone. We compared time blocks to evaluate the effect of 

anesthesia on GER and the proportions of studies changing interpretation after excluding the 1st 

hour and 1st 2-hour blocks to evaluate anesthesia effect on study interpretation.

Results—A total of 150 children were included. We found a significant increase on the pH 

parameters in the 1st hour compared to subsequent block times suggesting an effect of anesthesia 

on GER. We found no significant change in the proportion of studies interpreted as normal vs. 

abnormal, however, excluding the initial 2 hours of the study would change the study 

interpretation from abnormal to normal in up to 5% of patients.

Conclusions—We found an effect of anesthesia increasing the GER parameters mainly in the 

1st hour and up to the first 6 hours of the study that may result in a change in the study 

interpretation.
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BACKGROUND

The ability to measure pH in the esophagus and send the information wirelessly to an 

external receiver makes the BRAVO wireless pH an attractive tool in children. The safety 

and tolerability of the device has been established in adults (1) and children (2–5) and has 

also proved to be better tolerated than the conventional pH catheter in children.(3) Little 

information is available about the potential effect of anesthesia on pH monitoring in 

children. The data on effect of intravenous conscious sedation on GER in adults is 

controversial, while large retrospective studies have demonstrated low day to day variability 

and high reproducibility of the test with no significant difference in reflux parameters and 

proportions of abnormal studies between studies performed with and without sedation(6–8) 

other smaller series have reported a potential effect from intravenous conscious sedation 

resulting on more GER on day 1 compared to day 2.(9) A retrospective study in children 

reported similar day to day reproducibility but conflicting GER results between days 1 and 2 

in 10/44 patients also suggesting a potential effect from anesthesia.(2) Data on the effect of 

anesthesia on acid reflux is lacking. We aimed to evaluate the effect of anesthesia on GER 

and the potential implications of such effect on the interpretation of the pH study in children.

METHODS

Institutional IRB approval was obtained to conduct a retrospective review of records of 

pediatric patients undergoing BRAVO wireless pH study from June 2004 to June 2010 at 2 

pediatric tertiary care centers.

Patient population

Children undergoing a BRAVO wireless pH study to evaluate for presence of prolonged 

esophageal acid exposure as the potential cause for their symptoms. All subjects stopped 

acid blockers at least 48 hours before the study (48 hours for H2 blockers and 4–5 days for 

proton pump inhibitors). Patients were identified by searching a hospital-based procedure 

database and physician records. Only patients with at least 36 hours of monitoring were 

included.

BRAVO pH capsule study

After an overnight fast an endoscopy under general anesthesia (propofol) was performed in 

all patients to evaluate for presence of esophagitis and to locate the gastroesophageal 

junction (GEJ) to aid in the proper location of the BRAVO capsule (3–5cm above the GEJ 

depending on the age). Capsule was attached as per BRAVO wireless capsule attachment 

protocol previously published.(1) Successful capsule attachment was documented 

endoscopically in all patients. All studies were planned for 48 hours and a diary recording 

meals, position (supine or upright) and symptoms was obtained from all patients. All 
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patients were discharged after the capsule placement and returned the recording device and 

diary 2 days later.

Data analysis

The pH data was uploaded to a computer and analyzed to obtain the following pH 

parameters: number of reflux episodes, number of long (> 5 minutes) reflux episodes, 

duration of longest reflux episode (minutes), time pH was <4 (minutes) and fraction time pH 

was <4 (%). These parameters were measured for day 1, day 2, the average of both days and 

also for the following blocks of the study: 1st hour, 1st 2 hours, and 6 hour blocks. We also 

evaluated those measurements in both supine and upright positions. Prolonged esophageal 

acid exposure (abnormal BRAVO pH study) was defined as a fraction of time pH <4 higher 

than 6% (FT6%).(10) We also did a secondary analysis using a cut-off of 5.3% as it has 

been reported as the cut-off value used in BRAVO pH studies in adults(1) and children.(11) 

Our aims were to evaluate the potential effect of anesthesia on gastroesophageal acid reflux 

(GER) and on the interpretation of the BRAVO wireless pH study. To evaluate the effect of 

anesthesia on GER we compared the pH parameters among the different time blocks. For the 

effect of anesthesia on the overall interpretation of the study we compared the proportion of 

patients with normal and abnormal pH studies using both cut-off values for the total duration 

of the study, using the first day alone (FDA), the average of both days (ABD) and the worst 

day (WS) and we also performed the same analysis excluding the first hour of recording and 

the first 2 hours. We performed the analysis using the data on the first day to compare the 

advantage of the 48h BRAVO pH study compared to the conventional 24h pH probe study.

Statistical analysis

Continuous variables are expressed as median and range and were compared using non-

parametric testing. Proportions were compared using chi square or Fisher’s exact test.

RESULTS

A total of 190 children underwent a BRAVO wireless pH monitoring and 150 studies were 

included in this study based on study duration >36 hours. The median age was 11y (range 4–

18y) and 77 (51.3%) were female. Only one patient complained of short-lived chest pain 

after BRAVO capsule attachment, no other complications were reported and no patient 

required BRAVO capsule removal. The median fraction of time pH<4 (reflux index) of all 

patients for both days was 3.25 with a range of 0–78.7, for day 1 was 3.20 with a range of 0–

78 and for day 2 was 2.7 with a range of 0–79.5.

Effect of anesthesia on gastroesophageal reflux

We found an increased number of acid reflux episodes during the first hour compared to 

subsequent hours and also during the first 6 hours compared to the subsequent 6 h blocks. 

There was also a significant difference in the number of prolonged reflux episodes only 

between the 1st 6h block compared to the subsequent 6h blocks on the first day. We also 

found a significant difference on the fraction of time pH was <4 in the first 6h compared to 

the subsequent 6h blocks on the first day. (See Figure 1)
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Effect of anesthesia on BRAVO pH study interpretation

Table 1 shows the effect on removing the initial hours after anesthesia on BRAVO 

interpretation. Taking the population as a whole we found no significant difference on the 

proportion of normal interpretation between those with the total duration of the study 

compared to those after excluding the 1st hour or the 1st 2 hours for both cut-off values for 

the 3 group comparisons (WD, ABD and FDA). However as can be noted below there was a 

small proportion of individual patients in which the final interpretation changed.

Even though the median fraction of time (%) of pH <4 during the first hour of the study was 

0 (range 0–69), in 25 patients it was >5.3%, in 18 of those 25 it was >10% and in 10 it was 

>25%. When evaluating the first 2 hours of the study the same proportion rose to 35 patients 

although the median fraction pH <4 was similar at 0.95 (range 0–34) and 28 of those were 

>10%.

Worst day

FT6%: According to the pediatric guidelines, using the cut-off value of fraction of pH <4 

higher than 6% on the worst day we noticed that 56 studies were classified as abnormal, and 

when the 1st hour is excluded that resulted in 2 studies changing interpretation from 

abnormal to normal and after excluding the 1st 2 hours a total of 3 studies changed to 

normal. All of those had normal esophageal histology. Of those 56 abnormal studies, the 

interpretation was based on day 1 being abnormal in 33, and in 23 on an abnormal day 2 

only. Using a conventional 24h pH probe study we would have missed those 23 patients that 

had an abnormal study interpretation based solely on the abnormal fraction of pH <4 on day 

2. On the other hand, of those 33 patients with abnormal study on day 1 a total of 10 also 

had an abnormal study on day 2, therefore only 10/33 would have been considered abnormal 

if we exclude day one from the analysis, independently from anesthesia; none of those 10 

changed interpretation excluding the 1st hour or 1st 2 hours. From those 23 with abnormal 

day 1 and normal day 2, a total of 2 would have been diagnosed as having normal 

esophageal acid exposure if we exclude the 1st hour and 3 if we exclude the 1st 2 hours of 

the study. This means that in 2/150 (1.3%) and 3/150 (2%) studies the interpretation 

changed from abnormal to normal after excluding the 1st hour and the 1st 2 hours, 

respectively. Considering only those with abnormal esophageal acid exposure, those 

proportions would be 2/60 (3.3%) and 3/60 (5%), respectively. There is no significant 

difference between the proportions with normal and abnormal studies excluding the 1st hour 

or 1st 2 hours. (See Table 1).

FT5.3%: A total of 60 studies were interpreted as abnormal, excluding the 1st hour and 1st 2 

hours does not change the study interpretation. Of those 60, the interpretation as abnormal 

on 35 (23%) studies was based on day 1 and on day 2 on the remainder 25 (16%). Of those 

35 with abnormal study on day 1, only 13 had an abnormal day 2. Therefore only 13/35 

would have been considered abnormal if we exclude day one from the analysis, 

independently of the effect of anesthesia. On the other hand from those 22 studies with an 

abnormal day 1 and normal day 2, a total of 3 patients (13 %) would have been diagnosed as 

having normal acid exposure if we exclude the first 2 hours of the study. This means that in 

3/150 (2 %) patients the results of the BRAVO would have changed from abnormal to 
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normal. If we take only those with abnormal acid exposure the proportion would have been 

3/60 (5%).

Average of both days

FT6%: A total of 111 studies were interpreted as normal, after excluding the 1st hour one 

study (0.9%) changed from abnormal to normal and after excluding the 1st 2 hours the same 

study changed from abnormal to normal (0.9%), that patient had normal esophageal 

histology.

FT5.3%: A total of 108 studies were interpreted as normal and after excluding the 1st hour 

2 studies (1.9%) changed from normal to abnormal (normal esophageal histology) and 

another changed from abnormal to normal (0.9%) (No histology obtained). After excluding 

the 1st 2 hours a total of 3 studies (2.8%) changed from normal to abnormal (normal 

esophageal histology) and 2 others (1.9%) changed from abnormal to normal (both with 

normal esophageal histology).

First day alone

FT6%: A total of 43 studies were interpreted as abnormal and after excluding the 1st hour 2 

studies changed from abnormal to normal (4.7%) (One with normal histology and the other 

had no histology available) and after excluding the 1st 2 hours a total of 3 studies (7%) 

changed from abnormal to normal (2 with no histology available and one with normal 

histology).

FT5.3%: A total of 46 studies were interpreted as abnormal with no change after excluding 

the 1st hour and one study changed from abnormal to normal (2%) (No histology available) 

after excluding the 1st 2 hours.

DISCUSSION

BRAVO wireless pH is a safe and well-tolerated test to evaluate GER in children as young 

as 4 years of age. We have demonstrated an important effect of anesthesia on the occurrence 

of GER in the first 2 hours with a potential effect on the diagnosis of GER (BRAVO 

wireless pH study interpretation), particularly in those patients with abnormal acid exposure.

The day-to-day variability of the GER on adults has been previously reported (12, 13), 

however data in children is controversial with some showing no significant variability on 

consecutive days (14, 15) and others showing important variation.(3, 16) That variability has 

been attributed to the potential effect of anesthesia or intravenous conscious sedation on 

GER but the data available is controversial. Regarding sedation, some report a minimal 

effect on GER(6) while others report more GER on day 1 of the study(9). However, 

nowadays most of the endoscopic procedures in children are being performed under 

anesthesia and the effect it has on GER is not known.

In a study on 66 children undergoing BRAVO wireless pH and conventional pH probes 

studies simultaneously placed under anesthesia, Croffie et. al. reported no difference on 

GER parameters on day 1 measured with conventional pH probe studies and with the 

Rodriguez et al. Page 5

Neurogastroenterol Motil. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



wireless BRAVO pH capsule, but they found a difference between the BRAVO and the 

conventional l pH probe study on the day 2 and both days combined with only a single 

patient showing discordant results with normal GER on day 1 and abnormal on day 2, 

suggesting that anesthesia may play a role on increasing GER on day 1.(3) Hochman et. al. 

reported no significant variability on the test in 44 children but also reported conflicting 

results between day 1 and 2 in 10 out of 44 children(2), also suggesting a potential effect of 

anesthesia on GER. The mechanism of such increase in GER is unknown. A decrease in the 

lower esophageal sphincter pressure resulting in a hypothetical increase in GER has not been 

proved for conscious sedation. In children the use of sedatives like midazolam or chloral 

hydrate have no significant effect on the lower esophageal resting pressure.(17, 18) Also, the 

effect of anesthetics on the lower esophageal sphincter is controversial with some reporting 

a decrease on the LES resting pressure during anesthesia(19) while others reporting no 

significant effect(20).

Our findings demonstrated that the increase in GER occurs mainly in the first hour of the 

study and up to the first 6 hours after the capsule placement, as has been previously 

described in adult studies(21). However this increment of GER had a minimal effect on the 

overall interpretation of the BRAVO study. The increase in diagnostic yield of GER and 

symptom correlation by adding the second day has been well demonstrated in adult studies, 

(22, 23) however the potential effect of anesthesia on the diagnostic yield has not been 

thoroughly evaluated. We observed that only 1.3% of children with abnormal acid exposure 

using 6% cut off on the worse day would have been reclassified as being normal if we 

exclude the 1st hour of the study and 2% if we exclude the 1st 2 hours. However if only 

those patients with abnormal acid exposure are counted, excluding the first 2 hours would 

have changed the diagnosis from abnormal to normal acid exposure in 5%. Therefore it can 

be argued that in order to be more accurate on the diagnosis of GERD we may need to 

exclude the first hour or two of the study from the analysis. The effect of removing the 1st 

hour or 1st 2 hours was higher (although not statistically significant) on ABD and FDA 

compared to when WD is used. This can be explained because using WD the study was 

abnormal on the 1st day in 33/56 (59%), while in the other 23 (41%) the WD was the second 

day. Therefore removing the 1st hour or 1st 2 hours would not affect it the WD 

interpretation. Given our results we suggest that when an abnormal exposure of acid is found 

based on the first day of the BRAVO study, a careful analysis of the amount of reflux in the 

first 2 hours needs to be undertaken, or the first 2 hours need to be excluded, before a 

diagnosis of pathologic reflux is made. Prospective studies are needed to evaluate if 

removing the first or the first and second hour after anesthesia will have an impact on patient 

treatment and outcome. Furthermore it is also not clear what is the effect of anesthesia on 

the interpretation of esophageal impedance studies, as it is likely that also the number of 

non-acid reflux events are increased. Future studies to address this question will be needed.

This study has important limitations, mainly the fact that it is retrospective, the lack of 

pediatric normative data and we do not have any clinical outcome to evaluate the potential 

impact of our findings on clinical practice. However all pH measures are objective, were 

done blindly and same criteria was applied to all data analysis so they reflect changes that 

occurred after the anesthesia.
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The BRAVO study was safe. Only one patient complained of discomfort or increased 

symptoms after capsule placement but overall no side effects were reported from the study 

and no patient required any intervention associated to the placement of the BRAVO capsule 

and the performance of the study.

In conclusion we have shown that the presence of GER seems to be increased in the first 2 

hours after BRAVO placement, changing the diagnosis in a small percent of patients, and in 

up to 5% of patients with abnormal acid exposure. We therefore suggest that before a 

diagnosis of pathologic reflux is made when the increased acid exposure is based on the first 

day of the

BRAVO study a careful analysis of the first 2 hours after the anesthesia needs to be done. 

Future studies will be needed to decide if excluding the first 2 hours after anesthesia has a 

major impact on the long-term outcome of the patients.
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Key Message

Anesthesia increases gastroesophageal reflux for up to 6 hours but it does not result in a 

significant change in the study interpretation but after excluding first 2 hours of pH study 

it does result in a change of interpretation in a small proportion of patients.
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Figure 1. 
Effect of anesthesia on gastroesophageal reflux evaluated by BRAVO wireless pH study. 

Comparison between different blocks.
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