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Abstract : Left atrial enlargement (LAE) is an important diagnostic factor in dogs with myxomatous mitral valve disease
(MMVD). 1t is associated with the onset of congestive heart failure (CHF). Recently, a new radiographic left atrial
measurement called vertebral left atrial size (VLAS) was introduced. This can be considered as a left atrial enlargement
above 2.3. It appears to be related to the severity of MMVD. However, serial changes in VLAS in relation to disease
progression and improvement in patients have yet to be studied. This study aims to assess the value of VLAS as
a left atrial size monitoring indicator by examining correlations with VHS, LA/Ao ratio and LVIDDN, and comparing
serial changes in dogs. A total of 126 dogs were studied with their owners’ consent. The dogs were classified into
four MMVD groups (Control, B1, B2, C-D) following the ACVIM Guideline by performing a physical examination,
radiography and echocardiography. Besides, 24 and 17 dogs were reevaluated to compare values in relation to the
progression and improvement of MMVD. VLAS showed significant increase according to the progress of the MMVD
stage. This was the same in the Maltese breed group. A strong positive correlation was found between LVIDDN,
VHS, LA/Ao ratio, and VLAS. The results of this study found VLAS to be significantly different according to left
atrium size, and there was a correlation between disease progression and VLAS levels in each dog. Therefore, VLAS

may be used to detect changes in left atrium size as an additional monitoring index of MMVD.
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Introduction

Myxomatous mitral valve disease (MMVD) is the most
common canine heart disease, and it has a higher prevalence
in small breeds than in large breeds (10). It is characterized
by gradually progressive degeneration of the valve and regur-
gitation (2,10). The clinical symptoms eventually develop
due to an increase in left atrial pressure after subclinical
duration (8).

Left atrial enlargement (LAE) is an important indicator and
predictor of disease chronicity and severity. It is useful in
determining the diagnosis of disease, detecting progression,
and assessing the necessity for the intervention of medica-
tion (3,6). Therefore, evaluation of left atrial size before the
onset of left-sided heart failure is an important diagnostic
assessment, and echocardiography is the gold standard method
for the evaluation of cardiac structure and function (8,19).
Despite the merits of echocardiography, there are several lim-
itations in that it requires a skilled examiner, the cooperation
of patients for accurate examination, and it is costly in terms
of time and money (1).

Radiography is also an important diagnostic screening tool
for cardiac enlargement including the left atrium (2,7). Fur-
thermore, it is a gold standard tool for detecting congestive
heart failure signs such as pulmonary edema and pleural effu-
sion (1,2,11).
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The American College of Veterinary Internal Medicine
(ACVIM) 2019 Consensus proposed criteria to distinguish
between stage B1 and B2, recommending treatment interven-
tion in stage B2 based on clinical trials (15). The B2 criteria
for evaluating cardiac remodeling include murmur intensity
> 3/6, an echocardiographic LA/Ao ratio > 1.6 (13), left ven-
tricular internal diameter in diastole, normalized for body
weight (LVIDDN) > 1.7 (9), and a radiographic vertebral
heart score (VHS) > 10.5 (12). All of the above criteria must
be satisfied before the intervention of medication. Addition-
ally, a new indicator of left atrium size, vertebral left atrial
size (VLAS), was also introduced (15,18). It was stated in
this consensus that "Studies are ongoing to determine a
VLAS value that accurately predicts B2 remodeling, but in
the absence of echocardiography, VLAS values of > 3 likely
identify Stage B2 MMVD" (15,18). In the study in which
VLAS was first introduced, it was shown that VLAS had a
high correlation with LA/Ao ratio and could be used as an
indicator of left atrium size (18). In previous research, how-
ever, serial changes in VLAS in patients were not measured.
Moreover, VLAS has a limitation in that there is no breed
reference.

Therefore, our overall purposes are as follows: 1) to com-
pare VLAS among groups based on the ACVIM 2019 Con-
sensus; 2) to make comparisons among a group of one specific
breed Maltese; 3) to evaluate the relationships between
VLAS and VHS, LVIDDN, and LA/Ao ratio; 4) to compare
serial changes in all values in each patient as the disease pro-
gresses and improves.
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Materials and Methods

Animals

There was a total of 126 dogs in this study (Table 1). All
dogs were client-owned and were examined at the veterinary
medical teaching hospital of Chungnam National University
between March 2016 and September 2019. Before com-
mencement of the study, the owner’s consent of all of the
dogs was obtained. A diagnosis of MMVD was made based
on cardiovascular symptoms, physical examinations, blood
analyses, thoracic radiography, and echocardiography. Dogs
with MMVD were categorized into B1, B2, and C-D groups
following the ACVIM Guideline (15). The values among a
total of 60 Maltese were also compared. In addition, 24 and
17 dogs were included to compare the values in relation to
the progression and improvement of MMVD. Twenty-four
dogs, including Stage B2 (n= 14) and C-D (n=10), showed
onset and worsening of symptoms after three months to three
years. Seventeen dogs, including Stage B2 (n=38) and C-D
(n=9), showed improvement after three months to one year
of treatment intervention. All of the patients were reexam-
ined for measurement of post values.

Thoracic radiography

Thoracic radiography was performed to obtain right lateral
views, left lateral views, and dorsoventral views in all of the
dogs. VHS and VLAS were measured using a digital caliper
in the right lateral view as described in earlier reports (6,18).
For measurement of VLAS, the length from the ventral
aspect of the carina to the junction of the posterior border of
the left atrium and the dorsal border of the caudal vena cava
was measured. Following the VHS measurement method,
this measurement was then converted to be expressed as a
total unit of vertebral length (15,18,21).

Echocardiography

All echocardiographic examinations were performed using
an iU22® (Phillips, Bothell, WA, USA) to diagnose MMVD
based on characteristic mitral regurgitation and mitral valve

Table 1. Characteristic data for 126 dogs in this study

prolapse detected by color doppler imaging in the left apical
4 chamber view in conjunction with two-dimensional echo-
cardiography. LA/Ao ratio was obtained in the right two-
dimensional short axis view. Left ventricular internal diame-
ter in diastole (LVIDd) was measured in M-mode and nor-
malized left ventricular internal diameter (LVIDDN) was
calculated using the formula (LVIDDN = LVIDd (cm)/weight

(kg)"*™) (9).

Statistical analysis

Statistical analysis was carried out using a commercial
software program (IBM SPSS Statistics 24.0.0, SPSS Inc.,
USA). The values in each group, including age, weight, VHS,
LA/Ao ratio, LVIDDN, and VLAS were presented as median
and interquartile ranges (IQR). In this study, the values among
the four groups were compared using the Kruskal-Wallis test,
and post hoc tests were performed using the Bonferroni cor-
rection. Besides, Pearson correlation coefficients were calcu-
lated to assess correlations between VLAS and other values
(VHS, LA/Ao ratio, LVIDDN), and Paired t-tests were per-
formed to compare the values before and after disease pro-
gression and improvement. A P value of <0.05 can be inter-
preted as statistically significant.

Results

The study population consisted of 126 dogs, and the char-
acteristic data for age, weight, sex, and breed of the four
groups were summarized (Table 1). The dogs examined in
this study were classified by breed as follows: Maltese (n=
60), Shih-Tzu (n=31), Yorkshire Terrier (n=12), Poodle
(n=7), Mongrel (n=75), Schnauzer (n=5), Cocker Spaniel
(n=3), Pomeranian (n=2) and Beagle (n=1). The control
group consisted of 24 dogs with a median age of 9 years
(6.0-12.3) and a median weight of 4.0 kg (3.28-4.96). The
ACVIM BI, B2, and C-D groups comprised 36 dogs, 24
dogs, and 27 dogs, respectively. The median ages of groups
B1, B2, and C-D were 12.5 years (10-15), 13 years (11-14)
and 13 years (11.5-14), and the median weights were 4.0 kg

Variable Control ACVIM BI1 ACVIM B2 ACVIM C-D
Total (n=126) 24 36 27 39
Age (yr) 9.0 (6.0-12.25) 12.5 (10-15) 13 (11-14) 13 (11.5-14)
Weight (kg) 4.0 (3.28-4.96) 4.0 (3.19-5.62) 4 (3.5-4.6) 3.4 (2.95-5.5)
Sex (M/F) M (9), F (15) M (18), F (18) M (13), F (14) M (16), F (23)
Breeds
Beagle 1
Cocker spaniel 2 1
Maltese 6 16 15 23
Mongrel 2 1 2
Poodle 4 2 1
Pomeranian 2
Schnauzer 1 1 1 2
Shih-tzu 4 13 7 7
Yorkshire terrier 9 1 2

ACVIM, American College of Veterinary Internal Medicine; M, male; F, Female.
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Table 2. Descriptive data of radiographic and echocardiographic values among four groups

Variable Control (n=24)

ACVIM Bl (n=36)

ACVIM B2 (n=27) ACVIM C-D (n=39)

VHS 9.90 (9.33-10.50)

LA/Ao ratio 1.40 (1.29-1.53) 1.59 (1.29-1.70)
LVIDDN 1.30 (1.21-1.38) 1.40 (1.32-1.65)"
VLAS 1.90 (1.90-2.00) 2.00 (1.97-2.00)

10.00 (9.70-10.48)

10.70 (10.60-11.10)"
2.15 (2.00-2.50)"
1.86 (1.74-2.00)"
2.70 (2.45-2.80)""

11.80 (11.00-12.30)""
2.50 (2.10-2.90)""
1.91 (1.76-2.12)™
3.00 (2.80-3.10)""

ACVIM, American College of Veterinary Internal Medicine; VHS, Vertebral heart size; LA/Ao ratio, Left atrium to aorta ratio; LVIDDN,
Left ventricular internal diameter in diastole, normalized for body weight; VLAS, Vertebral left atrial size. P < 0.05, difference from control
group; "P < 0.05, difference from ACVIM B1; *P <0.05, difference from ACVIM B2.

Table 3. Descriptive data of radiographic echocardiographic values in Maltese dogs (n = 60)

Variable Control (n=6)

ACVIM BI (n= 16)

ACVIM B2 (n= 14) ACVIM C-D (n=23)

VHS 9.35(9.22-9.70)
LA/Ao ratio 1.43(1.26-1.49)
LVIDDN 1.26(1.21-1.41)
VLAS 1.90(1.90-1.90)

10.15(9.90-10.50)
1.60(1.31-1.75)
1.40(1.28-1.53)"
2.05(1.97-2.10)

10.70(10.36-11.00)"
2.00(2.00-2.28)"* 2.10(2.10-2.68)""
1.85(1.74-1.91)"" 1.91(1.76-2.11)"
2.50(2.23-2.74)"" 2.90(2.80-3.05)""*

11.40(11.10-12.10)""

ACVIM, American College of Veterinary Internal Medicine; VHS, Vertebral heart size; LA/Ao ratio, Left atrium to aorta ratio; LVIDDN,
Left ventricular internal diameter in diastole, normalized for body weight; VLAS, Vertebral left atrial size. “P < 0.05, difference from control
group; "P < 0.0, difference from ACVIM B1; *P <0.05, difference from ACVIM B2.
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Fig 1. VLAS shows significant differences between groups except control group and B1 group in 126 dogs (A), and 60 Maltese dogs
(B). Boxes represent values from the 25th to the 75th percentile, the horizontal line in each bow is the median. ACVIM, American
College of Veterinary Internal Medicine; VLAS, Vertebral left atrial size. ** P <0.01.

(3.19-5.62), 4.0 kg (3.5-4.6), and 3.4 kg (2.95-5.5).
Descriptive data of the radiographic and echocardiographic
values in each group were summarized (Table 2). Comparing
the values among the groups, there was no significant differ-
ence between the control group and the Bl group except
regarding LVIDDN. However, all of the values in the B2 and
C groups were significantly larger than those in the control
and B1 groups, and only VHS and VLAS showed signifi-
cant differences between the B2 group and the C-D group.
We also compared VLAS in only the Maltese dogs (n = 60)
to overcome the limitation (Table 3). The results found that
VLAS in the B2 and C groups were significantly larger than
in the control and B1 groups. Also, the VLAS in the C-D
group was significantly larger than in the B2 group (Fig 1).
When evaluating the correlations between VLAS and the
other values (Table 4), VLAS was found to have a positive
correlation with VHS (R=0.827), LA/Ao ratio (R=0.826)
and LVIDDN (R=0.756). We compared the differences in
VHS, LA/Ao ratio, LVIDDN, and VLAS in each patient after

Table 4. Correlation analysis using Pearson correlation coefficient
of VLAS and other values (VHS, LA/Ao ratio, LVIDDN)

VHS LA/Ao ratio LVIDDN VLAS

VHS 1

LA/Ao ratio  0.749** 1

LVIDDN 0.636** 0.730** 1

VLAS 0.827** 0.826** 0.756%* 1

VHS, Vertebral heart size; LA/Ao ratio, Left atrium to aorta ratio;
LVIDDN, Left ventricular internal diameter in diastole, normalized
for body weight; VLAS, Vertebral left atrial size.

* P<0.05, ** P<0.01.

disease progression and improvement (Table 5) (Fig 2). It
was found that all of the values were significantly higher after
disease progression (P <0.001), and decreased after disease
improvement (P <0.001). Also, correlation between VHS,
LA/Ao ratio, LVIDDN and VLAS variation (Table 6), VLAS
variation showed positive correlation with VHS (R = 0.860),
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Fig 2. Figure showing changes in VHS, LA/Ao ratio, LVIDDN and VLAS before and after disease progression/ improvement. VHS,
Vertebral heart size; LA/Ao ratio, Left atrium to aorta ratio; LVIDDN, Left ventricular internal diameter in diastole, normalized for

body weight; VLAS, Vertebral left atrial size.

Table 5. Change of values from baseline to the progression and improvement of disease

Progression Improvement
Pre Post P value Pre Post P value
VHS 10.83 +0.75 11.70 +£0.89 <0.001 11.10£0.84 10.22 £ 0.58 <0.001
LA/Ao 1.96 +0.44 2.74+£0.51 <0.001 2.24+0.42 1.61 +0.28 <0.001
LVIDDN 1.66 +0.34 1.92+0.29 <0.001 1.76 £ 0.32 1.32+0.28 <0.001
VLAS 2.32+0.41 2.95+0.31 <0.001 2.66 +0.37 2.01+0.34 <0.001

VHS, Vertebral heart size; LA/Ao ratio, Left atrium to aorta ratio; LVIDDN, Left ventricular internal diameter in diastole, normalized for

body weight; VLAS, Vertebral left atrial size. P <0.05.

Table 6. Correlation between VHS, LA/Ao ratio, LVIDDN and VLAS variation before and after disease progression and improvement

diff VHS diff LA/Ao ratio diff LVIDDN diff VLAS
diff VHS
diff LA/Ao ratio 0.854"
diff LVIDDN 0.762" 0.751" 1
diff VLAS 0.860" 0.837" 0.783" 1

VHS, Vertebral heart size; LA/Ao ratio, Left atrium to aorta ratio; LVIDDN, Left ventricular internal diameter in diastole, normalized for
body weight; VLAS, Vertebral left atrial size; diff, difference between pre and post. * P <0.05, " P <0.01.

LA/Ao ratio (R =0.837), and LVIDDN variation (R = 0.783).

Discussion

Currently, the ACVIM 2019 consensus is based on VHS,
LVIDDN, and LA/Ao ratio for the evaluation of cardiac
remodeling (15). In previous research, only the correlation
between VLAS and LA/Ao ratio was examined (18). In our
study, correlations with VHS and LVIDDN were also exam-
ined. The results showed that VLAS has a significant posi-
tive correlation with not only LA/Ao ratio, but also VHS and
LVIDDN thereby indicating the possibility that this value
reflects cardiac remodeling.

An earlier study highlighted the limitation that VLAS has
no breed reference. To overcome this limitation, first we eval-
uated serial changes in the VLAS in each patient. Second, we
compared VLAS among one specific breed group, Maltese.

The results identified that VLAS significantly changed accord-
ing to the progression and improvement of MMVD, and VLAS
variation tends to increase as VHS, LA/Ao, and LVIDDN vari-
ations increase. This positive correlation supports the case for
considering VLAS as an additional monitoring factor given
that VLAS increases with progress and decreases with im-
provement. In addition, the present study included patients
receiving treatment in the C-D group, and the results showed
that VLAS decreased after treatment in each patient. This
suggests that the VLAS value in the C-D group was measured
to be smaller than the actual value since VLAS decreased in
the treated patients.

The significant increase in VLAS in relation to the progres-
sion of cardiac disease has already been demonstrated in a
previous study (18). When comparing VLAS among dogs of
the same breed a total 60 Maltese, similar results showing
significant difference between all groups except Control-B1



Assessment of VLAS in Relation to MMVD in Dogs 13

were found in our study.

In the past, studies have measured the left atrium using
radiography. In one study, left atrial size was measured using
the trachea bifurcation angle (16). The results showed a sig-
nificant difference between the left atrial enlargement group
and the control group; however, there was no significant dif-
ference between mild, moderate, and severe LAE groups, so
this was insufficient to be used as a diagnostic tool with low
sensitivity.

In another study, the size of the left atrium was evaluated
by measuring the length from the intersection of the short axis
and long axis of the heart to the dorsal boundary of the left
atrium, called the radiographic left atrial dimension (RLAD)
(20). It can be concluded that RLAD tends to have difficulty
in making accurate measurements due to overlap with the
surrounding structure. The authors measured dorsal range of
soft tissue opacity to the max, noting that this could be a
potential drawback for RLAD in mild LAE.

Although the population size was small, we evaluated VLAS
in Maltese breed in our study. The result revealed that VLAS
showed significant increase according to the progress of the
MMVD stage. Further studies focusing on various breeds are
needed to establish a breed reference range for the universal
clinical application of VLAS. The left atrium is a three-dimen-
sional (3D) structure that dilates asymmetrically with vari-
able sizes and shapes (14,22). Therefore, LA/Ao ratio reflects
LAE with low accuracy, and volume based measurement in
multiple planes is more precise than the LA/Ao ratio (14,17).
In a study comparing volume-based method and linear meth-
ods (LA/Ao ratio), LA/Ao ratio and the LA volume showed
a curvilinear relationship, which derived very different value
as the volume increases (14). To achieve higher accuracy
than LA/Ao ratio, further study is needed to compare the cor-
relation between VLAS and LAV and to determine the cut-
off value of VLAS through LAV.

MMVD is a disease that cannot be completely cured, and
needs to be managed for life. In addition, it is known that
appropriate treatment intervention can be useful for progno-
sis by prolonging the preclinical phase (5,6). Thus, periodic
monitoring of the patient is important, and X-ray is more
efficient in terms of cost and time. The results of this study
have confirmed that regular monitoring of VLAS may be
helpful in detecting changes in left atrium size as an addi-
tional monitoring index of MMVD.
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