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Key Results: Reflux testing should be performed after cessation of acid suppressive
medication in patients with a low likelihood of GERD. In this setting, testing can be
either catheter-based or wireless pH-monitoring or pH-impedance monitoring. In pa-
tients with a high probability of GERD (esophagitis grade C and D, histology proven
Barrett’s mucosa >1 cm, peptic stricture, previous positive pH monitoring) and persis-
tent symptoms, pH-impedance monitoring should be performed on treatment.
Recommendations are provided for data acquisition and analysis. Esophageal acid ex-
posure is considered as pathological if acid exposure time (AET) is greater than 6% on

pH testing. Number of reflux episodes and baseline impedance are exploratory metrics

2See Appendix 1.
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reflux.
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1 | INTRODUCTION

Gastro-esophageal reflux disease (GERD) is defined as a “condition
which develops when the reflux of gastric content causes trouble-
some symptoms or complications”.! A large proportion of patients
are treated empirically with acid suppressant drugs. Further inves-
tigation is mainly indicated in patients with warning signs, atypical
symptoms, lack of response to pharmacological therapy or prior to
invasive endoscopic or surgical procedures. While upper gastro-
intestinal endoscopy is the first line examination to evaluate reflux
consequences (esophagitis, Barrett's mucosa) and to rule out condi-
tions mimicking reflux symptoms (e.g. tumors, strictures), this cannot
measure reflux itself or provide definite evidence that symptoms are
caused by reflux; instead, ambulatory reflux monitoring is required for
this purpose. The 2004 Porto consensus provided recommendations
for reflux definition and detection.? Wireless pH monitoring and pH-
impedance monitoring were introduced only a few years prior. Since
then, monitoring techniques have rapidly gained ground and numer-
ous publications have provided new insights, warranting an update of
the Porto consensus.

An international group of experts proposed to revise recommen-
dations for ambulatory reflux monitoring for GERD diagnosis. The con-

clusions of the working group are presented here.

2 | METHODS

Following the model of the Chicago Classification for definition of
esophageal motility disorders in high resolution manometry (HRM),
an international group of experts convened at five distinct meetings
(UEGW 2014, Ascona 2015, UEGW 2015, DDW 2016 and UEGW
2016) to establish and discuss guidelines for GERD testing based on
extensive literature search. The search was focused on indications for
GERD testing, technical recommendations for data acquisition and
analysis of esophageal pH and pH-impedance monitoring, and GERD
phenotypes. Statements for GERD testing were thus proposed and
graded on the quality of the supporting evidence according to the
GRADE system (Table 1). The strength of the individual statements

that may complement AET. Positive symptom reflux association is defined as symptom
index (SI) >50% or symptom association probability (SAP) >95%. A positive symptom-

reflux association in the absence of pathological AET defines hypersensitivity to

Conclusions and Inferences: The consensus group determined that grade C or D es-
ophagitis, peptic stricture, histology proven Barrett’s mucosa >1 cm, and esophageal
acid exposure greater >6% are sufficient to define pathological GERD. Further testing

should be considered when none of these criteria are fulfilled.

Gastro-esophageal reflux disease, reflux monitoring, esophagitis, esophageal acid exposure

Key Points

e The Porto consensus proposed recommendations for
GERD testing in 2004. An international working group
proposed to revise these recommendations.

e Pathological GERD is defined by at least one of the fol-
lowing criteria: Grade C or D esophagitis, peptic stricture,
Barrett's mucosa >1 cm and esophageal acid exposure
>6%.

e Number of reflux episodes and baseline impedance
should be considered as exploratory tools for further
research.

is based on the aggregate evidence quality and a balance between
benefits and harms.> GRADE category is indicated in the text within
parenthesis in italics and in Tables; details are provided in Data S1.

3 | INDICATIONS FOR GERD TESTING

3.1 | Indications of pH and pH-impedance
monitoring

GERD testing is usually performed when there is a need for a defi-
nite diagnosis of GERD. It may be indicated in patients with incom-
plete or lack of response to PPI therapy,* ¢ prior to and/or following
anti-reflux surgery,7’8 and for atypical symptoms like cough, frequent
belching, and suspected rumination °~* (GRADE low).
Recommendations are provided in Table 2 to guide the modality of
GERD testing. The use of 24-hours esophageal impedance-pH moni-
toring is currently considered as the gold standard for the detection
of reflux episodes, since impedance measurement permits the detec-
tion of anterograde and retrograde bolus (liquid, gas, or mixed) flow
in the esophagus and combined-pH monitoring allows the chemical
characterization of the refluxate®2 Therefore, compared to pH-based
reflux monitoring alone, pH-impedance monitoring can detect not
only acidic (pH<4) but also weakly acidic (4<pH<7), weakly alkaline

(pH27), gaseous, and re-reflux episodes.*®"1¢ This definitely increases
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TABLE 1 Grading of recommendations
assessment, development, and evaluation
(GRADE) system for the quality of evidence
for guidelines

TABLE 2 Recommendations for the
choice of GERD testing
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Quality of
evidence Definition
High quality Further research is very unlikely to change our confidence in the estimate of

effect.

Moderate quality
the estimate of effect and may change the estimate.

Low quality

Further research is likely to have an important impact on our confidence in

Further research is very likely to have an important impact on our confi-

dence in the estimate of effect and is likely to change the estimate.

Very low quality Any estimate of effect is very uncertain.

Recommendations from the working group

Esophageal pH impedance monitoring may be indicated for interpretation of
patients with refractory symptoms despite PPI therapy, prior to and/or
following anti-reflux surgery, and for symptoms of cough, frequent
belching, and rumination syndrome

pH impedance studies performed on PPl demonstrate a decreased
frequency of acid reflux episodes, and an increase in proportion of
non-acidic or weakly acidic episodes

Data are insufficient to suggest antireflux surgery based solely on an
increase in number of reflux episodes detected by impedance

An absolute indication for wireless pH monitoring is in patients intolerant of
a pH or pH impedance catheter

Wireless pH monitoring is indicated in patients with a negative catheter
based pH study in a patient with ongoing symptoms, to elicit day to day
variation in acid exposure and symptom association

Reflux monitoring (catheter based pH, wireless pH, or pH impedance) should
be performed off of PPl to demonstrate abnormal reflux prior to antireflux
surgery

Reflux monitoring (catheter based pH, wireless pH, or pH impedance) should
be performed off of PPl to demonstrate abnormal reflux in the setting of
PPI non-response

Reflux monitoring in the form of pH impedance should be performed on PPI
in settings with prior evidence for reflux (prior positive pH testing,
esophagitis grade C or D, histology proven Barrett’s esophagus > 1 cm,
peptic stricture)

Pharyngeal reflux monitoring has no value to guide clinical management

Manometry with impedance is indicated to distinguish rumination from
GERD related regurgitation and to distinguish reflux-cough from cough-

GRADE category

Low

Moderate

Very low

Moderate

Moderate

Very low

Very low

Moderate

Very low

Very low

reflux sequence

the diagnostic yield of reflux monitoring in patients with GERD.7"18

However availability, cost and patient preference may drive the
choice between catheter based pH, pH impedance or wireless pH
monitoring.*?

Specific indications for wireless pH monitoring include intolerance
of the transnasal catheter (GRADE moderate),*®?* or a negative cath-
eter based pH study with high suspicion of GERD, to elicit day to day
variation in acid exposure and for improving detection of symptom
association (GRADE moderate).??~2* Prolongation of pH monitoring be-
yond 24 hours increases sensitivity of reflux detection and symptom
events for symptom reflux association.?>2°

In case of incomplete or no response to PPI therapy in patients
with a high probability of reflux disease, GERD testing is performed

on medication. This determines whether the patient is refractory to

PPI therapy by quantifying reflux burden on medication, and assesses
whether reflux and symptoms are related in time.>?” Thus, using com-
bined impedance-pH monitoring is useful to determine if PPI failure is
associated with (i) ongoing acid reflux, (ii) adequate acid control but
ongoing symptomatic non-acid reflux, or (jii) no reflux.*>27-31

While pH-monitoring is recommended before anti-reflux surgery,”
there are limited data on the incremental value of adding impedance
to pH monitoring to facilitate selecting patients for anti-reflux surgery,
and even less data on the indication for surgery based on the num-
ber of reflux episodes alone.*27%> Good surgical outcomes (in terms of
patient satisfaction) have been reported when using abnormally high
total number of reflux episodes detected by impedance off therapy
(in patients with normal pH parameters) as a means of selecting pa-

tients for antireflux surgery,36 This was also demonstrated in patients
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| Persistent symptoms suggestive of GERD

Upper Gl endoscopy without esophagitis grade
C or D, Barrett's mucosa or peptic stricture

Esophagitis grade C or D, Barrett's mucosa or
peptic stricture

or

or

Atypical symptoms

or

Prior positive pH testing

‘ Prior to anti-reflux surgery I

or

Recurrent/persistent symptom on PPI
and/or after surgery

FIGURE 1 Algorithm describing when

b . .
Catheter based or wireless pH monitoring : = gastro-esophageal reflux disease testing
or 24-h pH-impedance monitoring etti D Muaiies donlionag should be performed off or on treatment
off PPI on double dose PPI

who were studied on PP1.3*%7:%8 However, these studies lack control
groups; there is also no information on whether patients with low
total number of reflux episodes perform poorly after antireflux sur-
gery. Furthermore, others found that abnormal pH values and “typical”
reflux symptoms were better predictors of a positive outcome after
antireflux surgery compared to results of impedance testing off or on
medication.®*%74° Consequently, data are insufficient to recommend
antireflux surgery based solely on an increased number of reflux epi-
sodes detected by impedance (GRADE very low).

In the evaluation of patients who report recurrent symptoms after
surgery, the yield of pH-impedance testing over pH-only monitoring
is variable. Some authors suggested that symptoms were driven by
weakly acid reflux episodes while others found that reflux episodes
detected by impedance monitoring were not significant contributors
of symptoms.32'41 Interestingly one study demonstrated that supra-
gastric belching was the cause of recurrent symptoms after surgery
in a third of patients.*? Moreover, the severity of post-surgery gas-
related symptoms was not associated with an increased number of
pre-operative air swallows and/or belches or a larger post-operative
decrease in the number of gastric belches.*? In absence of clear data in
the literature, the working group recommends the same reflux moni-
toring modality that was performed prior to surgery be performed fol-
lowing surgery off of PPl (expert recommendation).

Establishing a relationship between chronic cough and reflux is
challenging. Chronic cough can be associated with weakly acidic re-
flux, thus favoring the use of impedance-pH rather than pH alone in
this particular setting.43'47A cough detector or ambulatory manometry
can be an important tool to distinguish cough-reflux and reflux-cough
sequences. However, in the absence of outcome data, it is difficult to
determine which patients with chronic cough associated with reflux
would benefit from anti-reflux surgery.

Excessive belching is a common phenomenon observed in pa-
tients with GERD or functional dyspepsia.10 Esophageal impedance

reliably distinguishes gastric belch episodes from supragastric belch

with proton pump inhibitors (PPI)

episodes. Interestingly, supragastric rather than gastric belching
is frequently encountered in patients with complaint of excessive
belching.io’48 Thus, impedance-pH monitoring may be considered the
“gold standard” for the workup of patients with excessive belching.'°
When performed in conjunction with manometry, impedance can
also be used to distinguish rumination syndrome from GERD-related
regurgitation in patients with normal lower esophageal sphincter
(LES) function who have emesis without antecedent retching as in
rumination a gastric pressure increase >30 mm Hg will precede the

occurrence of reflux.%*°

3.2 | Testing off or on PPI

Determining if GERD testing is to be performed off or on PPI therapy
is an important initial decision point in esophageal physiologic test-
ing.”*! Testing off PPI results in more symptoms reported during the
measurement and thus a higher yield of symptom-reflux association
analysis. Testing off PPl also reveals the naive esophageal acid ex-
posure time. On the other hand, in some instances one would like
to know why the treatment for GERD is not effective and whether
complete acid suppression is obtained. The decision should be made
with consideration of the patient’s clinical presentation and pre-test
evidence for reflux (Figure 1).

Reflux monitoring (catheter based pH, wireless pH, or pH im-
pedance) should be performed off PPI to confirm if the question is
whether reflux is the cause of symptoms and if patient truly has GERD
in case of non-response to therapy (GRADE very low). This is also the
case when testing prior to antireflux surgery (GRADE very low) ’ in the
setting of persistent symptoms in patients with non-erosive reflux dis-
ease (normal esophageal mucosa), grade A or B esophagitis, Barrett's
esophagus (defined as intestinal metaplasia on esophageal biopsies)
segments (<1 cm), atypical presentations, absent or incomplete re-
sponse to PPI, and recurrent/persistent symptoms after anti-reflux

surgery.
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TABLE 3 Recommendations for data acquisition of pH and
pH-impedance monitoring

Recommendations from the working group
For ambulatory reflux monitoring, PPI should be without for at least
7 days

In order to reduce the risk of vomiting during catheter intubation,
patients are instructed to be at least 4-6 hours nil per os

During ambulatory reflux monitoring, patients should maintain their
regular activities

During ambulatory reflux monitoring, patients should consume their
regular meals (however, patients should be advised not to graze, to
limit eating to meal times and to avoid intake of acidic foods and
carbonated beverages in between meals)

During ambulatory reflux monitoring, patients should keep a diary
including their upright and recumbent periods, meals, and symptoms
(duration/type)

In patients with prior evidence of excessive reflux (prior positive
pH testing, esophagitis, Barrett’s esophagus >1 cm or peptic stricture)
the main question is not whether there is GERD but why the treatment
is failing. In this case impedance-pH testing should be performed on
PPI in search of ongoing reflux (either acid or non-acid) despite PPI
(GRADE moderate).

4 | PERFORMING PH AND PH-IMPEDANCE
MONITORING: RECOMMENDATIONS FOR
DATA ACQUISITION

Instructions to be provided to patients for data acquisition are sum-
marized in Table 3. All of them are based on expert recommendations
in absence of clear evidence in literature.

By convention, the pH or pH impedance catheter is positioned
with the distal esophageal pH probe 5 cm above upper border of the
manometrically defined lower esophageal sphincter (LES) for catheter
based monitoring,22 as up to 2 cm of movement in either direction can

TABLE 4 Recommendations for the

50f 15
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be expected with swallowing and head movement, and this location
reduces catheter migration into the stomach.>? The wireless probe is
positioned transorally 6 cm proximal to the squamocolumnar junction
identified during endoscopy (or 9 cm above upper border of the mano-
metrically defined LES from the nostrils), which corresponds to the

conventional pH positioning 5 cm proximal to the LES.?%>3

5 | INTERPRETING PH MONITORING

Recommendations for data analysis are reported in Table 4.

5.1 | pH thresholds defining pathological distal
esophageal acid exposure

A drop in esophageal pH below 4 is the most discriminative thresh-
old to define a reflux episode.’*>> By cumulative summation of time
when esophageal pH is below 4, the acid exposure time (AET, % time
with pH<4 over the study duration) can be derived.>* Meal times,
fluid ingestions, and artifacts are typically excluded, as ingested acidic
material can confound the calculation. A general visual inspection of
pH study should be performed to exclude artifacts and to search for
catheter displacement or wireless capsule dislodgment, especially in
case of high AET.

A composite parameter taking six individual metrics, total AET, up-
right AET, recumbent AET, number of reflux episodes, reflux episodes
with pH<4 for 25 minutes, and duration of longest reflux episode, is
described as the DeMeester score.>® Of these, the total AET is the
most reproducible *” and AET overall is more specific compared to
other individual components of the DeMeester score.’® By consensus,
the AET is favored as the metric used to designate esophageal acid
burden, and elevated AET has been demonstrated to predict a positive
response to PPI trial,*”>?¢° and symptom outcome following antire-
flux therapy.3840

On catheter based pH monitoring off antisecretory therapy, mean
total AET values and 95th percentile of normal have ranged from 3.9%

. . Recommendations from the working grou GRADE catego
analysis of pH and/or pH-impedance g group el
monitoring For ambulatory reflux monitoring, the minimum duration of recording for Low

adequate impressions should be 16 hours or more

In ambulatory reflux monitoring, upright and recumbent periods should be Moderate
reported separately, with exclusion of mealtimes

Automated analysis of pH impedance studies is adequate for acid reflux Very low
events

Automated analysis of pH impedance overestimates non-acidic or weakly Very low
acidic events

Manual review of the 2 minutes preceding each symptom event in pH Very low
impedance studies is necessary

Low baseline impedance makes interpretation of pH-impedance studies Low
difficult

Baseline impedance <500 ohms might suggest an additional process, e.g. High

Barrett's esophagus, a motor disorder, eosinophilic esophagitis, inflamma-
tion, fibrosis, etc.
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| |
Grade C or D esophagitis
and/or peptic stricture
and/or Barrett's esophagus

Normal esophagus
grade A or B esophagitis

Upper gastro-

intestinal endoscopy

or or

24-h esophageal pH +
AET >6%

impedance monitoring
(off or on therapy)

AET 4-6%

Consider additional evidence:
number of reflux events,
baseline impedance,
microscopic esophagitis

t07.2% in patients who are either asymptomatic or with occasional (<2
episodes/month) heartburn symptoms, with sensitivity of 77%-100%
and specificity of 85%-100% in discrimination of esophagitis from
normal controls.>>8%1-%7 Based on these data, a total AET value of
<4% is consistently normal (GRADE moderate) and less than 6% is likely
to be normal (Figure 2). In contrast, patients with erosive esophagitis
have mean total AET of 9.6%-27.6%.%5°8:61626466 Thys the consen-
sus group concluded that AET >6% was consistently abnormal (GRADE
high). There is consistent overlap between normal controls and symp-
tomatic GERD without esophagitis within a gray area consisting of
95th percentile AET values of 4%-6%,°7%8¢7 where additional ev-
idence from alternate testing may provide further confidence in the
presence of pathologic acid burden (GRADE moderate). Furthermore,
there is considerable day-to-day variability in AET measurements so
a clinical decision should never be made exclusively based on this
parameter.7°'71

Wireless pH monitoring is associated with marginally higher 95th
percentile AET values in normal controls (4.4%-5.3%),227%72 but within
the gray area indicated above. Therefore, similar concepts can be
applied to distal AET thresholds with wireless pH monitoring as for
catheter based pH monitoring. Using wireless pH-monitoring, analysis
could be performed at every day separately taking into account the
worst day or averaging the entire study period. While sensitivity is ob-
viously higher with worst day analysis, specificity is obviously higher
with averaged AET.?¢71

5.2 | Upright and supine acid exposure time

Abnormal supine AET is observed in different conditions: poor sleep

7476 elevated

quality, severe erosive esophagitis, Barrett's esophagus,
BMI,”” and consumption of a late-evening meal.”® Pre-operative
pathological bi-positional (upright and supine) AET may have higher
likelihood of recurrent pathological acid exposure and esophagitis fol-
lowing Nissen fundoplication and the need of re-operation, but the

results are conflicting.”” 8

No pathological GERD

\
\

AET <4%

FIGURE 2 Definition of pathological
gastro-esophageal reflux disease according
to findings on upper gastro-intestinal
endoscopy, 24-hours pH monitoring and
24-hours esophageal pH-impedance
monitoring. Additional testing should

be considered in case of borderline
examination. AET, acid exposure time

While upright and supine AET might differ according to associated
conditions, further studies are needed to evaluate the value of addi-

tional reporting of acid exposure time during sleep.

5.3 | Proximal acid esophageal exposure

Dual sensor pH monitoring was proposed to evaluate proximal and
distal reflux burden in patients with extra-esophageal reflux symp-
toms in particular. Proximal AET has poor sensitivity and reproducibil-
ity 82 and cannot predict symptoms severity.83 Furthermore, there is
no consensus on pH criteria for defining pathologic reflux at the proxi-
mal esophagus.88> Thus, there is no clear evidence that dual probe
pH monitoring is of additional value above distal pH probe measure-
ment alone.

6 | INTERPRETING PH-
IMPEDANCE MONITORING

6.1 | Thresholds to define pathological pH-
impedance monitoring

Standardized interpretation of impedance-pH measurement data
are based on published normal values.®”’ %8¢ Similar AET thresholds
are used for impedance-pH monitoring as for pH monitoring alone
(GRADE low) and the same thresholds are used when impedance-pH

monitoring is performed off or on therapy (GRADE low) 8#7 (

Figure 2).

Published thresholds for abnormal number of reflux episodes
during impedance-pH monitoring are quite heterogeneous and out-
come data providing their usefulness in GERD management are

scant.®

Given the fairly good reproducibility of this impedance pa-
rameter and the preliminary data correlating symptom remission with
the decreasing number of reflux episodes in the post-surgical setting,
a clearly high number of reflux episodes (above 80) might be consid-
ered abnormal (GRADE low) 82-3489 \yhile a number of reflux episodes

on impedance-pH of 40 or fewer are considered as normal (GRADE
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low). However, number of reflux episodes alone is not predictive of
treatment outcome.3%84° Therefore, caution should be adopted to di-
agnose GERD based on numbers of reflux events alone, and additional
clinical and investigation findings should be considered (GRADE low).”°
Consequently, the consensus group recommends reporting number of
reflux episodes detected on impedance as an adjunctive tool rather

than a primary indicator of abnormal reflux burden.

6.2 | Analysis of pH-impedance monitoring

Recommendations are described in Table 4. After completion of the
impedance-pH study, data are analyzed using proprietary software
and interpreted by the reporting physician. The software identifies
individual reflux and swallow events, measures symptom-reflux asso-
ciation, and distinguishes changes in impedance that are not clinically
important.91 Automated analysis is adequate for acid reflux events,
but overestimates non-acidic or weakly acidic events. As a conse-
quence, calculation of Symptom Index (SI) and Symptom Association
Probability (SAP) might be affected.”>?3 A manual review of the
2 minutes preceding each symptom event in pH impedance studies
may classify most of the patients similarly as manual analysis of the
24-hours study regarding the positivity of SI and SAP.?* Therefore,
manual editing of the 2 minutes preceding each symptom event is rec-
ommended (GRADE very low).

6.3 | Baseline impedance

Low baseline esophageal impedance is observed in case of impaired
esophageal mucosal integrity (erosive esophagitis, Barrett’s esopha-
gus, eosinophilic esophagitis) and in case of bolus stasis secondary to
severe esophageal motility disorders such as achalasia, absent peri-
stalsis, severe ineffective esophageal motility).2*¢7>?¢ Low baseline
impedance value (<500 ohms) may affect the sensitivity of reflux rec-
ognition during pH-impedance monitoring. While it does not preclude
the recognition of reflux during visual analysis, it can make automated
recognition difficult (GRADE low) and a manual analysis with mag-
nification of the tracings may help in reflux episodes identification.
Furthermore, as low baseline impedance might suggest an additional
esophageal process and/or disease, it should be reported in imped-
ance studies.

Recently, different studies suggested that measurement of muco-
sal esophageal impedance could be useful in the evaluation of patients
with suspected GERD. Patients with erosive and non-erosive GERD
have lower average baseline impedance values than healthy subjects
and patient with functional heartburn.””*? Some authors proposed a
simplified method to measure baseline impedance. This measurement
called mean nocturnal baseline impedance (MNBI) consist of measur-
ing baseline impedance 3 or 5 cm above the LES during the overnight
rest as the mean baseline impedance of three 10-minute time peri-
ods in a period without swallowing.'°® MNBI was lower in suspected
GERD patients with typical symptoms who responded to PPI therapy
or anti-reflux surgery compared to those who did not respond.1°0-104
Interestingly, the threshold values for abnormal impedance baseline

7 of 15
———— V| LE Y-

values (<2100 ohms) were quite similar to those obtained by means of
an impedance catheter introduced in the working channel of an endo-
scope.105 Finally, recent studies found that impedance changes due to
acute esophageal inflammation might be reversed with mucosal heal-
ing or gastro-esophageal reflux inhibition supporting a role of mucosal
impedance as a hallmark of pathological reflux disease.1°41%7

Since baseline impedance is deemed to have potential as a met-
ric for predicting outcome (GRADE moderate), the consensus recom-
mends reporting of MNBI as an exploratory tool, and evaluating its
yield over AET and symptom association in large prospective studies
with outcome data.

6.4 | Post-reflux swallow induced peristaltic wave

Evaluating the efficacy of esophageal chemical clearance might
be considered to further characterize GERD. Using 24 hours pH-
impedance monitoring, post-reflux swallow induced peristaltic wave
(PSPW) index was proposed to evaluate chemical clearance. Briefly
PSPW is defined as an antegrade 50% drop in impedance relative
to the pre-swallow baseline originating in the most proximal imped-
ance sites, reaching all the distal impedance sites, and followed by at
least 50% return to the baseline in all the distal impedance sites (bolus
exit).1%® Further PSPW index is calculated manually as the number of
refluxes followed within 30 seconds by a PSPW divided by the number
of total reflux. PSPW index is significantly lower in patients with reflux
esophagitis and NERD compared to controls and patients with func-
tional heartburn.’®° While PSPW index may have complementary
value, particularly when pH-impedance is performed on PPl (GRADE
low),'%* there is currently not enough evidence for its clinical use.

7 | PHARYNGEAL PH-(IMPEDANCE)
MONITORING

The role of pharyngeal reflux monitoring for the diagnosis of gastro-
esophageal reflux episodes extending to the pharynx remains un-
clear.* There is no consensus regarding definition of pharyngeal reflux
11 and important limitations (inaccurate catheter position, artifacts,
poor reproducibility).gé’“2’117 Measuring aerosolized pharyngeal acid
reflux was proposed but considerable disagreement in the detection
of reflux between pharyngeal acid aerosol monitoring and impedance
was observed.1*®1Y Thus, measurement of airway and pharyngeal pH
cannot be recommended to diagnose gastro-esophageal reflux epi-

sodes extending to the pharynx (GRADE moderate).*2%1?1

8 | SYMPTOM REFLUX ASSOCIATION

Symptom reporting during ambulatory 24-hours reflux monitoring
allows investigation of the temporal relationship between reflux and
symptom. In this consensus document, the expert group agreed to use
the terms symptom events and reflux episodes. Recommendations are
presented in Table 5.
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Recommendations from the working group

The most bothersome or dominant symptom being studied
should be used for symptom reflux association

Separate symptom reflux association testing for a secondary
symptom is possible, but not for more than 2 symptoms

At least 3 events per symptom must be reported for calculation
of symptom-reflux association

Symptom reflux association is reported for the entire duration of
the pH or pH impedance study, and is not broken down by
upright or recumbent periods

The only time window to be used for symptoms following a
reflux event is 2 minutes

When pH testing is used, only pH drops below the threshold of
pH 4 are used to designate reflux episodes, and drops of 1 pH
unit not reaching the threshold of pH 4 do not constitute a
reflux episode

When pH impedance testing is used for symptom reflux High

association, all reflux events detected by impedance is used in
calculation of reflux episodes

Symptom index (SI) and Symptom Association Probability (SAP) High

have value in pH and pH-impedance monitoring

GRADE category

TABLE 5 Recommendations to assess
reflux-symptom association

Consensus/Evidence lacking

Consensus/Evidence lacking

Consensus/Evidence lacking

Moderate

Moderate

Moderate

Sl and SAP are complementary and cannot be directly compared Very low
to each other

For all reflux monitoring, the 2 minute period prior to each Moderate
symptom event and 2 minute period following each reflux
episode should be evaluated prior to calculating the SI

The Ghillebert Probability Estimate (GPE) can substitute the Very low
Weusten method of calculation of SAP when necessary

Abnormal AET with both SAP and Sl positive represents the Moderate
strongest evidence for reflux

SAP and Sl both positive represents stronger symptom reflux Very low
association compared to either alone

Evaluate Sl only if SAP is positive Low

There is weak predictability of PPl response with a positive Low
symptom reflux association parameter, particularly SAP

If SAP and Sl are both positive, the probability of PPI response is Low

greater than if both tests are negative

Only symptoms that can reasonably be related to reflux episodes
such as cough, chest pain, heartburn, and regurgitation are consid-
ered for symptom reflux association analysis, whereas symptoms that
are definitely not reflux related are not considered (e.g. headache). It
is also not possible to perform reliable symptom reflux association
analysis for symptoms that lack a crisp onset and are chronically
present, such as dyspnea or hoarseness. As far as possible, the domi-
nant symptom or the most bothersome symptom should be used for
symptom reflux association (expert recommendation). It is acceptable
to perform separate symptom reflux association testing for a second-
ary symptom (expert recommendation). When the dominant symptom
is cough, adding a cough detector (for example catheter with ambu-
latory pressure sensors to the pH-impedance catheter) can be helpful
to identify the exact timing of the cough events and makes it possible
to distinguish a cough-reflux sequence from reflux-cough (GRADE

very low).*3

The outcome of symptoms reflux association is more reliable when
the patient has reported multiple symptom events (at least three per
symptom should be reported for a reliable reflux-symptom association
analysis). Therefore, patients should be encouraged to induce many
symptoms and report them all. Measurement off PPl usually results in
a higher number of symptoms reported as well, and therefore provide
a higher chance of performing adequate symptom reflux association
analysis.*?2 There is no upper threshold for number of symptoms al-
lowed. Symptom reflux association is reported for the entire duration
of the pH-(impedance) study, and is not broken down by upright or
recumbent periods (GRADE moderate). The time window for symptoms
following a reflux episode is 2 minutes (GRADE moderate).

When pH testing is used, only pH drops below 4 are used to desig-
nate reflux episodes, and drops of 1 pH unit not reaching the threshold
of pH 4 do not constitute a reflux episode (GRADE moderate). When
pH impedance testing is used for symptom reflux association, all reflux
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events detected by impedance are used in calculation of reflux epi-
sodes (GRADE high).

In case of few symptom events and few reflux episodes, analysis
can be done by quick overview, but in the majority of cases, a quan-
titative expression of the strength of the relation between symptom
events and reflux episodes is needed.?® This can be done using the
symptom-reflux association parameters, Symptom Index (SI) and
Symptom Association Probability (SAP). The Symptom Sensitivity
Index (SSI) has limited added value to Sl and SAP and is not further
discussed.’®*"12¢ The Binomial Symptom Index (BSI) (also named
Ghillebert Probability Estimate, GPE) is a statistical formula that can
express the probability that symptom events and reflux episodes are
related.'?” The BSI and SAP are very strongly related and both could
be used interchangeably.*?®

The Sl is defined as the percentage of symptom events that are
related to reflux episodes, thus number of reflux related symptom
events divided by total number of symptom events times 100%. The
most often used cut-off is 50%, which means that above 50% the Sl is
considered positive, i.e. a large proportion of the patient’s symptoms
are considered to be reflux-related.

The SAP is a statistical parameter that expresses the strength of
the relationship between symptom events and reflux episodes during
the measurement.*?® The calculation is more complex than the Sl and
cannot be done manually but is calculated instead by the measure-
ment software. The cut-off for the SAP is 95%, and a SAP above 95%
(corresponding to P<.05, applying Fisher’s exact test on a 2x2 table)
is considered positive for a relationship between symptom events and
reflux episodes.

Sl and SAP have a predictive value for the effect of medical and
surgical treatment of reflux disease, and this is independent of acid
exposure time (GRADE high).*%1271%0 The result of symptom reflux
association analysis has a high degree of reproducibility when re-
peated, at least as high as the result of the acid exposure time. 11
These indices have some limitations, especially related to day-to-
day variability of reflux burden and occurrence of symptom events
during the monitoring day.*®2 Further only a minority of symptoms is
associated with reflux episodes.'®® The Sl and SAP are complemen-
tary and cannot be directly compared to each other (GRADE very low)
as they measure different things. The presence of positive SI and
positive SAP together provides the best evidence of a clinically rele-
vant association between reflux events and symptoms (GRADE very
low). If one test is positive and the other is negative, this represents
a gray area and further interpretation with other parameters (AET,
number of reflux episodes, baseline impedance...) and clinical factors

are necessary.

9 | GERD DIAGNOSIS: DEFINING
DIFFERENT PHENOTYPES

Three key questions require consideration when defining GERD phe-
notypes: (i) Is there evidence of GERD as indicated by esophageal
mucosal lesion or increased reflux burden; (i) Is there an association
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between reflux episodes and symptom events; and, (iii) Are there non-
GERD disorders, (behavioral or functional disorders) that could explain

the symptoms?

9.1 | Esophageal mucosal lesion and
mucosal integrity

Los Angeles grade C or D esophagitis provides robust evidence of
GERD,'®* and also predicts the response to treatment.®>"'% Grade
A alone is not sufficient for the diagnosis of GERD as it may be en-
countered in asymptomatic controls.’*® While anti-secretory therapy
is frequently prescribed to patients with Grade B esophagitis, caution
is advised in referring patients to surgery based solely on Grade B es-
ophagitis. Indeed grade B esophagitis might be encountered in asymp-
tomatic controls. Further progression from grade A/B esophagitis to
grade C/D and Barrett’s esophagus is observed in 1% to 6% and 1%
to 12%, respectively, while it may regress to normal endoscopy in
20% to 60%.*%? Thus, grade B esophagitis is not sufficient to unam-
bivalently proof that a subject symptoms are caused by GERD. Other
endoscopic findings such as peptic stricture and Barrett’s esophagus
>1 cm are indicative of pathological GERD.'4°

Most of patients with GERD symptoms have normal appearing mu-
cosa on endoscopy, and examination of biopsies through conventional
histology has shown limited value (i.e., low specificity) in document-
ing GERD.'*11%2 The latest Rome classification stated that the exclu-
sion of eosinophilic esophagitis (by performing esophageal biopsies)
was required to diagnose esophageal functional disorders to perform
esophageal biopsies to exclude eosinophilic esophagitis.143 However,
there is limited data regarding the clinical utility of this approach as
the majority of patients with eosinophilic esophagitis had endoscopic

abnormalities and/or dysphagia.

9.2 | Measures of reflux burden

A challenging scenario is encountered when patients have symptoms
suggestive of GERD, but normal endoscopy, and incomplete response
to acid suppression. In these patients, ambulatory reflux monitoring is
useful to define GERD phenotypes and to guide treatment, particu-
larly in patients with PPI-refractory symptoms.”'143

In this consensus, we consider that AET greater than 6% during
ambulatory pH-(impedance) monitoring establishes the diagnosis of
GERD. The total number of reflux episodes alone and baseline imped-
ance is not sufficient to confirm the diagnosis of GERD and it should

be considered as an exploratory tool.

9.3 | Measures of association between
reflux and symptoms

A positive Sl and/or SAP support an association between reflux epi-
sodes and symptom events, which is an independent predictor of
response to treatment in retrospective, uncontrolled, studies. In pa-
tients without evidence of pathological GERD (i.e., normal endoscopy,
normal AET, normal number of reflux episodes), a positive symptom
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FIGURE 3 Gastro-esophageal reflux disease phenotypes off and on medication

association study for heartburn or regurgitation suggests reflux hy-
persensitivity as defined by Rome IV criteria.}*®

9.4 | Non-GERD functional and behavioral disorders

In some patients with symptoms but completely normal evaluation,
symptoms may be due to a functional gastro-intestinal disorder such
as functional heartburn or functional chest pain.**® Behavioral disor-
ders such as rumination or supragastric belching might also explain
symptoms.19484? While these disorders are not part of the GERD
spectrum, they might be encountered in patients with symptoms
suggestive of GERD, especially those who are refractory to PPIl. An
overlap might also exist between GERD and a functional or behavioral
disorder.

9.5 | Algorithmic approach to GERD phenotypes

GERD definition is based on presence of GERD symptoms, endoscopic
findings and results of pH-(impedance) monitoring. Figure 3 summarizes
GERD phenotypes. However, there are some borderline cases in which
the diagnosis of GERD remains uncertain (grade A and B esophagitis,
AET between 4% and 6%). Adding testing such as total number of
reflux episodes, baseline impedance, histological evaluation, or evalu-
ation of microscopic esophagitis might be considered to determine if

there is other argument in favor of GERD in these patients.2*-14¢ An

alternative approach to phenotype GERD might be to consider GERD
mechanisms and high resolution manometry metrics as presented in
the accompanying article on motor findings in GERD (Gyawali et al,
unpublished data). Finally, where there is a strong suspicion of GERD,
repeating a study could also be considered as a negative result might

be secondary to intermittent symptoms and day to day variability.”%”*

10 | CONCLUSION

Reflux monitoring can have a decisive role in the management of pa-
tients with symptoms suggestive of GERD. In combination with upper
Gl endoscopy, it is useful to establish the diagnosis of GERD and to
define different phenotypes that may guide the treatment. The work-
ing group proposes a definition of pathological GERD. New concepts
here are the introduction of areas of uncertain diagnosis (grade A and
B esophagitis and AET between 4% and 6%) and exploratory tools for
research (total number of reflux episodes, mean nocturnal baseline
impedance). Based on GRADE category, the level of evidence is usu-
ally very low to moderate and most recommendations rely on expert
consensus. Future research might be focused on outcome data to de-
termine if GERD phenotypes are useful in the management of patients
with GERD symptoms.
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