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Can acid exposure time replace the
DeMeester score in the diagnosis of
gastroesophageal reflux-induced cough?
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Abstract

and Xianghuai Xu

Background: The objective of this study was to compare the predictive accuracy of the acid
exposure time (AET) with the DeMeester score (DMS] for gastroesophageal reflux-induced

cough (GERC).

Methods: A total of 277 patients who underwent multichannel intraluminal impedance pH
monitoring (MIl-pH) were enrolled, and their clinical information and laboratory results were
retrospectively analyzed. The diagnostic value of AET for GERC was compared with that of the
DMS, symptom association probability (SAP), and symptom index (SI).

Results: A total of 236 patients met the inclusion criteria, 150 patients (63.65%) were definitely
diagnosed with GERC, including 111(74%) acid GERC and 39 (26%) nonacid GERC. The optimal
cutoff value of AET for diagnosing GERC was AET > 4.8%, and its diagnostic value was equal
to that of DMS > 14.7 (AUC = 0.827 versus 0.818, p=0.519) and was superior to that of SAP
(AUC = 0.827 versus 0.689, p=0.000) and SI (AUC = 0.827 versus 0.688, p=0.000). When using
both DMS > 14.7 and AET > 4.8% or either of the two for the diagnosis of GERC, the diagnosis
rate was not improved over using DMS > 14.7 alone. The diagnostic value of AET and DMS

for acid GERC were both high and equivalent (AUC = 0.925 versus 0.922, p=0.95]). The optimal
cutoff value of AET for diagnosing acid GERC was AET > 6.2%.

Conclusion: AET and DMS are both equal in discriminating GERC. A GERC diagnosis should be
considered when AET > 4.8%, whereas an acid GERC diagnosis should be considered when

AET > 6.2%.

Keywords: acid exposure time, chronic cough, DeMeester score, gastroesophageal reflux,
multichannel intraluminal impedance pH monitoring
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Introduction

Gastroesophageal reflux-induced cough (GERC)
is a special type of gastroesophageal reflux disease
(GERD) and is one of the common causes of
chronic cough.!»? The main test for diagnosing
GERC is 24-hour esophageal pH monitoring or
combined multichannel intraluminal impedance
pH monitoring (MII-pH).2 The acid exposure
time (AET) refers to the time that esophageal
pH is < 4 out of the whole monitoring time,
and the pH is often monitored at the distal
esophagus [5cm above the lower esophageal
sphincter (LES)].? The DeMeester score (DMS)

is a composite score of six parameters that meas-
ures acid exposure during prolonged ambulatory
pH monitoring, including AET, and has been
used to diagnose GERD since the 1970s.3# In
addition, the DMS is an important indicator for
GERC diagnosis®>7 and is included in the guide-
lines for the diagnosis and treatment of cough.8

Based on its pH value, GERC can be divided
into two major subtypes, designated as acid
(pH = 4) and nonacid GERGC, including weakly
acid (4.1 < pH <7) and weakly alkaline (pH = 7).
Both DMS and AET are reliable parameters for
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the identification of abnormal acid reflux.%1% As an
important indicator to evaluate abnormal reflux,
DMS has been widely used to diagnose GERD. %11
However, the DMS was not adopted by the more
recent GERD consensus—the Lyon Consensus.
Instead, AET > 6% is considered the most reli-
able parameter to define GERD.!2 There are lit-
tle data that show that DMS is superior—or
inferior—to AET in the diagnosis of GERD,
including GERC. This study retrospectively ana-
lyzed the clinical information and laboratory
results of patients treated for chronic cough who
underwent MII-pH monitoring in our depart-
ment within the past 4 years, to identify the diag-
nostic value of AET for GERC.

Methods

Patients

A total of 277 patients with chronic cough from
our respiratory clinic between May 2016 and
May 2020 and who underwent MII-pH were
included in this study. Complete medical history,
physical examination, and capsaicin cough sensi-
tivity test, chest x-ray, lung function test, hista-
mine bronchial provocation test, induced sputum
cytological examination, and MII-pH of those
patients were analyzed to identify the causes of
chronic cough according to the established step-
by-step algorithm.! According to the guideline,8
MII-pH monitoring was not performed in all the
patients. Patients who underwent MII-pH moni-
toring were those who had typical symptoms
(such as typical upper gastrointestinal symptoms)
after a detailed inquiry and the empirical evalua-
tion of the physician, as well as patients with
chronic cough excluding other causes. The pre-
liminary diagnosis of other patients [ie, cough-
variant asthma (CVA), upper airway cough
syndrome (UACS), atopic cough (AC), and
eosinophilic bronchitis (EB)] who have not
received MII-pH monitoring is based on
detailed medical history and examination, and
the definitive diagnosis was established after
effective treatment for preliminary diagnosis.
GERC was considered when the patient met all
of the following criteria:1;8:11:13 (1) cough lasting
for no less than 2 months, with or without typical
upper gastrointestinal symptoms such as regur-
gitation, heartburn, or chest pain; (2) one or
more of the following items of MII-pH: (a)
abnormal acid reflux: DMS > 14.7 and/or an
acid reflux symptom association probability

(SAP) > 95% and/or an acid reflux symptom
index (SI) > 50%; (b) abnormal nonacid reflux:
nonacid (weakly acidic or weakly alkaline) reflux
SAP > 95% and/or nonacid SI > 50%; (3) effec-
tive antireflux therapy (8-week course of omepra-
zole 20 mg twice daily plus mosapride 5 mg thrice
daily), or doubling the dose of omeprazole (40
mg twice daily) or neuromodulators use (baclofen
10-20mg thrice daily) as add-on therapy if
antireflux therapy failed.>-¢ Patients with abnor-
mal acid reflux were diagnosed with acid GERC,
and patients without abnormal acid reflux were
diagnosed with nonacid GERC. Several patients
were ultimately diagnosed with GERC combined
with other etiologies because their cough par-
tially improved after targeted treatment for non-
GERC diagnosis (such as AC, EB, UACS, etc.),
and the cough disappears completely after a
combination of antireflux therapy. The reflux-
related symptom score was assessed using the
gastroesophageal reflux diagnostic questionnaire
(GerdQ).!* The cough symptom score described
by Hsu ez al.1> was used to assess cough severity.

The exclusion criteria were as follows: (1) No
SAP or SI because cough symptoms were not
recorded on a diary card as required during
MII-PH monitoring; and (2) incomplete medical
records. The study was approved by the Ethics
Committee of Tongji Hospital (K-2020-025).

Laboratory examination

Lung function test and the histamine bronchial
provocation test were performed according to the
guidelines established by the Respiratory Society
of the Chinese Medical Association.!® Induced
sputum cytological examination was performed
as described previously.!” The capsaicin cough
sensitivity test was evaluated according to the
European Respiratory Society (ERS) guidelines!®
and using the modified method initially described
by Fujimura er al.,!° with the lowest capsaicin
inhalation concentration required to induce = 2
(C2) or = 5 (C5) coughs as the subject’s cough
threshold.

Esophageal manometry and motility measure-
ments, and pH monitoring were performed
according to guidelines.>20 The subjects discon-
tinued all proton pump inhibitors (PPIs) and/or
histamine H2 receptor antagonists for at least
7days and had fasted for more than 10hours
before examination. A four-channel manometric
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catheter (7521PV, MMS, Netherlands) was
inserted into the stomach directly below the LES
at a depth of approximately 65 cm. During perfu-
sion pressure measurement, the patient was in the
supine position, and the baroreceptor was placed
at the patient’s midaxillary level. After recording
the pressure, the manometric catheter was with-
drawn 1.0cm every 15seconds. After each pull,
the sequence was recorded on the computer, and
the distance and position of the manometric
catheter from the nasal cavity were determined.
During this process, the software recorded any
changes in pressure information to determine
the positions of the LES and upper esophageal
sphincter. On this basis, impedance-pH moni-
toring (Ohmega, MMS) was performed, with a
2.1-mm diameter combined MII-pH catheter
consisting of six impedance channel amplifiers
(K6011-E10632, Unisensor, Switzerland) and
an antimony pH probe (819100, Medical
Measurement System B.V., Netherlands) was
transnasally inserted into the esophagus after
esophageal manometry, with the pH electrode
5cm above the LES and six impedance channel
sensors at 3, 5, 7, 9, 15, and 17cm above the
LES. A portable data logger (Ohmega; Medical
Measurement System BV) stored data with 50 Hz
frequency from all seven channels over 24 hours.
Each subject was asked to document reflux symp-
toms and eating and sleeping times on an issued
diary card. Automatic analysis which performed
by Commercial software (MMS database, v8.7)
combined with manual analysis to detect the total
number of reflux episodes (>80 reflux episodes
per 24 hours are definitively abnormal), the num-
ber of proximal reflux episodes (15cm above the
LES), the number of distal reflux episodes (15cm
below LES), the esophageal acid clearance time
(the time required for pH to recover to = 4.0 after
acid reflux), and other monitoring indicators.
Other important indicators were as follows:

AET: AET was defined as the total time (%)
with pH below 4, divided by the total time of
monitoring. But there is no uniform standard for
the normal value of AET; AET has been defined
as pathological if the time at pH < 4 exceeded
4.2%1021 or 5%22 of the total recording time.
The Lyon Consensus proposes that AET <4%
be considered definitively normal (physiological)
and > 6% be considered definitively abnormal
with intermediate values between these limits
being inconclusive. 12

DMS: This composite score measures the overall
esophageal acid exposure level and includes six
parameters:23 (1) total number of reflux episodes,
(2) % total time esophageal pH < 4 (AET), (3) %
upright time esophageal pH < 4, (4) supine time
esophageal pH < 4, (5) number of reflux epi-
sodes = 5minutes, and (6) longest reflux episode
(minutes). The DMS is the sum of the 6 parameter
scores, and the simplified formula for scoring each
component is as follows: component score = (Pt
value — mean + 1) / standard deviation (SD). In
this study, the DMS was automatically calculated
by software, and reflux exceeding the threshold
value (14.7) 9 was considered abnormal reflux.

SAP and SI: SAP/SI is for cough specifically. SAP
was used to represent the temporal association
between cough recorded by patients on diary
cards and reflux that had occurred during the pre-
ceding 2-minute period, SI is defined as the num-
ber of reflux-related symptom episodes (cough)/
total number of symptom episodes X 100%.

Review of clinical information

Based on the general information of the included
patients, MII-pH monitoring parameters, pulmo-
nary function, capsaicin cough sensitivity, cough
symptom score, and GerdQ score, the diagnostic
value of AET, DMS, SAP, and SI for GERC
was analyzed. The various MII-pH monitoring
parameters were compared between GERC
patients and non-GERC patients, and AET and
DMS were compared between acid GERC and
nonacid GERC patients.

Statistical analysis

Normally distributed data are expressed as
¥? = SD, nonnormally distributed data are
expressed as the median (interquartile range), and
after logarithmic transformation, the C2 and C5
data are expressed as the geometric mean = SD.
Sex and coughing properties were compared
between groups by the y? test. Analysis of variance
was used to compare the data of the acid GERC
group, nonacid GERC group, and non-GERC
group when the variance was homogeneous. A
nonparametric test for several independent sam-
ples (Kruskal-Wallis rank sum test) was used to
compare the data of the three groups when the
variance was not homogeneous. The area under
the receiver operating characteristic (ROC) curve
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(AUC) (AUCROQ), sensitivity, specificity, posi-
tive predictive value, negative predictive value,
and Youden index of the AET, DMS, SAP, and
SI for diagnosing GERC and acid GERC were
calculated to determine the optimal AET cutoff
values to diagnose GERC and acid GERC.
DeLong test was used to compare AUCROC val-
ues. SPSS 24.0 statistical software package (IBM,
USA) was used for statistical analysis. A p<<0.05
was statistically significant.

Results

General information

A total of 277 patients with chronic cough who
underwent MII-pH monitoring during the study
period were initially included in this study. Of the
277 patients, heartburn accounted for 20.2%
(n=56), regurgitation 37.2% (n=103), belching
17% (n=47), cough with eating (during or soon
after meals) 13% (n=36). None of the patients
had previous fundoplication or foregut surgery,
56 were examined with gastroduodenoscopy, and
12 patients had erosive esophagitis. According to
the Chicago Classification of esophageal motility
v3.0:24 patients with major disorders of peri-
stalsis accounted for 9.4% (n=26), those with
minor disorders of peristalsis accounted for
45.1% (n=125), and those with normal esopha-
geal motility accounted for 45.5% (n=126).

Eighteen patients who did not complete the diary
card as required and 23 patients with incomplete
follow-up data were excluded. Of the final 236
patients, 150 (63.6%) had GERC, accounting
for 22.6% of all 664 patients with chronic cough
in the same period. Among the 150 GERC
patients, 127 had only 1 etiology, and 20 had
dual etiologies; GERC plus CVA was diagnosed
in 5 patients, GERC plus AC was diagnosed in
6 patients, GERC plus EB was diagnosed in 5
patients, and GERC plus UACS was diagnosed
in 4 patients. Three patients had 3 etiologies,
including 2 patients with GERC plus UACS and
CVA, and 1 patient with GERC plus UACS and
obstructive sleep apnea syndrome. Among the
150 GERC patients, there were 111 patients with
acid GERC and 39 patients with nonacid GERC.

After empiric treatment, the diagnose of 86
non-GERC patients (36.4%) were determined.
General information of all 236 patients with
chronic cough is shown in Table 1.

Table 1. General information of 236 patients with
chronic cough.

Variable Value
Sex (male/female) 105/131
Age (years) 48.92+16.20
Cough duration (months) 10.00 (26.50)
Cough symptom score
Daytime score 3.00(1.00)
Night score 2.00 (2.00)
Lung function tests
Forced expiratory volume in 97.66 + 15.44
1s (FEV,) (% of predicted)
FVC (% of predicted) 97.60+9.29
FEV1/FVC% 80.48 +10.75
Capsaicin cough threshold
C2 0.81+0.31
C5 1.20+0.38

Data are presented as mean = SD, median (interquartile
range), or No. (%) unless otherwise indicated.

C2, capsaicin solution concentration required for =2
coughs; C5, capsaicin solution concentration for=5
coughs; FEV,, forced expiratory volume in 1 s; FVC,
forced vital capacity; SD, standard deviation.

Comparison of MIl-pH variables between acid
GERC, nonacid GERC, and non-GERC

Both AET ([7.10 (11.55) wersus 0.90 (1.70),
Z=8.721, p=0.000] and DMS [22.97 (38.19)
versus 3.28 (5.55), Z=8.542, p=0.000] were
higher in GERC patients than non-GERC
patients (Figure 1).

All the important indicators of MII-pH monitor-
ing was present in Table 2. Comparison between
the acid GERC, nonacid GERC, and non-GERC
groups showed that except for the proximal extent
variable, all the MII-pH parameters differed
between the groups. The AET, DMS, GerdQ,
and number of acid reflux episodes in acid GERC
patients were significantly higher than those in
nonacid GERC and non-GERC patients. The
number of weakly alkaline reflux and the number
of gas reflux in acid GERC patients were signifi-
cantly lower than those in nonacid GERC and
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80  Z=8.542, P=0.000, 20

DeMeester score

GERC Non-GERC
(a)

7=8.721, P=0.000

GERC Non-GERC
(b)

Figure 1. Comparison of AET and DMS between the GERC and non-GERC groups. (a] Comparision of DMS
between the GERC and non-GERC groups.(bJComparision of AET between the GERC and non-GERC groups.
AET, acid exposure time; DMS, DeMeester score; GERC, gastroesophageal reflux-induced cough.

Table 2. Comparison of GerdQ score and variables of MIl-pH between acid GERC, nonacid GERC, and non-

GERC patients.

Items Acid GERC Nonacid GERC Non-GERC p value
(n=111) (n=39) (n=86)
GerdQ 8.56 = 2.33*# 7.88+2.24 6.65=1.46 0.004
AET (%) 10.90 (20.50)*# 1.40 (3.20) 0.90 (1.70) 0.000
DMS 36.89 (81.27)*# 5.42 (10.74) 3.28 (5.55) 0.000
SAP (%) 74.20 (92.30)# 86.00 (96.40)# 0.00 (84.95) 0.005
Sl (%) 5.40 (33.30)*# 20.00 (31.60)* 0.00 (15.40) 0.015
Total number of reflux episodes (n) 64.00 (80.00)*# 90.00 (74.00)# 52.00 (53.50) 0.001
Acidic reflux (n) 29.00 (38.33)*# 19.00 (18.50)# 8.50 (20.50) 0.000
Weakly acidic reflux (n) 24.00 (33.78)* 45.00 (45.80)# 23.00 (37.00) 0.002
Weakly alkaline reflux (n) 3.25(11.00)*# 10.00 (22.10) 12.50 (27.25) 0.000
Gas reflux (n) 11.80 (19.25)*# 22.30 (31.63) 25.00 (31.00) 0.001
Liquid reflux (n) 12.50 (19.93)* 20.50 (24.08)* 10.85 (17.25) 0.008
Mixed reflux (n) 35.50 (52.00)*# 46.00 (47.85)* 25.00 (37.00) 0.041
Proximal extent (n) 8.50 (15.40) 3.15(9.05) 19.20 (68.80) 0.132
Acid clearance(s) 12.50 (3.75)# 11.00 (7.25)# 10.00 (5.50] 0.021

AET, acid exposure time; DMS, DeMeester score; GerdQ score, gastroesophageal reflux diagnostic questionnaire score;
GERC, gastroesophageal reflux-induced cough; SAP, symptom association probability; SI, symptom index.

*Compared with the nonacid GERC group, p <0.05; #compared with the non-GERC group, p <0.05.

non-GERC patients. The SAP, SI, total number

mixed reflux episodes, and acid clearance time in  patients.

GERC (both acid GERC and nonacid GERC)
of reflux episodes, numbers of acid reflux and patients were higher than those in non-GERC
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Figure 2. ROC curves of Mll-pH parameters for the diagnosis of GERC. (a) The AUCgq. for AET in the diagnosis
of GERC. The optimal AET cutoff for diagnosing GERC was AET > 4.8%. (b) The AUCgq for DMS in the
diagnosis of GERC. (c]) The AUCgq for SAP in the diagnosis of GERC. (d) The AUCgq for Sl in the diagnosis of

GERC.

AET, acid exposure time; AUC, area under the curve; DMS, DeMeester score; GERC, gastroesophageal reflux-induced
cough; ROC, receiver operating characteristic; SAP, symptom association probability; SI, symptom index.

AET and DMS were not significantly different
between nonacid GERC patients and non-GERC
patients (Table 2).

Predictive value of the AET, DMS, SAP, and Sl

for GERC

ROC curves of the AET, DMS, SAP, and SI in
predicting GERC are shown in Figure 2. When
predicting GERC, the AUCgy: of AET was
0.841 (»p=0.000), and the AUCgq of the DMS
was 0.843 (p=0.000). The Del.ong test showed
that both indicators had relatively high predictive
value for GERC (Z=0.795, p=0.427) and were
comparable. When using the SAP to predict
GERC, the AUCgy was 0.689 (p=0.000), and

the predictive value ranked second to that of AET
(Z=3.511, p=0.000). When using the SI, the
AUCgoc was 0.688 (»p=0.000), and the predic-
tive value was inferior to that of AET (Z=3.612,
»=0.000).

As shown in the Table 3, the sensitivity (32 =
111.281, = 0.000), positive predictive = 0.000),
positive predictive value (32 = 4.576, = 0.032),
negative predictive = 0.032), negative predictive
value (2 = 28.312,p = 0.000), Youden index,
Kappa value, AUCgo of SAP>95% and SI>50%
were significantly lower than AET >4.8% and
DMS > 14.7. There was no significant difference
in Specificity (32 = 0.288, p=0.426) between
these four indicators. Therefore, the ability of
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Table 3. Comparison of AET > 4.8%, DMS>14.7, SAP > 95%, and SI > 50% in predicting GERC.

Standard Sensitivity  Specificity  Positive Negative AUCpqc Youden Kappa

(%) (%) predictive predictive index value
value (%) value (%)

AET > 4.8% 73.33 88.37 91.67 65.52 0.827 0.617 0.574

DMS > 14.7 70.00 89.63 92.11 63.11 0.818 0.607 0.547

SAP>95% 24.32 87.83 80.00 36.72 0.561*#  0.122 0.090

SI>50% 12.17 90.14 72.00 32.99 0.515*#  0.023 0.016

%2 111.281 0.288 4.576 28.312

p 0.000 0.426 0.032 0.000

AET, acid exposure time; AUC, area under the curve; DMS, DeMeester score; GERC, gastroesophageal reflux-induced
cough; ROC, receiver operating characteristic; SAP, symptom association probability; SI, symptom index.

*Delong test showed that compared with the AUCgy of DMS > 14.7 in diagnosis GERC, p <0.05.

#Delong test showed that compared with the AUCgqc of AET > 4.8%in diagnosis GERC, p <0.05.

Table 4. Comparison of AET > 4.8% and AET > 6% in predicting GERC.

Standard Sensitivity Specificity Positive Negative AUCgqc Youden Kappa
(%) (%) predictive  predictive index value
value (%)  value (%)
AET>4.8% 73.33 88.37 91.67 65.52 0.809 0.617 0.574
AET > 6% 60.67 93.02 93.81 57.55 0.768 0.537 0.475
%2 4.884 0.620 0.116 1.369 2.250
p 0.018 0.292 0.541 0.190 0.024

AUC, area under the curve; AET, acid exposure time; GERC, gastroesophageal reflux-induced cough; ROC, receiver

operating characteristic.

SAP and SI in discriminating GERC wversus non-
GERC was inferior to that of AET and DMS.

Optimal AET cutoff value for predicting GERC

ROC curve analysis showed that the optimal
AET cutoff value for predicting GERC based
on the Youden index was 4.8%. When using
AET > 4.8%, the sensitivity was 73.33%, the
specificity was 88.37%, the positive predic-
tive value was 91.67%, and the negative pre-
dictive value was 65.52%. The comparison of
AET > 4.8% with AET > 6% (mentioned in
the Lyon Consensus) in predicting GERC
showed that the AUCgy of the former was
higher (0.809 versus 0.768, Z=2.254, p=0.024),
and the sensitivity was also higher (73.33% versus

60.67%, x?> = 4.884, p=0.018); thus, the pre-
dictive value was superior (Table 4).

The predictive diagnostic value of AET > 4.8%,
DMS > 14.7 alone, and their combination for
GERC

When using any combination of DMS > 14.7
and AET > 4.8% in predicting GERC, the
sensitivity, specificity, positive predictive value,
negative predictive value, Youden index, and
kappa value were not significantly different
from those when using AET > 4.8% alone or
DMS > 14.7 alone (Table 5). Pearson correlation
analysis showed that there was a remarkable cor-
relationbetween DMS > 14.7and AET > 4.8%
(r=0.892, p=0.000).
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Table 5. The predictive diagnostic value of AET > 4.8%, DMS > 14.7 alone, and their combination for GERC.

Standard Sensitivity  Specificity Positive Negative AUCqc Youden Kappa

(%) (%) predictive  predictive index value
value (%)  value (%)

AET > 4.8% 73.33 88.37 91.67 65.52 0.827 0.617 0.574

DMS > 14.7 70.00 89.63 92.11 63.11 0.818 0.607 0.547

AET>4.8%and  72.67 75.33 91.60 64.96 0.809 0.610 0.567

DMS >14.7

AET > 4.8% or 75.33 88.37 91.67 65.52 0.804 0.607 0.578

DMS > 14.7

a 0.156 0.052 0.011 0.018

p 0.692 0.819 0.918 0.895

AET, acid exposure time; AUC, area under the curve; DMS, DeMeester score; GERC, gastroesophageal reflux-induced

cough; ROC, receiver operating characteristic.
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Figure 3. Comparison of the diagnostic value of AET and DMS for acid GERC. (a) The AUCgq for AET in the
diagnosis of acid GERC. The optimal AET cutoff for diagnosing acid GERC was AET > 6.2%. (b) The AUCgq for

DMS in the diagnosis of acid GERC.

AET, acid exposure time; AUC, area under the curve; DMS, DeMeester score; GERC, gastroesophageal reflux-induced

cough; ROC, receiver operating characteristic.

Comparison of the predictive value of AET and

the DMS between acid GERC and nonacid GERC
The predictive value of AET and the DMS for
diagnosing acid GERC was relatively high. When
using AET, the AUCgyc was 0.925, and when
using the DMS, the AUCgy was 0.922. The
diagnostic value of those two indicators was equal
(Z=0.09, p=0.928) (Figure 3). When using AET
to predict nonacid GERC, the AUCgy. was
0.323, and when using the DMS, the AUCgq¢
was 0.320. Both indicators had no diagnostic
value.

Discussion

GERC includes acid and nonacid (weakly acidic
or weakly alkaline) GERC, and acid GERC is
more common. MII-pH monitoring is the gold
standard test for GERC. The DMS and AET are
critical indicators of the test’s results for defining
acid exposure. The DMS is a weighted score
consisting of 6 parameters, i.e. the total number
of reflux episodes, AET in the upright position,
AET in the supine position, total AET, the num-
ber of reflux episodes = 5 min, and duration of the
longest reflux. %325
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DMS was initially reported by DeMeester et al.
based on the 24-hour pH monitoring results of 15
volunteers without typical gastroesophageal reflux
symptoms.23 In a subsequent study by DeMeester
et al. with an asymptomatic control group and
patients with typical gastroesophageal reflux
symptoms, 84% of patients with gastroesophageal
reflux symptoms had abnormal DMS, which fur-
ther confirmed the diagnostic value of DMS for
GERD.# The authors confirm the validity of the
score and the threshold value of 14.7 in a later
study.® Since the 1970s, DMS has been widely
used to diagnose GERD.%%11:26  An abnormal
DMS is more frequent in patients with endo-
scopic esophagitis.2® DMS correlates with the
severity of mucosal injury,2® hiatal hernia size,?’
and esophageal dysfunction?® and the presence of
Barrett’s esophagus.?® In recent years, although
different technologies for pH monitoring have
been developed, such as wireless capsules and
various types of catheters for esophageal pH
monitoring, the DMS remains a valuable indica-
tor for identifying pathologic wersus physiologic
reflux?® and is also a positive indicator for GERC
diagnosis.>8:14

Early studies confirmed that among the 12 pH
monitoring metrics, including the six DMS
parameters, AET is the most reproducible in
normal volunteers and GERD patients (93%),
and the repeatability in suspected GERD patients
is also relatively high (up to 84%).3° For diagnos-
ing GERD, AET has higher specificity and sensi-
tivity than other MII-pH parameters.3! AET is
reliably extracted from automated analysis and is
predictive of response from medical and surgical
reflux therapy in GERD patients.323¢ Patel
et al.33 conducted a 5-year follow-up study on
symptom improvement in GERD patients after
antireflux therapy and found that AET > 4.0%
could significantly predict the global symptom
severity improvement. In addition, Ribolsi ez al.3>
performed MII-pH examinations on 156 sus-
pected GERC patients, and patients with a path-
ological AET showed a twofold greater probability
of a PPI response than patients with a normal
AET, suggesting that the AET also plays a predic-
tive role in the treatment of reflux-induced cough
symptoms.

The more recent Lyon consensus!? was based on
the Porto Consensus?®, which was the worldwide
leading consensus on gastroesophageal reflux.
The Lyon Consensus proposes that AET <4% be

considered definitively normal (physiological)
and >6% be considered definitively abnormal
with intermediate values between these limits being
inconclusive; thus, further analyses of the AET
should be combined with other indicators, such as
the SAP, SI, and number of reflux episodes.

Although there were no worldwide unified diag-
nostic criteria for GERC, the diagnostic criteria in
our study are based on Chinese guidelines®!! as
well as our previous studies.!»3-%14 But there is no
doubt that both DMS and AET are effective indi-
cators for the diagnosis of GERD; DMS was not
adopted by the Lyon Consensus, but there were
little data that show that the DMS is superior—or
inferior—to AET in diagnosing GERC. This
study confirmed that AET and DMS had compa-
rable diagnostic value, both significantly higher
than that of SAP or SI. The results of this study
also showed that when AET was used to diagnose
GERGC, the optimal cutoffvaluewas AET > 4.8%,
which is lower than the AET > 6% in the Lyon
Consensus. In fact, when using AET > 4.8%,
the sensitivity and AUCgy. were significantly
higher than when using AET > 6%, indicating
that the diagnostic value of AET > 4.8% was
higher than that of AET > 6% for GERC. The
subjects of this study were GERD patients with
cough as the main manifestation and were slightly
different from the subjects in the Lyon Consensus,
so we believe that diagnosis for GERC by
AET > 4.8% could avoid omission diagnosis and
improve diagnostic efficiency in GERC, to better
satisfy the clinical requirements of clinicians and
patients. Our results is consistent with the find-
ings of Patel ez al. and Ribolsi ez al., who found
that PPI responders did have significantly higher
AET (>4%).33:35

Inthisstudy,bothAET > 4.8% and DMS > 14.7
had similarly high diagnostic value for GERC.
However, when either or both of them were satis-
fied, the diagnosis rate of GERC was not improved
compared with using one indicator alone. In
addition, we found the correlation between these
two indicators is very remarkable. Therefore, we
believe that either can be used to diagnose GERC.

This study also confirmed that both AET and
DMS had a relatively high diagnostic value for
acid GERC and a relatively low diagnostic value
for nonacid GERC, and the optimal cutoff value
for AET in the diagnosis of acid GERC was 6.2%.
The proportion of nonacid reflux among
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gastroesophageal reflux could be as high as 40%.37
It is difficult to avoid the missed diagnosis of non-
acid GERC when using either DMS or AET, and
neither of them could be used to establish the
causal relationship between reflux and cough.
Therefore, it is necessary to add other indicators,
such as the number of episodes of reflux, SAP,
and SI, to improve the diagnostic rate of GERC.
In the study, there were also differences in some
other indicators which represent the pH and
properties of the reflux episode (ie, gas, liquid, or
mixed; acidic, weakly acidic, or weakly alkaline)
between acid GERC, nonacid GERC, and non-
GERC. The results have been presented in
detail (Table 2) and were almost consistent with
our previous studies.38:39

This study has some limitations. This was a ret-
rospective study. MII-pH has not been highly
accepted by patients because of its invasiveness,
and guidelines of different countries have not
recommended that MII-pH should be per-
formed in all patients with chronic cough.?8:13:18
Among the patients with chronic cough treated
in our department, only the suspected GERC
patients who underwent MII-pH monitoring
were recruited in this study which strictly fol-
lows the Chinese guidelines,® so there was a cer-
tain bias in the inclusion criteria. More patients
with chronic cough who voluntarily accept
MII-pH monitoring will be enrolled in our pro-
spective study to verify the conclusions of this
study. Ideally, the patients’ response to treat-
ment should be assessed by the objective meas-
urement of cough frequency with a cough
monitor. Since we can’t access the cough moni-
tor at present. The therapeutic outcome evalu-
ated by cough symptom score is inevitably
affected by the subjectivity of the questionnaire,
which is inferior to cough frequency monitoring
for the reliability of the results.

Conclusion

AET has high diagnostic value for GERC, espe-
cially acid GERC. AET and DMS are both equal
in discriminating GERC. It should be pointed out
here that our study somewhat contradicts the
proposals of the Lyon Consensus. A GERC diag-
nosis should be considered when AET > 4.8%,
whereas an acid GERC diagnosis should be con-
sidered when AET > 6.2%. Combining AET
with DMS cannot improve the GERC diagnostic
rate.
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