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Abstract

Myxomatous mitral valve disease (MMVD) in dogs can progress gradually with left atrial
enlargement. In veterinary medicine, several radiographic variables including the vertebral heart
size (VHS), vertebral left atrial size (VLAS), modified VLAS (M-VLAS), and radiographic
left atrial dimension (RLAD) are used to assess cardiac enlargement. The Mitral INsufficiency
Echocardiographic (MINE) score, which provides an echocardiographic assessment of the
severity of MMVD, has recently been used as a predictor of cardiac death. This study aimed
to evaluate the correlation and cut-off values between the MINE score and radiographic variables.

A total of 132 dogs with MMVD were recruited. The correlation between radiographic
variables and the MINE score was assessed using Pearson’s correlation analysis. Receiver opera-
ting characteristic (ROC) curves and the corresponding area under the curve (AUC) values and
95% confidence intervals (Cls) were generated for radiographic variables using a MINE score
over 8 (severe) as the classifiers.

The MINE score showed a positive correlation with the VHS, VLAS, M-VLAS, and RLAD.
For a cut-off MINE score > 8 (severe), the radiographic variables could be ranked from highest
to lowest AUC value as follows: VHS, VLAS, M-VLAS, and RLAD with cut-off values of 10.75,
2.75,4.05, and 2.45, respectively.

The results of this study highlight the potential of thoracic radiography as an alternative method
for providing valuable prognostic insights in dogs with MMVD.

Keywords: dogs, echocardiography, MINE score, MMVD, RLAD, VHS

© 2025 The Authors. This is an open access article under the CC BY-NC-ND 4.0 license
@ @@ @ (https://creativecommons.org/licenses/by-nc-nd/4.0/deed.en), which allows re-users to copy and distribute the material in any

medium or format in unadapted form and for noncommercial purposes, and only so long as attribution is given to the creator.



404

J. Lee et al.

Introduction

Mitral insufficiency, particularly myxomatous
mitral valve disease (MMVD) is the most commonly
acquired cardiac disease in dogs, accounting for appro-
ximately 75% of cases of heart disease, and is common
in small breeds (Buchanan 1977, Olsen et al. 1999,
Madsen et al. 2011). This disease typically progresses
slowly; however, at times, the rate of progression can be
unpredictable (Keene et al. 2019).

The Mitral INsufficiency Echocardiographic
(MINE) score is an echocardiographic classification of
the severity of MM VD based on four routinely acquired
parameters and has been demonstrated to be clinically
effective as it is associated with survival (Vezzosi 2021).

However, echocardiographic assessment is not
always a practical option due to its limited availability
and high cost as well as the training and expertise
necessary to acquire and interpret echocardiographic
assessments. It can also be time consuming, and some
patients cannot lie in recumbency without sedation. On
the other hand, thoracic radiography is cost-effective
and widely available. On thoracic radiographs, the ver-
tebral heart size (VHS), vertebral left atrial size (VLAS),
modified VLAS (M-VLAS), and radiographic left atrial
dimension (RLAD) are routinely used parameters to
assess cardiac enlargement.

In this study, we assessed the correlations of the
VHS, VLAS, M-VLAS, and RLAD with the MINE
score to evaluate the potential of thoracic radiographic
assessment as an alternative method to predict the prog-
nosis in dogs with MMVD. In addition, we obtained the
cut-off values of these radiographic parameters for
the severe and late stages of MMVD according to the
MINE score.

Materials and Methods

Animals

This was a retrospective study; therefore, no institu-
tional animal care and use approval was required. Dogs
were included based on the following criteria: >3 years
of age, body weight < 10 kg, echocardiographic evi-
dence of MMVD defined as characteristic thickening
and prolapse of the mitral valve leaflets and mitral valve
regurgitation on color Doppler, and a fractional shorten-
ing (FS) >30%.

Dogs with other cardiac diseases including cardiac
tumors, chamber dilation or concentric hypertrophy,
chordae tendinae rupture, atrial fibrillation, patent duc-
tus arteriosus, and atrial septal defects were excluded.
In addition, dogs with other concurrent systemic disea-
ses including hormonal disease and systemic hyperten-

sion were excluded. To accurately assess heart size,
dogs with a history of taking cardiac medication or
receiving parenteral fluid therapy at the time of enroll-
ment were also excluded. Finally, to accurately measure
the heart size, patients whose thoracic radiographs were
misplaced and those with vertebral deformities were also
excluded.

All dogs underwent a complete physical examina-
tion, thoracic radiography, and echocardiography. Data
regarding breed, sex, age, body weight, American
College of Veterinary Internal Medicine (ACVIM)
stage, echocardiographic variables, and radiographic
variables were obtained from the case records.

Data recording and analysis

Echocardiographic examinations were performed
by graduates from the department of veterinary diag-
nostic imaging or operators under the supervision
of a professor of veterinary diagnostic imaging.
To determine the MINE score, the left atrial-to-aortic
root ratio (LA/Ao), left ventricular end-diastolic diame-
ter normalized for body weight (LVIDDn), left ventric-
ular FS, and E-wave transmitral peak velocity (E-vel)
were obtained according to their respective published
methods. The stage was classified as mild, moderate,
severe, or late by summing the scores of all the assessed
items. According to the MINE score, a total score of
4-5 is considered to indicate mild disease. Total MINE
scores of 6-7, 8-12, and 13-14 are classified as mode-
rate, severe, and late-stage disease, respectively (Vezzosi
etal. 2021).

Radiographic variables (the VHS, RLAD, VLAS,
and M-VLAS) were measured by one observer.
The measurement methods for the VHS, VLAS,
M-VLAS, RLAD on lateral radiographic views were
based on those described in previous studies, and the
measurement value was defined as the length of
the second line expressed in vertebral body units to the
nearest 0.1 vertebra (James 2000, Malcolm 2018, Lam
2018, Sanchez Salguero 2018). All dogs included in
this study had a typical thoracic conformation, without
any markedly broad or narrow chests.

Statistical analysis

Statistical analyses were performed using commer-
cial statistical software (SPSS Statistics v. 27, IBM,
Somers, NY). A p-value<0.01 was considered signifi-
cant for all analyses. The correlation of the MINE score
with the M-VLAS, VLAS, VHS, and RLAD was
assessed using Pearson’s correlation analysis. Receiver
operating characteristic (ROC) curves and the corre-
sponding area under the curve (AUC) values and 95%
confidence intervals (Cls) were generated for the VHS,
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Table 1. Patient dogs characteristics according to the Mitral INsufficiency Echocardiographic(MINE) score.

Mild (score 4-5)

Moderate (score 6-7) Severe (score 8-12)

(n=37) (n=57) (n=38)
Age (years) 10.87+3.21 11.38+2.9 11.43£2.1
Weight (kg) (11&9) (1 .5‘;;'315 1.8) (2.36(151 5)
Sex (CM/SF/M/F) 24/12/0/1 28/25/3/1 19/3/4/12
CM - Castrated male, SF — Spayed female, M — Male, F — Female
Table 2. Radiographic and echocardiographic variables and correlations with the MINE score in patient dogs.
Mild (score 4-5) Moderate (score 6-7) Severe (score 8-12) Correlation with MINE
(n=37) (n=57) (n=38) score
VHS 10.5 (8.7-12.1) 10.4 (8.6-11.6) 11.5 (9.8-15) 0.573*
VLAS 2.2(1.8-3.1) 2.3(1.4-3.1) 2.9 (1.9-4.1) 0.574*
M-VLAS 3.4 (1.3-5) 3.4(2.3-5.5) 4.4 (1.2-6.3) 0.486*
RLAD 2 (1.3-2.9) 2.3 (1.2-3) 2.5(1.2-4.3) 0.506*

VHS — vertebral heart size, VLAS — vertebral left atrial size, M-VLAS — modified vertebral left atrial size, RALD — radiographic left
atrial dimension, MINE score, Mitral INsufficiency Echocardiographic score, * p<0.01

VLAS, M-VLAS, and RLAD using MINE scores > 8
(severe and late-stage disease) and 13 (late-stage
disease) as the classifiers. The sensitivity and specificity
of the VHS, VLAS, M-VLAS, and RLAD were deter-
mined with the Youden index to determine the optimal
cut-off values of these radiographic parameters.

The Pearson correlation analysis yields a value
between -1 and 1, and a correlation coefficient of 0 indi-
cates that no linear relationship exists between two con-
tinuous variables, whereas a correlation coefficient of
-1 or +1 indicates a perfect linear relationship. The size
of Pearson’s correlation coefficient is negligibly low
when it is 0-0.3, low when it is 0.3-0.5, moderate when
it is 0.5-0.7, and high when it is 0.7-0.9. Finally, a cor-
relation coefficient of 0.9-1.0 indicates a very high cor-
relation (Mukaka 2012).

For an AUC = 0.5, the test is not informative; for
an AUC>0.5 but <0.7, the test is inaccurate; for an
AUC>0.7 but <0.9, the test is moderately accurate;
for an AUC>0.9 but <1.0, the test is highly accurate;
and an AUC=1, indicates a perfect test (Hanley 1982,
Swets 1988).

Results

A total of 132 dogs with MMVD were included in
this study, and the distribution of the samples satisfied
normality according to the central limit theorem (Kwak
2017). The average age was 11.25 years (range,
3.08-16.75), and the median body weight was 4.68 kg
(range, 1.4-15 kg). Most dogs were Maltese (n=47), fol-

lowed by Pomeranians (n=28), Poodles (n=17), Mon-
grels (n=11), Shih Tzus (n= 8), Chihuahuas (n=5),
Yorkshire Terriers (n=4), Schnauzers (n=4), and Cocker
Spaniels (n=2). The remaining six dogs were of six
other breeds (Jack Russel Terrier, Dachshund, Spitz,
Bichon fris¢é, Lhasa Apso, Cavalier king Charles
Spaniel). According to the MINE score classification,
37 dogs had mild disease, 57 dogs had moderate dis-
ease, 38 dogs had severe disease. The characteristics
according to the MINE score are reported in Table 1.

The median VHS, VLAS, M-VLAS, and RLAD for
each MINE score stage of disease increased as the stage
of disease worsened (Table 2). The MINE score was
positively correlated with the VHS (r=0.573, p<0.01),
VLAS (r=0.574, p<0.01), M-VLAS (1=0.486, p<0.01),
and RLAD (r=0.506, p<0.01) (Table 3). The ROC curve
analyses indicated that all radiographic methods were
useful in identifying dogs with severe disease (Table 4,
Fig. 1) according to the MINE score.

Discussion

In Small breed dogs, the prevalence of MMVD
increases significantly with age, and by the age
of 13 years, up to 85% of these dogs exhibit evidence
of MMVD (Buchanan 1977). In this study, the ave-
rage patient age was 11.25 years, and the majority
were senior dogs. The most common breeds were
Maltese, Pomeranians, and Poodles, and the majority
of the patients were small breed dogs weighing less
than 5 kg.



406

J. Lee et al.

1.0

0.8

> 06 Source of the Curve
> —VHS
@ — RLAD
o —VLAS
@ 0.4 — MVLAS
— Reference Line
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
1 — Specificity

Diagonal segments are produced by ties

Fig. 1. Receiver-operating characteristic curve for radiographic variables for a MINE score over 8 in patient dogs.
VHS — vertebral heart size, VLAS — vertebral left atrial size, M-VLAS — modified vertebral left atrial size, RLAD — radiographic

left atrial dimension.

TableW 3. Cut-off values of radiographic variables for a MINE score over 8 in patient dogs.

Testresult ) 5¢ SE p Cut-off  Sensitivity Specificity A
variables Lower bound Upper bound
VHS 0.848 0.037 0.000 10.75 0.88 0.65 0.776 0.920
VLAS 0.817 0.041 0.000 2.75 0.65 0.87 0.737 0.898
M-VLAS 0.789 0.048 0.000 4.05 0.65 0.84 0.696 0.882
RLAD 0.768 0.048 0.000 2.45 0.63 0.86 0.674 0.862

VHS — vertebral heart size, VLAS — vertebral left atrial size, M-VLAS — modified vertebral left atrial size, RALD — radiographic
left atrial dimension, MINE score, Mitral INsufficiency Echocardiographic score, AUC — area under the curve, SE — standard error,

p — p-value, CI — confidence interval.

In previous studies, no direct comparisons have
been made between the MINE score and cardiac size as
determined by thoracic radiographic variables. Howe-
ver, some studies have explored the relationships
between thoracic radiographic variables and left atrial
enlargement (Malcolm, et al. 2018, Sanchez Salguero
et al. 2018, Bagardi et al. 2021, Lam et al. 2021,
Vezzosi et al. 2021) as well as MM VD stages B2 or C
(Levicar et al, 2022). Since the MINE score includes
a component related to the degree of left atrial enlarge-
ment, it was expected that our study would identify
similar trends to the findings of previous studies.

In our study, the correlation coefficients of the
radiographic variables ranked from the highest to the
lowest and the MINE were as follows: VLAS, VHS,
M-VLAS, and RLAD. Interestingly, the VLAS and
VHS showed nearly identical values. In contrast,
a previous study (Lam et al. 2021) examining the cor-

relation between radiographic variables and left ven-
tricular enlargement revealed the following order
of correlations from highest to lowest: M-VLAS,
VLAS, RLAD, and VHS. This trend was not in accor-
dance with the findings of our study. The difference can
be attributed to the fact that the MINE score encom-
passes not only left atrial enlargement but also other
echocardiographic parameters (E-vel, LVIDDn, FS).
As a result, the correlations in our study were lower.
Moreover, the directional trends of these correlations
also differed. In our study, the M-VLAS exhibited the
lowest correlation with radiographic variables, whereas
a prior study reported it as having the highest correla-
tion. This discrepancy is likely due to the introduction
of the vertebral body diameter in the dorsal aspect, lead-
ing to increased interobserver variability. Given the
challenges associated with delineating the dorsal
boundary of the left atrium and the potential for interob-
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server differences, it is conceivable that the M-VLAS,
similar to the RLAD, could yield varying measurements
among different observers. The differing trends obser-
ved between this study and the study by Lam et al. may
also be attributed to differences in the study subjects.
In this study, the experimental group included small
dogs weighing less than 5 kg, whereas the prior study
included dogs weighing up to 20 kg.

In addition, we compared our results with those for
different cut-off criteria used to distinguish between
MMVD stages B and C (Levicar et al. 2022). While
direct comparisons between these studies are challeng-
ing due to the varying conditions included, such
as thoracic cavity shape differences between breeds,
MMVD stages are assessed comprehensively, and left
atrial enlargement as well as other variables were con-
sidered. Therefore, we expected that the correlation
and cut-off values for MMVD stages B and C would be
more similar to those for the MINE scores than to left
atrial enlargement. In a previous study (Levicar et al.
2022), the cut-off values aimed at distinguishing
between MMVD stages B and C using thoracic radio-
graphic indicators were as follows: VHS (12.0, AUC:
0.75), VLAS (2.7, AUC: 0.78), and RLAD (2.3, AUC:
0.83). In another study (Lam et al. 2021), the cut-off
values for left atrial enlargement were as follows: VHS
(11.1, AUC: 0.9), VLAS (2.4, AUC: 0.95), M-VLAS
(3.4, AUC: 0.97), and RLAD (1.7, AUC: 0.93).
As anticipated, the cut-off values for the severe and
late-stage disease according to the MINE score in this
study were more similar to the cut-off values used to
distinguish between MMVD stages B and C, with the
exception of the VHS. Unlike the other indicators
(VLAS, M-VLAS, RLAD), the VHS reflects the overall
size of the heart rather than specific left atrial enlarge-
ment. This may explain why the VHS exhibited a diffe-
rent trend.

As MMVD progresses, the size of the heart increa-
ses gradually, and the patient may die in the late stages
of the disease. Dogs with MMVD have traditionally
been categorized by the ACVIM guidelines based on
evidence of heart remodeling. However, many clini-
cians and owners want to know the stage of the disease
as well as the prognosis or survival time for their dogs.
A MINE score based on four echocardiographic vari-
ables can reflect the severity of mitral insufficiency and
is associated with the survival time of patients with
MMYVD. One previous study showed significant diffe-
rences in survival time for dogs with the same ACVIM
stage but different MINE score classes. However, some
dogs could not undergo echocardiography to obtain the
MINE score for several reasons. In this regard, predict-
ing the MINE score using chest radiography would be
highly valuable in clinical veterinary medicine. There

are some studies that have explored the relationships
of thoracic radiographic variables and left atrial
enlargement with MMVD stages (Malcolm 2018,
Sanchez Salguero 2018, Lam 2021, Bagardi 2021,
Vezzosi 2021, Levicar 2022), but no direct comparisons
have been made between the MINE score and cardiac
size on thoracic radiographic variables. A distinctive
aspect of this study is that the degree of association and
cut-off values between the MINE score and thoracic
radiographic heart size were determined. The cut-off
values from this study are likely to be more useful for
assessing patient prognoses, especially in situations in
which echocardiography is not available. This under-
scores the potential clinical utility of the cut-off values
derived in this study.

One limitation of this study is the uneven distribu-
tion of patients with MMVD across all stages of disease,
which resulted in an insufficient number of samples for
stages C and D. Also, Patients in the late stage were not
included in the MINE score, and therefore a sample
of patients at this stage is needed. This limitation can
be attributed to the exclusion of patients with a history
of medication intake to ensure accurate assessment
of heart size, making it challenging to recruit patients
with stages C and D MMVD (Woolley et al. 2007).
If additional patients were recruited to form a more
diverse population, more accurate results could be
obtained.
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