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INTRODUCTION

Gastroesophageal reflux disease (GERD) is a common con-
dition with a significant economic burden and impact on qual-
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Objectives: Conclusive diagnosis of gastroesophageal reflux disease (GERD) can be challenging.
When reflux monitoring is inconclusive, high-resolution esophageal manometry (HRM) may pro-
vide additional relevant information. We aimed to identify demographic and manometric param-
eters associated with GERD and to propose a diagnostic score. Methods: Adult patients with
GERD symptoms who underwent reflux monitoring and HRM were considered for inclusion. The
gold standard for GERD diagnosis was acid exposure time (AET); patients with AET>6% and
AET<4% were included. Univariate and multivariate analyses were performed. A diagnostic
score was developed using parameters independently associated with GERD. Generation and
validation cohorts were randomly selected in a 2:1 ratio. Diagnostic accuracy was assessed using
the area under the receiver operating characteristic curve (AUC ROC). Results: A total of 391
patients met the inclusion criteria; 167 had GERD (AET>6%) and 224 did not have GERD (AET
<4%). In the multivariate analysis, age, male sex, and the distance between the lower esopha-
geal sphincter and the crural diaphragm (LES-CD) were directly associated with GERD, while
esophagogastric junction contractile integral (EGJ-CI) and distal contractile integral (DCI) were
inversely associated with GERD (p values: 0.03, <0.01, <0.01, 0.01, and 0.01, respectively). The
AUC ROC of a diagnostic score based on these parameters was 0.76 and 0.82 in the genera-
tion and validation cohorts, respectively. Conclusions: In this observational study, age, male sex,
LES-CD distance, EGJ-CI, and DCI (AGES-D) were independently associated with GERD. A novel
score incorporating these parameters could be useful in the assessment of inconclusive cases.

Keywords Esophagogastric junction; Gastroesophageal reflux; Esophageal pH monitoring;
Manometry.

ity of life."* Its reported prevalence ranges from 2.5% in China
to 51.2% in Greece, making it one of the most prevalent diseas-
es in Western countries.’

Using an empirical trial of proton pump inhibitor (PPI)
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therapy as a diagnostic test for GERD can be inappropriate, as
up to 35% of patients without evidence of GERD report symp-
tomatic relief.*> When upper endoscopy does not reveal an al-
ternative diagnosis or confirmatory evidence of GERD,® reflux
monitoring with pH or pH-impedance (pH+MII) off PPI ther-
apy is recommended to confirm the diagnosis.” Esophageal acid
exposure time (AET) is the most reproducible and widely ac-
cepted measurement to define abnormal esophageal reflux
burden.”” According to the Lyon consensus, an AET>6% is di-
agnostic of GERD, while an AET<4% rules it out.'*" Indeter-
minate pH+MII results (AET 4%-6%) present a diagnostic
challenge and require additional evidence to confirm patho-
logical GERD." In this context, various high-resolution esoph-
ageal manometry (HRM) and reflux monitoring metrics have
been proposed to optimize GERD diagnosis.”***

Recently, scoring systems incorporating clinical features,
symptoms, manometric findings, and pHmetry have been
developed and are being used as adjuncts in the diagnosis of
GERD, such as the COuGH RefluX Score,' the Milan Score,"”
and, more recently, the Lyon Score."® However, the validation
and clinical utility of these scores in diverse populations are
ongoing, and their applicability to the Latin American popu-
lation remains unknown. Moreover, some of these scores em-
phasize laryngeal symptoms, while others include variables
such as leg elevation, for which variability and reproducibility
remain uncertain.

Thus, the aim of this study was to identify demographic and
manometric variables independently associated with GERD
and to propose a score to assist in the diagnosis of challenging

cases.

METHODS

Patient selection

This was an observational, retrospective study. All adult
patients with GERD symptoms who underwent HRM and
concomitant pH or pH-impedance monitoring at the UC-
CHRISTUS Digestive Physiology Laboratory were eligible for
inclusion during a 10-year period (2010-2020). Patients with
previous esophageal and/or gastric surgery, concomitant use
of PPI (ON-PPI studies), obstructive and major motor disor-
ders according to the Chicago Classification V3.0,” and those
with AET in the undetermined range (4%-6%)" were exclud-
ed from the analysis. The gold standard for the diagnosis of
GERD was the AET during ambulatory reflux monitoring."
Patients with AET>6% were included in the GERD group, and
patients with AET<4% were included in the non-GERD group.
The study protocol was approved by the Pontificia Universidad
Catdlica Institutional Review Board (ID Protocol 14-011). In-
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formed consent is part of a waiver included in the protocol ap-
proved by the Pontificia Universidad Catélica de Chile.

High-resolution manometry

All studies were performed in the supine position after at
least 8 h of fasting, and medications potentially affecting mo-
tor function were temporarily held. HRM was performed us-
ing a ManoScan 360 Catheter (36 channels spaced 1 cm apart,
Sierra Scientific Instruments). The catheter was inserted trans-
nasally and positioned to record from the hypopharynx to the
stomach. The manometric protocol included a 5-min resting
period to evaluate basal sphincter pressure and ten 5 mL wa-
ter swallows. Topographic analysis was performed using Ma-
noView ESO 3.3 software (Given Imaging). Interpretation was
done according to the Chicago Classification criteria V3.0."”
Distal contractile integral (DCI; mm Hg-s-cm) was used to
quantify esophageal body contraction vigor, Integrated Relax-
ation Pressure (IRP; mm Hg) to evaluate esophageal outflow
obstruction, and distal latency (DL; s) to measure the interval
between upper esophageal sphincter relaxation and the Con-
tractile Deceleration Point.

Morphology of the esophagogastric junction (EGJ) was
characterized by assessing the relationship between the lower
esophageal sphincter (LES) and crural diaphragm (CD), as pre-
viously suggested.”” Type 1 EGJ morphology corresponds to
superimposed LES and CD. Axial separation <3 cm defined
type 2, and >3 cm defined type 3 (hiatal hernia).”** The esoph-
agogastric junction contractile integral (EGJ-CL; mm Hg-cm)
was measured according to Nicodéme et al.” The DCI box was
placed at the EGJ, encompassing the LES and CD, over three
complete respiratory cycles above the gastric baseline pres-
sure. The calculated contractile integral was then divided by
the duration of the three respiratory cycles to make it time-in-
dependent, and it was measured in mm Hg-cm. Only the rest-
ing or landmark phase was analyzed.” In the case of type 3 hi-
atal hernia EGJ, only the LES component was considered for
the EGJ-CI calculation."

All studies were analyzed simultaneously by two research-
ers (P.R. and H.M.). Discrepancies were resolved by consensus.

Ambulatory 24-hour reflux monitoring

Studies performed OFF antisecretory therapy for at least
10 days were included. HRM was used to localize the proxi-
mal margin of the LES, and a probe was placed with the pH
sensor 5 cm proximal to the LES. AET was defined as the frac-
tion of time the pH was <4.0 during ambulatory pH or pH-im-
pedance monitoring.® Total AET was extracted, and values <4.0%
were considered normal. AET>6% was considered indicative
of pathologic GERD." Reflux-symptom association using
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Symptom Index (SI) and Symptom Association Probability
(SAP),** as well as the Johnson-DeMeester Score,” were also
analyzed. Impedance-based metrics were not assessed for this
study.

Data analysis

Continuous data are described using means and standard
deviations or medians and interquartile ranges (IQR), accord-
ing to their distribution. The Kolmogorov-Smirnov test was
used to assess normality. Assuming that about 60% of patients
with symptoms have pathological reflux monitoring,* the
study required a sample size of 385 to estimate the expected
proportion with 5% absolute precision and 95% confidence.

Student’s t-test and the Mann-Whitney U test were used to
compare parametric and non-parametric data, respectively.
Categorical data are presented using proportions and percent-
ages and compared using the chi-square or Fisher exact test.
A multivariate logistic regression analysis was performed to
adjust for confounding factors. IRP, EGJ-CI, DCI, and LES-
CD distance were included in the regression model based on
their physiological relevance. Additionally, all parameters with
a p-value <0.2 in the univariate analysis were included.” In the
regression model, associations were considered significant
at a p-value <0.05. Parameters independently associated with
GERD in the multivariable analysis were used to build a diag-

Table 1. Univariate analysis of demographics and HRM variables

nostic score. The study sample was randomized 2:1 into gen-
eration and validation cohorts. In the generation cohort, a mul-
tivariable logistic regression was performed, and the estimates
of the intercept and each independently associated parameter
were used to construct the diagnostic score. The predictive per-
formance of the score was evaluated using the area under the
receiver operating characteristic curve (AUC ROC). An opti-
mal cutoff value was determined based on Youden’s index to
maximize both sensitivity and specificity for GERD diagno-
sis. The score and optimal cutoff were then applied to the vali-
dation cohort. AUC ROC, sensitivity, specificity, positive and
negative predictive values were calculated to assess the diag-
nostic performance of the proposed score. All analyses were
performed using SAS University Edition (SAS/STAT"; SAS
Institute Inc.).

RESULTS

General statistics

A total of 556 patients were studied, of which 391 met the
inclusion criteria. 167 patients had AET>6% and were includ-
ed in the GERD group (87 women, mean age 51.5 years), and
224 patients with AET<4% were included in the non-GERD
group (171 women, mean age 48.3 years).

In the GERD group, 111/167 (66.5%) had a normal manom-

GERD, AET>6% (n=167)

Non-GERD, AET<4% (n=224)

Age (yr) 52413 48+14 <0.01*
Gender, male 80 (48) 53 (25) <0.01**
HRM
IRP (mm Hg) 5(2-8) 7 (4-9) <0.01%*
DCI (mm Hgs-cm) 808 (451-1354) 1407 (717-2186) <0.01%*
DL (second) 6.8 (6-8) 6.6 (6-8) 0.60%**
LES-CD (mm) 20 (0-35) 0 (0-21) <0.01%*
EGJ morphology
Type 1 55 (33) 126 (56)
Type 2 25 (15) 33(15)
Type 3 87 (52) 65 (29) 0.01%%*
EGJ-CI (mm Hg-cm) 15.2 (5-28) 32.6 (20-54) <0.01%*
Reflux monitoring
No. reflux events 114 (71-167) 35 (21.5-59) <0.01***
JDS 39 (29.4-60) 5.8 (3-10) <0.01***
SI (%) 91 (60-100) 31 (0-75) <0.01***
SAP (%) 99.4 (88.7-100) 89.8 (99.5-100) <0.01***

Data are presented as mean+standard deviation, n (%), or median (interquartile range).

*t-test; **chi-square; ***Mann-Whitney U Test.

HRM, high-resolution manometry; GERD, gastroesophageal reflux disease; AET, acid exposure time; IRP, integrated relaxation pressure; DCI,
distal contractile integral; DL, distal latency; LES-CD, lower esophageal sphincter-crural diaphragm distance; EGJ, esophagogastric junction;
EG]J-CI, esophagogastric junction contractile integral; JDS, Johnson DeMeester Score; SI, Symptom Index; SAP, Symptom Association Proba-
bility.
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etry, 55/167 (32.9%) had ineffective esophageal motility (IEM),
and 1/167 (0.6%) had fragmented peristalsis. In the non-GERD
group, 188/224 (83.9%) had a normal manometry (p<0.01).
Median AET was 9.9% in the GERD group and 1.2% in the
non-GERD group (p<0.01).

Univariate analysis

Table 1 shows all variables included in the univariate analy-
sis. Among categorical variables, men had a higher prevalence
of GERD compared to women (60.1% vs. 33.7%; p<0.01). Pa-
tients with type III EGJ on HRM also had more GERD (57.5%
vs. 33.3%; p<0.01). GERD patients were significantly older
than non-GERD patients (52 years vs. 48 years; p<0.01).

Regarding manometric variables, GERD patients had a
significantly greater LES-CD distance (20 mm vs. 0 mm; p<
0.01), a significantly lower mean IRP (5 mm Hg vs. 7 mm Hg;
p<0.01), and a significantly lower mean DCI (808 mm Hg's-cm
vs. 1407 mm Hg-s-cm; p<0.01). There was no significant differ-
ence in DL (6.8 s vs. 6.6 s; p=0.60). The presence of a minor dis-
order of peristalsis was associated with GERD (p<0.01). The
median EGJ-CI was 15.2 (IQR 5-28) mm Hg-cm in the GERD
group and 32.6 (IQR 20-54) mm Hg-cm in the non-GERD
group, which was statistically significant (p<0.01).

For pH monitoring variables, the GERD group had a signifi-
cantly higher number of reflux events (114 vs. 35; p<0.01), as
well as higher Johnson-DeMeester Score, SI, and SAP values
(p<0.01 for all).

Multivariate analysis
Table 2 shows the variables included in the multivariate
analysis. Age, sex, LES-CD distance, EGJ-CI, and average

Table 2. Multivariable analysis of demographics and HRM vari-
ables

Adjusted OR Test

Predictor
FEICor (95% CI)

... p-value
statistic

Omnibus likelihood ratio 101.70 <0.01
Age 1.0 (1.00-1.04) 4.71 0.03

Male gender 3.4 (2.00-5.60) 2290  <0.01
LES-CD 1.0 (1.01-1.04) 11.80 <0.01
IRP 1.0 (0.92-1.08) 0.01 0.95
EGJ-CI 0.9 (0.97-0.99) 686 001
DCI 1.0 (0.99-1.00) 6.83 0.01

HRM: minor disorder
of peristalsis

C-statistic 0.78.

HRM, High-resolution manometry; LES-CD, lower esophageal
sphincter-crural diaphragm distance; IRP, integrated relaxation
pressure; EGJ-CI, esophagogastric junction contractile integral;
DCI, distal contractile integral; OR, odds ratio; CI, confidence in-
terval.

1.4 (0.75-2.53) 0.90 0.34
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DCI were independently associated with GERD (c=0.78).
Both EGJ-CI and average DCI were negatively associated;
higher values were linked to a lower risk of GERD (Table 2).
EGJ-CI was significantly lower in the GERD group compared
to the non-GERD group (p<0.001). The AUC ROC of EGJ-CI
for GERD diagnosis was 0.73. Using an optimal cutoff value
of 28.7 mm Hg-cm, the sensitivity and specificity were 77%
and 59%, respectively (Fig. 1).

Generation and validation cohorts

For score generation, 261 and 130 patients were randomly
assigned to the generation and validation cohorts, respective-
ly. In the generation cohort, logistic regression was performed
using the variables that were independently associated with
GERD: age, sex, EGJ-CI, LES-CD distance, and mean DCI
(Table 3).

The proposed score is:

AGES-D score=-0.6162+(age [years]x0.0222)+(0.5917 if
male gender/0 if female gender)+(LES-CD [mm]x0.02298)-
(EGJ-CI [mm Hg-cm]x0.01771)-(DCI [mm Hg-s-cm]X
0.00037183).

Using the Youden index, the suggested cutoff point was
>0.125, with a sensitivity of 73% and a specificity of 75% for

1.00 -
28.7 mm Hg-cm
0.75 -
Z
Z
Z 050 -
g
%
0.25 —
AUCROC: 0.73
0.00 ~
1 1 1 1 1
0.00 0.25 0.50 0.75 1.00
1-Specificity
EGJ-CI Sensitivity Specificity ~ PPV NPV
Cutoff <28.7 mm Hg-cm 76.65% 59.38% 58.45% 77.93%

Fig. 1. ROC curves for EGJ-CI with their respective diagnostic per-
formances and proposed cutoff. EGJ-CI, esophagogastric junction
contractile integral; PPV, positive predictive value; NPV, negative
predictive value; AUC ROC, area under the receiver operating char-
acteristic curve.
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the diagnosis of GERD (Fig. 2). Score performance analysis bines demographic data with functional and anatomical find-
revealed an AUC ROC of 0.76 and 0.82 in the generation and ings, providing a comprehensive tool for addressing conditions
validation cohorts, respectively (Fig. 2). such as GERD or esophageal motility disorders.
Our data show that the likelihood of GERD increases with
DISCUSSION age, which is consistent with the literature, where most stud-
ies establish a cutoff point near 50 years of age.” In the pro-
In this study, we found that combining clinical and mano- posed model, a more precise relationship can be noted, with
metric variables can aid in diagnosing inconclusive GERD in the OR increasing year by year. With respect to sex, this vari-
a Latin American population—a method we have incorporat- able carried important weight in our cohort, which is not com-
ed into what we term the AGES-D score. AGES-D is an acro- monly observed in epidemiological studies based on reflux
nym that integrates five key elements for clinical and diagnos- symptom surveys.’ This may be owing to the female predom-
tic evaluation in esophageal disorders: age, sex, EGJ, LES, and inance of functional esophageal disorders, where symptoms
DCI. This framework enables a systematic analysis that com- suggestive of reflux may be present despite normal AET.” There-
fore, it is not recommended to conclude a definitive diagnosis
Table 3. Multivariate analysis in the generation cohort of GERD based on symptoms alone.!®
Adjusted OR Test value The contractile performance of the esophageal body, mea-
(95% CI) statistic 7 sured by the DCI, can be classified as preserved or IEM."*** As
Omnibus likelihood ratio 56.8 <0.01 the relationship between GERD and esophageal hypomotili-
Age 1.0 (1.00-1.04) 3.9 0.05 ty can be bidirectional,”* the presence of [IEM may be both
Male gender 3.3 (1.80-5.90) 14.9 <0.01 a cause and a consequence of GERD. Our data confirmed that
LES-CD 1.0 (1.00-1.04) 6.4 0.01 esophageal peristaltic vigor is a factor that may support GERD
EGJ-CI 09 (0.97-0.99) 6.3 0.01 diagnosis. We found that the average DCI, but not the pres-
DCI 1.0 (0.99-1.00) 4.6 0.03

ence of minor peristalsis disorders (mainly IEM), behaved as
C-statistic 0.76.

LES-CD, lower esophageal sphincter-crural diaphragm distance; an independent predictor of pathological AET. This may be

EGJ-CI, esophagogastric junction contractile integral; DCI, distal owing to the current IEM criteria lacking stringency, as sever-
contractile integral; OR, odds ratio; CI, confidence interval. al studies have reported the presence of IEM in healthy indi-
1.00 = 1.00 =
075 4 0.125 Y1 075 7
Z Z
g 5
5 050 - £ 050
g g
w w
0.25 0.25
AUCROC: 0.76 AUCROC: 0.82
0.00 0.00
T T T T L} T T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1-Specificity 1-Specificity
GERD-score derivation cohort Sensitivity Specificity =~ PPV NPV GERD-score validation cohort  Sensitivity Specificity =~ PPV NPV
A Cutoff 20.125 71.4% 72.5% 66.1% 77.1% B Cutoff 20.125 72.7% 74.7% 67.8% 78.9%

Fig. 2. ROC curves for GERD-score generation (A) and validation (B) cohorts with their respective diagnostic performances. GERD, gastro-
esophageal reflux disease; PPV, positive predictive value; NPV, negative predictive value; AUC ROC, area under the receiver operating char-
acteristic curve.
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viduals.”® More importantly, as the relationship between hy-
pomotility and acid burden is linear, any cutoff used to define
IEM would be somewhat arbitrary. The use of a continuous
variable like DCI may therefore be more appropriate.

The EGJ is an anatomically complex structure composed
of the LES and CD, both of which are relevant components of
the functional barrier between the esophagus and the stom-
ach.”* Our data showed that both anatomical and function-
al characteristics are independently associated with GERD.
Two HRM metrics have been proposed by current interna-
tional consensus to assess EGJ barrier function.'’ The first is
the structural dimension of the EGJ, which can be categorized
based on the spatial relationship between the LES and CD."
Both the LES-CD distance and the classification of EG] types
1, 2, and 3 were associated with the presence of GERD. We
chose the LES-CD distance to represent EGJ anatomy in the
score, as higher EGJ types are associated with progressively
reduced diagnostic performance. Moreover, GERD preva-
lence was significantly different only when comparing type II
to type L. Thus, LES-CD distance provides a more precise and
detailed metric.

The EGJ-Cl is an index determined similarly to DCI and is
calculated by dividing the DCI value by the duration of three
complete respiratory cycles."” Our data show that both ana-
tomical and functional EGJ barrier evaluation metrics were
independently correlated with acid burden. Deterioration of
the EGJ, both functionally and anatomically, may promote
GERD during exercise.” Additionally, our data suggest that
EGJ-CI, rather than basal EGJ pressure, is independently as-
sociated with acid burden. This may be because EGJ-CI better
reflects both inspiratory and expiratory pressure components,
and prior studies have reported that the diaphragmatic con-
tribution is relevant in both phases of respiration.”>* Consis-
tent with our findings, Wang et al.** demonstrated that EGJ-CI
negatively correlates with reflux burden, including total reflux
episodes and AET, and may reflect dysfunction of the antire-
flux barrier.”

Although previous studies have proposed EGJ-CI cutoff

38,39

values for GERD diagnosis,’* many of these use gold stan-
dards different from currently accepted definitions, such as AET
>4%, supine AET, reflux episode counts, or symptom associa-
tion metrics.” Conversely, our cohort used the most recent di-
agnostic criteria, and EGJ-CI demonstrated good diagnostic
performance both on its own (with a cutoff of 28.7 mm Hg-cm)
and as part of the proposed score. This cutoff is lower than the
one reported by Nicodéme et al.”” (39 mm Hg-cm).

The exclusion of patients with inconclusive AET (4%-6%)
was a deliberate methodological decision aimed at develop-
ing the score based on phenotypically distinct groups, there-

The AGES-D Score for GERD
Diego Reyes-Placencia, et al.

by improving predictive accuracy. However, the AGES-D score
is intended for clinical application specifically in those inde-
terminate cases. We acknowledge that a limitation of our study
is the lack of clinical follow-up data, such as treatment response.
Therefore, prospective studies are required to validate the score
against clinical endpoints, which will be important for estab-
lishing its role in patient management.

We excluded pH-metric variables like reflux event counts
from the multivariate model, as the AGES-D score is intend-
ed to complement pHmetry by focusing on manometric and
demographic data, especially in inconclusive cases. Certain
variables lost significance owing to collinearity (e.g., hiatal
hernia and EGJ metrics), so we retained only those with inde-
pendent predictive value, in line with recommended model-
ing practices.”

Compared to other recently published scores, such as the
Milan, COuGH RefluX, or Lyon scores,'*'®* AGES-D does not
rely on maneuvers like leg-raising, which can be difficult to stan-
dardize and lack clear supporting evidence. Nor does it depend
on additional impedance metrics or symptoms like globus or
cough. This makes the score simpler and more practical to ap-
ply. Moreover, our findings were demonstrated in a Latin Ameri-
can population, unlike the other scores, which have mainly been
validated in European and Asian cohorts.

Among the limitations of this study, the retrospective design
at a referral center may have introduced a selection bias toward
more severe cases, and there was no standardized clinical fol-
low-up. It could also be argued that the sensitivity and speci-
ficity of the score, around 70%-75%, is modest. However, the
score is not intended to replace pHmetry in the diagnosis of
GERD. Despite this, it showed a good AUC (0.82), which sug-
gests that it meaningfully alters pre-test probabilities. Impor-
tantly, the variables used are already part of routine evalua-
tions and do not involve additional cost, time, or procedures.
Another limitation is that the score does not evaluate treatment
response, unlike other recently published scores such as the
Milan or Lyon scores."”"® Further studies are needed to evalu-
ate whether AGES-D has predictive value in this regard. Final-
ly, a key limitation is the lack of external validation. As the AG-
ES-D score was developed and validated in a single Latin
American population, future multicenter studies across di-
verse ethnic and clinical settings will be essential to confirm
its broader utility.

Lastly, it is important to emphasize that this score is intend-
ed as a supportive tool in cases of indeterminate AET, to aid in
selecting the appropriate therapy.
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