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For this second edition of Cardionews, professor Falk (from the
Veterinary University in Copenhagen) discusses the effects of fibrosis
on the progression of canine heart failure and survival time. The article
describes how fibrosis has been an under-diagnosed pathological change
in canine congestive heart failure and one that adversely affects systolic
function, disease progression and survival time. Aldosterone has been
shown to cause fibrosis in the dog1,2 and this effect may help to explain
the dramatic benefits associated with adding the aldosterone antagonist
spironolactone as part of first-line heart failure therapy in dogs.

Introduction
It has been a general opinion among veterinarians that
arteriosclerosis (thickening and narrowing of the intramyocardial arteries) and myocardial fibrosis are of minor
significance in dogs with heart failure, and this notion is also
supported by some veterinary textbooks3. However, in early
work on heart disease in older dogs, arteriosclerosis and
fibrosis are described as common findings4-8. Their clinical
relevance had previously not been proven, but most authors
seemed to be fairly certain that the changes were of clinical
significance. In a previous study, we have also demonstrated
that arteriosclerosis and fibrosis are significantly more
common and severe in dogs with severe myxomatous mitral
valve disease (MMVD) and congestive heart failure (CHF) than
in age, sex and weight matched control dogs with no or minor
MMVD9. These changes can also affect the papillary muscles
which attach to the mitral valve (see figure 1).
Unlike in man, however, the arteriosclerotic changes in the
dog are virtually never seen in the extra-myocardial coronary
arteries. Instead, the changes occur almost exclusively in the
smaller intra-myocardial blood vessels. This explains why the
dramatic acute infarcts, resulting in a large acute myocardial
injury, that are so commonly seen in humans, very rarely
occur in dogs with heart disease

Heart from a dog with MMVD. The mitral valve is thickened with
nodular changes and the heart is dilated from volume overload.

Severe arteriosclerosis of the intra-myocardial arteries from the
papillary muscle.
Figure 1: Macro and microscopic aspects of myxomatous mitral valve disease

Material and Methods
Our hypothesis was that, although different from the
vascular pathology in humans, the changes in smaller
vessels may result in more myocardial hypoxia and
fibrosis which, over time, may impair myocardial
function and affect the progression of heart failure.

The cardiac pathology protocol involved assessing the following
parameters in a standardised fashion:

To study this hypothesis, we performed standardised
autopsies on 58 dogs that died or were euthanised because of
chronic congestive heart failure. It was a prospective study, so
all the dogs had undergone a standardised clinical examination
at regular intervals before they died. This included:

• Intra-myocardial vessel narrowing was measured in different
locations by dividing luminal area by total vessel area (lumen
area ratio - LAR)
• Myocardial fibrosis was scored at various locations according
to a 5-grade scale
• Valvular lesions were measured according to Whitney’s
5-grade scale10
• Myocardial atrophy was scored according to a 5-grade
scale

• Electrocardiography (ECG)
• Radiography
• Echocardiography

Myocardial atrophy, where myocardial fibres are below 6μm in
thickness, is the histopathological hallmark of most cases of
dilated cardiomyopathy in the dog11.

Results
23 breeds were represented (n=58). The two most common breeds studied were Cavalier King Charles Spaniels (n=19) and Dachsunds (n=10), both breeds with a known predisposition for myxomatous mitral valve disease12. The dogs in the study could be
divided into three different groups according to the degree of myocardial atrophy and myxomatous mitral valve disease (MMVD),
as shown on figure 2.

Number

Median
age at
inclusion
(yrs)

Median
weight at
inclusion
(kg)

Whitney
grade 3 - 4

47

10.3

11.6

33.2

272.8

Grade 2 - 4

Whitney
grade 2 - 4

5

7

21.6

22

332.6

Grade 2 - 4

Whitney
grade 0 - 1

6

5.6

37.7

12.5

83.6

Group

Degree of
atrophy

Degree of
MMVD

1

Grade 0 - 1

2
3

Fractional
Mean
shortening
survival time
on inclusion
(days)
(%)

Figure 2: Table to show the different groups according to the degree of myocardial atrophy and MMVD

Group 1 represents the older small breed dogs with “classic” myxomatous mitral valve disease whereas dogs within group 3 have
a poorer prognosis and, from a clinical viewpoint, would be referred to as “classic” dilated cardiomyopathy.

The association between pathological changes, systolic
function and survival
Groups 2 and 3 contain too few animals to achieve any
statistically significant data whereas for group 1, the largest
group, statistical analysis can be carried out. Within group 1,
indices of systolic function on echocardiography (fractional
shortening and ejection fraction) were significantly
associated with arteriosclerosis and fibrosis. For example,
in a multivariate analysis:

• The greater the degree of overall fibrosis, the shorter the
survival time (time elapsed from start of medication to death,
p = 0.002)
The link between the degree of arteriorsclerosis/fibrosis,
fractional shortening and mean survival time within group 1 is
highlited in figure 3.

• Vessel narrowing (LAR) and fibrosis were a strong predictor
of reduced fractional shortening (p=0.002 and p=0.0001
respectively). This association was particularly strong in dogs
with no atrophy compared to dogs with mild (Grade 1) atrophy
(p = 0.03)
Other interesting findings from this study include:
• The greater the degree of papillary muscle fibrosis, the greater
the indices of regurgitation in the mitral valve (PISA-radius
method, p = 0.03)

Degree of
arteriosclerosis/fibrosis

Severe
(LAR < 0.15)

Less severe
(LAR >0.15)

Fractional shortening (%)

22.1

37.0

Mean survival time (days)

156.1

312.8

Figure 3: Table showing the link between arteriorsclerosis/fibrosis, fractional
shortening and mean survival time

Discussion
Link between fibrosis and survival time
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An important finding is that the degree of
arteriosclerosis/fibrosis is associated with
decreased systolic function (contractility) in
dogs with congestive heart failure. This may
affect the progression of congestive heart failure and
may also be of importance when considering
the
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differential diagnosis, since, on echocardiography,
advanced arteriosclerotic/fibrotic changes may
mimic dilated cardiomyopathy. The fact that dogs
with a high degree of myocardial fibrosis had a
significantly shorter survival time, as shown in figure
4, is interesting, bearing in mind that the study was
not designed to assess survival primarily, and it is
always debatable from which starting point survival
should be measured.
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Figure 4: Graph to show the link between fibrosis score and survival time

Link between fibrosis and mitral incompetence
It is well established in humans that myocardial infarction may
cause or worsen mitral regurgitation and this is often referred to
as ischeamic mitral regurgitation (IMR). Dysfunction of the papillary
muscle caused by ventricular dilatation is believed to be a major
cofactor in IMR13,14. Since ventricular dilatation is an early change
in the development of myxomatous mitral valve disease in dogs
due to volume overload, this is probably of importance in the
pathogenesis of canine congestive heart failure as well. We have

previously demonstrated that arteriosclerosis/fibrosis is significantly
more pronounced in the papillary muscles of dogs with congestive
heart failure compared to control dogs (figure 1)9. The association
between fibrosis in the papillary muscle and the degree of mitral
incompetence (measured by the proximal isovolumetric surface
area (Pisa) method) is therefore interesting, although this method
to assess mitral incompetence does have technical limitations15.

Limits of fibrosis detection
In this study, we demonstrated vessel changes and fibrosis
in histopathology samples. How these changes could be
detected ante-mortem, in a clinical setting, is a difficult
question that will require further research. An attempt was
made in this work to measure myocardial echogenicity (density)
by pixel density, but this did not correspond to myocardial
fibrosis, probably due to technical limitations. Maybe other
imaging techniques or serum biomarkers for fibrosis will be more
successful in detecting these changes in the future. In earlier
studies, we have demonstrated that arteriosclerosis/fibrosis is
more prevalent in dogs with myxomatous mitral valve disease7,

and Detweilers hypothesis of the triad of valve changes,
arteriosclerosis and fibrosis16 seems to find some validation in
this material. It is also possible that the puzzle becomes more
complete if we add atrophy of myocardial cells as the fourth
factor in the disease process. No previous attempts have
been made to systematically measure arteriosclerosis, fibrosis,
valve changes and atrophy from pathological samples. Further
discussions about the significance of myocardial atrophy and
the continuum of different pathological changes is planned to be
discussed in a later newsletter.

Conclusion:
Canine intra-myocardial arteriosclerosis and fibrosis are probably a hithero underdiagnosed pathological change in canine congestive heart failure. There is evidence
from this study that these changes may adversely affect systolic function, disease
progression and survival time.
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