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Abstract

Background—Combinations of reflux parameters (acid exposure time, AET; symptom 

association probability, SAP) on pH-impedance monitoring describe varying confidence in reflux 

evidence. We compared outcomes between phenotypes with distinct pre-identified reflux 

parameters.

Methods—In this observational cohort study, patients undergoing pH-impedance testing over a 

5-year period were phenotyped by strength of reflux evidence as strong (abnormal AET, positive 

SAP), good (abnormal AET, negative SAP), reflux hypersensitivity (RH, normal AET, positive 

SAP), and equivocal evidence of reflux, and compared to two historical institutional pH 

monitoring cohorts. Symptom burden (dominant symptom intensity, DSI; global symptom 

severity, GSS) was assessed by questionnaire at baseline and on prospective follow-up and 

compared between phenotypes.

Results—Of 94 patients tested off PPI therapy, baseline symptom burden was highest with 

strong reflux evidence and lowest when equivocal (DSI: p=0.01; GSS: p=0.03 across groups). 

After 3.1±0.2 years follow-up, symptomatic improvement with surgical or medical therapy was 

highest with strong or good evidence, and lowest when equivocal (DSI: p=0.008; GSS: p=0.005 

across groups). This was most pronounced for typical symptoms (DSI: p=0.001; GSS: 0.016 

across groups), but not atypical symptoms (DSI: p=0.6; GSS: p=0.2). For testing on PPI therapy, 

only GSS followed a similar trend (GSS: p=0.057, DSI: p=0.3). Compared to historical cohorts 

with pH monitoring alone, equivocal evidence for reflux was partly replaced by RH, especially off 

PPI (p<0.0001).
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Conclusions—Phenotyping GERD by strength of reflux evidence on pH-impedance testing off 

PPI efficiently stratifies symptomatic outcome, especially for typical symptoms, and could be 

useful in planning management.
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INTRODUCTION

An empiric trial of antisecretory therapy is often utilized as the initial diagnostic approach in 

symptomatic gastroesophageal reflux disease (GERD).1 Further diagnostic testing is 

typically reserved for patients where a diagnosis of GERD remains in doubt (unproven 

GERD), for those with known GERD whose symptoms do not resolve with seemingly 

adequate antireflux therapy (proven GERD), for those in whom further confirmation of 

GERD is desired prior to antireflux procedures, and for patients with alarm symptoms 

requiring endoscopic evaluation.1, 2 In these clinical settings, some form of ambulatory 

reflux monitoring (pH monitoring alone, or combined pH-impedance monitoring) is often 

pursued, and performed either off antisecretory therapy (unproven GERD) or on maximal 

antisecretory therapy (proven GERD). In both of these scenarios, abnormal acid exposure 

time (AET) and symptom-reflux correlation with impedance-detected reflux events provide 

the best prediction of symptomatic improvement with antireflux therapy.3, 4

There has been interest in phenotyping GERD based on the strength of reflux evidence on 

ambulatory reflux monitoring.5–7 We have previously reported that two parameters - AET 

and symptom association probability (SAP) obtained from conventional ambulatory pH 

monitoring - can stratify reflux evidence into the following categories: strong (abnormal 

AET and positive SAP), good (abnormal AET alone), reflux hypersensitivity (RH; 

physiologic AET and positive SAP), and equivocal (normal AET and negative SAP).8 In 

retrospective analysis, GERD phenotypes on conventional pH monitoring have 

demonstrated a gradient of symptomatic response to antireflux therapy in the setting of 

esophageal chest pain and unexplained cough, with the best response seen with strong 

GERD evidence, and the worst with equivocal evidence.9, 10 Similar clinical phenotyping 

has been reported with parameters from combined pH-impedance monitoring,11 which may 

have higher sensitivity than pH monitoring alone in detecting reflux events.5, 12 When 

symptomatic outcome with proton pump inhibitor (PPI) therapy was assessed, the 

proportions within each phenotype differed between those with PPI response compared to 

non-response, suggesting that symptomatic outcome can potentially be better predicted by 

the strength of reflux evidence on combined pH-impedance testing than on conventional pH 

monitoring alone.11

In this study, we utilized pH-impedance monitoring to stratify patients with reflux symptoms 

into phenotypes based on strength of reflux evidence, using the two parameters previously 

identified to predict outcome, abnormal AET and symptom reflux association3, 4. We 

compared the distribution of phenotypes in this cohort to that obtained from previously 
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reported institutional pH databases. Specifically, we sought to prospectively compare 

symptomatic outcomes between these GERD phenotypes following medical or surgical 

antireflux therapy.

METHODS

Subjects

All adults (≥18 years of age) with persisting GERD symptoms despite antisecretory therapy 

referred for pH-impedance testing to the motility center at Washington University in Saint 

Louis, Missouri from January 2005 through August 2010 were eligible for inclusion. 

Exclusion criteria included inadequate studies (poor data quality precluding analysis), 

incomplete studies (< 14 hours of recording time), incomplete symptom information 

(incomplete questionnaires), major histopathology-based esophageal motor disorders, and 

prior history of fundoplication or other foregut surgery. All patients were prospectively 

contacted for follow-up and repeat symptom assessment by questionnaire; those who could 

not be contacted for follow-up or declined follow-up questionnaire assessments were also 

excluded. Patient management was not influenced by this study protocol; instead, 

management was directed by the treating physicians who provided referral for pH-

impedance testing. This study protocol was approved by the Human Research Protection 

Office at Washington University in Saint Louis.

pH-Impedance Monitoring

pH-impedance testing was offered in an ‘open-access’ fashion such that referring physicians 

decided whether testing was performed on or off antisecretory therapy. When performed off 

therapy, patients were instructed to stop their PPI medications 5–7 days prior to the study, 

and histamine-2 receptor antagonists, prokinetic medications, and antacids 3 days prior to 

the study. After an overnight fast, an experienced nurse positioned the pH-impedance 

catheter (Sandhill Scientific, Highlands Ranch, CO) such that the distal esophageal pH 

sensor was 5 cm proximal to the lower esophageal sphincter (LES), measured using high-

resolution esophageal manometry (HRM). Throughout data acquisition, patients recorded 

their meals and activities on a paper diary, and logged their symptom events by pressing 

appropriate buttons on the data recorder.

Upon return of the data recorder, diary events were reconciled and meal times excluded. The 

uploaded data was then analyzed with dedicated software (Bioview Analysis; Sandhill 

Scientific, Highlands Ranch, CO), with automated calculation of AET, reflux exposure time 

(RET, consisting of bolus exposure time 5 cm proximal to the LES, to correspond to AET), 

reflux events, symptom events, and symptom-reflux association parameters. Each pH-

impedance study was scrutinized manually by two reviewers (AP, CPG) to ensure the 

accuracy of automated capture of reflux events; any discrepancies between the reviewers 

were resolved by discussion.

AET was calculated as the percentage of time the pH was below 4 at the distal esophageal 

pH sensor. Per our institutional threshold, an AET≥4.0% was designated as abnormal.4, 13 

Symptoms were considered associated with reflux events if they occurred within 2 minutes 
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following a reflux event. Symptom association probability (SAP) was calculated using the 

Ghillebert probability estimate (GPE).14 SAP was designated positive if the likelihood of a 

chance association between symptoms and reflux events was <5%, corresponding to p<0.05. 

The SAP was first calculated for pH-detected reflux events, then re-calculated for all 

impedance-detected reflux events. Our group has previously shown that GPE correlates very 

well with SAP calculated using the Weusten method, with sensitivity of 0.95 and specificity 

of 0.91.15, 16

Based on AET and SAP, patients were categorized according to reflux evidence into the 

following clinical phenotypes: 1) strong (both abnormal AET and positive acid or 

impedance SAP), 2) good (abnormal AET but negative SAP), 3) reflux hypersensitivity 

(RH; normal AET but positive SAP to pH or pH-impedance detected reflux events), and 4) 

no or equivocal evidence (normal AET and negative SAP).

Symptom Assessment

Prior to pH-impedance monitoring, all patients completed a symptom survey to rate their 

dominant and secondary symptom frequency and severity on 5-point Likert scales generated 

a priori for esophageal testing at our center.3, 4, 17, 18 For each esophageal symptom, 

patients rated symptom frequency from 0 (no symptoms) to 4 (multiple daily episodes) and 

symptom severity from 0 (no symptoms) to 4 (very severe symptoms); the product of 

severity and frequency yielded a total score from 0 to 16, termed the dominant symptom 

intensity (DSI). Additionally, patients rated their global symptom severity (GSS) pertaining 

to the esophagus over the previous two weeks on a 100-mm visual analog scale (VAS). 

Basic demographic data (age, gender, race) were also collected.

Each patient’s referring physician guided subsequent management; treatment decisions were 

not influenced or altered by this study. Potential subjects for this study were prospectively 

contacted to assess management approaches (surgical versus medical therapy) and 

symptomatic outcomes. The pre-procedure symptom survey was re-administered at this 

follow-up, and linear as well as dichotomous (≥50%) improvement in DSI and GSS were 

calculated to quantify symptomatic outcomes.

Comparison cohorts

Proportions of phenotypes off and on PPI from the current study cohort were compared to 

two historical cohorts previously reported from our institution: a cohort of 2067 subjects 

evaluated with pH monitoring off and on PPI therapy over a 7-year period,8 and a second 

cohort of 723 subjects evaluated with pH monitoring off PPI therapy over a 5-year period as 

part of pre-operative testing prior to ARS.19 These comparisons were included in order to 

assess differences across phenotype proportions between conventional pH and combined 

pH-impedance testing, studies performed off and on PPI therapy, and between mixed 

cohorts and cohorts referred for ARS evaluation.

Data Analysis

Data are reported as the mean ± standard error of the mean unless otherwise indicated. 

Demographics, symptom presentation, PPI status on testing, baseline symptom burden (DSI 
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and GSS), duration of follow-up, management approach, and symptomatic outcomes (both 

linear and ≥50% improvement in DSI and GSS) were compared across the four GERD 

phenotypes. Distributions of phenotypes were compared between the study cohort and the 

two comparison cohorts. Categorical data were compared using the χ-squared test, and 

continuous data were compared using ANOVA or the 2-tailed Student’s t-test, as 

appropriate. In all cases, p<0.05 was required for statistical significance. All statistical 

analyses were performed using IBM SPSS Statistics V.22.0 (Armonk, NY).

RESULTS

Over the 5-year study period, 302 patients underwent ambulatory pH-impedance testing for 

their persisting GERD symptoms. 60 patients were excluded (7 with inadequate or 

incomplete studies, 26 with prior esophageal surgery, 3 with major esophageal motor 

disorders, and 24 with missing pre-procedure surveys), 53 patients could not be reached for 

follow-up, and 2 patients declined to participate (Figure 1). The remaining 187 patients 

(53.8±0.9 yr, 70.6% female) consented to participate. Of these, 94 patients were tested off 

PPI therapy, and the remaining 93 were studied on PPI therapy. There were no differences in 

demographics, presenting symptoms, proportions who underwent ARS, and duration of 

follow-up between patients tested off and on PPI therapy (p≥0.09 for all comparisons). 

Baseline symptom burden was similar between cohorts tested off and on PPI therapy (DSI: 

9.4±0.6 vs 8.6±0.6, respectively, p=0.4; GSS; 63.0±2.6 vs 61.6±2.7, respectively, p=0.7).

Studies off PPI Therapy

Phenotype Distribution—When the 94 patients tested off PPI therapy were phenotyped, 

21.3% had strong evidence of GERD, 21.3% had good evidence of GERD, 30.9% had reflux 

hypersensitivity (RH), and 26.6% had no evidence of GERD according to study definitions 

(Figure 2A).

Symptom Burden—When symptom burden was assessed, baseline DSI and GSS were 

significantly higher in phenotypes with strong and good reflux evidence, compared to RH 

and no reflux evidence (p=0.01 and 0.03 across groups, respectively, for DSI and GSS; 

Table 1).

On follow-up assessment 3.1±0.2 years later, change in symptom burden followed a gradient 

across phenotypes, with greatest change in both DSI and GSS with strong GERD evidence, 

and least change with no GERD evidence (p=0.008 for DSI and p=0.005 for GSS across 

groups; Table 1). Strong and good phenotypes had similar linear symptom improvement 

(p=0.5 and p=0.12 for DSI and GSS, respectively), and these phenotypes both individually 

and collectively trended significantly different from the equivocal group (p≤0.03 and p≤0.06 

for all DSI and GSS comparisons, respectively). Patients with RH demonstrated lesser 

symptom improvement compared to those with strong or good evidence of reflux (p=0.005 

and p=0.018 for DSI and GSS, respectively). Baseline GSS, magnitude of GSS change, and 

especially follow-up GSS reflecting residual esophageal symptoms over the previous two 

weeks prior to questionnaire administration, were different across the four phenotypes 

(Figure 3A).
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The likelihood of a surgical approach to management was highest with strong reflux 

evidence, and least with no evidence, as would be expected (p<0.001 across groups; Table 

1). Symptom burden improved to a similar extent with medical vs. surgical therapy in the 

strong and good reflux evidence phenotypes.

Presenting symptoms—Although the proportion of patients presenting with typical 

symptoms (heartburn or regurgitation) was higher in the strong reflux evidence group when 

compared to those without GERD evidence (p=0.04), other inter-group comparisons did not 

show a difference in the proportions with typical symptom presentation (p≥0.08 for all 

comparisons).

When assessing only the 60 patients with typical symptoms tested off PPI therapy, linear 

improvement in symptom burden was more profound with greater strength of GERD 

evidence. This was particularly prominent for dominant symptom change (DSI, p=0.001 

across the four phenotypes; Figure 4). Differences in GSS change were also significant 

across the phenotypes, albeit less profound (p=0.016). In contrast, patients presenting with 

atypical symptoms tested off PPI therapy did not show differences in symptomatic 

improvement across phenotypes (p=0.6 and p=0.2 for DSI and GSS, respectively).

Studies on PPI therapy

Phenotype Distribution—Of the 93 patients with pH-impedance monitoring performed 

on PPI therapy, no reflux evidence was seen in almost half the cohort (49.5%), and 

abnormal AET was seen in only 24.8% (6.5% and 18.3% with strong and good evidence of 

reflux, respectively; Figure 2B).

Symptom Burden—When symptom burden was assessed, DSI and GSS were 

numerically higher in the strong reflux evidence phenotype (p=0.06 and p=0.4 for DSI and 

GSS across groups, respectively; Table 2).

On follow-up assessment 3.5±0.2 years later, change in GSS strongly trended along a 

gradient similar to that seen off PPI therapy, highest change occurring with strong GERD 

evidence, and least change with no GERD evidence (p=0.057; Figure 3B). Strong and good 

phenotypes had similar linear symptom improvement (p=0.5 and p=0.9 for DSI and GSS, 

respectively), and these phenotypes collectively were significantly different from the 

equivocal group for GSS change (p=0.010) but not for DSI change (p=0.325). Among these 

patients tested on PPI therapy, patients with RH had similar symptom improvement 

compared to those with strong or good evidence of reflux (p=0.6 and p=0.8 for DSI and 

GSS, respectively).

Proportions of patients undergoing ARS followed a gradient similar to those tested off PPI 

therapy, and was highest with strong reflux evidence, and least with no evidence (p=0.002, 

Table 2).

Comparison with Historical Cohorts

In patients tested off PPI, proportions of patients with strong GERD evidence were highest 

in the comparison cohort of patients referred for ARS (p≤0.002 for both comparisons) 
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compared to the current study and to pH monitoring alone.19 The biggest differences, 

however, were seen in the proportions of RH, which were highest with pH-impedance 

monitoring; proportions with acid sensitivity in both the historical pH monitoring cohorts 

were significantly lower (p<0.0001; Figure 2A).

Similar to the current study, proportions with strong and good GERD evidence were low in 

the comparison cohort with pH monitoring on PPI therapy, with 80.0% demonstrating 

normal pH parameters. Proportions with no GERD evidence were highest with pH 

monitoring alone, while there was a shift in proportions of patients from no GERD evidence 

with pH monitoring to RH with combined pH-impedance monitoring, due to higher numbers 

of reflux events detected with pH-impedance monitoring (p<0.0001 for both comparisons, 

Figure 2B).

DISCUSSION

In this prospective observational cohort study, we demonstrate that stratifying patients into 

phenotypes based on the strength of reflux evidence on pH-impedance monitoring is not 

only feasible, but also predictive of symptomatic outcome from antireflux therapy. Patients 

with strong or good evidence of reflux show much greater symptomatic improvement 

compared to those with no or equivocal evidence of reflux. Our results demonstrate that this 

phenotyping provides best outcome information with pH-impedance monitoring off PPI 

therapy, and particularly for typical rather than atypical symptoms. We propose that 

phenotyping of GERD based on the strength of reflux evidence on pH-impedance 

monitoring can be part of the decision-making process in planning the management 

approach in symptomatic GERD, and in counseling patients regarding expectations of 

symptom response.

The clinical value of the gain in GERD evidence afforded by combined pH-impedance 

monitoring over conventional pH monitoring alone has been unclear in the past. Impedance 

parameters such as reflux exposure time (RET), symptom index (SI), or the total numbers of 

reflux events have not consistently predicted symptomatic improvement in outcome 

studies3, 4, 20 despite the decrease in total numbers of reflux events following ARS.21 In 

contrast, AET from pH or pH-impedance monitoring has been shown to predict 

symptomatic outcome. The clinical value of impedance monitoring may be in 

complementing the predictive value of AET, by providing symptom association with 

impedance-detected reflux events, since impedance monitoring provides a higher yield of 

reflux events compared to pH monitoring alone.3, 4 Based on these prior conclusions 

including outcome data from both medical and surgical antireflux therapy3, 4, these two 

parameters from pH-impedance testing were used in generating the phenotypes. We 

demonstrate that this combination of abnormal AET and symptom association with 

impedance detected reflux events is successful in identifying GERD phenotypes in whom 

the best symptomatic outcomes can be predicted when both of these parameters coexist.

However, the association of symptoms with reflux events remains controversial as a 

parameter ascribing causality on pH and pH-impedance monitoring; indeed, symptom 

association is the weakest link in reflux monitoring.22 The numbers of reflux events and 
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numbers of symptoms related to reflux events have been shown to be consistent, as have 

multiple symptom-reflux association indices beyond the symptom index, which returns 

inconsistent results in the setting of limited or excessive symptoms or reflux events.16, 23 In 

contrast, a study of a mixed cohort of patients tested both on and off antisecretory therapy 

suggested that symptom reflux association indices can be over-interpreted, especially in the 

absence of high acid exposure times of >10%.22 Another study of 100 patients with typical 

GERD symptoms suggested that the proportions of patients with any positive symptom-

reflux association on pH-impedance monitoring performed off PPI therapy did not differ 

between PPI responders and non-responders.20 Our data suggests that symptom association 

is of value when positive, and provides predictive information suggesting symptom 

improvement from antireflux therapy when combined with abnormal AET. This assertion is 

further supported by retrospective data demonstrating better symptomatic outcome when 

both AET and symptom association parameters coexist.9–11, 24

Other investigators have proposed similar phenotyping of reflux disease, using the presence 

or absence of abnormal reflux exposure and symptom association off PPI therapy.7 Our data 

clearly support such phenotyping, especially off PPI therapy. Further, patients with strong or 

good evidence of reflux on pH-impedance testing showed superior symptomatic outcomes to 

antireflux therapy compared to those with no or equivocal evidence of reflux. This suggests 

that phenotyping can be utilized to counsel patients, plan management, and perhaps even 

discontinue antireflux therapy when the basis for GERD is not substantiated on well-

performed reflux monitoring off PPI therapy.9–11

Comparison of our data with existing literature provides prevalence information on the 

proposed four GERD phenotypes from tertiary care practice.8, 11 We show that the 

likelihood of identification of RH is significantly higher when pH impedance testing is 

utilized, from the fact that pH-impedance monitoring detects higher reflux events compared 

to pH monitoring alone, which in turn allows more symptoms to be associated with reflux 

events. There is a clear shift from equivocal or no reflux evidence to RH with pH-impedance 

monitoring over pH monitoring alone, a finding that has been reported previously by 

Savarino et al. A potentially higher degree of functional overlap likely coexists with patients 

without any reflux evidence on pH-impedance monitoring, with the worst outcome from 

antireflux therapy in this phenotype.

Limitations of our study design influence the strength of our conclusions. Study patients 

were identified retrospectively from the study database and prospectively followed using 

questionnaires; despite this methodology, only 21.9% of eligible participants could not be 

contacted, and the duration of follow-up was over 3 years. GERD management was not 

protocolized; we could not accurately assess the factors that guided medical or surgical 

management, as treatment decisions were made by referring physicians without direction 

from study investigators. However, this point also represents a potential strength of the study 

design, as outcome from all management avenues could be evaluated within each 

phenotype, allowing segregation of management outcome in a real-world setting. Non-reflux 

contributors to symptom perception and resolution, including functional pain overlap and 

placebo effect, were not separately evaluated and could have affected symptomatic 

outcomes. We also did not alter our pH threshold in phenotyping patients tested on PPI; 

Patel et al. Page 8

Neurogastroenterol Motil. Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



however, our preliminary data suggests that the same thresholds predict outcome even when 

monitoring is performed on PPI4. Our phenotypes reflect a tertiary care practice; therefore, 

proportions of each GERD phenotype may not be generalizable, and proportions with RH in 

particular could be lower in non-tertiary care settings. However, our study cohort included a 

combination of patients from tertiary and community practices referred for testing through 

an open-access system, which helped capture a wide spectrum of gastroenterology practices. 

We did not utilize wireless pH monitoring, which could have provided for prolonged 

recordings, and potentially changed designations from RH and equivocal phenotypes to 

strong or good phenotypes in some patients, from uncovering day to day variation in acid 

exposure25. Finally, we could not confirm patient compliance with medical antireflux 

therapy before pH-impedance testing or on follow-up, other than that self-reported by 

patients on questionnaires. Nevertheless, we feel our findings conform to published data, 

and our phenotypes describe pragmatic use of reflux parameters on pH-impedance testing, 

thus providing direction to clinicians in planning antireflux therapy.

In conclusion, phenotyping symptomatic reflux patients based on AET and SAP from pH-

impedance monitoring, especially off PPI therapy and in the setting of typical symptom 

presentation, predicts GERD symptom outcomes following medical and surgical therapies. 

Implementation of these phenotypes has potential to function as a robust guide to 

management of symptomatic reflux patients.
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Key Messages

Distinct phenotypes can be recognized from pH-impedance monitoring data when 

presence or absence of abnormal esophageal acid exposure time (AET) and symptom 

reflux association (assessed by symptom association probability or SAP) are utilized.

These phenotypes include patients with strong evidence (abnormal AET, positive SAP), 

good evidence (abnormal AET, negative SAP), reflux hypersensitivity (normal AET, 

positive SAP) and equivocal or no evidence of GERD (normal AET, negative SAP).

These GERD phenotypes predict varying degrees of symptomatic outcome from 

antireflux therapy, particularly when extracted from pH-impedance monitoring 

performed off antisecretory therapy.
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Figure 1. 
Schematic flow diagram of study design, and proportions of each of the four GERD 

phenotypes off and on PPI therapy.
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Figure 2. 
Comparison of GERD evidence phenotypes between the current study (using pH-impedance 

monitoring) and two institutional historical cohorts using pH monitoring. A. Off PPI 
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therapy. The likelihood of strong and good reflux evidence was highest with pH monitoring 

performed in patients referred for antireflux surgery, while proportions with RH were 

highest in the current study utilizing pH-impedance monitoring. B. On PPI therapy. 

Proportions with abnormal acid exposure were low in all cohorts. Once again, proportion of 

patients with RH was highest in the current cohort (using pH-impedance monitoring) in 

contrast to comparison cohorts with pH monitoring alone.
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Figure 3. 
Symptom burden measured as GSS at baseline and follow up were significantly different 

across GERD phenotypes. RH=reflux hypersensitivity. A. Off PPI. Baseline and follow up 

global symptom severity (GSS) on 100-mm visual analog scales was lowest with equivocal 

or no GERD evidence, and followed a gradient along increasing strength of GERD 

evidence. These differences were statistically significant across groups. B. On PPI. While 

baseline and follow up GSS were not significantly different, the change in GSS followed the 

same gradient along increasing strength of GERD evidence, and trended strongly towards 

statistical significance.
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Figure 4. 
Change in dominant symptom intensity (DSI) across the four GERD phenotypes off PPI. 

While typical symptoms followed a gradient of greater change in DSI from equivocal to 

strong GERD evidence (p=0.001), atypical symptoms did not demonstrate a similar pattern 

(p=0.6).
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