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Abstract

Objectives—Anesthesia can alter gastric and small intestinal motility, but its effect on
gastroesophageal reflux (GER) is unclear. We set out to evaluate the effect of anesthesia on pH-
multichannel intraluminal Impedance (pH Impedance) evaluation of GER.

Methods—Retrospective single center analysis of 95 pH Impedance probe studies performed
in patients both with anesthesia exposure and esophagogastroduodenoscopy (n=50) and without
(n=45).

Results—Increased acid reflux per hour, non-acid reflux per hour and total reflux per hour was
observed in the first 4 hours, both overall and in =1 year olds and in both sedation groups. This
difference remained for the older children without sedation by multiple regression analysis for
non-acid reflux per hour and total reflux per hour. Patients using PPI had more non-acid reflux
events per hour and total reflux events per hour regardless of sedation.

Conclusions—Based on the results of this study, there is no need to eliminate the data
collected immediately after placement of the probe in children under 1 year old, but in those =1
without sedation, there may be a greater number of reflux events in the first 4 hours. The first 4
hours, therefore, should be carefully evaluated in patients older than 1 year of age. Further study is
needed to provide normative data for the first 4 hours versus the later time period, both for those
undergoing sedation as well as unsedated patients, in order to validate the findings from this study
and to better understand the mechanism of GER.
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Introduction

The pH-multichannel intraluminal impedance (pH impedance) monitor is a sensitive tool
that is used to detect liquid reflux, independent of pH, and gas reflux episodes.1-3 PH
impedance monitoring has been used in pediatrics since 2002 and is becoming the gold
standard for the evaluation of reflux. The utility of pH impedance studies, however, is
limited by the lack of robust reference range data on the quantity of reflux in healthy
children and a shortage of evidence-based studies validating results to clinical outcomes.
Despite these limitations, it is increasingly used in the evaluation of gastroesophageal reflux
disease (GERD). The pH impedance monitor can be placed while a child is awake or under
anesthesia and is frequently coordinated with esophagogastroduodenoscopy (EGD). There is
currently very little data regarding the effects of anesthesia on pH impedance results.

It is well established that anesthesia decreases gastric emptying.L: 2 47 This effect appears
to be independent of the type of anesthesia, with decreased emptying documented with both
inhaled and epidural anesthetics as well as with propofol.”: 8 Lombardo et al. used
electrogastrography to show abnormal motility in the stomach following anesthesia
exposure.® Motility of the small intestine is also decreased by anesthesia.® Several studies
suggest motility returns to normal about two hours following anesthesia exposure. 7 8 It is
unknown how delayed gastric emptying and decreased gastric and intestinal motility affects
gastroesophageal reflux, but it could be postulated that decreased motility will result in
increased reflux events.

There is scant literature regarding the influence of anesthesia on pH impedance monitoring.
Because adults typically have the pH impedance monitor placed while they are awake, there
is no adult literature on this subject. Research in animals has shown that anesthesia increases
reflux. In cats, propofol increases reflux during anesthesia.1% Anesthesia with acepromazine,
propofol, and isoflurane caused decreased pH and an increased number of reflux episodes in
anesthetized dogs compared to awake dogs.! These studies, however, do not address the
question of what happens to gastroesophageal reflux after anesthesia ends or how long the
effects last.

There is one pediatric study that has looked at this question, comparing the pH tracings of 88
children during the six hours after anesthesia to the six-hour period 24 hours later using a
Bravo capsule attached to the wall of the esophagus during EGD.12 This study found
increased reflux episodes in the period following anesthesia, but evaluated only pH and not
impedance. In this study, the attachment of the capsule itself may alter reflux patterns.

Given that anesthesia decreases gastric emptying and affects both gastric and small intestinal
motility, it is important to evaluate if anesthesia exposure changes the results of the pH
impedance study. A better understanding of how anesthesia affects pH impedance
monitoring could greatly change how studies are interpreted and the conclusions made from
them. We hypothesized that anesthesia would increase the amount of both acid and non-acid
reflux in the four hours immediately following anesthesia in children.
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Methods

Participants

Measures

We performed a retrospective, single-center study evaluating patients that had undergone pH
impedance studies at Children's Hospital Colorado during the years 2009 — 2012 (1322
studies completed during this time frame). The study was approved by our institutional
review board (COMIRB Protocol number 12-1442) and was exempted from patient/parent
consent. Each researcher was assigned a year of patients from which to identify subjects.
Patients were randomly selected from our existing database based on age and stratified into
2 different groups: less than 1 year of age and greater than 1 year of age. Children younger
than 2 months and older than 18 years were not included. Matching cases for each age group
were found both with and without anesthesia exposure, and all cases were reviewed
individually to ensure the pH impedance study was at least 24 hours long and of sufficient
quality. From there, each patient’s individual pH impedance data was reviewed.
Demographic information was collected for each subject including age, gender, body mass
index (BMI), endoscopy data available for those undergoing EGD (presence or absence of
esophagitis), use of proton pump inhibitor (PPI) medication, and exposure to medications at
the time of pH impedance placement including ondansetron and the type of anesthesia used
(if applicable). Seven patients were removed from the study due to incomplete (< 24 hours)
or poor quality data (probe failure) following data collection during a quality review by one
of the researchers.

Each patient’s pH impedance study data was analyzed using software from Sandhill
Scientific and this analysis was used without manual modification. Three specific time
intervals were chosen to evaluate separately. To characterize the potential effect of
anesthesia, the initial 4 hours of the study were analyzed as these were postulated to show
the most affect from anesthesia. The “abridged” study was the remainder of the study
excluding the first 4 hours. Lastly, the total study was re-analyzed including both the initial 4
hours and the remainder of the recorded study time (full study). For each discrete time
interval, the same data was collected including the percentage of the time with pH less than
4, the number of both acid reflux events and non-acid reflux events per hour, the number of
reflux events lasting longer than 5 minutes, the length of time of the longest reflux event,
and the percent time recumbent (by parental report).

Statistical Analysis

All original pH impedance data was analyzed with Sandhill Scientific software (version
5.5.5.1). Reports were verified and data was collected in Microsoft Excel. Patient
demographics were compared by t-tests for continuous variables and an exact chi-square test
for categorical variables. The outcomes including % time pH <4, number of acid reflux
episodes/hour, number of non-acid reflux episodes/hour and total number of reflux episodes/
hour were not normally distributed (the data were skewed) so geometric means with 95%
confidence intervals were calculated for the univariate analyses. General linear models were
used to compare the outcomes between sedation and no sedation groups, taking into account
use of opioids, ondansetron, patient BMI, PPI, esophagitis and age group (<1 vs. =1), using
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log transformed outcome data. Similar models were used to test the difference in the
outcomes between the first 4 hours and the abridged data, using untransformed data since
the differences in the outcomes were normally distributed. The effect of sedation was tested
within the general linear model for the dataset. Comparisons were also made within each age
subgroup, and also between PPI groups, using similar methods. All statistical analyses were
conducted using SAS Version 9.4 (SAS Inc., Cary, NC)

The patient characteristics (age, BMI and sex) were similar for the two groups (Table 1).
Ninety-five patients were analyzed, 22 aged <1 and 73 aged =1 year of age. In those <1 year
of age, 11 received anesthesia and 11 received no sedation. In those =1 year of age, 39
received anesthesia and 34 received no sedation. Six subjects were excluded due to
incomplete studies (less than 24 hours) and one was removed due to concern for probe
failure. The anesthesia group consists primarily of patients who received both inhalant and
propofol anesthesia, although 8 patients (16%) received only inhalant or only propofol for
anesthesia. Twenty-eight of the patients (56%) also received opioids during the procedure.
The mean anesthesia time was 34 minutes.

The pH-multichannel intraluminal Impedance monitor measures both acidic and non-acidic
reflux. Non-acidic reflux is defined as a refluxate with a pH greater than 4, while acidic
reflux is defined by a pH less than 4. Univariate analysis of the full data set showed a
significant difference (p=0.042) over the full study time, 0.58 versus 0.91 acid reflux events
per hour for anesthesia versus no sedation, respectively (See Table 2). A significant
difference was also found in the first 4 hours (p=0.002) for the comparison between acid
reflux per hour with anesthesia (0.96 acidic reflux events per hour) versus no sedation (1.80
acidic reflux events per hour). In patients = 1 year old, univariate analysis showed a
significant difference (p=0.008) in first 4 hours, anesthesia versus no sedation, for acid
reflux per hour. Over the entire period of observation there were fewer acid reflux events per
hour in the anesthesia group (0.59) compared with the no sedation group (0.96) in those
aged = 1, but this did not reach statistical significance (p=0.056). A significant difference
was observed in the older age group for total number of reflux episodes per hour in the first
4 hours (2.09 versus 3.11 for anesthesia versus no sedation, respectively, p=0.030). No
differences were identified in the <1 year old group with univariate analysis or for any
comparisons with multiple regression for the effect of sedation on outcome, allowing for
opioids, ondansetron, BMI, PPI and esophagitis (see supplementary Table 1, http://
links.lww.com/MPG/A588). There was no statistically significant difference when
comparing % time in which pH was <4 for any of the comparisons.

Significant differences were seen when evaluating change between the time periods,
comparing the first 4 hours data to the abridged data (See Table 3). In the no sedation group,
there were more acid, non-acid and total reflux episodes per hour in the first 4 hours
compared to the abridged study. This effect was statistically significant in patients aged =1
(p<0.001, p=0.006 and p<0.001 for acid, non-acid and total reflux, respectively), and
remained significant in patients aged =1 even when allowing for other covariates (p=0.005
and p=0.008 for non-acid and total reflux, respectively, Figure 1; supplementary Table 2,
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http://links.lww.com/MPG/A589). Therefore, there were significantly more non-acid reflux
events per hour in the first 4 hours compared with the later time period in older children.
However, this difference was not statistically greater in the no sedation group than the
anesthesia group (p=0.082), although the effect was larger in the no sedation group.

Proton pump inhibitor (PPI) use was present in all groups varying between 50% in the no
sedation and =1 year olds to 82% in the no sedation <1 year olds (Table 1). There were
significant differences between PPI and no PPI use within all 3 datasets (full, first 4 hours
and abridged) for non-acid reflux per hour in one or both sedation groups, and for total
reflux per hour in the anesthesia group, both overall and in patients aged =1. These
differences remained significant after allowing for the other covariates (Figure 2). Generally
outcomes (non-acidic reflux per hour and total reflux) were higher with PPI (supplementary
Table 3, http://links.lww.com/MPG/A590).

Families were asked to document the position of the children with position buttons on the
monitor. While there were no significant differences when the full studies were compared
between anesthesia and the no sedation group, there was increased time in the recumbent
position in the first 4 hours for the anesthesia group, with 49% of the time spent recumbent
compared to 18% in the no sedation group (p<0.001).

Discussion

To our knowledge, this is the first study analyzing the effects of anesthesia on
gastroesophageal reflux as measured by the pH-multichannel intraluminal impedance (pH
impedance) monitoring device. Our study shows: 1) Differences in acid reflux per hour exist
between patients receiving anesthesia and those without sedation in univariate evaluation for
both age groups. However when controlling for opioids, ondansetron, BMI, PPI, esophagitis
and age, these differences were no longer statistically significant overall or within each age
group. 2) Univariate analysis for the difference between the first 4 hours and the abridged
time period showed increased acid reflux per hour, non-acid reflux per hour and total reflux
per hour both overall and in =1 year olds. This difference remained statistically significant
for the = 1 year old group without sedation in multiple regression analysis for non-acid
reflux per hour and total reflux per hour. The first 4 hour dataset had significantly more
reflux events than in the abridged dataset for these outcomes in the no sedation group. 3)
Patients using PPI had more non-acid reflux events per hour and total reflux events per hour,
notably in patients aged =1 and undergoing anesthesia. Percent time in which pH was <4 did
not appear to be significantly different between sedation groups or with and without PPI.

The study by Chawla on the Bravo pH monitoring system identified an increase in acidic
reflux in the first six hours following anesthesia.12 The authors questioned the role that
propofol, NPO status, endoscopy with air insufflation, decreased oral intake and decreased
activity played in these differences. There is some literature on the effects of propofol on
LES pressures; 13 however, no correlation to reflux has been made. Previous studies on the
effects of anesthesia on GER are very limited and are mainly in the veterinary literature.
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Similar to the Bravo probe study,2 our study found increased acid refluxes per hour and
total reflux per hour following placement of the probe. However, we also found a significant
change over time in the non-acid refluxes per hour in the no sedation group which was not
statistically significant in the anesthesia group, contrary to what we had hypothesized. The
no sedation group had higher non-acid reflux per hour and total reflux per hour between the
first 4 hours and the abridged study in patients aged =1 year, controlling for opioids,
ondansetron, BMI, PPI and esophagitis. We hypothesize this difference is due to shorter
NPO times, increased activity, earlier oral intake after pH probe placement, and decreased
recumbent time. We question the role of the placement of the pH probe itself in the
increased reflux events. We also question the role of anesthesia, prolonged NPO times,
decreased oral intake and decreased activity during recovery on dampening reflux in those in
which the probe was placed during anesthesia.

Our study also showed increase in reflux in children taking PPI, regardless of sedation. In
the <1 year old group no differences were found by multiple regression, but there were
significant differences between PPI and no PPI use within the full dataset, the first 4 hour
dataset and the abridged dataset for non-acid reflux per hour in one or both sedation groups,
and for total reflux per hour in the sedation group, in patients aged =1. Subjects taking PPI
had more non-acid reflux per hour and total reflux per hour. This group of patients likely had
more reflux causing symptoms resulting in their PPI prescription. It is also possible that the
children on PPI did not take their medication prior to the placement of the probe resulting in
acid hypersecretion that is later controlled following PPI dosing.

A larger prospective study may be able to better control for some of these factors and better
isolate the role of anesthesia on GER. This study was limited by its retrospective nature and
by the multiple anesthetics used during the anesthesia exposures. It is possible that each
medication affects reflux and gastric motility differently, although previous studies have not
shown this. We were also limited by our data on patient positioning, which we found to be
poorly reported. Position and activity, to include sleep, clearly impact reflux and our study
cannot fully evaluate this. Specific type of meal composition may also greatly impact reflux
which was not available in our data that simply identified a meal. Future prospective studies
could better capture this data on position, activity and dietary intake during the study. An
additional limitation was the small number of patients (n=22) in the subgroup analyses of
patients aged <1 and there may have been insufficient power to detect differences. The <1
year old group appears to have different physiology which warrants independent study.

Conclusion

When comparing the anesthesia and no sedation groups directly there was no difference in
outcome when taking covariates into account. However, the no sedation group did have
higher non-acid reflux measured by intraluminal pH in the first four hours compared to the
remainder of the study, which remained statistically significant when controlling for opioids,
ondansetron, PPI use, BMI, age and presence of esophagitis. Limited differences were seen
in the <1 year old group with no differences between sedation group or outcome over time
by multiple regression. Based on the results of this study, there may be no need to eliminate
the data collected immediately after placement of the probe in children <1 year of age, but in
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those =1, there may be a greater number of reflux events in the first 4 hours compared to the
later time period in probes placed without sedation. The first 4 hours should be carefully
evaluated in patients =1 year of age. The finding of increased reflux in the early portion of
impedance probe testing in the no sedation group suggests that there may be additional
factors that impact the interpretation of these studies. Further study is therefore needed to
provide normative data for the first 4 hours versus the abridged data, separately for those
undergoing sedation versus unsedated patients, in order to validate the findings from this
study and to better understand the mechanism of gastroesophageal reflux. Future studies
may help to identify the appropriate time to start data collection in both populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is known

New findings

Lower esophageal sphincter pressure is decreased by anesthesia

Gastroesophageal reflux increases following endoscopy as measured by
BRAVO pH measuring device

Veterinary studies show increases in gastroesophageal reflux following
anesthesia

Increased non-acid and total reflux in the first 4 hours following pH
probe placement in non-sedated children older than 1 year of age.

No significant difference in reflux parameters between anesthesia and
non-sedated patients when controlling for age, BMI, presence of
esophagitis, and exposure to opioids, Ondansetron, and Proton Pump
Inhibitors (PPI).
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p=0.008

Difference in pH Impedance

Non-acid Reflux Total Reflux

Figure 1.
Mean difference (+95% CI) in pH Impedance between the 15t 4 hours and the abridged data

(for number of non-acid reflux episodes/hour and total number of reflux episodes per hour),
in patients aged =1 year, controlling for opioids, ondansetron, BMI, PPI and esophagitis. p-
values are for the comparison of the difference versus a null hypothesis of no difference.
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Figure 2.

Geometric mean pH Impedance (£95% Cl) in patients aged =1 year, with and without PPI
by sedation group, controlling for opioids, ondansetron, BMI, and esophagitis, (A) number
of non-acid reflux episodes/hours and (B) total number of reflux episodes/hour. P-values are
for comparisons between PPI and no PPI groups.
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TABLE 1
Demographics on all 95 patients

Covariate | Anesthesia | No Sedation
Variable Group (n=50) (n=45) p-value
Age Mean(SD) | 5.78 (5.48) | 5.12(5.16) | 0.550
BMI Mean(SD) | 18.65 (4.75) | 17.06 (3.87) | 0.080
Sex Male 32 (64.0) 22 (48.9) 0.152
Opioids Yes 28 (56.0) 0(0.0) <.001
Ondansetron | Yes 36 (72.0) 1(2.2) <0.001
PPI Yes 34 (68.0) 26 (57.8) 0.395
Esophagitis Unknown | 3(6.0) 27 (60.0) <0.001

Yes 11 (22.0) 8 (17.8)
Patients aged <1 year:

Covariate | Anesthesia | No Sedation
Variable Group (n=11) (n=11) p-value
Age Mean(SD) | 0.61(0.23) | 0.41(0.23) | 0.062
BMI Mean(SD) | 16.68 (1.44) | 15.73 (1.95) | 0.205
Sex Male 10 (90.9) 7 (63.6) 0.311
Opioids Yes 4(36.4) 0(0.0) 0.090
Ondansetron | Yes 3(27.3) 0(0.0) 0.214
PPI Yes 8(72.7) 9(81.8) 1.000
Esophagitis Unknown | 3(27.3) 10 (90.9) 0.008

Yes 1(9.1) 0(0.0)
Patients aged =1 year:

Covariate | Anesthesia | No Sedation
Variable Group (n=39) (n=34) p-value
Age Mean(SD) | 7.23(5.37) | 6.64(5.06) | 0.631
BMI Mean(SD) | 19.20 (5.21) | 17.49 (4.25) | 0.133
Sex Male 22 (56.4) 15 (44.1) 0.352
Opioids Yes 24 (61.5) 0(0.0) <0.001
Ondansetron | Yes 33 (84.6) 1(2.9) <0.001
PPI Yes 26 (66.7) 17 (50.0) 0.162
Esophagitis Unknown | 0(0.0) 17 (50.0) <0.001

Yes 10 ( 25.6) 8(235)
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Univariate analysis for each outcome (geometric mean and 95% confidence intervals), overall and for patients

aged =1. Multiple regression analyses are presented in the Supplemental Digital Content.

All patients:
Outcome Dataset Sedation No Sedation p-value
% Time pH < 4 Full data 1.23(0.82,1.84) | 1.51(0.93,2.44) | 0513

Abridged data | 1.07 (0.68, 1.69) | 1.63 (0.97,2.73) | 0.222

First4 hours | 1.88(1.24,2.85) | 2.48 (1.56,3.94) | 0.368
Number of acid reflux Full data 0.58 (0.43,0.78) | 0.91(0.66,1.26) | 0.042
episodes/hour

Abridged data | 0.51(0.36,0.71) | 0.66 (0.44,0.98) | 0.317

First4 hours | 0.96 (0.73,1.27) | 1.80(1.37,2.36) | 0.002
Number of non-acid reflux | Full data 0.92 (0.68, 1.23) | 0.90 (0.67,1.19) | 0.911
episodes/hour

Abridged data | 0.90 (0.66, 1.21) | 0.90 (0.68, 1.20) | 0.967

First4 hours | 1.28(0.97,1.69) | 1.45(1.10,1.91) | 0.533
Total number of reflux Full data 1.82(1.49,2.22) | 2.19(1.83,2.62) | 0.173
episodes/hour

Abridged data | 1.74 (1.41, 2.16) | 2.03 (1.67,2.47) | 0.290

First4 hours | 2.14 (1.66,2.75) | 2.72 (2.08,3.57) | 0.188
Patients aged =1:
Outcome Dataset Sedation No Sedation p-value
% Time pH < 4 Full data 1.47 (0.96, 2.27) | 1.44(0.86,2.41) | 0.942

Abridged data | 1.24 (0.75,2.05) | 1.53(0.87,2.70) | 0.572

First4 hours | 1.87 (1.28,2.74) | 2.53 (1.54,4.17) | 0.325
Number of acid reflux Full data 0.59 (0.41, 0.85) | 0.96 (0.67,1.37) | 0.056
episodes/hour

Abridged data | 0.54 (0.37,0.80) | 0.77 (0.51,1.16) | 0.221

First4 hours | 1.02(0.75,1.39) | 1.84 (1.36,2.50) | 0.008
Number of non-acid reflux | Full data 0.74 (0.54,1.01) | 0.76 (0.56, 1.04) | 0.868
episodes/hour

Abridged data | 0.72 (0.52,0.98) | 0.74 (0.55, 1.00) | 0.876

First4 hours | 1.22(0.90,1.64) | 1.48 (1.11,1.98) | 0.335
Total number of reflux Full data 1.64 (1.32,2.05) | 2.17 (1.81,2.59) | 0.054
episodes per hour

Abridged data | 1.56 (1.23,1.97) | 1.88 (1.51,2.35) | 0.238

First 4 hours 2.09 (1.59,2.73) | 3.11(2.43,4.00) | 0.030

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2017 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Hurtado et al.

TABLE 3
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Univariate analysis for the mean change (and 95% confidence intervals) from the 1st 4 hours to the abridged
dataset for each outcome, overall and for patients aged =1, and by sedation. Multiple regression analyses are
presented in the Supplemental Digital Content.

All patients:

Outcome Mean difference | p-value
% Time pH < 4 0.47 (-0.62, 1.56) 0.402
Number of acid reflux episodes/hour 0.44 (0.18,0.70) 0.001
Number of non-acid reflux episodes/hour | 0.45 (0.13, 0.77) 0.007
Total number of reflux episodes/hour 0.90 (0.51, 1.29) <.001
Patients aged >1:

Outcome Mean difference | p-value
% Time pH < 4 0.58 (-0.79, 1.96) 0.408
Number of acid reflux episodes/hour 0.50 (0.18,0.82) 0.003
Number of non-acid reflux episodes/hour | 0.62 (0.31, 0.93) <0.001
Total number of reflux episodes/hour 1.14(0.69, 1.58) <0.001

All patients:
Outcome Sedation Group | Mean difference p-value
% TimepH <4 Sedation -0.23(-1.72,1.27) 0.768
No Sedation 1.24 (-0.34, 2.82) 0.127
Number of acid reflux episodes/hour Sedation 0.22 (-0.14, 0.57) 0.232
No Sedation 0.68 (0.31, 1.05) <0.001
Number of non-acid reflux episodes/hour | Sedation 0.45 ( 0.00, 0.89) 0.052
No Sedation 0.46 (-0.01, 0.93) 0.057
Total number of reflux episodes/hour Sedation 0.69 (0.15, 1.23) 0.014
No Sedation 1.14(0.57,1.71) <0.001
Patients aged >1:
Outcome Sedation Group | Mean difference p-value
% TimepH <4 Sedation -0.56 (-2.42, 1.29) 0.554
No Sedation 1.90 (-0.09, 3.89) 0.065
Number of acid reflux episodes/hour Sedation 0.19 (-0.23, 0.62) 0.376
No Sedation 0.85 (10.40, 1.30) <0.001
Number of non-acid reflux episodes/hour | Sedation 0.58 (0.15, 1.01) 0.011
No Sedation 0.67 (0.21, 1.13) 0.006
Total number of reflux episodes/hour Sedation 0.80 ( 0.20, 1.40) 0.011
No Sedation 1.52(0.87, 2.16) <0.001
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