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Abstract

Background—Positive symptom association probability (SAP) with physiologic esophageal acid 

exposure time (AET) on pH-impedance monitoring defines reflux hypersensitivity (RH), a 

correlate of acid sensitivity on pH monitoring. We evaluated prevalence, clinical characteristics, 

and symptomatic outcomes of RH in a prospective observational cohort with reflux symptoms 

undergoing pH-impedance monitoring.

Methods—RH was diagnosed when SAP was positive with pH- and/or impedance-detected 

reflux events with physiologic AET. Symptom burden was assessed using dominant symptom 

intensity (DSI, product of symptom severity and frequency on 5-point Likert scales) and global 

symptom severity (GSS, global esophageal symptoms on 100-mm visual analog scales) by 

questionnaire, both at baseline and on prospective follow-up. Clinical characteristics and 

predictors of symptomatic improvement were assessed with univariate and multivariate analyses.

Results—77 patients (29%) met criteria for RH, of which 53 patients (53.7±1.8 yr, 66% F) were 

contacted after 3.3±0.2 yrs for follow-up. RH was detected on pH-impedance testing both on and 

off antisecretory therapy; pH alone missed 51% of RH. 57% reported ≥50% GSS improvement. 16 

patients undergoing anti-reflux surgery (ARS) reported better symptom improvement compared to 

37 treated medically (GSS change: p=0.005; DSI change: p=0.04). Hiatus hernia (p=0.03) and 

surgical management (p≤0.04) predicted symptom improvement on univariate analysis, while acid 

sensitivity was a negative predictor for outcome on both univariate (p=0.02) and multivariate 

analyses (p≤0.04).

Conclusions—RH is a mechanism for persistent reflux symptoms in almost one-third of patients 

undergoing pH-impedance testing. While acid sensitivity predicts suboptimal symptom 

improvement, anti-reflux therapy may improve RH in select settings.
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INTRODUCTION

Ambulatory esophageal pH monitoring is often performed when reflux symptoms persist 

despite an empiric trial of proton pump inhibitor (PPI) therapy, in the absence of alternate 

explanations for symptoms.1 While abnormal esophageal acid exposure time (AET) 

identifies pathologic esophageal acid exposure, a proportion of patients will have 

physiologic AET but correlation of their symptoms with reflux events on symptom-reflux 

association testing. ‘Acid sensitivity’ and ‘hypersensitive esophagus’ are terms that have 

been used to describe this cohort of patients;2, 3 earlier definitions have included these 

patients with non-erosive gastroesophageal reflux disease (GERD)4 or even functional 

heartburn.5 A lowered threshold for sensory perception has been proposed as a mechanism 

for this phenomenon.2

As technology has evolved towards the detection of all reflux events irrespective of pH with 

combined pH-impedance monitoring, the sensitivity for detection of symptom-reflux 

association has increased over traditional pH monitoring.6-8 Diagnostic criteria have also 

evolved, with modern definitions of functional heartburn requiring physiologic reflux 

monitoring parameters and the absence of reflux triggering of heartburn symptoms.4 Using 

pH-impedance monitoring, some patients with functional heartburn may demonstrate weakly 

acidic reflux events triggering symptoms,9, 10 shifting proportions of functional heartburn to 

a reflux-triggered symptom category. This category has been designated as reflux 

hypersensitivity (RH), in contrast to acid sensitivity, which is triggered by acid reflux events 

alone; this is now considered part of the functional esophageal disorder spectrum. However, 

clinical characteristics and symptomatic outcomes of patients with RH have not yet been 

well-characterized.

In this study, we evaluated the prevalence, symptom burden, mode of therapy, and treatment 

outcome of RH in a prospectively followed cohort of patients with reflux symptoms 

undergoing pH-impedance testing. We further evaluated the value of pH-impedance 

monitoring off or on PPI therapy in identification of RH in this symptomatic cohort.

METHODS

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 St. 

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

findings predicting symptomatic benefit gleaned from this cohort have been previously 

published11, 12. For the present study, subjects were selected if they met criteria for RH by 

having positive acid and/or impedance symptom-reflux association in the setting of a 

physiologic AET on pH-impedance testing; therefore, patients with acidic, weakly-acidic as 

well as non-acidic reflux events were included. Exclusion criteria included inadequate 

studies (poor data quality precluding analysis), incomplete studies (less than 14 hours of 

recording time), major esophageal motor disorders, or a prior history of fundoplication or 

other esophageal surgery. This study protocol was approved by the Human Research 

Protection Office (institutional review board) at Washington University in St. Louis.
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Demographics and Symptom Assessment

Basic demographic data (age, gender) and dominant symptoms (typical, atypical) were 

extracted from the clinical record. Endoscopic, manometric, and radiologic studies were 

reviewed; the morphology of the esophagogastric junction (EGJ) was determined.13 All 

patients completed a symptom survey prior to pH-impedance testing to rate their dominant 

and secondary symptom frequency and severity on 5-point Likert scales generated a priori 
for esophageal testing at our center and used in previous publications.12, 14, 15 On these 

scales, patients rate symptom frequency from 0 (no symptoms) to 4 (multiple daily episodes) 

and symptom severity from 0 (no symptoms) to 4 (very severe symptoms). Symptom 

intensity is then calculated as the product of the frequency and severity of the dominant 

symptom being evaluated (dominant symptom intensity, DSI), for a final score ranging from 

0 to 16. Typical symptoms included heartburn and regurgitation, and atypical symptoms 

included chest pain, cough, and laryngeal symptoms. Finally, patients rate their global 

symptom severity (GSS) over the previous two weeks on a 100-mm visual analog 

scale12, 14, 15.

Referring physicians guided subsequent management; treatment decisions were not 

influenced by this study. Potential subjects for this study were prospectively contacted per 

study protocol to evaluate management approaches (medical versus surgical therapy) and 

symptom burden outcomes. The pre-procedure symptom survey was re-administered, and 

changes in DSI and GSS scores were calculated.

pH-Impedance Testing

pH-impedance monitoring at our center is ‘open-access;’ referring physicians dictate 

whether testing is performed on or off antisecretory therapy. When testing is performed off 

therapy, patients are instructed to stop their PPI medications 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 positions the pH-impedance catheter 

(Sandhill Scientific, Highlands Ranch, CO) such that the distal esophageal pH sensor is 5 cm 

proximal to the lower esophageal sphincter (LES), measured using high resolution 

esophageal manometry (HRM). Throughout the 24 hours of data acquisition, patients record 

their meals and activities, and log their symptom events. The uploaded data is then analyzed 

with dedicated software (Bioview Analysis; Sandhill Scientific, Highlands Ranch, CO), 

which calculates the exposure times and symptom-reflux association parameters. Each pH-

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

automated capture of reflux events was accurate; 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. An AET≥4.0% was designated as abnormal per our institutional threshold.12, 16 

Symptoms were considered associated with reflux events if they occurred within 2 minutes 

following the reflux event. Symptom-reflux association was assessed using symptom 

association probability (SAP), calculated with the Ghillebert probability estimate (GPE) 

using previously described methods.17, 18 The SAP was designated as positive if the 

likelihood of a chance association between the symptom and reflux events was <5%, 
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corresponding to p<0.05. Our group has previously shown that GPE has strong concordance 

with SAP calculated using the Weusten method.19, 20 The SAP was first calculated for pH-

detected reflux events, then re-calculated for all impedance-detected reflux events. Patients 

had to have either positive acid or impedance SAP, or both, to be included in this study.

Definitions

For the purpose of this study, the following definitions were used:

a. Reflux hypersensitivity (RH): Physiologic AET, and positive SAP with 

either pH- or impedance-detected reflux events, or both

b. Acid sensitivity: Physiologic AET, and positive SAP with pH-detected 

reflux events

c. Functional symptoms: Physiologic AET, and negative SAP

d. Reflux evidence: Abnormal AET, positive or negative SAP

Data Analysis

Data are reported as the mean ± standard error of the mean. Categorical data were compared 

using the χ-squared test, and continuous data were compared using the 2-tailed Student's t-
test or ANOVA, as appropriate. Univariate and multivariate analyses were performed to 

identify findings that predicted an improved symptomatic outcome, measured as both linear 

DSI and GSS change and dichotomous ≥50% DSI and GSS improvement. Linear regression 

models were created to determine predictors of a successful symptomatic outcome, and 

included demographic, clinical, and impedance parameters. 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 subjects underwent ambulatory pH-impedance testing for 

GERD symptoms. 36 patients did not meet inclusion criteria (7 had inadequate or 

incomplete studies, 26 had undergone fundoplication or other esophageal surgery, and 3 had 

evidence of major esophageal motility disorders). Of the remaining 266 patients (52.7±0.8 

yr), 77 patients (28.9%) met criteria for RH (Figure 1). Similar proportions meeting criteria 

for RH were found when tested on PPI (39/131, 29.8%) and off PPI (38/135, 28.1%, Figure 

2). Of these 77 patients, 5 were purely acid-sensitive (positive acid SAP but negative 

impedance SAP), 39 were only sensitive to impedance-detected reflux events (negative acid 

SAP but positive impedance SAP), and 33 were sensitive to both acid- and impedance-

detected reflux events (positive acid and impedance SAP). Pure acid sensitivity was 

infrequent (2.2% off PPI, 1.5% on PPI); most patients with acid sensitivity also had positive 

SAP with impedance-detected reflux events (91.7% overall, 88.5% off PPI, 83.3% on PPI). 

However, 50.6% of RH would have been missed with pH monitoring alone, with a 102.6% 

gain in diagnosis of RH when pH-impedance analysis was used to identify RH, over 

traditional pH analysis alone (Figure 2). As expected, this gain was most profound when pH-
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impedance monitoring was performed on PPI (225.0% gain) compared to testing off PPI 

(46.2% gain, p=0.002; Figure 2).

53 patients (53.7±1.8 yrs, 66.0% F, 64.2% with typical symptoms) could be successfully 

contacted for administration of a follow-up questionnaire. Of these 53 patients with RH, 50 

demonstrated sensitivity to impedance-detected reflux events and 28 were acid-sensitive, 

while 25 demonstrated sensitivity to both acid- and impedance-detected reflux events. Over 

3.3±0.2 yr follow-up, 37 (69.8%) were managed medically, while 16 (30.2%) underwent 

ARS (Figure 1). The medical and surgical groups did not differ with respect to age, gender, 

race, typical symptom presentation, baseline DSI or GSS, PPI status on testing, presence of 

a hiatal hernia, duration of follow-up, or linear change in DSI or GSS (p≥0.07 for all 

comparisons; Table 1), although the surgical group had lower LES basal pressures (p=0.04). 

29 patients were studied off PPI therapy, and 24 on PPI therapy. Although the “off PPI” 

group was younger (p=0.012), these cohorts were similar in gender, ethnicity, baseline 

symptom burden, typical symptom presentation, LES basal pressure, proportions managed 

surgically, duration of follow-up, and linear and dichotomous symptom improvement (p≥0.1 

for all comparisons).

Overall, 57.0% of the total cohort reported ≥50% GSS improvement, with significant mean 

reduction in both DSI and GSS with therapy (p<0.001; Figure 3). Medically managed 

patients demonstrated a dichotomous response; those with ≥50% GSS improvement reported 

a mean GSS improvement of 86.3±3.9% over basal GSS scores, while those with <50% 

improvement reported global symptom worsening (mean GSS change of −7.4±18.0%, 

p<0.001). Higher proportions of surgically managed patients had ≥50% improvement in 

symptom burden metrics (DSI: 86.7% vs 55.8% with medical management, p=0.04; GSS 

91.7% vs 45.7%, p=0.005). Surgically managed patients reported lower follow-up linear DSI 

and GSS scores compared to medically treated patients (p=0.01 and p=0.09, respectively; 

Figure 3).

There was no statistical difference in outcome between typical and atypical symptom 

cohorts, with either medical or surgical management (Table 1), although numbers were too 

small to make meaningful comparisons. On analysis of outcome by dominant symptom 

presentation, there was no difference in proportions with ≥50% DSI improvement between 

heartburn (71.4%), regurgitation (64.7%), chest pain (50.0%) or cough (66.7%, p=0.9 across 

groups). Only 13 of 53 patients with RH had numbers of reflux events higher than 

conventional thresholds off (>73) and on (>48) PPI therapy, and their outcome was similar 

to those who had low numbers of reflux events (57.0% vs. 58.0% with ≥50% GSS 

improvement respectively, p=0.9).

On univariate analysis assessing predictors of symptom improvement, positive acid SAP 

predicted suboptimal linear GSS improvement (p=0.022), but did not predict linear DSI 

change. Other clinical and physiologic parameters tested (demographics, typical symptom 

presentation, duration of follow-up, PPI status on testing, presence of hiatus hernia, LES 

basal pressures, ARS, total reflux events, and positive impedance SAP) did not predict linear 

GSS or DSI change in this cohort (p≥0.05 for all parameters; Figure 4). On univariate 

analysis, hiatus hernia and surgical management predicted dichotomous GSS improvement 
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(p=0.03 and p=0.02, respectively, Figure 3); surgical management strongly trended towards 

predicting dichotomous DSI improvement (p=0.050). However, demographics, dominant 

presenting symptom, PPI treatment status, and LES basal pressures did not predict 

dichotomous improvement in either symptom burden metric (Figures 4 and 5).

A multivariate analysis model was generated that included demographics, typical symptom 

presentation, total numbers of reflux events, EGJ metrics, PPI status on testing, acid SAP, 

surgical management, and duration of follow-up. Only ARS (positive predictor of 

dichotomous DSI improvement; p=0.03) and positive acid SAP (negative predictor of linear 

and ≥50% GSS improvement; p=0.04 and p=0.02, respectively) proved significant (Figures 

4 and 5).

DISCUSSION

In this study, we report that RH represents a mechanism for reflux symptoms in almost one-

third of patients with persisting reflux symptoms despite PPI therapy undergoing pH-

impedance testing at a single tertiary medical center, with similar proportions detected when 

tested on or off PPI therapy. We demonstrate that using pH-impedance testing augments 

detection of RH, and that RH can overlap with true reflux disease, persisting despite PPI 

therapy and contributing to the symptom burden. Over one-half of patients report ≥50% 

symptomatic improvement with antireflux therapy, including surgical management, 

especially for those with low LES basal pressures and/or hiatus hernia. However, acid 

sensitivity represents a negative predictor for symptom improvement with antireflux therapy 

in RH, suggesting that testing off PPI may help better define symptom outcomes.

Recognition of RH as a distinct entity is important for several reasons. In the past, some 

patients fulfilling RH criteria (i.e. acid sensitivity) were lumped together with non-erosive 

reflux disease (NERD),4 while others would have been designated functional.5 It has been 

established that NERD with abnormal AET has symptomatic outcome similar to erosive 

GERD with PPI therapy, both in terms of partial response and complete symptom 

response.21 Studies evaluating esophageal mucosal integrity, using baseline mucosal 

impedance,22 transepithelial electrical resistance,23 and histopathologic assessment 

including dilated intracellular spaces parameters,24, 25 also establish differences between 

cohorts with and without abnormal reflux. Therefore, extracting subsets without pathologic 

AET from NERD cohorts could facilitate optimal management of NERD. Acid sensitivity, 

in particular, is reported to have worse outcomes compared to NERD or GERD.26 We report 

a dichotomous response in RH, as those with sensitivity to acid reflux events had worse 

symptomatic outcomes compared to those with sensitivity to impedance-detected reflux 

events, further supporting this concept. In recognition of all these facts, RH is now 

considered a functional esophageal disorder, distinct from functional heartburn.

Our data further establishes the value of pH-impedance monitoring over that of traditional 

pH monitoring alone in evaluating persisting esophageal symptoms. We have previously 

reported gains in detection of symptom association with reflux events with pH-impedance 

monitoring.12, 27 In the present study, the gain in diagnosis of RH doubled when impedance-

detected reflux events were utilized in calculating SAP. Without impedance, these additional 
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cases would have been designated as functional symptoms rather than RH, potentially 

denying these patients the option for antireflux therapy. Savarino et al have reported a 

similar shift in diagnosis from functional heartburn to hypersensitive esophagus (identical to 

the prevailing definition of RH) with the use of pH-impedance monitoring.9 Applying 

combined pH-impedance testing results to Rome III criteria in differentiating FH from 

NERD, they report a 10% increase in identification of RH with combined pH-impedance 

testing; overall, 38% (83/219) of their cohort had hypersensitive esophagus or RH on pH-

impedance testing compared to 28% (61/219) with traditional pH monitoring. A prior 

multicenter study also demonstrated that 37% of patients who underwent combined pH-

impedance monitoring on at least twice-daily PPI therapy had positive symptom index with 

impedance-detected reflux episodes. However, although proportions are similar, this study 

used symptom index rather than SAP, and used a 5-minute window for symptom reflux 

association rather than the 2-minute standard for SAP10. Nevertheless, gains in diagnosis of 

RH with impedance from both these studies are similar to our results, and establish the value 

of pH-impedance monitoring in avoiding overdiagnosis of functional esophageal symptoms. 

The overlap between true GERD (or NERD) and RH is further demonstrated in the 

population studied on PPI therapy. Overall proportions of RH were similar to that seen on 

studies off PPI, but sensitivity to impedance-detected reflux events dominated when testing 

was performed on PPI, suggesting that RH and GERD can coexist, and that pH-impedance 

testing on PPI in patients with proven GERD may help identify this subset of patients.

Symptom-reflux association forms the basis for the diagnosis of RH. While the value of 

symptom-reflux association is limited by the accuracy of symptom reporting despite use of 

pH-impedance testing,28 we have previously shown that positive impedance SAP predicts 

global symptom improvement,12 and we suggest that SAP can be a useful parameter when 

positive. Perhaps because impedance-detected reflux events are shorter in duration than acid-

detected reflux events due to faster refluxate clearance compared to resolution of mucosal 

acidification following reflux events, impedance SAP could be more specific than acid 

SAP.10, 29 Further, if reflux symptom generation involves mechanical stretch and not just 

chemical stimulation, pH testing alone could miss reflux events that do not stimulate distal 

esophageal mechanoreceptors; indeed, there is evidence to suggest the significance of 

increased sensitivity to mechanical (balloon) distension of the distal esophagus in 

hypersensitive esophagus, despite the fact that perceptive esophageal symptoms are more 

frequent with higher proximal extent of the refluxate.30

Our findings establish the value of antireflux therapy in the management of RH, and 

demonstrate that medical management is successful when patients respond to therapy. In 

contrast, many patients with a poor response reported symptom worsening over follow-up. 

While we cannot ascertain if patients managed medically were given sensory 

neuromodulators to complement antireflux therapy, we established that all patients were 

treated with acid suppression. The value of antireflux therapy is further demonstrated by the 

high proportions with symptom improvement with ARS, especially in the presence of low 

LES pressures and a hiatus hernia. Acid sensitivity, in contrast, is associated with poor 

symptom improvement with antireflux therapy, adding support to the notion that triggering 

of esophageal symptoms with physiologic acid reflux may represent a functional process.31 

Finally, we report a limited role for antireflux surgery in well documented RH, especially in 
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the setting of structural disruption at the EGJ (e.g. hiatus hernia); a trial of neuromodulation 

may be appropriate prior to taking this step, but our study was not designed to evaluate the 

role of neuromodulators. Others have reported value for antireflux surgery in esophageal 

acid sensitivity, but many undergoing antireflux surgery in this study had evidence of 

esophagitis on endoscopy32.

Our study design includes several limitations that temper the strength of our conclusions. 

Although data was gathered prospectively, patients were identified retrospectively; a 

minority could not be successfully reached for follow-up assessment. Further, only a 

proportion of patients underwent pH-impedance testing during the time period of the study, 

while other patients continued to be evaluated by pH-testing, both catheter based and 

wireless; this limited the sample size of our study. Heterogeneity related to antisecretory 

treatment status (off PPI therapy, submaximal PPI therapy, maximal PPI therapy) prior to 

pH-impedance testing could have influence our baseline symptom burden measures. We 

could not accurately evaluate adjunctive medical therapy, such as neuromodulators, which 

potentially could have impacted symptomatic outcomes; moreover, non-reflux symptom 

modulators such as affective disorders and functional syndromes may have influenced 

symptoms. Inclusion of a comparator group with only traditional pH testing to assess for 

acid sensitivity could have shown differences between traditional pH and combined pH-

impedance testing. Finally, management was not protocolized in this study and instead left 

to referring physicians. Despite these limitations, we feel that our findings describe RH as a 

unique entity that needs to be distinguished from functional esophageal symptoms.

In summary, RH is diagnosed in nearly one-third of patients undergoing pH-impedance 

testing at a tertiary care center, with a shift from functional diagnoses to RH when combined 

pH-impedance monitoring is used rather than traditional pH monitoring. While over half of 

patients improve with antireflux therapy, surgical management may provide even more 

profound benefit in the setting of a disrupted EGJ barrier. Interestingly, a positive association 

between symptoms and acid-detected reflux events is associated with poorer symptomatic 

outcomes. Further prospective characterization of RH in comparison to GERD with 

abnormal AET will benefit understanding of this entity.
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Key Points

• Reflux hypersensitivity (RH) refers to normal esophageal acid exposure 

but positive symptom association with all reflux events. Combined pH-

impedance testing can detect symptom-reflux correlation beyond acid 

sensitivity seen on ambulatory pH monitoring.

• We evaluated the prevalence, symptom burden and outcome from 

antireflux therapy of RH in a cohort of prospectively followed patients 

undergoing pH-impedance testing. Almost a third of patients 

undergoing pH impedance testing for persistent reflux symptoms have 

RH. Using pH impedance, there is a shift in diagnosis from no reflux 

evidence towards RH, when compared to pH monitoring alone, 

indicating perception of reflux events irrespective of pH in some 

patients.

• RH defined with impedance-detected reflux events improves more 

profoundly than acid sensitivity with antireflux therapy; antireflux 

surgery can be an option for select RH patients with structural 

disruption at the esophagogastric junction
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Figure 1. 
Schematic flow diagram of study design. Almost a third of the cohort with reflux 

hypersensitivity (RH) underwent antireflux surgery during follow-up, while the remainder 

were managed medically. There was overlap between acid sensitivity and RH.
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Figure 2. 
Proportions of patients with acid-sensitivity and reflux hypersensitivity (RH) in the study 

cohorts. 91.7% of patients with RH also had acid sensitivity. There was 102.6% gain in RH 

diagnosis over acid sensitivity alone. Proportions with pure RH were higher when pH 

impedance testing was performed on PPI (p=0.002 compared to off PPI), indicating overlap 

between GERD and RH in these patients.
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Figure 3. 
Baseline and follow-up symptom burden (Panel A: DSI, dominant symptom intensity; Panel 

B: GSS, global symptom severity) in the study cohort with reflux hypersensitivity (RH), 

segregated by medical vs. surgical management. Symptom burden significantly improved on 

follow up (p<0.001). Although baseline symptom burden metrics were similar among 

medical and surgical groups, there was lesser residual symptom burden among surgical 

patients compared to medical patients (p=0.09 and p=0.01 for DSI and GSS, respectively).
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Figure 4. 
Univariate and multivariate linear regression analysis evaluating predictors of linear change 

in global symptom severity (GSS) over follow up. Symptom correlation with acid reflux 

events was a negative predictor of linear symptom improvement in both analyses. None of 

the other variables assessed predicted linear GSS improvement.
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Figure 5. 
Univariate and multivariate logistic regression analysis evaluating predictors of ≥50% 

improvement in global symptom severity (GSS). Presence of a hiatus hernia and surgical 

management were univariate predictors of ≥50% GSS improvement, but did not retain 

significance in multivariate analysis. Symptom correlation with acid reflux events was a 

negative predictor of ≥50% GSS improvement, achieving near statistical significance on 

univariate analysis (p=0.05), and retaining significance on multivariate analysis (p=0.02).
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Table 1

Baseline Clinical Characteristics of Reflux Hypersensitivity (RH) Patients

All RH patients n=53 Medical Therapy n=37 Antireflux Surgery n=16 P values
***

Mean age (yr) 53.7±1.8 52.8±2.3 55.7±2.6 0.46

Sex (F) 35 (66%) 23 (62%) 12 (75%) 0.37

Race (Caucasian) 47 (89%) 34 (92%) 13 (81%) 0.26

Typical symptoms
* 34 (64%) 24 (65%) 10 (63%) 0.87

Duration of follow-up (mo) 39.1±2.8 38.1±3.3 41.6±5.4 0.57

Study on PPI 24 (45%) 17 (46%) 7 (44%) 0.88

Hiatal hernia 19 (36%) 12 (32%) 7 (44%) 0.43

LES Pressure 11.5±1.2 13.1±1.4 8.1±1.8 0.04

Symptom Intensity

    Baseline 8.7±0.8 8.4±0.9 9.4±1.5 0.54

    Change
** 4.9±0.9 3.8±1.1 7.4±1.4 0.07

    ≥50% Improvement 32 (65%) 19 (56%) 13 (87%) 0.04

GSS

    Baseline 62.3±3.9 62.9±4.2 60.5±9.1 0.79

    Change
** 34.9±4.9 30.2±5.3 47.4±10.4 0.12

    ≥50% Improvement 27 (57%) 16 (46%) 11 (92%) 0.005

*
heartburn, acid regurgitation

**
between baseline and follow-up assessments

***
chi-square test for categorical variables and independent-samples t test for continuous variables
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