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Abstract Introduction: To echocardiographically evaluate a large number of ap-
parently healthy Czechoslovakian wolfdogs (CWDs) to identify possible subclinical
cardiac abnormalities and to generate reference intervals.
Animals: One-hundred and seventeen apparently healthy client-owned CWDs.
Materials and methods: Standard two-dimensional, M-mode, and Doppler echocar-
diographic measurements were obtained on non-sedated, manually restrained
standing dogs. Animals with no relevant echocardiographic abnormalities were used
to generate reference intervals. Echocardiographic variables were compared be-
tween males and females and between dogs with and without mitral regurgitation
(MR).
Results and discussion: Among the 117 CWDs, 103 dogs were used to generate refer-
ence intervals. The 14 dogs with abnormalities had more than trivial MR (12 dogs),
subaortic stenosis (one dog), and equivocal subaortic stenosis (one dog). The 44
males were heavier than 59 females (P<0.001) and had a larger maximum left atrial
dimension (P¼0.015), left ventricular internal dimension at end-diastole (P<0.001)
and systole (P<0.001), and thicker interventricular septum thickness at end-
diastole (P¼0.016). A positive linear correlation was identified between bodyweight
and aortic root and left atrial diameters and left ventricular dimensions and be-
tween age and aortic root and left atrial diameter and peak late transmitral flow
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velocity. A negative linear correlation was identified between age and peak early
transmitral flow velocity and the ratio between peak early and late transmitral flow
velocities. No differences in echocardiographic-derived cardiac dimensions were
detected between healthy dogs and dogs with more than trivial MR.
Conclusions: In this population of CWDs, subclinical cardiac abnormalities were un-
common, and they were mainly classified as MR.
ª 2024 The Author(s). Published by Elsevier B.V. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Czechoslovakian wolfdogs (CWDs) originate from
the Slovakian Republic and are a crossbreed
between German shepherd dogs (GSDs) and the
Carpathian wolf.c This direct biological linkage
may allow the transmission of potential health
issues from its ancestors to the CWDs. Like in GSDs,
dwarfism has been described and genetically
characterized in CWDs [1]. There is little knowl-
edge on cardiac diseases in CWDs besides being
mentioned as an examined dog breed in epi-
demiological studies of congenital anomalies [2,3].
Recently, a genetic study on CWDs identified a
mutation in the striatin gene, which could be
responsible for the development of arrhythmo-
genic right ventricular cardiomyopathy [4]. Due to
the genetic proximity to GSDs, some cardiac dis-
eases typical of this breed could be expected in
CWDs; these include congenital diseases like pat-
ent ductus arteriosus [2], subaortic stenosis [5,6],
mitral valve dysplasia [7], or persistent left cranial
vena cava [8], as well as the risk of developing
myxomatous mitral valve disease [9]. Similarly,
their direct descendants from the common wolf
could predispose the CWDs to cardiac diseases,
like mitral valve dysplasia reported in red wolves
[10] or myxomatous mitral valve disease reported
in gray as well as in red wolves [10,11].

Bodyweight-based and breed-specific echo-
cardiographic reference intervals are useful in
clinical practice to better andmore precisely assess
dogs of peculiar or uncommon breeds [12]. There-
fore, the objectives of this study were to describe
echocardiographic findings in a large population of
clinically healthy CWDs and to identify possible
subclinical cardiac abnormalities (SCAs).

Animals, materials and methods

Study population

Purebred CWDs were prospectively enrolled in the
Italian territory from May 2018 to February 2019.
Animals were recruited by advertising the study
through a newsletter of the Italian Kennel Club of
the breed, by participating in dog shows, and by
verbal information between breeders and owners.
All examinations were performed in the field
with the animals not sedated and gently
manually restrained. Due to the typically aggressive
temperament of the breed, all dogs were
wearing muzzles and were standing during the
examinations. Dogs were deemed healthy based on
anamnesis and clinical examination, and they were
not allowed to be under pharmacological treatment
at the time of and before the examination. A board-
certified veterinary cardiologist performed cardiac
auscultation. The presence of a murmur was not
considered an exclusion criterion as abnormal aus-
cultation findings could accompany SCAs. Dogswere
excluded if no pedigree was available to review, if
they were too aggressive to be examined, or if they
were younger than one year of age.

Echocardiography

All transthoracic echocardiographic examinationsd

were performed by the same cardiologist (MBT)
on standing dogs and following standard recom-

Abbreviations

CWD Czechoslovakian wolfdogs
GSD German shepherd dog
MR mitral regurgitation
SCA subclinical cardiac abnormality

c FCI (Federation Cynologique Internationale) breed standards
for the Czechoslovakian wolfdog http://www.fci.be/en/
nomenclature/CZECHOSLOVAKIAN-WOLFDOG-332.html
(accessed May 03, 2021). d Vinno 6 VET, VINNO Technology Co, Suzhou, China.
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mendations [13]. Left ventricular internal dimen-
sions and wall thickness at end-diastole and end-
systole were obtained from an M-mode image
recorded from a right parasternal short-axis view at
the level of the papillarymuscles by using a leading-
edge-to-leading edge technique. Left ventricular
fractional shortening was calculated using the
appropriate formula. Aortic root diameter and left
atrial diameter were measured using the standard
method from a right parasternal short-axis view on
the frame just after aortic valve closure [14]. Peak
transpulmonic flow velocity was recorded from the
right parasternal short axis at basilar level using the
pulsed-wave Doppler. A value <190 cm/s was con-
sidered normal [15]. Peak transaortic flow velocity
was recorded using the continuous-wave Doppler
from a left apical five-chamber view, paying atten-
tion to keeping the flow as parallel as possible to the
cursor. Due to the standing position of the dogs,
subcostal views could not be consistently per-
formed, and therefore, they were removed from
the echocardiographic protocol. Mitral valve dia-
stolic inflowwaves were recorded from a left apical
four-chamber view with the pulsed-wave Doppler
cursor on the tip of the valve. Peak early and late
diastolic transmitral flowvelocitiesweremeasured,
and their ratio was calculated. The presence of a
subjective thickening of the mitral valve leaflets
and prolapse or any other abnormality were anno-
tated. Color Doppler was used to identify mitral
regurgitation (MR) from right parasternal four-
chamber, five-chamber, and left apical views. The
degree of MR was subjectively graded from the left
apical view by being trivial (extension of the color
jet by a few millimeters from the valvular plane)
[16], mild (representing a subjective estimation of
the regurgitation jet area to the left atrial area less
than 30%), and moderate (an estimate 30e70%
regurgitation jet area to left atrial area) [17]. Sub-
aortic stenosis was excluded for a peak transaortic
flow velocity of 200 cm/s or less, considered present
for a velocity above 250 cm/s, while a value
between 200 and 250 cm/s was deemed equivocal
[18]. Electrocardiography was synchronous to the
echocardiographic examination. All examinations
were stored on an external hard disk in digital
imaging and communications in medicine format
andmeasured offline by one operator (MBT) blind to
the dogs’ identity.e Each measurement was per-
formed on three consecutive recorded beats, and
the means were calculated.

Statistical analysis

Data distributions were evaluated using
ShapiroeWilk test and visual inspection of QQ
plots. The mean and standard deviation of each
variable was calculated for normally distributed
values, while non-normal variables were presented
as median and interquartile range. F-tests were
used to assess the homogeneity of variances. The
t-test or WilcoxoneManneWhitney test was used
to compare variables between male and female
dogs and between dogs with and without MR. For
echocardiographic variables, 95% reference inter-
vals were calculated using a robust method for
determination of location and scale; 90% con-
fidence intervals about the lower and upper limits
of the calculated reference intervals were deter-
mined using a bootstrap method [19]. Outliers
were determined by using the cook distances. Only
dogs with a structurally normal heart and not more
than a trivial MR were included. The presence of a
hemodynamic non-relevant anomaly (such as per-
sistent left cranial vena cava or imperforated
septal defect) was not considered as an exclusion
criterion for the generation of reference values.
Spearman or Pearson correlations were used to
evaluate the relationship between bodyweight,
age, and the different echocardiographic varia-
bles. To further assess the impact of bodyweight
on specific echocardiographic measurements, a
linear regression modeling approach was per-
formed; their relationship was evaluated between
log-transformed bodyweight and echocardio-
graphic parameters to minimize dimensional
inconsistency.

To investigate the relationships between spe-
cific echocardiographic parameters and factors
such as bodyweight and sex, we employed a mul-
tiple linear regression analysis; in our regression
models, we included bodyweight, sex, and the
interaction term between bodyweight and sex as
predictors. To address the potential issue of colli-
nearity, we computed the variance inflation fac-
tor. To provide a practical understanding of the
interpretation of certain bodyweight-dependent
parameters, these were generated by back-
transforming the formula log10(y) ¼ log10(x)
a þ b. A linear relationship was assumed over the
narrow of bodyweights in order to determine the
clinical relevance of the sex and bodyweight
effects. Dogs with a relevant MR (mild or more)

e TomTec Arena, TOMTEC Imaginig Systems GmbH, Unters-
chleissheim, Germany.
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and without other cardiac pathologies were
included in the MR group. The level of significance
was set for an alpha value of 0.05. This part of the
analysis was performed using a dedicated software
program.f,g

Results

A total of 117 CWDswere included.Of these, 68were
females and 49 were males. One hundred and three
dogs (including 15 dogs with trivial MR) had no rele-
vant cardiac abnormalities, and they were used for
generating reference intervals (Table 1). This pop-
ulation comprised 59 of 103 females (58 intact and
one neutered) and 44 of 103 intact males; their ages
ranged from one year to 12.7 years (median: 2.3
years). Males (34.5 kg [26.0e46.0]) were heavier
than females (28.0 kg [21.0e40.0]) (P<0.001), while
no difference was found among ages (P¼0.488).
Some echocardiographic variables differed between
male and female CWDs with no relevant cardiac
abnormalities (Table 2).

A systolic heart murmur was auscultated in eight
of 117 dogs. Murmur intensity varied between three
of six (one dog had subaortic stenosis, and one dog
had no SCA), two of six (three dogs had mild to
moderate MR, two dogs had no SCA), and one of six
dogs (one dog had no SCA). Among the four of eight
dogs with no clear explanation for the heart mur-
mur, peak transaortic flow velocity was 145 cm/s
(130e184) and peak transpulmonic flow velocity
was 120 cm/s (90e150). Therefore, 50% of the aus-
cultated heart murmurs in this population were
functional murmurs, while the overall prevalence
was 3.4%.

Among the 14 dogs with SCAs, one dog had a
subaortic stenosis, one dog had an equivocal sub-
aortic stenosis, and 12 dogs had more than trivial
MR. One dog was presented with a small imperfo-
rated interventricular septal aneurism. In four dogs,
a persistent left cranial vena cava was identified.
This was diagnosed when a tubular cavitary struc-
ture was visible along the lateral and posterior left
atrial walls and ending into a dilated coronary sinus
[20]. These last five dogs were included in the pop-
ulation to generate reference intervals as these
abnormalities were considered irrelevant. In 27 of
117 dogs, anMRwas documented. Of these, 15 had a
trivial MR and were therefore regarded as having no
relevant cardiac abnormalities. The other 12 dogs
had a more than trivial MR: eight of 12 dogs had a
mildMR,while four of 12 had amoderateMR (Fig. 1).

Mitral valve thickening was noted in 10 dogs with
more than trivial MR and in three dogs without MR or
only trivial MR (these three dogs were also retained
for generating reference intervals). In comparison,
mitral valve prolapse was present in six dogs within
the MR group and in six dogs without MR or only
trivial MR (these six dogs were also retained for
generating reference intervals). Therefore, mitral
valve abnormalities, including one or more of more
than trivial MR, thickening, and prolapse, were
detected in 20 of 117 (17%) dogs included in this
study. Dogs without MR (88 dogs) and trivial (15
dogs) MR were younger (P¼0.003) and had a thicker
left ventricular free wall diameter in systole
(P¼0.047) than dogs with MR (12 dogs). No differ-
ences between dogs with and without MR
were detected among other echocardiographic
parameters.

Significant correlations with age were observed
for left atrial diameter (P¼0.031, r¼0.212), aortic
root diameter (P<0.001, r¼0.320), peak early
(P<0.001, r¼�0.337) and late (P<0.001, r¼0.366)
diastolic transmitral flow velocities, as well as their
ratio (P<0.001, r¼�0.502). Significant linear asso-
ciationswith bodyweightwere present for left atrial
diameter, aortic root diameter, interventricular
septum thickness in diastole and in systole, left
ventricular internal diameter in diastole and in
systole, and left ventricular posterior wall thickness
in diastole and in systole (Supplement Fig. 1).
Regression data with slopes and intercepts are
presented in Table 3, while predicted values and
95% prediction intervals of echocardiographic vari-
ables for different classes of bodyweight are
reported in Table 4.

Multiple linear regression analysis revealed a
significant positive relationship with bodyweight
for the left ventricular internal diameter in dia-
stole (b¼0.288, P¼0.001), the aortic root diameter
(b¼0.263, P<0.001), and the left atrial diameter
(b¼0.235, P¼0.004); the interventricular septum
thickness in diastole and the left ventricular
internal diameter in systole did not show a sig-
nificant relationship with bodyweight in the mul-
tiple linear regression analysis; the obtained
variance inflation factors for the interaction term
between sex and bodyweight were 50.379 and
0.019, respectively. None of the investigated
parameters showed a significant impact of sex or
any interaction between sex and bodyweight.

Discussion

Our study reports the normal values of selected
echocardiographic parameters for CWDs.

f R v3.5.1, R Development Core Team, Vienna, Austria.
g Prism 7, GraphPad Software Inc., San Diego, CA, USA.
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Commonly measured values for determining ven-
tricular dimensions fall within the standard ranges
for the non-sight hounds [21]. Comparing our val-
ues with published references from the closely
related GSDs [22], the mean ventricular wall
measurements for females and males are similar
between both breeds, but the left ventricular
diameters are smaller in CWDs than in the GSDs.
For example, the mean of the left ventricular
diameter in diastole in CWDs reported in our study
is 41.0 � 3.2 mm, while the reported reference
value in the GSDs is 49.5 � 4.7 mm [22]. This dif-
ference could be potentially due to an actual
variation between the two canids or due to the
intrinsic dissimilarity between datasets of differ-
ent studies.

On the other hand, our obtained values were
higher than the data reported on healthy anes-
thetized captive maned wolves (Chrysocyon bra-

chyurus) [23]. This is not surprising if we consider
that these canids are smaller than the Carpathian
gray wolves used to breed the CWD.c Another study
reported echocardiographic parameters of 10
Italian gray wolves and one arctic wolf [11];
despite similar mean bodyweight between the
CWDs (28.7 kg) and the investigated wolves
(25.8 kg), reported values such as left ventricular

internal diameter in diastole (48.7 mm) would be
suggestive of a bigger heart. However, a direct
comparison is still not possible because these
wolves were examined under anesthesia with iso-
flurane, which is known to cause relevant changes
in myocardial function [24].

Some echocardiographic parameters, namely
aortic root and left atrial diameters and left ven-
tricular dimensions, were correlated with body-
weight. This finding is extensively clarified by
human and veterinary literature [25e27] as it is
well known that cardiac dimensions follow the
increase of body size of the individual [25e27]. We
observed an association between age and
increasing aortic root and left atrial diameters.
This may be due to further growth as the animals
age, but it could also be interpreted as a con-
sequence of progressive left atrial dimension in
elderly dogs, due to a para-physiological impair-
ment of left ventricular filling and consequent
increase in left atrial filling pressure [28]. In
humans, for example, left atrial size increases
with age independently of body size [29,30].
Interestingly, a previous report in healthy dogs [27]
found no correlation between age and left heart
size parameters. Similarly, the correlation found
between age and peak early and late diastolic

Table 1 Echocardiographic variables in 103 Czechoslovakian wolfdogs without relevant cardiac abnormalities.

Variable Mean � SD MineMax 95% RI 90% CI about the
lower limit

90% CI about the
upper limit

Age (years) 2.3 (1.6e4.5)a 1.0e12.7
Bodyweight (kg) 31.2 � 5.3 21.0e46.0
SAX LA (mm) 33.1 � 3.8 24.7e42.9 25.4e40.7 24.4e26.3 39.6e41.8
SAX Ao (mm) 24.7 � 2.2 19.2e30.5 20.2e28.9 19.6e20.7 28.3e29.6
LA:Ao 1.34 � 0.14 1.07e1.69 1.07e1.62 1.03e1.09 1.58e1.65
IVSd (mm) 10.5 � 1.6 6.0e13.8 7.4e13.7 6.9e7.8 13.2e14.2
LVIDd (mm) 41.0 � 3.2 34.0e49.2 34.5e47.3 33.7e35.3 46.4e48.2
LVPWd (mm) 10.1 � 1.3 7.2e13.2 7.4e12.8 7.1e7.8 12.4e13.1
IVSs (mm) 13.3 � 1.9 9.0e18.0 9.4e17.1 8.9e9.9 16.5e17.6
LVIDs (mm) 28.9 � 3.2 20.5e37.0 22.4e35.2 21.6e23.3 34.2e36.2
LVPWs (mm) 13.1 � 1.8 8.7e18.8 9.3e16.7 8.8e9.8 16.2e17.2
FS (%) 29 � 6 14e44 17e41 16e19 39e43
Ao Vmax (cm/s) 149 � 23 96e200 101e194 95e107 187e202
PA Vmax (cm/s) 118 � 19 78e178 79e157 73e84 151e163
MV E Vel (cm/s) 68 (63e76)a 44e103 47e90 43e50 87e94
MV A Vel (cm/s) 43 (36e50)a 21e76 19e66 16e23 62e70
MV E:A 1.6 (1.3e1.9)a 0.8e3.4 0.5e2.6 0.4e0.7 2.4e2.8

Ao Vmax: peak transaortic flow velocity; CI: confidence interval; FS: fractional shortening; IVSd/IVSs: interventricular septum
thickness in diastole/systole; LA:Ao: left atrium to aortic root ratio; LVIDd/LVIDs: left ventricular internal diameter in diastole/
systole; LVPWd/LVPWs: left ventricular posterior wall thickness in diastole/systole; Max: maximum; Min: minimum; MV A: peak
late diastolic transmitral flow velocity; MV E: peak early diastolic transmitral flow velocity; MV E:A: ratio of peak early and late
diastolic transmitral flow velocities; PA Vmax: peak transpulmonic flow velocity; RIs: reference intervals; SAX Ao: aortic root
diameter in short axis; SAX LA: left atrial diameter in short axis; SD: standard deviation.
a Not normally distributed variables. Values as reported as median and interquartile range.
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Table 2 Sex-specific echocardiographic variables in 103 Czechoslovakian wolfdogs without relevant cardiac abnormalities.

Female (N ¼ 59) Male (N ¼ 44)Variable

Mean � SD MineMax 95% RIs 90% CI
about the
lower limit

90% CI
about the
upper limit

Mean � SD MineMax 95% RIs 90% CI
about the
lower limit

90% CI
about the
upper limit

P value

Age (years) 2.3 (1.4e4.2)a 1.0e8.9 2.5 (1.7e4.8)a 1.0e12.7 0.488
Bodyweight (kg) 28.7 � 4.1 21.0e40.0 34.5 � 5.0 26.0e46.0 <0.001
SAX LA (mm) 32.3 � 3.6 24.7e39.5 25.0e39.5 23.8e26.3 38.3e40.9 34.1 � 3.9 27.5e42.9 26.0e42.1 24.3e27.3 40.6e43.9 0.015
SAX Ao (mm) 24.3 � 2.0 19.2e28.6 20.1e28.3 19.4e20.8 27.6e29.3 25.2 � 2.3 20.5e30.5 20.3e29.9 19.3e21.2 28.9e31.2 0.031
LA:Ao 1.33 � 0.14 1.07e1.69 1.05e1.61 1.00e1.09 1.56e1.67 1.36 � 0.14 1.1e1.64 1.08e1.64 1.02e1.13 1.58e1.69 0.394
IVSd (mm) 10.2 � 1.5 6.0e13.4 7.2e13.3 6.6e7.7 12.8e13.9 10.9 � 1.6 7.7e13.8 7.7e14.1 7.1e8.4 13.5e14.8 0.016
LVIDd (mm) 39.9 � 2.9 34.0e46.2 33.9e45.8 32.9e34.9 44.8e47.0 42.5 � 2.9 36.2e49.2 36.2e48.4 35.0e37.5 47.0e50.0 <0.001
LVPWd (mm) 9.9 � 1.2 7.2e12.4 7.5e12.4 7.0e7.9 12.0e12.8 10.4 � 1.5 8.1e13.2 7.3e13.3 6.7e7.8 12.7e14.0 0.101
IVSs (mm) 13.1 � 1.9 9.3e18.0 9.1e16.7 8.4e9.7 15.9e17.5 13.6 � 1.9 9.0e17.9 9.7e17.6 8.8e10.5 16.9e18.5 0.162
LVIDs (mm) 27.9 � 2.9 20.5e34.8 22.2e33.8 21.1e23.3 32.7e34.9 30.2 � 3.2 22.8e37.0 23.5e36.6 22.2e24.7 35.1e38.3 <0.001
FS (%) 30 � 6 18e44 18e41 16e20 39e43 29 � 6 14e43 16e41 13e18 38e44 0.319
LVPWs (mm) 12.9 � 1.6 9.5e16.1 9.7e16.3 9.0e10.2 15.7e16.9 13.2 � 2.1 8.7e18.8 8.8e17.3 7.9e9.7 16.5e18.4 0.449
Ao Vmax (cm/s) 146 � 23 96e196 96e191 87e102 181e201 153 � 23 111e200 104e200 95e112 189e212 0.123
PA Vmax (cm/s) 118 � 19 78e158 78e157 71e85 151e164 120 � 20 84e178 76e158 66e85 148e168 0.578
MV E Vel (cm/s) 72 (63e79)a 44e103 46e96 41e50 91e101 67.5 (62e69)a 53e86 50e82 46e53 79e86 0.060
MV A Vel (cm/s) 44 (36e52)a 26e76 19e70 15e23 65e76 39.5 (36e47)a 21e65 18e62 13e22 57e68 0.151
MV E:A 1.6 (1.3e2.0)a 0.8e3.4 0.5e2.8 0.2e0.7 2.5e3.0 1.6 (1.4e1.8)a 1.0e3.2 0.6e2.5 0.3e0.9 2.3e2.8 0.986

Ao Vmax: peak transaortic flow velocity; CI, confidence interval; FS%: fractional shortening; IVSd/IVSs: interventricular septum thickness in diastole/systole; LA:Ao: left atrium to aortic
root ratio; LVIDd/LVIDs: left ventricular diameter in diastole/systole; LVPWd/LVPWs: left ventricular free wall diameter in diastole/systole; Max: maximum; Min: minimum; MV A: peak
late diastolic transmitral flow velocity; MV E: peak early diastolic transmitral flow velocity; MV E:A: ratio of peak early and late diastolic transmitral flow velocities; PA Vmax: peak
transpulmonic flow velocity; RIs: reference intervals; SAX Ao: aortic root diameter in short axis; SAX LA: left atrial diameter in short axis; SD: standard deviation.
a Not normally distributed variables. Values as reported as median and interquartile range.
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transmitral flow velocities and their ratio is a
described consequence of increased ventricular
stiffness in elderly healthy humans [31e34], and
the same pattern was noted in dogs in other
studies [35e37].

Left ventricular diameter in diastole and sys-
tole, as well as the left atrium size and the inter-
ventricular septum thickness in diastole, were
different between males and females; the body-
weight variation between genders can cause this.
Similarly, several echocardiographic parameters
analyzed in other breeds [38e40] were also
reported to be correlated with bodyweight. How-
ever, bodyweight alone cannot always explain
echocardiographic sex differences [40]. In people,
for example, it is known that left atrial size is not
only influenced by body surface area but also by
sex [41], which can be potentially explained by the
effect of estrogen on the heart [42]. The multiple
linear regression analysis showed that the effect of
sex and the interaction term between bodyweight
and sex had no significant effect on our pop-
ulation, attesting that bodyweight is a significant

predictor for certain echocardiographic parame-
ters, while sex might have been confounded by
collinearity, as confirmed by the high variance
inflation factor.

In our study, four dogs (about 4%) had a soft
(<4/6) systolic heart murmur not associated with
any SCA. Functional murmurs are described in dogs
and cats and are thought to be primarily secondary
to decreased blood viscosity or increased cardiac
output [43]. The prevalence of functional murmurs
in the overall canine young population is reported
to be between 15 and 28% [44], which is higher
than what was reported in our study. Some canine
breeds are more prone to show functional heart
murmurs, such as greyhounds [45], whippets [43],
and boxers [46]. Prevalence data of functional
murmurs in gray wolves [11] are not available, but
in a study of 13 maned wolves, only one had a
functional murmur [23]. The reason why some
CWDs in our study showed functional murmurs
could be due to their narrow chest conformation,
increased stress during the examination, or
potential subclinical anemia [44].

Figure 1 Schematic representation of the echocardiographic diagnosis in a population of apparently healthy Cze-
choslovakian wolfdogs, focusing on the mitral valve findings. MR: mitral regurgitation; SAS: subaortic stenosis; SCA:
subclinical cardiac abnormality.

Table 3 Regression analysis of selected echocardiographic variables with bodyweight from 103 Czechoslovakian
wolfdogs without relevant cardiac abnormalities using the equation log10(y)¼log10(x)a þ b, where y represents the
echocardiographic response variable, x represents the explanatory variable bodyweight, a represents the slope,
and b represents the intercept.

Echocardiographic variable Slope Intercept R2 P value

SAX LA 0.2994 1.0715 0.1797 <0.0001
SAX Ao 0.2860 0.9655 0.2890 <0.0001
IVSd 0.3262 0.5318 0.1175 0.0002
LVIDd 0.2597 1.2253 0.3054 <0.0001
LVPWd 0.3204 0.5242 0.1543 <0.0001
IVSs 0.3355 0.6198 0.1409 <0.0001
LVIDs 0.2083 1.1489 0.0908 0.0012
LVPWs 0.2660 0.7159 0.0908 0.0012

IVSd/IVSs: interventricular septum thickness in diastole/systole; LVIDd/LVIDs: left ventricular diameter in diastole/systole;
LVPWd/LVPWs: left ventricular free wall diameter in diastole/systole; SAX Ao: aortic root diameter in short axis; SAX LA: left
atrial diameter in short axis.
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Table 4 Predicted values and 95% prediction intervals for weight-specific echocardiographic linear measurements in 103 Czechoslovakian wolfdogs without
relevant cardiac abnormalities.

Bodyweight (kg) SAX LA (mm) SAX Ao (mm) IVSd (mm) LVIDd (mm) LVPWd (mm) IVSs (mm) LVIDs (mm) LVPWs (mm)

20 28.91 (23.29
e35.88)

21.76 (18.67
e25.36)

9.04 (6.71
e12.18)

36.58 (32
e41.82)

8.73 (6.78
e11.24)

11.38 (8.62
e15.03)

26.29 (21.16
e32.68)

11.54 (8.74
e15.22)

25 30.9 (25.02
e38.17)

23.19 (19.97
e26.93)

9.72 (7.27
e13.01)

38.77 (34.02
e44.18)

9.38 (7.33
e12)

12.27 (9.35
e16.09)

27.55 (22.28
e34.06)

12.24 (9.34
e16.05)

30 32.64 (26.47
e40.25)

24.43 (21.06
e28.35)

10.32 (7.73
e13.77)

40.65 (35.7
e46.28)

9.94 (7.78
e12.7)

13.04 (9.96
e17.08)

28.61 (23.18
e35.32)

12.85 (9.82
e16.82)

35 34.18 (27.7
e42.17)

25.54 (22
e29.64)

10.85 (8.12
e14.5)

42.31 (37.15
e48.19)

10.45 (8.17
e13.35)

13.74 (10.48
e18)

29.55 (23.92
e36.5)

13.39 (10.22
e17.53)

40 35.57 (28.78
e43.97)

26.53 (22.83
e30.83)

11.33 (8.46
e15.18)

43.8 (38.41
e49.95)

10.9 (8.51
e13.97)

14.36 (10.94
e18.87)

30.38 (24.55
e37.6)

13.87 (10.57
e18.21)

45 36.85 (29.73
e45.68)

27.44 (23.57
e31.95)

11.78 (8.76
e15.83)

45.16 (39.54
e51.58)

11.32 (8.81
e14.55)

14.94 (11.34
e19.7)

31.13 (25.09
e38.63)

14.31 (10.86
e18.86)

50 38.03 (30.58
e47.29)

28.28 (24.23
e33)

12.19 (9.02
e16.46)

46.41 (40.56
e53.12)

11.71 (9.08
e15.11)

15.48 (11.7
e20.49)

31.82 (25.56
e39.62)

14.72 (11.13
e19.47)

IVSd/IVSs: interventricular septum thickness in diastole/systole; LVIDd/LVIDs: left ventricular diameter in diastole/systole; LVPWd/LVPWs: left ventricular free wall diameter in
diastole/systole; SAX Ao: aortic root diameter in short axis; SAX LA: left atrial diameter in short axis.
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Persistent left cranial vena cava was diagnosed
in about 3% of CWDs, using the criteria chosen for
this study. This prevalence is higher than that in
previous reports in dogs (0.5%) [2] and humans
(0.5e2%) [47]. Although the prevalence of this
anomaly in GSDs is not available for direct com-
parison [8], another publication on GSDs with
patent ductus arteriosus showed that 10.7% of the
dogs included also had a concomitant persistent
left cranial vena cava [48], suggesting a possible
breed predisposition. The reason why the vascular
anomaly has been so frequently observed in CWDs
is unclear. One possible explanation is that a
genetic mutation led to this malformation. Con-
sidering the limited number of CWDs still present
in the territory, the diseases have been then
transmitted and consolidated in the genetic lines.
However, since the definitive diagnosis of persis-
tent left cranial vena cava should be carried out
using computed tomography or invasive angiog-
raphy, it might be that the malformation is over-
estimated in our study.

An MR was identified in a total of 27 dogs. This
was classified as trivial in 15 dogs and mild to
moderate in 12 dogs. When assessing myxomatous
mitral valve disease prevalence in dogs, body size
and breed ancestry play an important role [49].
Since CWDs are directly related to GSDs, which
appears to be predisposed to myxomatous mitral
valve disease [9,50,51], an increased prevalence
could also be expected in CWDs. In our CWD pop-
ulation, excluding cases with trivial mitral insuffi-
ciency, the prevalence of MR was 10%. This is
higher than the average prevalence of 4.5% [52]
and 3.5% [50] reported in previous studies but at
the same time lower than that reported in small
breeds [53]. Not only the breed but also the age
[54] plays a role on the prevalence of mitral valve
disease; considering that the dogs in our study
were mostly young, an underestimation of the true
prevalence could be possible. Myxomatous mitral
valve disease is known to be present in wild canids
as well, as documented in necroscopic findings in
red wolves [10], and in an anesthetized arctic wolf
[11]. Interestingly, in this same study [11], a trivial
mitral valve insufficiency was identified in five
other wolves with no clear changes of the mitral
valve apparatus, similarly to 15 CWDs in our study.
This might suggest a possible intrinsic and real
predisposition to MR in wolves, and not only be due
to a side effect of the anesthesia. As mentioned in
the most recent American College of Veterinary
Internal Medicine consensus guidelines [55], the
presence of a myxomatous mitral valve disease

should require a regular monitoring in these ani-
mals to detect a relevant progression. Nonethe-
less, in our study, the cardiac dimensions of the
dogs with MR did not differ from the other CWDs.
This might indicate a potentially less aggressive
form of myxomatous mitral valve disease com-
pared to GSDs [9], but it could also be due to the
low sample size of CWDs in the MR group or the
average young age of our sample. Alternatively, a
mild mitral valve insufficiency may be considered
physiological rather than pathological in some
cases. In humans, a physiological mitral insuffi-
ciency can be present as an anatomical variation
of normal mitral valve leaflets [56]. Additionally,
mild mitral regurgitation is often detected in
healthy male endurance athletes, suggesting it
may be a normal adaptation to exercise training
[57]. A study in Leonbergers identified a high
prevalence of a trivial valvular insufficiency [38],
suggesting that some canine breeds may have a
very mild form of valvular dysplasia that is non-
progressive.

In this population of CWDs, we identified one
animal with subaortic stenosis and one dog with
equivocal subaortic stenosis; therefore, this con-
genital anomaly appears to be rare. Considering
that GSDs are predisposed to subaortic stenosis
[6], we cannot exclude that a genetic component
is also present in CWDs. Severe subaortic stenosis
was not detected in the current study. However,
anecdotally, the authors were confronted with
young CWDs affected with a severe degree of this
disease, which did not reach the adult age. As only
adult and apparently healthy dogs were included
in the study, an underestimation of the real prev-
alence of certain congenital anomalies is possible.

A limitation of this study was that ultrasound
was performed on standing animals, which could
compromise optimal imaging and interfere with
measurements. A potential selection bias may
have led to the presentation of only dogs that were
not suspected of being affected by any cardiac
disease or anomaly, leading to a possible under-
estimation of the prevalence of certain conditions
(of congenital or degenerative origin). Nonethe-
less, more severe pathologies could have been
missed due to the inclusion of only adults and
clinically healthy CWDs. Due to the study design, it
was not possible to assess the variability of the
tested variables. Dogs were examined on field
conditions, mainly from breed shows, limiting the
possibility to scan the same animal repeatedly by
the same and different echocardiographers. The
cardiologist who performed the examinations was
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board certified and experienced in echocardiog-
raphy, and only standard scans and variables were
considered, therefore possibly limiting the varia-
bility in this study. Nevertheless, reference inter-
vals might be best generated by analyzing
independently different populations of animals of
the same breed or involving more than one oper-
ator in the acquisition and analysis of the exams.
Lastly, we decided to include dogs with trivial MR
and mitral valve changes not associated with MR in
the population used to generate reference inter-
vals. These abnormalities were considered
irrelevant since they were not expected to induce
any alteration in loading conditions and therefore
would not affect chambers dimensions and Dop-
pler variables.

Conclusions

The study reported echocardiographic findings and
reference values for CWDs, which are within
canine standards. Some SCAs have been observed;
among these, MR is the most common cardiac
disease observed in the studied population.
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