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ABSTRACT

Clinical studies have shown that
Cavalier King Charles Spaniels
(CKCS) have a high prevalence of
mitral valvular insufficiency (MVI).
Echocardiography has the potential
to disclose early valvular changes,
and the present prospective study
was designed to investigate the
occurrence of mitral valve prolapse
(MVP) in young CKCS without
heart murmurs, and to correlate the
degree of MVP with the clinical sta-
tus of the dogs by including CKCS
with MVI as well. The study was
based on blinded evaluations of
echocardiographic recordings of
mitral valves from 34 CKCS and
30 control dogs. Thirteen (87%) of
15 three-year-old CKCS without
heart murmurs had MVP (2 total
and 11 partial), as compared with
1 (7%) of 15 three-year-old normal
Beagle dogs (P < 0.0001), and none
of 15 three-year-old normal Medium
Size Poodles (P < 0.0001). Of
19 CKCS with MVI, MVP was found
in 84% of the entire group and in
100% of dogs with pulmonary con-
gestion or edema. The occurrence of
total MVP tended to be higher in the
group with MVI (47%, 9/19), when
compared with the younger CKCS
without heart murmurs (13%, 2/15,
P = 0.06). MVP was positively associ-
ated with excessive heart rate vari-
ability (P = 0.003). The radius of cur-
vature of the anterior mitral valve
leaflet in systole was significantly
reduced in dogs with MVP when
compared with those without (P <
0.0001). In conclusion, this study
shows that CKCS at an early age
have a high occurrence of MVP. This

suggests: 1) A genetic predisposition
of CKCS to MVP; and 2) That MVP
is a pathogenetic factor in the devel-
opment of mitral valvular insuffi-
ciency. Follow up studies may add
further support to these proposals,
and clarify whether echocardiogra-
phy may be an aid in selecting
CKCS for future breeding.

RESUME

Des etudes cliniques ont demon-
tre une prevalence elevee d'insuffiL-
sance mitrale (IM) chez des epag-
neuls Cavalier King Charles
(ECKC). Puisque l'echocardiogra-
phie permet de detecter des change-
ments valvulaires precoces, une
etude prospective fut concue afin de
determiner s'il est possible d'identi-
fier le prolapsus de la valve mitrale
(PVM) chez les jeunes chiens de
cette race en l'absence d'un souffle
cardiaque. En outre, l'etude visait
aussi a etablir une correlation pos-
sible entre le degre de PVM et la
severite des signes cliniques chez le
ECKC en incluant dans l'etudes des
ECKC avec IM. Des evaluations
d'enregistrements echocardiogra-
phiques de la valve mitrale fait a
l'aveugle ont ete realises sur
34 ECKC et 30 chiens temoins.
Treize ECKC sur 15 (87 %) ages de
trois ans et ne presentant pas de
souffle d'IM avaient un PVM
(2 complets et 11 partiels) alors
qu'il n'a ete note que chez 1 des
15 chiens de race Beagle (P < 0,0001)
et aucun des 15 caniches de taille
moyenne (P < 0,0001) du meme 'age.
Sur 19 ECKC avec IM, la presence
de PVM a ete observees chez 84 %
des animaux et chez 100 % des

chiens presentant de la congestion
ou de l'oedeme pulmonaire. La
presence de PVM total etait plus
elevee (P = 0,06) chez les chiens
ECKC avec IM (9/19, 47 %) que
chez les jeunes ECKC sans IM
(2/15, 13 %). Une association posi-
tive a ete etablie entre le PVM et
une variabilite excessive de la
frequence cardiaque (P = 0,003). Le
rayon de courbure du feston
anterieur de la valve mitrale en sys-
tole chez les chiens avec PVM etait
reduit de fason significative (P <
0,0001) comparativement aux
chiens tetmoins. L'etude a permis de
demontrer que chez les jeunes
chiens ECKC la presence de PVM
est frequente. Ces observations sug-
gerent: 1) une predisposition gene-
tique des ECKC au PVM; et 2) le
PVM est un facteur pathoge'netique
implique dans le developpement de
l'IM. Des etudes additionnelles sont
necessaires pour appuyer ces hypo-
these, et pour determiner si l'echo-
cardiographie serait utile dans la
selection des chiens ECKC au fin de
reproduction.

(Traduitpar Docteur Rocky Difruscia)

INTRODUCTION

Chronic valvular disease (CVD),
especially involving the mitral valve,
is the most common heart disease in
dogs (1-3). The Cavalier King
Charles Spaniel (CKCS) breed seems
to have a genetic predisposition to
CVD, since previous clinical studies
have shown that a high proportion of
dogs of this breed develops mitral
valvular insufficiency (MVI) at a
young age (4-7). Solid evidence of a
high heredity of CVD was given in a
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recently completed prospective clinical
study, in which it was found that the
parental CVD status had a marked
influence on the probability of heart
murmur and murmur intensity of the
offspring (8). Therefore, if dogs with
increased risk of MVI later in life
could be identified, a reduced preva-
lence of MVI and subsequent heart
failure could be obtained by exclud-
ing such dogs from the breeding
population.
The mucoid degeneration of the

mitral valves in dogs has been
reported grossly and histologically to
be comparable to the changes found in
primary mitral valve prolapse (MVP)
in humans (9-11). Mitral valve pro-
lapse can be diagnosed with echocar-
diography as systolic displacement of
the mitral leaflets to the atrial side of
the plane of the mitral annulus (12,
13). In accordance with this, it was
reported from a single, small retro-
spective echocardiographic study that
5 of 8 CKCS with MVI had MVP (7).
However, MVP does not always pre-
cede the development of MVI, and
MVI can occur without MVP.

In the present prospective echocar-
diographic study, we aimed to estab-
lish: 1) The prevalence of MVP in a
consecutive series of young CKCS
without heart murmurs; and 2) The
correlation between degree of MVP
and the clinical status of the dogs. The
study takes into account the subjectiv-
ity of echocardiography by evaluating
the echocardiograms from CKCS and
age- and sex-matched control dogs in
a blinded fashion. In addition,
attempts have been made to evaluate
whether measurements of the radius of
curvature of the anterior mitral leaflet
in systole would be of any aid in judg-
ing the degree of MVP, and whether
there is an association between MVP
and ECG abnormalities as is known
from human studies (14,15).

MATERIALS AND METHODS

DOGS

By invitation, 48 3-year-old clini-
cally healthy CKCS, Beagles and
medium size Poodles (height at shoul-
der between 35 and 45 cm) were
examined in our small animal hospital
during a 3 mo period. One Beagle and
2 CKCS dogs had systolic murmurs
and were excluded from the study. The
2 CKCS were included in the group of

Fig. 1. Two dimensional right parasternal
long axis 4-chamber echocardiograms illus-
trating the mitral valve in systole. Echocar-
diogram A illustrates a normal mitral valve
without prolapse from a 3-year-old female
Beagle dog. The dashed line p is the border-
line between no prolapse and partial prolapse
and the line t is the borderline between partial
and total prolapse. In echocardiogram B,
taken from a 3-year-old male Cavalier King
Charles Spaniel without heart murmur, a
partial mitral valve prolapse is seen (arrow).
Echocardiogram C is from a 6-year-old Cava-
lier King Charles Spaniel with mitral valve
incompetence showing total mitral valve pro-
lapse (arrowheads). The left ventricle is
denoted 'v' and the left atrium 'a'.

CKCS with MVI described below.
The group of 3-year-old healthy dogs
without heart murmurs thus consisted

of 15 CKCS (7 males and 8 females),
15 Beagles (7 males and 8 females),
and 15 medium size Poodles (6 males
and 9 females). In the same study
period, 19 CKCS with MVI (5 males
and 14 females aged 2 to 9 y; mean
6.7 y) were examined. The dogs were
classified according to the New York
Heart Association system (NYHA;
16). Eight were in functional class I, 6
were in class II and the remaining 5
were in class III. Dogs in class I had
no symptoms of heart failure and no
enlargement of the left atrium on the
echocardiogram. Dogs in class II had
a mild to moderate enlargement of the
left atrium and/or showed minor clini-
cal symptoms such as coughing, slight
dyspnea, or fatigue. If thoracic radio-
graphs showed signs of pulmonary
congestion or edema, dogs were allo-
cated to class III. All examinations
were carried out by the same veteri-
nary cardiologist (HDP).

ECHOCARDIOGRAPHIC EXAMINATION

An Aloka Echocardiograph SSD
725 with a 5 MHz mechanical sector
transducer was used. The dogs were
positioned in right lateral recumbency
and scanned from below through a cut
out hole in the table using the right
parasternal approach. None of the
dogs were sedated. All the echocardio-
graphic examinations were performed
by the above-mentioned investigator.
During the initial part of the examina-
tion, lasting approximately 15 min,
standard M-mode and 2-D measure-
ments were obtained. Subsequently, the
mitral valve was evaluated in the right
parasternal long axis 4-chamber view.
Once a good image of the mitral valve
was obtained, approximately 2 min
were recorded on an S-VHS tape. Dur-
ing the recording, the transducer was
angulated in order to obtain good
images of all parts of the mitral
leaflets.

EVALUATION OF THE MITRAL VALVE
RECORDINGS

The 2 min mitral valve recordings
from the 64 dogs were all coded by a
video technician and analyzed inde-
pendently by 3 observers who were
blinded to the identity of the dogs and
to the diagnoses made by the other
observers. From each recording, a
still-frame showing the maximum
protrusion of the leaflets in ventricu-
lar systole was chosen and, from this,
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Fig. 2. Individual radii of the curvature of the anterior mitral valve leaflet in ventricular sys-
tole in 64 dogs grouped according to breed, mitral valve incompetence (MVI) and presence of
mitral valve prolapse. CKCS denotes Cavalier King Charles Spaniels.

TABLE I. Mitral valve prolapse in
45 healthy three-year-old dogs without heart
murmurs. The figures represent consensus
results from a blinded echocardiographic
evaluation of 15 Beagles, 15 medium-sized
Poodles and 15 Cavalier King Charles
spaniels (CKCS)

Normal Partial Total
Breed valve prolapse prolapse

Beaglesa 14 (93%) 1 (7%) 0 (0%)
Poodlesb 15 (100%) 0 (0%) 0 (0%)
CKCSc 2 (13%) 11(74%) 2 (13%)
a vs c and bvs c p < 0.0Ol; a Vs b: P = 1.0

inter-observer variation was assessed
by comparing the diagnoses made by
each observer with the consensus
results. In this way, 80% of the indi-
vidual diagnoses were found to be
identical with the consensus results.

STATISTICAL METHODS

Fisher's exact test was used to eval-
uate the associations between MVP
status and different groups of dogs and
between MVP status and presence of
ECG abnormalities. The radii found in
different groups were compared using
Student's t-test for unpaired observa-
tions. All comparisons were two-tailed
and a P-value of 0.05 was chosen as
the level of significance.

it was determined if the valve was
normal or had partial or total MVP.
Total MVP was defined as protrusion
of a leaflet to the atrial side of a line
drawn from the middle of the often
elliptical echodense area at the lower
part of the atrial septum to the atri-
oventricular junction (Fig. lA and
IC). Partial prolapse was defined as a
protrusion of a leaflet past a line
drawn from the point where the ante-
rior leaflet inserts to the point where
the posterior leaflet inserts (Fig. lA
and 1B). In case of disagreement
among the observers, a consensus was
reached by the 3 observers after
reviewing the tape together.
The radius of the curvature of the

anterior mitral valve leaflet was mea-
sured on the monitor screen using a

transparency with a series of semi-
circles (5 to 50 mm radius and 1 mm
increments) printed on it. The radius of
the semi-circle that fitted the curvature
of the most curving part of the leaflet
in ventricular systole was chosen. The
radius was later converted to the actual
size using the scale on the echocardio-
gram. The radius measurements given

in the present paper represent the
means of the values obtained indepen-
dently by the 3 observers.
The occurrence of ECG abnormali-

ties was evaluated from the last 60 sec
of ECG recordings on the monitor. An
abnormal R-R interval was defined as
one being twice or more than that of
a preceeding or following interval.
An A-V block was defined as a non-
conducted P-wave. The abnormality
was graded, so that mild abnormality
was defined if 1 or 2 abnormal R-R
intervals occurred on these 60 sec
recordings, and severe if more than 2
abnormal R-R intervals and/or A-V
block occurred. The ECG measurement
was missing in 5 dogs and, in another 5
with severe heart failure (NYHA III)
and high sympathetic tone, the data
were excluded from analyses.
The intra-observer variation of the

MVP diagnoses was calculated by
examining 16 mitral valve recordings
twice in a random order on the video-
tape (8 three-year-old CKCS and
8 three-year-old Beagles). Taken
together, the 3 observers read 81% of
the identical recordings correctly. The

RESULTS

The echocardiographic findings in
the 45 three-year-old dogs without
heart murmurs are shown in Table I.

As can be seen, 13 (87%) of the
15 CKCS had either partial or total
MVP as compared with 1 out of 15
(7%) Beagles (P < 0.0001) and no
Poodles (P < 0.0001). A billowing of
the anterior mitral valve leaflet was
the cause of the prolapse in all cases.
The results in the 19 CKCS with

MVI are shown in Table II. Of these
dogs, 16 (84%) had MVP. The number
of dogs with total prolapse tended to
be higher in this group (9 of 19 dogs)
when compared with 3-year-old CKCS
without murmurs (2 of 15 dogs; P =

0.06). All the dogs in NYHA func-
tional class III had MVP. The numbers
of dogs with partial and total MVP in
classes I and II were almost equal.
There was a tendency towards a higher
proportion of dogs with total prolapse
in NYHA functional class III when
compared with dogs in functional
classes I and II (P = 0.14).
The relationship between the radius

of the anterior mitral leaflet and MVP
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TABLE II. Mitral valve prolapse in 19 Cavalier King Charles Spaniels (CKCS) with a left
apical systolic murmur and various degrees of heart failure. The figures represent consensus
results from a blinded echocardiographic evaluation. The dogs are grouped according to the
New York Heart Association classification (NYHA)

CKCS with Normal Partial Total
heart murmurs valve prolapse prolapse

Total (n = 19) 3 (16%) 7 (37%) 9 (47%)
NYHA I (n = 8)a 2 (25%) 3 (38%) 3 (38%)d
NYHA II (n = 6)b 1 (17%) 3 (50%) 2 (33%)'
NYHAIII (n = 5)c 0 (0%) 1 (20%) 4 (80%)f
a Vsb:P= l0; a +b Vs c: P= 0.31;d + e vs : P = 0.14

appears in Fig. 2. The mean radius
(±SEM) of the 15 three-year-old
CKCS (5.0 ± 1.0 mm) was smaller
than that of Beagles (11.4 ± 0.9 mm;
P < 0.0001) and Poodles (10.2 ±
0.7 mm; P = 0.0002). The mean radii
found in the 2 control breeds were not
significantly different (P = 0.32). The
mean radius (±SEM) found in the
34 dogs without MVP (10.99 ± 0.64)
was significantly higher than that
found in the 19 dogs with partial MVP
(4.68 ± 0.41; P < 0.0001). The mean
radius found in dogs with total MVP
(4.00 ± 0.23) was not significantly
different from that found in dogs with
partial MVP (P = 0.24).
The results from the evaluation of

the ECGs are shown in Table III. The
degree of ECG abnormality was posi-
tively associated with MVP (P =
0.003). One dog had 2nd-degree AV
block and 1 had atrial premature com-
plexes as their sole ECG abnormalities.

DISCUSSION

This study has shown that echocar-
diographic MVP occurs in more than
80% of both young and older CKCS
with a tendency to an association
between the degree of MVP and the
clinical status of the dogs. An associa-
tion between MVP and increased
heart rate variability was also docu-
mented. A high prevalence of MVP in
CKCS with MVI has previously been
reported (7), and our results in the
group with MVI may be regarded as a
confirmation of these findings. The
findings of an equally high occur-
rence of MVP in young CKCS with-
out heart murmurs have not been
reported previously.

In the present study, the right
parasternal long axis 4-chamber view
was used to evaluate the mitral
valves. This is a widely used image
plane in veterinary echocardiography

that consistently gives good images
of the left side of the heart (17).
In humans, the atrioventricular plane
is defined by a line extending from
the base of the aortic valve to the atri-
oventricular junction (13). Such an
image plane, which consistently gives
good images of both the mitral valve
and the aortic valve, is difficult to
obtain in dogs (17). This implies that
the defining line used in humans can
not be used in dogs, and we therefore
defined a set of criteria (Fig. 1). This
potentially could overdiagnose MVP,
but since we found only one case of
partial prolapse among 30 control
dogs, we believe that the criteria can
be applied with a minimum risk of
false positive diagnoses. Moreover,
since the echocardiograms were eval-
uated blindly, with a high degree of
reproducibility, we believe that our
findings of MVP in the young CKCS
dogs without heart murmurs represent
true new observations.

Since MVP was almost not found in
control dogs of similar age, the obser-
vations in the young CKCS suggest a
genetic predisposition to suffer from
MVP. In humans, MVP is known to be
an autosomal dominantly-inherited
condition with age- and sex-dependant
expression (18). A similar mode of
transmission in dogs remains to be
proven, and such studies are ongoing
in our laboratory. At present, it is
unclear what reduction is to be
expected in the incidence of MVI by
reducing the incidence of MVP in a
given population.
The prognostic value of diagnosing

MVP in a young otherwise healthy
dog must await longitudinal studies,
in which the dogs are followed regu-
larly. A billowing leaflet in a young
human individual is often considered
to have a benign course, although the
follow-up studies that have been
undertaken on this issue have been
too short (19). However, the situation

TABLE Ill. Occurrence ofECG abnormalities
in 54 dogs grouped according to presence of
echocardiographic mitral valve prolapse
(MVP). An abnormal R-R interval was
defined as one being twice or more than that
of a pre- or postceding interval

Number of abnormal
R-R intervals in 60 sec

Prolapse None (%) .2 (%) >2 (%)
No MVP 26 (76) 5 (15) 3* (9)

(n = 34)a
MVP (n = 20)b 8 (40) 2 (10) 10t (50)
a Vs b: P = 0.003
*One dog in this group also had 2nd degree
A-V block
One dog in this group was included because of
atrial premature complexes, and one because
of 2nd degree A-V block. Two of the remain-
ing 8 dogs also had 2nd degree A-V block

in dogs may be different since, in gen-
eral, they are much more prone to
degenerative valvular lesions and also
to progression of these lesions (10).
The results from measurements of

the radius of the anterior mitral leaflet
in systole as an adjunct in graduating
the degree of MVP showed that there
is some overlap between normal and
partial MVP, and a great overlap
between partial and total MVP. At
present, measurements of this radius
seem not to be a valuable tool in grad-
ing MVP in dogs. However, the find-
ings of a reduced radius in dogs with
MVP seem to correlate nicely with
pathology. During the development of
CVD, the chordae and leaflets are
progressively weakened by the degen-
eration of collagen bundles, which
causes a ballooning deformity of the
valve (9).
We found a high degree of heart

rate variability in dogs with MVP. The
exact cause of the increased heart rate
variability is not known, but the obser-
vations appear to be similar to those
encountered in human studies (14,15).
Many human patients with MVP have
symptoms despite having no, or only
mild, MVI. These symptoms are
related to neuroendocrine or auto-
nomic dysfunction most often of either
a hypervagal or a mixed hypervagal/
hyperadrenergic type (15). In the pre-
sent study, the dogs were recumbent for
approximately 15 to 20 min before the
mitral valve sequences were recorded,
and most of the dogs were very relaxed
at this time. Any hyperadrenergic com-
ponent of a dysautonomia would,
therefore, be low, thus allowing the
hypervagal component to dominate

297



the ECG. A study specifically
designed to investigate ECG abnor-
malities in dogs with MVP is required
to clarify whether dysautonomia also
exists in dogs with MVP as found in
humans. Our preliminary results
appear to agree with this hypothesis.

Since pathological studies have
shown the degenerative changes in the
mitral valves to be related to age, and
since human studies have shown MVP
to be inherited, it might well be that
the high incidence of MVI found in
CKCS is due to a genetic predisposi-
tion to MVP. If so, echocardiographic
studies of this breed at an early age
might prove to be a valuable aid in
selecting dogs for future breeding. To
prove the proposed pathogenesis, how-
ever, requires longitudinal studies, and
a large number of dogs will be fol-
lowed at our small animal hospital at
regular intervals in the coming years in
order to elucidate the matter further.
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