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System examination
The initial examination of the cardiovascular system should be done in-situ on
opening the thoracic cavity, to evaluate abnormalities of size and position. The four
major areas for gross examination include the pericardium, myocardium, mural and
valvular endocardium and the great vessels.

Figure 1
With the left side of the thorax removed evaluate the cardiovascular system in situ.
Open the pericardial sac and evaluate pericardial fluid (asterisk) – colour, volume,
plus protein, SG, cytology and microbiology analysis where indicated. In addition
examine the epicardium and coronary vessels (diamond) (Figure 1).

Figure 2
Remove the heart from the pluck by transecting through the major vessels (aorta,
pulmonary artery) at the base of the heart proximal to the brachycephalic trunk. By
suspending the lungs from the heart (Figure 2), the gravitational weight of the lungs
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exposes the major vessels which can then be easily trimmed away from the base of
the heart.

Figure 3
Place the heart under running water and wash out blood from the chambers through
the stumps of the major vessels (Figure 3). Gently massage the heart, with water
flowing into atria and ventricles, to loosen and remove any blood clots. When all the
chamber blood has been removed, the heart is dried and then weighed (Figure 4). The
heart weight : body weight ratio is then calculated as a percentage and this gives an
estimation of relative heart size.

Figure 4
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Animal Species (Mature Adults)
Canine
Feline
Equine
Bovine
Ovine
Caprine
Porcine

Heart weight: Body weight ratio (%)
Mean
Range
0.71
0.43-0.99
0.58
0.28-0.88
0.69
0.41-0.97
0.48
0.30-0.66
0.41
0.17-0.65
0.46
0.26-0.66
0.40
0.32-0.48

Figure 5
The heart is then dissected for gross examination. From the stump of the caudal vena
cava cut into the right atrium with scissors and extend the cut cranially along the base
of the right atrium (black line). Reflect the outer wall of the atrium and examine the
endocardial surface and right atrioventricular valves at the entrance to the right
ventricle (Figure 5).

Figure 6
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Cut through the lateral wall of the right ventricle form the coronary sinus and extend
the incision through the apex to the base of the pulmonary artery (black line). Examine
the atrioventricular valves, chordae tendinae and papillary muscles (Figure 6).

Figure 7
Starting at the apex of the heart, cut through the free left ventricular wall into the left
atrium. Examine the endocardium, atrioventricular (mitral) valves, chordae tendinae
and papillary muscles. This approach demonstrated in Figure 7 is from a case of a
ruptured AV valve in a dog.

Figure 8
Then extend the incision up into the aorta lumen to examine the aortic valves and
endarterial aspect of the aorta (Figure 8), which demonstrates aortic endarteritis in a
dog with migrating Spirocerca lupi larvae.
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Rigor mortis begins earlier in the myocardial musculature than skeletal muscle and is
more outspoken in the powerful left ventricle compared to right ventricle. Rigor
should completely express blood from the left ventricle while rigor of the right
ventricle is usually less efficient with incomplete emptying.

Figure 9
The presence of blood in the right ventricle is normal and present in this case of
hypertrophic cardiomyopathy in a Jack Russel Terrier (Figure 9).

Figure 10

Figure 11

If clotted blood is observed in the left ventricle this is indicative of incomplete rigor
and suggestive of possible severe myocardial degeneration. The example in Figure 10
is from a case of heartwater in a goat, while Figure 11 is from a bovine with a toxic
cardiomyopathy.
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Figure 12
Examine the endocardial aspect of the heart for any evidence of atrial or ventricular
septal defects. Above is a large ventricular septal defect in a neonatal calf (Figure
12).

Figure 13
The standard block selections for histopathological examination include
 Block 1 – AV node which is located sub-endocardially on the right side of the
interatrial septum, just cranial to the coronary sinus.
 Block 2 – tissue slice no thicker than 1 cm including the interventricular
septum and papillary muscle of the left ventricle.
 Block 3 – right ventricular wall including endocardium, myocardium and
pericardium (subendocardial fibrosis of the right ventricle evident - arrows).
 In the bovine the apex of the heart would be considered block 4 and minimum
representative sample for histopathology in this species.
The minimum representative sample to take for histopathology would be block 2.
This area of the ventricular papillary muscle is one of the most susceptible to damage
and most representative in cases of generalized heart disease.
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Figure 14
Examine the major vessels (aorta, pulmonary artery, coronary arteries) including the
aortic and pulmonary artery semi-lunar valves and brachycephalic trunk for any
evidence of abnormalities. In this example in Figure 14 from a cat there has been
transposition of the aorta which is arising from the right ventricle.

Figure 15
Open and examine the end-arterial surface of the major vessels and extend the
examination to include the thoracic and abdominal aorta and its major branches
(mesenterics, iliacs etc). Figure 15 above is of a saddle thrombus in the distal aorta of
a cat at the iliac bifurcation, which is a common site for thrombosis in this species and
frequently an indicator for underlying cardiomyopathy in the cat. In equines it is
important to examine the cranial mesenteric artery and its branches as this is the prime
site for Strongyle associated verminous arteritis with thrombosis and associated
ischemic necrosis of the intestine.
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Gross Examination of the Heart for Suspected Cardiomyopathy
When examining the heart for suspected cardiomyopathy the approach to the
dissection is somewhat different to the general approach above. There are two
different approaches which can be employed.
1. Longitudinal - Transect the heart from the apex to the base in cranio-caudal
orientation (longitudinal section) (Figures 16 and 17)

Figure 16

Figure 17

For longitudinal sections of the heart: The IVS is measured in the area of maximal
thickening approximately one third to one half the distance between the aortic valve
and left ventricular apex. The posterior left ventricular free wall is measured directly
behind the midpoint of the posterior mitral valve leaflet and at the level of the inferior
extent of the mitral leaflets. This allows for evaluation of disproportional thickening
of the IVS. The right ventricular wall is measured near the tricuspid valve annulus
(Figure 18).

Figure 18
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The longitudinal section measurements of the heart are designed to evaluate
disproportionate thickening of ventricular walls.
IVS thickness : Free Left ventricular wall thickness ratio >1.1 in dogs is a
diagnostic criterion for disproportional thickening of the IVS (hypertrophic
cardiomyopathy).
2. Transverse - Cut through the ventricles about half way between base and
apex (transverse section) (Figure 19).

Figure 19
For transverse sections of the ventricles: ventricular thickness ratios are calculated
from thickness measurements of the ventricles (left and right) and interventricular
septum at a level half way between base and apex (Figure 20).

Figure 20
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These transverse ventricular thickness ratios can be used to refine the severity of the
ventricular wall hypertrophy. Reference ratios in canines are as follows
(Left ventricle + IVS) ÷ Right ventricle = 3.26 ± 2.76 = target ratio.
Right ventricle ÷ (LV + IVS) = 0.31 ± 0.26 = target ratio.

Figure 21
The ventricular wall thickness : ventricular chamber diameter ratio expressed as a
percentage, is a ratio used to assess possible chamber dilatation and eccentric
ventricular wall hypertrophy, which are common features of dilated cardiomyopathy
(Figure 21). Ratio’s <25% imply probable chamber dilatation and this alerts the
pathologist to be especially vigilant to search for histological evidence of chamber
dilatation and dilated cardiomyopathy.
All of these ventricular wall thickness ratios in conjunction with the heart weight:
body weight ratio and myocardial histopathology are used to classify the type of
cardiomyopathy (hypertrophic vs dilated) present.
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Hypertrophic Cardiomyopathy of Cats
Hypertrophic cardiomyopathy (HCM) is the most common heart disease in cats.
Causative mutations have been identified in the Maine Coon (MC) and Ragdoll breed
in the cardiac myosin binding protein C gene (MYBPC3). HCM is thought to be
inherited in other breeds, but the mutation has not yet been identified.

Figure 22
Gross Cardiac Morphometric Parameters for Adult Cats

Heart weight:
Free Left Ventricular wall thickness:
Interventricular septum (IVS) thickness:

Normal
<17g
4.1mm +/- 0.7
4.5mm +/- 0.8

Hypertrophic CM
>17g
6.4mm +/- 2.1
6.2mm +/- 1.2

Ventricular thickness ratio: (LV + IVS) ÷ RV = 3.45 (Range 2.94-4.17)
Reference Ventricular Thickness Ratio’s for Other Species
Animal Species (Mature Adult)
Equine
Bovine
Ovine
Caprine
Porcine

(LV + IVS) ÷ RV
Mean
Range
3.12
2.43-4.34
2.78
2.43-4.00
3.33
2.63-4.54
3.12
2.50-4.17
2.94
2.38-3.84
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Once all the ventricular thickness ratios have been measured it is important to dissect
out the left ventricle plus interventricular septum tissue followed by the right ventricle
tissue. This is achieved by dissecting off the atria and major vessels along the atrial
ventricular junction (Figures 23 and 24). The ratio of the left ventricle plus septum
divided by the weight of the right ventricle (LV+IVS) ÷ RV ratio provides far more
valid information about ventricular hypertrophy than does the ventricular wall
thickness measurement.

Figure 23

Figure 24

Reference Ventricular Weight Ratios - Assessment of Ventricular Hypertrophy
Species
Canine
Feline
Equine
Bovine
Caprine
Ovine
Porcine

(LV + IVS) ÷ RV Weight Ratio
Mean
Range
3.26
2.39-5.12
3.45
2.94-4.17
3.12
2.42-4.34
2.78
2.43-4.00
3.12
2.50-4.17
3.33
2.63-4.54
2.94
2.38-3.84

In general
 (LV+IVS) ÷ RV weight ratio > 4.0 indicates left ventricular hypertrophy.
 (LV+IVS) ÷ RV weight ratio < 2.8 indicates right ventricular hypertrophy.
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Sample Collection for Suspected Cardiomyopathy
Histopathology

Figure 25
Tissue blocks of the full thickness of myocardium are taken at the following sites
 Inter-ventricular septum in the area of maximal thickening approximately one
third to one half the distance between the aortic valve and left ventricular
apex.
 Posterior left ventricular wall approximately one half the distance between the
mitral valve annulus and left ventricular apex (including papillary muscle as
this is consistently involved with diffuse myocardial disease).
 Free right ventricular wall at the level of the tricuspid annulus.
 Junction of the inter-atrial and inter-ventricular septums (conduction system).
Each individual biopsy block should not exceed 1cm in thickness to ensure good
formalin penetration. Tissue blocks should include epicardium, myocardium and
endocardium.

Figure 26
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Place biopsies in 10% buffered formalin (Figure 26). Ensure that there is adequate
formalin for good fixation. Guide = 1 part tissue to 9 parts formalin.

Microbiology (Bacterial / Fungal culture, Virus Isolation, PCR)

Figure 27
In pericarditis exudates are collected either with sterile swabs, fresh tissue biopsies or
by aspirating into a sterile syringe. Material collected should be set-up on both
aerobic and anaerobic bacterial culture and cytology performed. Any evidence of
fungal elements on cytology warrants implementation of fungal culture. PCR can be
run on either aseptically aspirated exudates, fresh tissue biopsies or tissue swabs.
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Figure 28
Valvular endocarditis (Figure 28): valves and exudates aseptically dissected out and
placed in a sterile container for bacterial culture.
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