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The present preliminary study aimed to investigate the diagnostic ability of several methods which
may be applied in the absence of echocardiography in clinical decision-making for myxomatous mi-
tral valve disease (MMVD) — one of the most common acquired cardiac conditions and leading cause
of congestive heart failure in small-breed adult dogs. Five radiographic measurements (VHS, VLAS,
M-VLAS, RLAD and LAypry) and four blood parameters (NT-proBNP, cTnl, NLR and MLR) were
measured in nineteen client-owned dogs < 20 kg body weight who were free of comorbidities. Each
animal underwent physical examination, electrocardiography, echocardiography, radiography and
blood analysis and was assigned into one of two groups based on disease stage: group 1 (A+B1) or
group 2 (B2+C). The results demonstrated that all five radiographic measurements had an excellent
diagnostic accuracy (AUC=0.915-0.972; P<0.05), with RLAD and M-VLAS achieving the best over-
all performance (94.7% accuracy; 87.5% sensitivity; 100% specificity; k 0.89; P<0.001). Of the four
blood parameters, only NT-proBNP could distinguish between the groups and performed comparably
to RLAD and M-VLAS. These findings indicate that radiographic measurements and NT-proBNP can
be reliable tools for diagnosis of generalised MM VD when echocardiography is unavailable.

Key words: accuracy, blood, diagnostic, dog, MMVD, radiographic

INTRODUCTION

As one of the most common acquired car-
diac diseases among canine patients, my-
xomatous mitral valve disease (MMVD)
is a frequent yet sometimes challenging
condition in the everyday veterinary prac-
tice (Keene et al., 2019). Typically afflict-
ing older dogs under 20 kg when at their

ideal body weight, it is a chronic condi-
tion which begins with degeneration and
thickening of the mitral leaflets, leading to
inappropriate closing of the valve (Ljung-
vall & Héggstrom, 2017). The regurgita-
tion of blood from the left ventricle (LV)
into the left atrium (LA) through the thus
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created opening causes an increase in the
volume and pressure within the LA and
eccentric hypertrophy and dilatation of
both the LA and LV (Buchanan, 1999;
Ljungvall & Haggstrom, 2017; Keene et
al., 2019). This continuous cardiac remo-
delling takes place over a prolonged pe-
riod of time in the absence of clinical
signs. Congestive heart failure (CHF)
manifests as a consequence only when all
compensatory mechanisms fail and pul-
monary oedema appears (Ljungvall &
Héggstrom, 2017).

Due to these key characteristics, clini-
cians are advised to diagnose MMVD in
its preclinical stage B2 which, as de-
scribed in the 2019 Consensus of the
American College of Veterinary Internal
Medicine (ACVIM), is when medical
treatment with pimobendan may commen-
ce in order to delay the onset of clinical
signs. The Consensus lists four diagnostic
criteria for stage B2: a cardiac murmur of
grade 3/6 or more; an LA to aorta (Ao)
diameter ratio (LA:Ao) measured at the
end of diastole > 1.6; a normalised left
ventricular internal diameter in diastole
(LVIDDN) >1.7; and a vertebral heart
size (VHS) >10.5 v (Keene et al., 2019).

Despite these clear criteria, questions
regarding their applicability and that of
the Consensus in general have gradually
been posed since its publication (Rishniw
& Brown; 2022; van Staveren et al., 2023;
Chetboul et al., 2024; Caivano et al.,
2025). A recent study by van Staveren et
al. (2023) discovered that among 363
practicing veterinarians in the Netherlands
and Belgium, 40% did not use the interna-
tional guidelines. The most commonly
reported reason for this was that veteri-
narians found it difficult to identify the
stages or were not aware of their existence
in the first place. Furthermore, of those
who admitted to not differentiate stage B1

from stage B2, over 50% stated that it was
due to considerations for the owner and
over 20% did not have the necessary ul-
trasound equipment.

Considering the limited access to
echocardiographic equipment, skill acqui-
sition and repetitive training, this study
investigated several more readily avail-
able, simple to perform and cost-effective
methods, namely five radiographic meas-
urements — VHS, the vertebral left atrial
size (VLAS), the modified VLAS (M-
VLAS), the radiographic left atrial dimen-
sion (RLAD) and the left atrial width
(LAwprh); and a set of blood parameters
consisting of the N-terminal prohormone
of brain natriuretic peptide (NT-proBNP):
a well-established cardiac marker with a
high correlation with echocardiographic
parameters and able to differentiate be-
tween cardiac and non-cardiac reasons for
respiratory distress; cardiac troponin I
(cTnl): a cardiac biomarker indicative of
cardiomyocyte injury; and two blood cell
ratios: the neutrophil-to-lymphocyte ratio
(NLR) and the monocyte-to-lymphocyte
ratio (MLR), reported by Ku et al. (2023)
as potential adjunctive CHF markers (Mo-
onmart et al., 2010; Baisan et al., 2016;
Mach et al., 2022). The primary objective
of the study was to evaluate which of the
abovementioned nine tools had the ability
to distinguish between dogs with little to
no cardiac changes due to MMVD and
dogs with MMVD at a stage when pimo-
bendan should be prescribed.

MATERIALS AND METHODS

All dogs included in this prospective pre-
liminary study were patients of the Uni-
versity Veterinary Hospital with Clinics of
Trakia University, Stara Zagora, Bulgaria,
recruited after prior consent from their
owners. Each animal underwent a physi-
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cal, electrocardiographic, radiographic
and echocardiographic examination, as
well as blood sample analysis and Dirofi-
laria immitis antigen testing, all within 24
hours in an awake unsedated state. Car-
diac auscultation was performed during
the physical examination, during which
discernible murmurs classified using a
scale from 1 to 6 and the presence or ab-
sence of mid-systolic clicks and precordial
thrills were noted (Prosek, 2017). Electro-
cardiography was carried out to rule-out
significant arrhythmias.

The inclusion criteria required all 19
included dogs to be fully developed adult
individuals above 2 years of age, of a
breed or mixed breed under 20 kg body
weight, and free from Dirofilaria immitis
and other comorbidities, including cardiac
abnormalities other than MMVD.

Each included animal was assigned one
of the following stages based on criteria in
the 2019 Consensus of ACVIM: A, B1,
B2 or C (Keene et al., 2019). For the pur-
pose of the study, two groups were then
created based on the assigned stage.
Group 1 (A+B1) represented dogs who
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had no haemodynamically or morphologi-
cally significant alterations due to MMVD
and included individuals in stages A and
B1. Group 2 (B2+C), on the other hand,
included individuals in stages B2 and C:
dogs with significant cardiac changes due
to MMVD for which it would be advis-
able to perform further diagnostics and
follow-up examinations, as well as to ini-
tiate pimobendan treatment.

All animals were additionally classified
by age and body weight. Depending on
their age, they were divided into those
from 3 to 8 years of age, from 8 to 10
years of age and >11 years of age. The
reason behind this decision was that dogs
between 8 and 10 years of age are re-
ported to be at greatest risk of being in
stage B2 (Wilshaw et al., 2021). Depend-
ing on their body weight on the day of
examination, they were classified as either
under 5.5 kg or between 5.5 and 20 kg.

Radiography

Radiographic measurements (Fig. 1) were
performed on images in right lateral re-
cumbency on a digital DICOM viewer.

Fig. 1. Normal (A) and inverted (B) radiograph in right lateral recumbency of a 10-year-old Chi-
huahua in stage C of MMVD. Both images illustrate the enlargement of the left atrium and the heart
in general, along with elevation and compression of the trachea in the final stage of the disease.
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All necessary lines were initially drawn
onto the cardiac silhouette and then placed
over the thoracic vertebral bodies with the
cranial aspect of the fourth thoracic verte-
bra serving as the starting point. The
number of vertebrae were then counted
and the length of each line was expressed
in vertebral units (v) to the nearest 0.1
vertebra (Buchanan & Biicheler, 1995;
Malcolm et al., 2018; Salguero et al.,
2018; Stepien et al., 2020; Lam et al.,
2021).

The VHS was measured as described
by Buchanan & Biicheler (1995) and con-
sisted of two lines: a long axis from the
middle of the ventral border of the bifur-
cation of the trachea to the most distant
edge of the cardiac apex and a short axis
representing the widest line of the cardiac
silhouette, perpendicular to the long axis.
The sum of their lengths yielded the final
result for the VHS with a cutoff value of
>10.5 v for stage B2 (Buchanan & Biiche-
ler, 1995; Keene et al., 2019).

Following the technique initially pub-
lished by Malcolm et al. (2018), the
VLAS was calculated as the vertebral
length of the line starting from the middle
of the ventral border of the carina to the
point where the cardiac silhouette meets
the dorsal line of the caudal vena cava.
Instead of the proposed >3.0 v by the
Consensus, our study used the original
>2.3 v cutoff for stage B2 (Malcolm et al.,
2018; Keene et al., 2019) as numerous
papers published after the release of the
2019 Consensus suggested abiding to the
original value for the diagnosis of stage
B2 MMVD (Mikawa et al., 2020; Poad et
al., 2020; Stepien et al., 2020; Duler et
al.,2021; Lam et al., 2021; Vezzosi et al.,
2021; Levicar et al., 2022; Ross et al.,
2023; Soyon et al., 2023).

As a means to further increase the spec-
ificity and sensitivity of VLAS, the M-

VLAS was estimated by Lam et al. (2021)
by combining the already existing line
with a line perpendicular to it, beginning
from the most dorsal point of the left atrial
silhouette. The utilised cutoff was >3.4 v
for stage B2 as proposed by the authors
(Lam et al., 2021).

In order to measure RLAD, the VHS
was drawn with a short axis ending where
the dorsal aspect of the caudal vena cava
intersected with the cardiac silhouette.
The necessary line was then created from
the point where the short axis intersected
the long axis, bisecting the angle between
them, to the most dorsal aspect of the left
atrium. This line was then placed upon the
spine as previously mentioned and a cut-
off >1.8 v was used for stage B2 (Salgu-
ero et al., 2018).

The fifth radiographic measurement
(LAwiprh) was performed by first drawing
the long axis of the heart as described for
VHS and then the LAwpry line, beginning
from the point where the caudal vena cava
intersected the cardiac margin and ending
at a 90 degree angle on the long axis
(Stepien et al., 2020). The length of this
line was then calculated and compared to
the cutoff of >2.0 v for stage B2 recom-
mended by Stepien ef al. (2020).

Echocardiography

The echocardiographic examination was
performed using an MyLab™X8VET
machine (Esaote SpA, Italy) with a multi-
frequency transducer P2-9 with simulta-
neous recording of electrocardiographic
activity and the animal lying in lateral
recumbency (Fig. 2).

Left ventricular dimensions in systole
and diastole were acquired in M-mode in
the right parasternal short-axis view at the
level of the papillary muscles and the di-
ameters of the left atrium and aorta were
taken from the B-mode of the right parast-
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Fig. 2. A right parasternal four-chamber long-axis view (A) and a right parasternal short axis view
(B) of a 10-year-old female Jack Russel Terrier in stage C of MMVD. Notice the thickened
appearance of the anterior mitral leaflet (A) and the presence of a ventricular premature beat
on the electrocardiogram (B).

ernal short-axis view of the heart base
using the Hansson method at the end of
the T-wave (Hansson et al., 2002; Boon,
2016). Each measurement was performed
in triplicate. The results for the LVIDDN
were calculated by the machine, while
their average was calculated as the final
result. The average of the three LA/Ao for
each dog was retained as a result.

The appearance of the mitral leaflets
were subjectively assessed in the right
parasternal four-chamber long-axis view
(Boon, 2016).

Blood analysis

Two blood samples, one in a lithium he-
parin tube and another in ethylenediami-
netetraacetic acid tube, were collected
from each individual and analysed imme-
diately on the day of examination. Haema-
tological analyses were performed with a
commercial automated haematology ana-
lyser Mindray BC-5000Vet. A commer-
cial automatic biochemical analyser Mind-
ray BS120 was used to measure alanine
aminotransferase, aspartate aminotrans-
ferase, alkaline phosphatase, total biliru-
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bin, urea, creatinine, creatine kinase, total
protein and albumin in order to rule out
any concurrent metabolic disorders.

Measurement of NT-proBNP and cTnl
was carried out by using a commercial im-
munoassay analyser InSight V-IA (Wood-
ley Equipment Company LTD) with a cut-
off of >900 pmol/L for NT-proBNP and
>0.025 ng/mL for cTnl (Ljungvall et al.,
2010; Hezzell et al., 2012).

The interpretation of NLR and MLR
was based on Ku et al. (2023) with opti-
mal cutoffs between stage Bl and stage
B2 4.296 for NLR and 0.322 for MLR.

Commercial immunochromatographic
diagnostic kits for the detection of anti-
gens (Uranotest Dirofilaria, Urano Diag-
nostics, Madrid, Spain) were used to rule-
out dirofilariosis in each of the 19 dogs.

Statistical analysis

Data from each case was imported into
SPSS Statistics v26, IBM, Chicago, IL,
USA for statistical analysis. The level of
statistical significance was <0.05. The
Fisher’s exact test was used due to the
small sample size. Descriptive statistics
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was utilised to characterise the sample and
calculate the mean values for each of the
four stages.

Once the sample was divided into
group 1 (A+B1) and group 2 (B2+C),
contingency tables (CROSSTABS) were
created with each of the five radiographic
measurements and four blood parameters
depending on their respective cutoff val-
ues. To establish the diagnostic ability of
the nine variables to distinguish between
group 1 (A+B1) and group 2 (B2+C),
accuracy, sensitivity, specificity, positive
predictive value and negative predictive
value were determined. The Cohen’s «
coefficient was calculated, where results
between 1.00 and 0.81 were considered to
indicate an excellent agreement, between
0.80 and 0.61 — good agreement, between
0.60 and 0.41 — moderate agreement and
equal to or lower than 0.40 — poor agree-
ment. Receiver operator characteristic
(ROC) curve analysis was further per-
formed for the five radiographic meas-
urements with estimation of the area under
the curve (AUC), standard error (SE),
95% confidence interval (CI) and P-value.

RESULTS

Of the nineteen dogs participating in this
study 42% were male and 58% female. By
weight, 53.6% were in the <5.5 kg group
and 47.4% in the 5.5 to 20 kg group with
no animal weighing more than 11.5 kg. In
terms of age, 26.3% were between 3 and 8
years old, 21.1% between 8 and 10 years
old and 52.6% were >11 years old. By
breed, there were 4 Yorkshire Terriers, 3
Cavalier King Charles Spaniels, 3 mixed
breed dogs, 2 Miniature Pinschers, 2 Jack
Russel Terriers, 2 Chihuahuas, 1 Dachs-
hund, 1 Pekingese and 1 Beagle.
Regarding the staging of MMVD,
42.1% of dogs were classified as stage A,

15.8% as stage B1, 10.5% as stage B2 and
31.6% as stage C. Thus, 57.9% of dogs
were assigned into group 1 (A+Bl) and
42.1% — into group 2 (B2+C).

While stage A animals were encoun-
tered in all three age groups, stages Bl
and B2 featured individuals only >11
years of age, stage C had individuals from
both the 8 to 10 year group and >11 years
group. In terms of weight, dogs under 5.5
kg were found at any stage with half of
them being at stage C, while those be-
tween 5.5 and 20 kg were mainly at stage
A with one individual at stage B1 and one
at stage C.

Radiographic measurements

All five radiographic measurements —
VHS, VLAS, M-VLAS, RLAD and
LAwmptn — showed a statistically signifi-
cant association with MMVD stages
(P<0.05) and an excellent ability to dis-
tinguish between group 1 (A+Bl1) and
group 2 (B2+C) with an AUC ranging
from 0.915 to 0.972 (Table 1, Fig. 3). The
mean values for each of the four stages are
reported in Table 2.

The analysis of the diagnostic utility of
the five radiographic measurements de-
monstrated that both RLAD with a refer-
ence value of >1.8 v and M-VLAS with a
reference value of >3.4 v for group 2
(B2+C) had the highest diagnostic per-
formance for distinguishing group 1
(A+B1) from group 2 (B2+C). Each cor-
rectly classified 94.7% of all dogs, achiev-
ing 87.5% sensitivity and 100% specific-
ity, and had the best agreement (x=0.89;
P<0.001).

VLAS with a reference value of > 2.3 v
showed the same sensitivity (87.5%); com-
parable, yet slightly lower accuracy
(89.5%) and specificity (90.9%) and had an
excellent agreement (x=0.784; P=0.001).
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Table 1. Diagnostic ability of the five radiographic measurements to distinguish between dogs group

1 (A+B1) and group 2 (B2+C)

Radiographic RLAD M-VLAS > VLAS VHS LAwipth
measurements >1.8v 34y >23v >10.5v >2.0v
AUC 0.920 0.955 0.938 0.972 0.915
Standard error 0.080 0.049 0.064 0.034 0.083
95% CI 0.905-1.000 0.812 -1.000 0.858 — 0.752 -1.000  0.764 —1.000
1.000
True positives 7 7 7 8 7
False positives 0 0 1 3 2
True negatives 11 11 10 8 9
False negatives 1 1 1 0 1
Sensitivity 0.875 0.875 0.875 1.000 0.875
Specificity 1.000 1.000 0.909 0.727 0.818
Accuracy 0.947 0.947 0.895 0.842 0.842
K 0.890 0.890 0.784 0.692 0.682
Fisher’s P <0.001 <0.001 0.001 0.003 0.005
CI, confidence interval; k, Cohen’s coefficient.
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Fig. 3. ROC analysis of radiographic measurements distinguishing between group 1 and group 2.

VHS with a reference value of > 10.5 v
had the highest sensitivity (100%) and a
lower accuracy (84.2%) and specificity
(72.7%) with a good agreement (k=0.692;
P=0.003). LAwpy had the lowest, never-
theless good overall agreement (k=0.682;
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P=0.005) among the five radiographic
measurements. It could accurately distin-
guish between group 1 (A+B1) and group
2 (B2+C) 84.2% of the time with a sensi-
tivity of 87.5% and a specificity of 81.8%.
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Table 2. Mean values of the five radiographic measurements for each of the four ACVIM stages

Stage A Stage B1 Stage B2 Stage C
VHS 10.10 v 1047 v 11.30 v 12.53 v
VLAS 1.96 v 1.90 v 2.70 v 3.03v
M-VLAS 247v 230v 3.55v 4.18v
RLAD 1.32v 1.20v 1.65v 237v
LAWIDTH 143 v 143 v 2.05v 237v

Blood parameters
DISCUSSION

Of the four blood parameters, NT-
proBNP with a reference value of >900
pmol/L was the only one manifesting a
statistically significant difference between
stages and an excellent agreement
(xk=0.890 and P<0.001), with individuals
above the cutoff only being found at stag-
es B2 or C. Its mean concentration for
stage A was 565.90 pmol/L, for stage B1
— 716.37 pmol/L, for stage B2 - 977.55
pmol/L and for stage C — 2099.93 pmol/L.
Distinction between group 1 (A+B1) and
group 2 (B2+C) was accomplished with
an accuracy of 94.7% and was character-
ised by 100% specificity, 87.5% sensitiv-
ity and AUC of 0.94.

The other three variables, ¢Tnl, NLR
and MLR, had a poor ability to differenti-
ate between group 1 (A+B1) and group 2
(B2+C) (P>0.05). Values above their re-
spective cutoffs could be found in both
healthy and affected dogs of any stage.
The mean cTnl was 0.025 ng/mL for stage
A, 0.017 ng/mL for stage Bl, 0.020
ng/mL for stage B2 and 0.17 ng/mL for
stage C. The mean NLR was 5.479 for
stage A, 4.733 for stage Bl, 2.962 for
stage B2 and 9.875 for stage C. The mean
MLR was 2.888 for stage A, 0.240 for
stage B1, 0.155 for stage B2 and 0.537 for
stage C.

When a dog first arrives for a clinical con-
sultation, the first indicators of suscepti-
bility to MMVD are its age, breed and
body condition score (BCS) (Ljungvall &
Haggstrom, 2017; Wilshaw et al., 2021).
Wilshaw et al. (2021) demonstrate that
age and BCS are, among others, inde-
pendent risk factors for reaching stage B2,
with those at greatest risk being between 8
and 10 years of age and at a BCS <3.

While all animals in our study had a
healthy BCS, our findings reaffirm the
need for a heightened awareness when
examining elderly dogs from small breeds,
especially those under 5.5 kg, as stages
B1 and B2 were solely identified in indi-
viduals >11 years of age and stage C was
diagnosed in those >8 years of age. Ani-
mals in this category, as well as those with
a murmur on auscultation or clinical signs
of exercise intolerance, cough or syncope,
should be advised to undergo prophylactic
screening for MMVD, the primary mode
of which is echocardiography (Ljungvall
& Haggstrom, 2017; Keene et al., 2019).
When echocardiography is not available,
the next cost-effective diagnostic proce-
dures are thoracic radiography, which may
additionally aid in differentiating between
cardiac and non-cardiac causes of clinical
signs, and blood analysis, which can rule
out concurrent conditions.
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In our study RLAD, M-VLAS and NT-
proBNP had the highest success in differ-
entiating between dogs with and without
haemodynamically and morphologically
significant changes due to MMVD,
wrongly classifying only one dog as false
negative. VLAS had a nearly identical
performance, while that of LAwpry and
VHS was lower yet nevertheless accep-
table. Despite its excellent (100%) sensi-
tivity, VHS had the lowest (72.7%) speci-
ficity among the five radiographic meas-
urements, which was expected, as more
and more studies have shown that VHS
has specific reference ranges for certain
breeds which may exceed the >10.5 v cut-
off or the species range established by
Buchanan & Biicheler (1995) of 8.7 to
10.7 (Bavegems et al., 2005; Jepsen-Grant
et al., 2013; Taylor et al., 2020; Kallassy et
al., 2021; Wiegel et al., 2022; Murphy et
al., 2025). Other studies have also demon-
strated that VHS may vary depending on
the cardiac cycle, recumbency and pres-
ence of hemivertebrae; increases in heart-
worm-infected patients and has consis-
tently been classified as less accurate in
comparison to other measurements (Litster
et al., 2005; Greco, 2008; Jepsen-Grant et
al., 2013; Olive et al., 2015; Salguero et
al., 2018; Bagardi et al., 2020; Stepien et
al., 2020; Duler et al., 2021; Lam et al.,
2021; Vezzosi et al., 2021; Levicar et al.,
2022; Ross et al., 2023).

Regarding the radiographic measure-
ments, our results are in line with recent
publications on the utility of radiographic
tools for the diagnosis and staging of
MMVD (Salguero et al., 2018; Bagardi et
al., 2020; Stepien et al., 2020; Duler et
al.,2021; Lam et al., 2021; Vezzosi et al.,
2021; Levicar et al., 2022; Ross et al.,
2023). While slight performance varia-
tions were present, all five measurements
can support the clinician when consider-
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able cardiac remodelling has occurred due
to the presence of MMVD. The ROC
analysis confirmed that they possess an
excellent discrimination ability when dis-
tinguishing dogs in group 1 (A+B1) from
those in group 2 (B2+C), the latter of
which would require medical intervention.

The same conclusion can not be made
for all four blood parameters. NLR, MLR
and cTnl had no significant association
with disease stage and poor to zero accu-
racy. These findings are in contrast to the
retrospective study with 108 dogs of Ku et
al. (2023), the results of which confirmed
a significant increase in NLR and MLR
when CHF is present, as well as a positive
correlation between the two ratios and
LA:Ao. Possible explanations for this dis-
crepancy could be the difference in sam-
ple size, the study type and the stricter
exclusion criteria of the study by Ku et al.
(2023).

Our results defined NT-proBNP as the
only marker with diagnostic potential in a
limited clinical setting, which can poten-
tially be used to the clinician’s advantage
not only when differentiating between
individuals with and without clinically
significant heart disease, but also when
monitoring MMVD, both of which have
been previously described (IDEXX, 2013;
Wilshaw et al., 2021; Brennan et al.,
2022; Klein et al.,, 2022; Mach et al.,
2022; Wesselowski et al., 2023; Chan-
mongkolpanit et al., 2024).

This study has several limitations,
chiefly related to its small sample size and
lack of follow-up examinations.

CONCLUSIONS

While echocardiography remains the pri-
mary method for diagnosing MMVD, in
its absence clinicians can successfully be
aided by VHS, VLAS, M-VLAS, RLAD,
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LAwmpta and NT-proBNP for differentiat-
ing dogs with little to no cardiac change
from those with MMVD at a stage when
pimobendan treatment is recommended.
Of these six, RLAD, M-VLAS and NT-
proBNP have the best overall utility and it
is advisable that they be performed to-
gether in elderly small-breed dogs at and
over 8 years of age, who should undergo
yearly screening as they are more suscep-
tible to developing the disease.
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