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The age specific frequencies did not change significantly when 
comparing the 3 94 dogs to the subsequent group of 596 dogs. 
The frequency of murmurs in various age groups was similar 
to those reported in Sweden and Great Britain. 

In Figure 5 we have distinguished grade I murmurs from 
the louder murmurs. Most cardiologists are reluctant to fault 
an animal that has a grade 1 murmur that may be an "innocent 
flow'' murmur. Half of the murmurs in dogs less than 4 years 
old were grade 1, and of questionable significance. Most of 
the murmurs heard in 4years and older dogs were grade 2-6. 
We did not see a sex difference in the frequency or severity 
of murmurs, which is in contrast to the opinion expressed by 
others. 

There is one more stethoscopic fmding I want to men
tion. A large number of Cavaliers had systolic clicks with or 
without a murmur. We used to think that a systolic click did 
not mean anything, but there were 100 Cavaliers (11%) with 
systolic clicks out of 904 dogs examined. This is about 25 
times more frequent than we fmd in other breeds. The fre
quency of clicks in dogs with murmurs (22%) was greater 
than in those without murmurs (6%). Some of the dogs had 
clicks for 2 or 3 years before they had murmurs. Once in a 
while the clicks go away. We are not yet ready to say that a 
dog has a bad valve because it has clicks, but it raises my level 
of suspicion. 

Now I will review the structure of the mitral valve. It is 
located between the left atrium (upper chamber) and the left 
ventricle (main pumping chamber). There are two major leaf
lets that cover about 70% of the valve opening. The remain
der of the opening is occluded by similar leaflet tissue in the 
commissural zones. 

Normal valve leaflets are quite thin, and almost trans
parent. They are attached to the papillary muscles of the left 
ventricle by small white tendons (chordae tendineae). The 
valve functions like two bam doors that shut when the ven
tricle contracts (systole). The chordae tendineae keep the 
valve from closing too far. 

. The tricuspid valve apparatus is located between the right 
atrium and right ventricle. It is basically similar to the mitral 
valve but works under lower pressure and is Jess severely af
fected by chronic valve disease. 

The pathology of mitral valve disease can be grouped 
into primary and secondary changes. Primary pathology of 
the valve includes thickening, prolapse, and elongation and 
rupture of the chordae tendineae. Valve thickening has been 
proposed a criterion of disease that could be useful in 
echocardiographic screening, but I have seen dogs with rup
tured chordae tendineae, mitral insufficiency, and congestive 
failure, that did not have very thick valves. If you see valve 
thickening, it is real. If you do not see thickening it does not 
necessarily mean it is a normal valve. 

A normal mitral valve contains two principle layers, the 
thicker fibrosa and the thinner spongiosa. The fibrosa is a 
dense coHagen layer that is continuous with the chordae 

It provides most of the strength of the valve. The 
spongiosa is a loose connective tissue layer that is relatively 
pliable and weak. It allows the opposing valve edges to adapt 
to each other and form a tight seal. In chronically diseased 

canine valves the fibrous layer is thin and its collagen fibers 
are dispersed and separated by increased amounts of spon
giosa-like material. This process is called myxomatous trans
formation. It causes variable amount of thickening, initially 
at the points of insertion of the chordae tendineae and later 
through the valve. The myxomatous change weakens the valve 
and allows portions of it to bulge upward toward the left atrium 
giving the valve a knobby appearance. Lengthening or stretch
ing of the chordae tendineae also occurs and allows further 
upward bulging (prolapse) of the valve leaflet. Often one or 
more of the chordae tendineae break and cause the tip of the 
leaflet to flip upward resulting in worsening of the valve leak. 

Secondary pathology of mitral valve disease includes 
cardiac dilatation and hypertrophy, left atrial jet lesions and 
left atrial rupture. As a consequence of a leaky mitral valve, 
an excessive amount of blood goes back and forth between 
the left ventricle and left atrium, causing both chambers to 
enlarge (dilate). The enlargement puts greater tension on the 
walls of these chambers and the heart muscle gets thicker (hy
pertrophy) in order to compensate for the increased workload. 
The area where the valve attaches (the annulus) also may di
late and this will increase the severity of the valve .leak. 

"Jet lesions" are raised white fibrous on the en
docardium of the left atrium that result from regurgitant jets 
of blood striking the endocardium each time the heart con
tracts. The repeated trauma tg the left atrium also can lead to 
myocardial damage and arrhythmias that, coupled with a rise 
in atrial pressure, results in atrial enlargement and rupture in 
some cases. In a significant number of Cavaliers, more so 
than in other breeds, the left atrium ruptures in one or more 
places. This rupture may ·extend through part of the thickness 
of the atrial wall, or it may completely penetrate and bleed 
into the pericardia) sac, causing cardiac tamponade and car
diac arrest. This is a unique complication that does not occur 
in other species, including humans. It suggests that there is a 
specific weakness of the atrial wall that occurs in dogs, par- · 
ticularly in Cavaliers. 

I want to describe a radiographic method that we use for 
evaluating heart size. We call it the vertebral heart size (VHS). 
On a lateral radiograph we place over the heart a piece of pa
per, with one comer ofthe paper at the lower edge of the tra
chea. The length of the heart (long axis), from the base of the 
atrium to the tip of the apex, is marked on the paper. We then 
turn the paper, place the same comer on the front edge of the 
heart and mark the width of the heart (short axis). the paper 
comer is then placed at the front of the 4111 thoracic vertebra. 
and the lengths of the long and short axes are recorded as the 
number of vertebrae between the comer and the marked axes. 
The VHS is the sum of the two measurements. A heart that 
measures 5.8 vertebrae in the long axis and 4.4 vertebrae in 
the short axis would be designated as having a VHS of l0.2v. 

In 100 normal dogs the average VHS was 9.7v, with a 
range of 8.5 to 10.6v. In 12 Cavaliers without heart disease 
the average VHS was 9.9, with a range of8.8 to 10.8v. That is 
slightly larger than other breeds, but the difference is not sig
nificant. 

I think any heart measuring over 11 v is beginning to en
large. We also use this system to monitor progressive en-
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largement. An example is Cavalier that came in at 6 years of 
age with a grade 3 systolic murmur and a 1 0.5v heart. When it 
came back six months later, his heart had increased to 11.7v, 
and the left atrium was prominent. Six months later the heart 
measured 13 .3 v, and both the atrium and ventricle were quite 
large. Two months after that he had a huge 13 .6v heart. At this 
point the dog was only 7 years old. Our radiologists now rou
tinely write the VHS in their reports. Any one who receives a 
report of a 9.5y heart will know that the heart is not enlarged. 
But if the VHS is 12 or 13v there is cardiac enlargement. 

The Cavaliers have been an interesting group for us to 
look at, but we would like very much to look at them because 
they are nice dogs, rather than just being heart disease cases. 
Thank you. 

Dr. Beardow: 
Thank you, Dr. Buchanan. Our next speaker is Dr. Luis 

Fuentes, who is going to present studies from the U.K. and 
the U.K. approach to tackling this disease. 

Dr. Luis Fuentes: 
Thank you very much. I am here to represent the British 

perspective, even though I am now working in Missouri. Be
fore I moved to Missouri I was in Edinburgh for seven years, 
working with Dr. Darke. Any British veterinarian, never mind 
British cardiologists, is going to be very familiar with mitral 
valve disease in Cavaliers. Cavaliers are very popular dogs in 
the U.K. They have the same problem with mitral valve dis
ease that they have in other parts of the world. 

First a quick look at mitral valve disease, summing up 
what doctors Beardow and Buchanan have presented. We have 
a thickening of the mitral valve leaflets. The valve becomes 
leaky. When the heart contracts, some blood goes the way it 
supposed to do into the aorta, but some will also go back into 
the left atrium (Fig 2). This is mitral regurgitation that cre
ates increased pressure and distention of the atrium. Blood 
from the lungs, that normally empties into the atrium, will 
back up into the blood vessels in the lungs. Mitral regurgita
tion through a knobby damaged valve is a turbulent blood flow, 
and this creates the sound that we hear on auscultation as a 
murmur. With normal smooth valves, all we hear is the clos
ing SOUnd. 

When you study serial x-rays of a Cavalier with fairly 
severe mitral valve disease, you can see the heart enlarging 
over time. Later you may see the effects of the blood backing 
up into the lungs, pulmonary edema. This may also happen 
suddenly. That is a sign of a ruptured chorda tendinea, the 
valve strut. The valve has now lost its support, and there is 
sudden catastrophic mitral regurgitation. The pressure in the 
left atrium goes up very rapidly, and fluid fills the lungs. The 
dog will cough up pink frothy pulmonary fluid, and death may 
ensue very rapidly. 

Mitral valve disease in Cavaliers has been known for 
some years in Britain. Dr. Darke and his colleagues in 
Edinburgh did an early study of over 16,000 dogs. There were 
250 Cavaliers and, of those, 45 had mitral valve disease. This 
singled the Cavalier out as the one breed that had a specifi
cally high prevalence of the disease when compared to other 
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breeds. At one of our first shows Dr. Darke did a survey of 
the prevalence of murmurs in Cavaliers in different age groups 
(Figure 6). There was quite a high prevalence of murmurs in 
the 2, 3 and 4 year old dogs; in 5 year old dogs over 50% had 
murmurs; by the time they got to 11, 12 and 13, all of them had 
murmurs. 

This was alarming news. The Cavalier King Charles 
Spaniel Club [U.K] (Cavalier Club)thought some action should 
be taken, and rightly so. It was decided that a study was to be 
undertaken based on annual testing carried out by the dog 
owner's own veterinarian. Forms were designed and distrib
uted to owners. The owner was to keep one copy of the com
pleted form, and submit one to the Cavalier Club where the 
information would be collated. The only advice given regard
ing breeding at this time was to only breed from "as old as 
possible, murmur free dogs". Things did not run smoothly. 
People became disillusioned, because they would have the 
dogs tested and send in the forms, they were seeing no· results 
of the data and they did not know how to interpret their test 
results. One problem was that different vets interpreted their 
fmdings differently. If you wanted a dog to be murmur-free, 
you could go to the old guy up the road whose hearing was a 
bit dodgy, and you might get a clear certificate. The other 
problem was that it was up to the owners to send in the forms. 
If they did not want to send in the forms, we did not get any 
results. The database was cumbersome and. unwieldy, and it . 
was difficult to get any useful an~Jysis out of the data. It was 
difficult to know what to do with the results and to make a 
sensible interpretation. If you were a breeder and had your 
animals tested, what did the results mean? What did it mean if 
you had a promising young bitch, 3 years old, no murmur- do 
you breed her this year? - do you wait another year? - do you 
wait two more years to see if you can get the best possible 
result and wait and see what happens? Meanwhile, she might 
develop a murmur, and then you would be kicking yourself 
that you did not breed her. 

A few years ago there was another big push to try to do 
something about the scheme: We now had access to the ex
cellent new Swedish studies that had been done, and that made 
a big difference. The Cavalier Club appointed a new subcom
mittee charged with establishing a workable protocol. A new 
database has been set up together with the British Kennel Club 
(Kennel Club). All results are being combined with the pedi
gree database of the Kennel Club, and we now are able to ac
cumulate information on several generations of affected dogs. 
The information is confidential. The Kennel Club does not 
know the results of the testing, but the Cavalier Club has ac
cess to the results and can extract useful information. 

Another new step was that we started publishing a list of 
Cavaliers who are murmur-free at age 5 or older. The infor
mation includes the dog's name and sex, dam and sire,-date of 
birth, and the last date tested and found murmur-free. This 
list is distributed to all Cavalier Club members. Breeders 
can know which stud dogs or brood bitches have been tested 
and found murmur free. There is an added incentive in the 
public knowledge of murmur-free dogs: KUDOS to the owner 
and breeder! It is probably important that this booklet con
tains not just the dogs that are 5 years or older and murmur-
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