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ABSTRACT

Background: Confidence in gastro-oesophageal reflux disease (GERD) diagnosis is crucial to improve outcomes from escala-
tion of treatment. The Lyon score phenotypes patients through endoscopy and pH-impedance (MII-pH). The Milan score quan-
tifies antireflux barrier through high-resolution manometry (HRM) parameters.

Aim: To explore the relationship between the Lyon and Milan scores and their combined performance in predicting clinical
outcomes.

Methods: We collected clinical and follow-up data of consecutive patients with HRM and MII-pH from nine centres. Clinical
improvement was defined as a 50% reduction in global symptoms. The relationship between Lyon and Milan scores and the rate
of patients improved in Lyon phenotypes and Milan categories were explored. The ability of the Lyon, Milan, DeMeester scores
and acid exposure time (AET) in predicting outcomes was assessed through receiver operating characteristics (ROC) analysis.
Results: Among 532 patients (50.6% female, age 50years), 47.7% had pathologic GERD. A stepwise increase in the Milan score
in Lyon phenotypes was observed. Sixty-three patients had surgical treatment, and 131 medical. Clinical improvement in Lyon
phenotypes Conclusive and Severe was 81% and 83%; in Milan categories very likely and extremely likely was 88.5% and 100%. If
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Lyon and Milan scores were positive, improvement was 89%; if discordant, 63%; if both negative, 19% (p <0.001). ROC analysis
showed an AUC of 0.790 for Lyon score, 0.835 for Milan score, 0.736 for DeMeester score and 0.741 for AET.

Conclusions: The Lyon and Milan scores outperformed AET and DeMeester scores in predicting outcomes in GERD patients.
When concordant, they provide optimal predictive accuracy, guiding escalation of therapy.

1 | Introduction

Gastro-oesophageal reflux disease (GERD) is a complex disorder
that presents with a broad spectrum of symptoms that can over-
lap with other oesophageal and extra-oesophageal disorders, in-
cluding disorders of gut-brain interaction (DGBI). In particular,
DGBI may present with typical oesophageal symptoms, such as
heartburn and chest pain, while aero-digestive and respiratory
conditions may manifest extra-oesophageal symptoms, such as
cough, hoarseness and shortness of breath [1]. Most of these clin-
ical presentations prompt trials of proton pump inhibitors (PPIs)
by gastroenterologists and nongastroenterologists alike. Thus,
in clinical practice, PPI use is commonly adopted to establish
the diagnosis of GERD based on PPI response, especially with
typical symptoms [2]. However, among patients with oesoph-
ageal symptoms, this approach leads to PPI over-prescription,
carrying an important economic burden without a significant
improvement in overall quality of life [3]. For these reasons, con-
fidence in a reflux-based diagnosis is crucial to improve patient
outcomes, particularly from the escalation of antireflux therapy
when symptoms persist.

The Lyon 2.0 consensus standardised the diagnostic approach
for patients with suspected GERD based on presentation, defin-
ing precise criteria for a conclusive diagnosis as well as adjunc-
tive evidence in borderline cases [4]. In the pursuit of predictors
of clinical outcomes following GERD therapy, several possible
endoscopic and reflux monitoring variables have been explored,
but acid exposure time (AET) and mean nocturnal baseline im-
pedance (MNBI) seem to have higher value than other param-
eters [5-8]. Some of these parameters have been utilised by the
surgical community in identifying the most optimal candidates
for antireflux surgery (ARS). Thus far, an abnormal reflux-
monitoring study, typical reflux symptoms and symptomatic
response to PPIs predict good clinical outcome after surgery [9],
while body mass index (BMI) >35 Kg/m? and elevated resid-
ual lower oesophageal sphincter (LES) pressure are associated
with a suboptimal outcome [10, 11]. Historically, the DeMeester
score, a composite score developed from six metrics from an am-
bulatory pH monitoring study, has been used to identify GERD
and to select patients for surgery but it is limited by the lack of
validation in randomised controlled studies [12].

The recently introduced Lyon score incorporates endoscopic
and pH-impedance (MII-pH) parameters to phenotype patients
with suspected GERD. This has the potential to be a useful tool
to help increase confidence in GERD diagnosis and to predict
treatment response [13]. In the original paper, validated on
heartburn- and regurgitation-predominant populations, the
Lyon score outperformed the DeMeester score in predicting typ-
ical symptom response. Moreover, the performance of the score
was higher than the single components in predicting outcomes
after GERD treatment.

The Milan score, a novel metric based on high-resolution ma-
nometry (HRM) findings, has been recently developed and then
validated in a multicentre cohort of 528 patients to quantify the
disruption of the antireflux barrier (ARB) and to predict the
likelihood of pathologic reflux in patients with GERD symp-
toms [14]. The Milan score integrates four variables, namely
ineffective oesophageal motility (IEM), oesophago-gastric junc-
tion (EGJ) contractile integral (EGJ-CI), EGJ morphology and
straight leg raise (SLR) manoeuvre response, to quantify the risk
for definitive reflux. A Milan score of 137, corresponding to a
50% risk rate, has a sensitivity of 80.4% and specificity of 85.2%,
while higher scores, representing a more impaired ARB, have
lower sensitivity but higher specificity. The ability of the Milan
score to predict clinical outcomes after GERD treatment has not
yet been demonstrated [15].

Based on the ability of the Lyon and Milan scores to both predict
conclusive GERD and the fact that the components of the scores
do not overlap, we hypothesised that abnormal Lyon and Milan
scores will associate with a good symptom response from esca-
lation of medical and surgical reflux therapy in patients with
GERD symptoms and that one score may complement the other.

The aim of this study was to evaluate the performance of the
Lyon and Milan scores alone and in combination in predicting
clinical outcomes in patients with GERD symptoms undergoing
medical or surgical treatment for GERD and to compare their
predictive value against that of the AET and the DeMeester score.

2 | Methods
2.1 | Study Population

Patients between 18 and 75years who underwent HRM and
MII-pH enrolled in previous studies [14, 16] at nine tertiary medical
centres were included and contacted by phone to obtain follow-up
information following oesophageal physiologic testing. Patients
underwent pathophysiologic tests as up-front GERD evaluation, as
pre-ARS work-up and if refractory to medical treatment, defined
as persistent symptoms despite double-dose PPI for at least 8 weeks
[2]. Information regarding change in management (escalation of
medical management, antireflux surgery) was also collected upon
follow-up. Exclusion criteria consisted of previous foregut surgery,
morbid obesity (BMI>35kg/m?), eosinophilic oesophagitis, oe-
sophageal achalasia, scleroderma, other major motility disorders,
incomplete studies and incomplete symptom information.

To ensure uniformity across the nine centres, all sites adhered
to standardised protocols for HRM and MII-pH monitoring,
including the use of the standard Chicago Classification
4.0 protocol [17], utilisation of standard SLR methodology
[14, 16] and performance of MII-pH monitoring off therapy in
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FIGURE1 | Calculation of the Milan score (A), Milan score categories (B), calculation of the Lyon score (C) and Lyon score phenotypes (D).

unproven GERD [4]. The coordinating centre provided pro-
tocol guidelines to ensure consistency in data collection and
interpretation. The two cohorts of patients were similar in
terms of demographic features, as well as HRM and MII-pH
characteristics, as demonstrated in the Milan score validation
study [14].

The study protocol was approved by the ethical committee at
the proposing centre (identifier: CET 335-2024), by institutional
review boards at each centre, and was conducted following the
Declaration of Helsinki.

2.2 | Oesophageal High-Resolution Manometry

All tests were performed following the Chicago Classification
4.0 (CCv4.0) standard protocol [17], with 10 swallows in the
primary position (upright or recumbent) and five swallows in
the secondary position. For the purpose of this study, data from
HRM provocative manoeuvres such as multiple rapid swallows
were not included in the analysis.

Per CCv4.0 criteria, ineffective oesophageal motility was defined
as >70% of weak swallows or > 50% of failed swallows. EGJ and
LES metrics assessed consisted of LES basal pressure, EGJ-CI
[18], total and intra-abdominal LES length and EGJ morphology
as defined by CCv.4.0 [17]. The SLR manoeuvre was performed
in the supine position as previously described [16]. An intra-
oesophageal peak pressure increase of 11 mmHg during the ma-
noeuvre was considered abnormal.

The Milan score was computed for each patient using the of-
ficial online calculator (www.milanscore.com). The nomogram

with the corresponding points for each variable is shown in
Figure 1A. Risk rate for pathologic GERD have been classified
into six categories, from extremely unlikely to extremely likely
(Figure 1B). A Milan score > 137 (risk rate 50%) was considered
abnormal [14].

2.3 | Oesophageal pH and pH-Impedance Study

Reflux monitoring was performed off antisecretory therapy
using a 24-h pH-impedance catheter. The pH-impedance studies
were performed by positioning the pH electrode 5cm above the
manometrically identified LES after calibration.

After exclusion of meal periods, all pH-impedance tracings
were reviewed using Wingate consensus criteria [19] and the
following data were recorded: total, upright and recumbent
AET, number of acid, weakly acid and weakly alkaline reflux
episodes, DeMeester score, symptom index (SI) and symptom
association probability (SAP). MNBI and postreflux swallow-
induced peristaltic wave (PSPW) index were also extracted from
pH-impedance studies [20, 21]. The MNBI was calculated man-
ually as the average impedance value from three 10-min periods
during the night, where no swallows or reflux episodes occurred
in the most distal channel.

2.4 | Lyon Score

The Lyon score was calculated for each patient according to
the described methodology [13]. Oesophagitis and hiatal her-
nia on endoscopic evaluation, AET, total number of reflux ep-
isodes, MNBI and reflux-symptom association on MII-pH were
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collected and classified as normal, abnormal, conclusive or se-
vere, and a single score was assigned to each variable accord-
ingly. Off-PPI endoscopic variables have been collected for the
previous studies and were already part of the dataset [14, 16].
Oesophagitis was graded according to the Los Angeles classifi-
cation as follows [22]. When not reported, the presence of hiatal
hernia was corroborated with HRM findings.

The sum of the single components generated the final Lyon
score (Figure 1C) and the study population was stratified into
Lyon phenotypes (Figure 1D). A Lyon score >6.5 was consid-
ered pathologic, as per original paper [13].

2.5 | Medical and Surgical Treatment Escalation

During the follow-up period, all patients underwent medical
or surgical GERD management escalation as directed by their
individual treating physicians and surgeons. Medical treatment
escalation consisted of double-dose PPI for at least 2months,
plus antacids and alginate-based compounds if needed. Surgical
treatment included partial/total fundoplication or magnetic
sphincter augmentation (MSA).

2.6 | Symptom Assessment

At the time of HRM and MII-pH studies, each patient completed
the global symptom severity (GSS) score, a previously reported
visual analog scale (VAS) assessing the overall severity of oe-
sophageal symptoms on a scale ranging from 0 (no symptoms)
to 100 (maximum symptoms) [5, 23]. Moreover, the GERD-Q
[24], the GERD health-related quality of life (GERD-HRQL) [25]
and the reflux symptom index (RSI) [26], were administered at
time of presentation. Demographic, clinical and pathophysiolog-
ical (HRM and MII-pH) data were extracted from the electronic
patient record, including the Milan and Lyon scores, AET and
DeMeester score.

All patients who agreed to be followed up at each single cen-
tre were prospectively contacted by phone to assess whether
they underwent medical vs. surgical treatment and to re-
administer the questionnaires. Data on medical treatment
(dose and response to PPI), surgical procedure (date and
type of operation), as well as follow-up GSS were collected.
Successful outcome was defined as a 50% reduction in GSS.
Objective GERD was defined as AET > 6% on MII-pH test, Los
Angeles grades B, C or D oesophagitis, biopsy-proven long seg-
ment Barrett's oesophagus or peptic stricture on endoscopy.
In case of inconclusive evidence of GERD (AET 4%-6%), Lyon
2.0 adjunctive criteria (total number of reflux episodes >80/
day, a MNBI<1500Q, or reflux-symptom association) were
used to support or refute pathological GERD. GERD was ex-
cluded when AET <4% [4]. Abnormal DeMeester score was
defined as > 14.72 [27].

2.7 | Statistical Analysis

Continuous variables are reported as median and interquar-
tile range (IQR), while categorical variables as numbers and

percentages. The normality of continuous variables was
assessed using the Shapiro-Wilk test. The nonparametric
Kruskal-Wallis test was used to compare continuous vari-
ables, while categorical variables were compared using the
Chi-Square test or Fisher test as appropriate. GERD and no-
GERD groups were compared in terms of demographic and
pathophysiologic variables. The relationship between Lyon
and Milan scores was investigated through comparative anal-
ysis including Spearman correlation and Bland-Altman plots.
Clinical improvement was explored in terms of Lyon score
phenotypes, Milan score categories and the concordance be-
tween the scores. Receiver operating characteristics (ROC)
analysis with the area under the curve (AUC) assessment was
performed for all the different diagnostic criteria to assess
the ability to determine a clinical improvement, as well as for
the combined Lyon and Milan scores, standardised by means
of logistic regression. AUC significance was tested against a
null hypothesis of no predictive ability (AUC =0.5) using the
DeLong test. Pairwise comparisons of AUCs were adjusted for
multiple comparisons using Bonferroni correction.

A two-tailed p <0.05 was considered significant for all statistical
tests. Statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, North Carolina).

3 | Results

Among the 532 included patients, 254 had pathologic GERD.
The median age was 50years, 50.6% were females and median
BMI was 24.6 kg/m?. Patients with pathologic GERD were sig-
nificantly older, more frequently males and had a higher BMI.
As expected, endoscopic findings and symptom burden were
significantly worse in the GERD group (Table 1).

HRM and ambulatory reflux monitoring characteristics are
summarised in Table 2. Patients with GERD had a higher rate
of hiatal hernia, a shorter LES total and intra-abdominal length,
a lower EGJ-CI and a higher rate of IEM and positive SLR. All
MII-pH parameters were significantly different between the
GERD and no-GERD groups. No patients were diagnosed with
distal oesophageal spasm, hypercontractile oesophagus or EGJ-
outflow obstruction.

There was a statistically significant, strong positive correlation
between the Lyon and Milan scores (r=0.697, p <0.001). We ob-
served a stepwise increase of Milan score values in Lyon pheno-
types (from 54.4 in the phenotype No GERD, to 82 in Borderline
GERD, 153 in Conclusive GERD and 184 in Severe GERD) in
the overall population (n=532) (Figure S1). The Bland-Altman
analysis showed a mean difference of 0.001 between the stan-
dardised Milan and Lyon scores, with a standard deviation of
0.778. The 95% limits of agreement ranged from —1.525 to 1.525.
The mean difference was not significantly different from zero
(p=1.000). The Bland-Altman plot (Figure S2) displayed no ev-
ident proportional bias, indicating moderate agreement between
the standardised scores.

Out of 194 patients with follow-up data, 131 patients opted for
medical treatment and 63 underwent ARS, of whom 30 patients
had partial fundoplication, 19 had MSA and 14 had 360° degree
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TABLE 1 | Demographic characteristics of the overall patient population stratified by GERD diagnosis. Continuous values are expressed as

median [IQR].

Total (n=532) No GERD (n=278) GERD (n=254) P

Male, n (%) 258 (49.4) 118 (43.1) 140 (56.5) 0.003
Age, (years) 50 [21] 48 [25] 52 [19] 0.007
BMI, (Kg/m?) 24.6 [6.0] 23.4[5.5] 25.3[5.4] <0.001
Symptom duration, (months) 28 [48] 24 (48] 36 [60] 0.003
HRQL, (points) 15 [14] 13 [15] 16.5 [14.0] 0.004
RS, (points) 9[12] 9[13] 8 [12] 0.673
GERD-Q(A), (points) 71[5] 715] 8[5] <0.001
GERD-Q(B), (points) 2[3] 2[3] 2[3] 0.677
GSS, (points) 70 [50] 60 [50] 77.5 [38] 0.025
PPI use, n (%) 419 (81.5) 210 (77.5) 209 (86.0) 0.017
PPI response 0.005

No benefit, n (%) 130 (31.7) 77 (37.6) 53(25.9)

Partial benefit, n (%) 177 (43.2) 89 (43.4) 88 (42.9)

Full benefit, n (%) 103 (25.1) 39 (19.0) 64 (31.2)
Endoscopic findings

Hiatal hernia, n (%) 299 (59.4) 123 (47.1) 176 (72.7) <0.001

Barrett's oesophagus, n (%) 26 (5.3) 0(0.0) 26 (10.8) <0.001
Oesophagitis, n (%) 145 (28.9) 39 (15.0) 99 (41.1) <0.001

Oesophagitis Los Angeles grade <0.001

Grade A, n (%) 80 (54.4) 39 (100.0) 41 (41.8)

Grade B, n (%) 41 (27.9) 0(0.0) 41 (41.8)

Grade C, n (%) 10 (6.8) 0(0.0) 10 (10.2)

Grade D, n (%) 6 (4.1) 0(0.0) 6 (6.1)

Abbreviations: BMI, body mass index; GERD, gastro-oesophageal reflux disease; GERD-Q, gastro-oesophageal reflux disease questionnaire; HRQL, health-related

quality of life; PPI, proton pump inhibitors; RSI, reflux symptom index.

fundoplication. Therefore, further statistical analysis was per-
formed in 194 patients. The flow chart of the study population
is shown in Figure S3. Follow-up time was comparable between
the groups (22.8 vs. 24.3 months, p=0.312). Clinical, HRM and
MII-pH data are presented in Table 3.

Overall, clinical improvement was achieved in greater propor-
tions of patients who underwent ARS over medical treatment
(78% vs. 47%, p <0.001). Clinical improvement was significantly
higher in Conclusive GERD (79.3%) and Severe GERD (83.0%)
compared with other Lyon score phenotypes (Figure S4a). Milan
score categories showed a stepwise increase in the rate of pa-
tients with good clinical outcomes (0% in extremely unlikely,
30.8% very unlikely, 64.7% unlikely, 80.6% likely, 88.5% very
likely, 100% extremely likely) (Figure S4b).

In the overall cohort (n=>532), 303 patients (56.9%) had a pos-
itive Lyon score, and 238 (45%) had a positive Milan score. In
the follow-up cohort, 105 patients (54.1%) had a positive Lyon
score and 85 (43.8%) had a positive Milan score. When the Lyon

and Milan scores were both positive (74 patients), the rate of
improvement was 89%; when only one score was positive (43
patients) 63%; and when both were negative (77 patients) 19%
(p<0.001) (Figure 2). In the subgroup of patients undergoing
surgery (n=63), when the Lyon and Milan scores were concor-
dant and pathologic, 91.4% had good outcomes after ARS; when
only one score was positive, it was 84.6%; and when both were
negative, it was 40.0%.

The performance in predicting response to treatment was as-
sessed through ROC curves, and we found an AUC of 0.792 for
Lyon score, 0.835 for Milan score, 0.745 for AET and 0.739 for
DeMeester score (Figure 3). The Lyon and Milan scores outper-
formed the AET and DeMeester scores (Lyon vs. AET, p=0.048;
Lyon vs. DeMeester, p=0.035; Milan vs. AET, p=0.005; Milan
vs. DeMeester, p=0.003), but their predictive ability was simi-
lar (p=0.149). These results have been confirmed after applying
the Bonferroni correction for multiple comparisons. The logistic
regression combined Lyon+ Milan score achieved an AUC of
0.843, significantly higher than the Lyon score (p=0.014), but
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TABLE 2 | HRM and pH characteristics of the overall patient population stratified by GERD diagnosis. Continuous values are expressed as

median [IQR].

Total (n=532) No GERD (n=278) GERD (n=254) P

HRM
EGI type <0.001

1, n (%) 279 (52.4) 189 (68) 90 (35.4)

2,1 (%) 166 (31.2) 76 (27.3) 90 (35.4)

3,n (%) 87 (16.4) 13 (4.7) 74 (29.1)
Hiatal hernia, n (%) 253 (48.1) 87 (31.9) 166 (65.9) <0.001
Hiatal hernia size, (cm) 0.0 [1.7] 0.0 [0.7] 1.3 [2.6] <0.001
LES total length, (cm) 2.0[0.8] 2.2[0.9] 1.9 [0.7] <0.001
LES intrabdominal length, (cm) 0.1[1.2] 0.7 [1.5] 0.0 [0.6] <0.001
EGI- CI, (mmHg x cm) 31.0 [33.6] 42.8[37.1] 23.7[27.0] <0.001
DCI, (mmHg X cm X sec) 1029 [1186] 1248 [1268.0] 806.4 [957] <0.001
Patients with IEM, n (%) 123 (23.1) 46 (16.5) 77 (30.3) <0.001
SLR manoeuvre, (mmHg) 8.7 [19.0] 3.2[7.6] 18.9 [17.3] <0.001
Positive SLR, n (%) 236 (44.6) 40 (14.4) 196 (77.8) <0.001
Milan score, points 109 [125] 61 [36.5] 158 [92] <0.001
Milan score > 137, n (%) 238 (45) 39 (14.1) 199 (79.0) <0.001
pH
Acid exposure time, (%) 5.1[9.3] 1.7 [2.5] 11.2 [10.1] <0.001
AET> 6%, n (%) 239 (44.9) 0(0.0) 238 (93.7) <0.001
DeMeester score, (points) 19.7 [34.6] 7.1 [9.1] 41.8 [38.1] <0.001
DeMeester score>14.72, n (%) 296 (55.7) 48 (17.3) 248 (97.6) <0.001
Total reflux episodes, (n) 37 [37] 30 [30] 46.5 [36] <0.001
Acid reflux episodes, (n) 25 [27] 15[19] 36 [31] <0.001
Weakly acid reflux episodes, () 8[12] 8.5[11] 8 [13] 0.660
MNBL (Q) 2070 [2355] 3230 [1686] 1130 [1121] <0.001
MNBI< 15009, 1 (%) 190 (35.8) 21(7.6) 169 (66.5) <0.001
PSPW index, (%) 46 [40] 66.8 [29.0] 34[19] <0.001
Reflux symptom association, n (%) 87 (22.2) 32(15.8) 55(28.9) 0.002
Lyon score, points 6.5[8.4] 2 [4.5] 10 [4.0] <0.001

Abbreviations: AET, acid exposure time; EGJ, oesophago-gastric junction; EGJ-CI, oesophago-gastric junction contractile integral; GERD, gastro-oesophageal reflux
disease; IEM, ineffective oesophageal motility; LES, lower oesophageal sphincter; MNBI, mean nocturnal baseline impedance; PSPW, postreflux swallow-induced

peristaltic wave; SLR, straight leg raise.

not than the Milan score (p=0.468). Optimal thresholds and
associated sensitivity, specificity, positive and negative predic-
tive values are shown in Table 4. The Lyon score and the Milan
score performed better than any of the individual components
(Table 4).

All the patients with intermediate Lyon score phenotypes
(Reflux hypersensitivity and Borderline GERD, 40 patients) and
a positive Milan score (5, 12.5%) exhibited improvement after
treatment (100% specificity).

4 | Discussion

In this study, we investigated if the combination of abnormal
Lyon and Milan scores could predict outcomes from escalation
of medical and surgical reflux therapy in patients with GERD
symptoms. We utilised this methodology since the compo-
nents of the Lyon and Milan scores do not overlap, and since
each score has demonstrated promise in predicting symptom
outcomes following GERD management. Therefore, by ana-
lysing reflux testing and clinical longitudinal outcome data

715



TABLE 3 | Demographic, HRM and MII-pH characteristics of the patient population with available follow up, stratified by GERD diagnosis.

Continuous values are expressed as median [IQR].

Total (n=194) No GERD (n=104) GERD (n=87) p

Male, 1 (%) 83 (44) 39 (37) 44(52) 0.036
Age, (years) 49 [20] 48 [19] 51 [23] 0.066
BMI, (Kg/m?) 24.6 [5.4] 23.5[5.4] 25.4[5.0] 0.001
GERD-Q, (points) 8.0 [4.0] 7.0 [4.0] 9.0 [6.0] 0.019
GSS, (points) 70 [40] 60 [30] 78 [30] 0.032
PPI use, n (%) 151 (83) 80 (78) 71 (88) 0.103
PPI full benefit, 1 (%) 36 (25) 12 (16) 24 (36) 0.025
Endoscopic findings

Hiatal hernia, n (%) 93(53) 36 (38) 57 (70) <0.001

Oesophagitis, n (%) 44 (25) 16 (17) 28 (35) 0.005
Oesophagitis Los Angeles grade 0.024

Grade A, n (%) 26 (58) 15 (83) 11 (41)

Grade B, n (%) 15 (33) 3(17) 12 (44)

Grade C, n (%) 3(6.7) 0(0) 3(11)

Grade D, n (%) 1(2.2) 0(0) 1(3.7)
HRM

EGI type 1, n (%) 96 (49) 65 (61) 31(36) <0.001

EGJ-CI, (mmHgX cm) 27 [37] 37 [42] 22 [26] <0.001

Patients with IEM, n (%) 47 (24) 17 (16) 30 (34) 0.003

Positive SLR, 1 (%) 84 (44) 17 (16) 67 (79) <0.001
Milan score> 137, n (%) 85 (44) 16 (15) 69 (81) <0.001
pH

Acid exposure time, (%) 419] 2 (2] 12 [11] <0.001

DeMeester score, (points) 17 [33] 81[9] 42 [37] <0.001

Number of reflux episodes > 80, n (%) 19 (9.8) 2(1.9) 17 (20) <0.001

MNBI<1500Q, n (%) 64 (33) 11 (10) 53 (61) <0.001

Reflux symptom association, n (%) 33(22) 8 (10) 25(35) <0.001

Lyon score, points 5.5[7.9] 2.0 [4.5] 10.0 [4.0] <0.001

Abbreviations: BMI, body mass index; EGJ, oesophago-gastric junction; EGJ-CI, oesophago-gastric junction contractile integral; GERD-Q, gastro-oesophageal reflux
disease questionnaire; GSS, global symptom severity; IEM, ineffective oesophageal motility; LES, lower oesophageal sphincter; MNBI, mean nocturnal baseline

impedance; PPI, proton-pump inhibitors; SLR, straight leg raise.

from patients from multiple institutions undergoing patho-
physiologic evaluation, we demonstrated that the Lyon and
Milan scores are superior to the traditional diagnostic metrics
as AET and DeMeester score in predicting outcome after the
escalation of antireflux therapy. The outcome measure, the
GSS questionnaire, has been already validated as an effective
tool to predict outcome after medical and surgical treatment
[5, 27], while other questionnaires (i.e., GERD-Q) have been
extensively used to stratify GERD symptoms but not to assess
outcomes.

The ROC analysis demonstrated a higher diagnostic accuracy
of the Milan score (0.835) and Lyon score (0.792) compared to
AET (0.745) and DeMeester score (0.739). This superiority in
performance can be attributed to the comprehensive nature of
these novel scores. Unlike traditional metrics that primarily
focus on a single physiological parameter, the Lyon and Milan
scores integrate multiple diagnostic variables. Their ability to
predict pathologic GERD is further confirmed by the ability
to predict improvement after therapy, as demonstrated by the
high rate of patients improved in the conclusive and severe
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GERD Lyon phenotypes (79.3 and 83% respectively) and in
likely, very likely and extremely likely Milan score categories
(80.6%, 88.5% and 100%).

A particularly intriguing aspect of our study was the strong pos-
itive correlation between the Lyon and Milan scores (r=0.697,
p<0.001). Also, the stepwise increase of Milan score values
across Lyon score phenotypes further supports the complemen-
tary nature of these diagnostic tools. From the ‘No GERD’ pheno-
type (Milan score 54.4) to the ‘Severe GERD’ phenotype (Milan
score 184), we observed a consistent progression that aligns with
disease severity. The Bland-Altman analysis revealed moderate
agreement between the standardised Lyon and Milan scores,
suggesting that the scores are not fully interchangeable and sup-
porting the complementary use of the scores.

Our data suggest that these scores capture complementary point
of views of GERD pathophysiology. The Milan score integrates

100%
90%
80%

89%

70% 63%

60%

50%

40%

30%

20% 19%
0

0%

Lyon and Milan
positive

Rate of improvement

Discordant Lyon and Milan

negative

FIGURE 2 | Proportion of patients with clinical improvement ac-
cording to the concordance between Milan and Lyon scores.

and weights four HRM parameters that represent different well-
demonstrated mechanisms of the ARB: the EGJ type provides
a description of the synergy between the LES and the crural di-
aphragm (CD) (28, 29], the EGJ-CI incorporates LES length and
pressure [18, 30], IEM offers assessment of clearance provided by
oesophageal body motility [31, 32] and SLR is able to effectively
document the dynamic ability of the EGJ to prevent backflow pres-
sure from the stomach when intra-abdominal pressure increases
[16, 33-35]. This score is therefore a valuable tool to quantify ARB
disruption. On the other side, the Lyon score focuses on the conse-
quences of a disrupted ARB, namely the duration of oesophageal
acid exposure (AET), its impact on mucosal integrity, represented
by MNBI, the number of reflux episodes, reflux-symptom associ-
ation and presence of erosive changes on endoscopy [13]. Even if
hiatal hernia is present in both the score, measured as EGJ morph-
oplogy in the Milan score, and as endoscopic hiatal hernia in the
Lyon score, these scores naturally complement each other. The
first offers the underlying mechanism of a disrupted ARB, while
the second its consequences. Combined, they provide a compre-
hensive assessment of the multifactorial pathophysiology at play in
the development of GERD symptoms and oesophageal end-organ
damage. We also believe that the fact that hiatal hernia is present
in both scores is not an issue since the diagnostic accuracy of the
scores outperformed the single components (Table 4). The low sen-
sitivity (14.4%) and AUC (0.553) of the oesophagitis component in
the Lyon score likely result from excluding LA Grade A oesopha-
gitis, per Lyon 2.0 criteria, which consider Grade A less specific for
GERD due to its prevalence in asymptomatic individuals.

The complementary nature of the Lyon and Milan scores is
demonstrated by the high rate (89%) of clinical improvement
when both scores were positive, indicating that a multidimen-
sional diagnostic approach can significantly enhance clinical
decision-making. When only one score was positive, the rate of
clinical improvement was 63%, probably indicating that these

Sensitivity

Criterion AUC
— Milan Score 0.835
— Lyon Score 0.792
— AET 0.745
— DeMeester score  0.739

1.0 08 06 04
Specificity

02 0.0

FIGURE3 | Receiver operating characteristic (ROC) curve of the Lyon score, Milan score, acid exposure time (AET) and DeMeester score in pre-

dicting clinical improvement after antireflux therapy.
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TABLE 4 |
the Lyon and Milan scores.

Performance characteristics of Lyon score, Milan score, acid exposure time (AET), DeMeester score and the different components of

Positive Negative
Optimal predictive  predictive
threshold AUC, (95% CI) Sensitivity Specificity value value p

Lyon score 4.75 0.792 (0.726-0.858) 76.6 75.9 81.0 70.8 <0.001
Milan score 136 0.835 (0.778-0.891) 67.0 85.5 85.9 66.4 <0.001
AET 5.8% 0.745 (0.674-0.815) 64.9 81.9 82.1 61.8 <0.001
DeMeester score 16.9 0.739 (0.668-0.811) 70.3 77.1 76.0 64.4 <0.001
Lyon score components

Oesophagitis Los Angeles grade 0.553 (0.494-0.611 14.4 96.4

AET 0.732 (0.664-0.799) 62.2 81.9

Reflux episodes 0.630 (0.566-0.695) 44.7 78.3

MNBI 0.734 (0.667-0.801) 75.7 66.3

RSA 0.575 (0.525-0.625) 23.4 91.6

Hiatus hernia 0.642 (0.575-0.710) 62.2 66.3
Milan score components

EGJ Type 0.667 (0.600-0.735) 62.2 65.1

IEM 0.575 (0.517-0.633) 30.6 84.3

EGJ-CI 0.712 (0.639-0.785) 73.0 67.5

Positive SLR 0.747 (0.688-0.807) 65.1 84.3

Abbreviations: EGJ, oesophago-gastric junction; EGJ-CI, oesophago-gastric junction contractile integral; IEM, ineffective oesophageal motility; MNBI, mean
nocturnal baseline impedance; RSA, reflux symptom association; SLR, straight leg raise.

patients have less severe GERD. Patients with both negative
scores and good outcomes (19% in the overall population and 40%
in the surgical group) probably represent the cohort with a pla-
cebo effect of PPI and/or ARS, or those whose reflux evaluation
suffered from day-to-day variability and either over- or under-
diagnosed true GERD [36, 37]. The combined score, integrating
the Lyon and Milan scores via logistic regression, achieved an
AUC of 0.843, superior to the Lyon score alone (AUC =0.790,
p=0.014). Given that the Lyon score parameters are routinely
collected for GERD diagnosis, incorporating the Milan score en-
hances the predictive accuracy. This improvement underscores
the complementary diagnostic value of the Milan score, poten-
tially refining GERD classification in clinical practice.

Interestingly, in the surgical group, the positivity of one or two
scores predicted surgical outcomes with similar proportions
(84.6% vs. 91.4%, p=0.731) indicating the better performance of
surgery (84.6%) compared to PPI (63%) when at least one score
is abnormal; this suggests that carefully selected patients might
benefit more from surgical intervention.

From this perspective, the Milan score is demonstrated to be a
valuable HRM-based tool that corroborates evidence from en-
doscopy and ambulatory reflux monitoring, represented by the
Lyon score, to predict clinical outcomes following medical or
surgical treatment in patients with suspected GERD. In this re-
gard, the Milan score could be particularly useful in the evalua-
tion of candidacy for ARS, since patients undergoing presurgical

evaluation are more likely to have HRM performed, making the
Milan score a clinically useful tool to select patients for surgery.
Moreover, the Milan score may function as an integral part of
evidence supporting or refuting true GERD in patients with in-
conclusive GERD as per the Lyon Consensus 2.0 [4]. Although
the subgroup of patients within the Borderline GERD phenotype
was small (40 patients), all those with a pathologic Milan score
showed good outcomes after treatment (100% specificity). Of
note, this finding is based on a small subgroup of patients and
requires further analysis to confirm this exploratory result.

We think that the Milan score should not be used as standalone
diagnostic tool to select patients for GERD medical treatment or
ARS. In clinical practice, it is important that a definitive diag-
nosis is reached before invasive procedures or acid suppression
therapy escalation are proposed to the patients. Based on the
results of this study, the Lyon score should be used to confirm
GERD based on endoscopy and MII-pH, while the Milan score
to assess antireflux barrier dysfunction. Patients with concor-
dant positive Lyon and Milan scores are ideal candidates for
ARS, as they exhibit definitive GERD with significant barrier
dysfunction. Those with only one positive score (63% improve-
ment) may benefit from surgery but require careful evaluation of
symptom severity and PPI response. In patients with inconclu-
sive Lyon phenotypes, a positive Milan score supports GERD di-
agnosis and predicts treatment response (100% specificity in our
cohort). Both scores can be integrated into practice, as MII-pH,
endoscopy and HRM are standard in tertiary centres.
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The need for escalation of GERD management, particularly
ARS, is directly related to both GERD pathophysiology (quan-
tified as disruption of the antireflux barrier by the Milan score)
and consequences of disruption of the antireflux barrier (man-
ifest as a high Lyon score). Either score alone is enough when
findings are conclusive, such as a sizeable hiatus hernia or
advanced grade oesophagitis. When findings are borderline
or inconclusive, scoring systems are useful as they allow all
abnormal or borderline metrics to carry weight in the determi-
nation of conclusive GERD. The combined use of the Lyon and
Milan score addresses three key GERD scenarios. In refractory
GERD, concordant positive scores (89% improvement) identify
patients likely to benefit from escalation to double-dose PPI
or ARS, while concordant negative scores (19% improvement)
suggest non-GERD causes, such as gut-brain interaction dis-
orders. To increase confidence in conclusive diagnosis, they
provide a holistic view of the antireflux barrier disruption and
its consequences, providing physicians with adjunctive tools to
guide treatment escalation. In tailoring antireflux procedures,
the Milan score HRM parameters (e.g., IEM, EGJ-CI) have the
potential to guide procedure selection and to predict surgical
success (91.4% improvement with concordant positive scores).
Further studies are needed to explore the ability of the Milan
score to tailor ARS.

The strengths of our study lie in the assessment of outcomes in
a large multicentre cohort of patients that improves the gener-
alizability and robustness of the findings across varied clinical
settings, with objective physiologic data and outcome measure-
ments using validated questionnaires. Moreover, patients were
evaluated at a medium-term follow-up (24.3months) and both
medical and surgical outcomes were taken into account.

Our study has also some limitations. First, symptoms were eval-
uated with a self-administered questionnaire that, although in-
ternationally validated, has only a fair correlation with objective
GERD. Even though symptom response was collected prospec-
tively with patient questionnaires, the current data set was col-
lected from retrospective analysis of existing data. Nevertheless,
the approach to assessing symptoms and symptom outcome is
moving towards patient-reported outcomes, and we believe that
validated questionnaires are of higher value than physician as-
sessment of symptoms benefits. However, objective data from
repeat ambulatory reflux monitoring would have provided use-
ful adjunctive information, but were not available for this study.
Moreover, telephone administration may have introduced minor
variability, even though this modality is increasingly recognised
as a reliable method for patient-reported outcomes [23, 36] and
the use of trained personnel and standardised scripts minimised
the bias. Second, the surgical treatment consisted of three dif-
ferent operations (partial and total fundoplication, MSA) and
patients were evaluated after surgery at different follow-up
intervals. We did not have enough patients within each ARS
option for comparative assessment of benefit between these op-
erations. The study population of 532 patients, essential for the
comparison between the Lyon and the Milan scores in a large
set of patients, dropped to 194 patients that actually completed
the follow-up. The substantial loss to follow-up is a limitation
that may introduce selection bias, as patients who completed
follow-up may differ in motivation or other unmeasured fac-
tors. However, comparison of baseline characteristics between

the follow-up cohort and the overall population showed no
significant differences (Table S1). The large initial sample size
and multicentre design help mitigate this limitation, but future
studies with higher follow-up rates are needed to confirm our
findings. Also, we were forced to set a cut-off for the Lyon and
Milan scores, even though the idea behind them is to provide a
risk rate, not to define a positive or negative result of the score.
This inevitable dicotomization led to a high rate of patients with
good outcomes in the ‘unlikely’ Milan score category (risk rate
25%-50%). The study included patients undergoing pathophysio-
logic tests for different reasons. This diversity reflects real-world
clinical practice but complicates interpretation of treatment out-
comes, particularly regarding refractory GERD. Lastly, in our
cohort there were patients who underwent medical and even
surgical treatment in the absence of objective GERD evidence
according to modern standards; while not typically acceptable
from our point of view, this unfortunately reflects a real-world
clinical scenario in some settings. We feel data from these pa-
tients helped solidify the value of documenting objective GERD
parameters before considering definitive GERD management
options, especially ARS.

In conclusion, the Lyon and Milan scores outperformed AET
and DeMeester score in predicting outcomes in GERD patients.
When concordant, they provide optimal predictive accuracy,
guiding escalation of therapy. Moreover, the Milan score com-
plements existing Lyon 2.0 adjunctive metrics (MNBI, reflux
symptoms association, total number of reflux episodes) in pre-
dicting outcome in patients with inconclusive GERD.
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