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Primary Myocardial Disease in the Cat

A Modelfor Human Cardiomyopathy
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Peter F. Lord, MRCVS

Thirty-four cats with primary myocardial disease were studied. The cats were divided
into two groups, depending on the clinical, hemodynamic, angiocardiographic, and
pathologic findings. Group A consisted of those cats with hypertrophic cardiomyopathy
and Group B consisted of those cats with congestive cardiomyopathy. Similarity in the
characteristics of cardiomyopathy in the human and cat was found. Both Group A and
Group B consisted predominantly of mature adult male cats. The most common pre-
senting signs were dyspnea and/or thromboembolism, systolic murmurs with gallop
rhythms on auscultation, cardiomegaly with (Group A) or without (Group B) pul-
monary edema, abnormal electrocardiograms, elevated left ventricular end diastolic
pressures, and angiocardiographic evidence of mitral regurgitation with left ventricular
concentric hypertrophy (Group A) or left ventricular dilatation (Group B). Some cats in
Group A also had evidence of left ventricular outflow obstruction. The principal
pathologic findings in these cats were left atrial dilatation, symmetric hypertrophy or
asymmetric septal hypertrophy of the left ventricle (Group A), and dilatation of the
four cardiac chambers (Group B). Aortic thromboembolism was commonly observed in
both groups. These clinical and pathologic findings indicate that cardiomyopathy in the
cat is similar to the two most common forms of cardiomyopathy in the human (hy-
pertrophic cardiomyopathy, with and without obstruction, and congestive cardiomy-
opathy). (Am J Pathol 86:493-522, 1977)

PRIMARY MYOCARDIAL DISEASE iS the term used to describe an
abnormality in the heart muscle rather than in the valves or some other
part of the heart. Primary myocardial disease in man has been reviewed in
numerous publications.1-12

Hurst in 1974 classified myocardial disease into five subgroups:18 a)
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myocarditis, b) congestive cardiomyopathy, c) idiopathic concentric hy-
pertrophy (hypertrophic cardiomyopathy without obstruction,), d) ob-
structive cardiomyopathy (idiopathic hypertrophic subaortic stenosis,
IHSS)," (hypertrophic obstructive cardiomyopathy, HOCM),"6 (asym-
metric septal hypertrophy, ASH),16'17 e) restrictive cardiomyopathy. He
felt that the two subgroups, concentric hypertrophy without obstruction
and obstructive cardiomyopathy, could be the same disease and were
differentiated only by a "function of duration."'3

Cardiomyopathy in the cat had previously been considered only in
association with aortic thromboembolism.18-20 The term thromboembol-
ism has been used to describe the commonly found antemortem clots
observed in the terminal aorta of cardiomyopathic cats. The etiology and
pathogenesis of these lesions remain unknown.
The lesions of cardiomyopathy in 218 consecutive cats at necropsy were

reviewed by Liu in 1974 21 and classified into three groups based on
pathology: a) endomyocarditis, in 17 of 218 cats; b) endomyocardial
fibrosis, left ventricular hypertrophy, and atrial hypertrophy in 148 of 218
cats (hypertrophic cardiomyopathy); and c) myocardial fibrosis, bivent-
ricular dilatation and atrial dilatation in 53 of 218 cats (congestive car-
diomyopathy).2' Aortic thromboembolism occurred in all three groups,
with a higher prevalence in the hypertrophic and congestive forms.
Thromboembolism was present at necropsy in 96 of 218 affected cats
(44%).
The clinical, electrocardiographic, and radiographic manifestations of

cardiomyopathy in cats have recently been described.22-29 Angiocardio-
graphic and hemodynamic studies were performed on 14 of 61 cats.26
Twelve of the 14 cats had a thick left ventricular wall and small end
systolic volume due to concentric muscle hypertrophy (hypertrophic
form), while the 2 remaining cats had normal left ventricular wall thick-
ness with an enlarged chamber (congestive form).

It is the purpose of this report to review the clinical, hemodynamic,
angiocardiographic, and pathologic findings in a group of cats with
primary myocardial disease and to firmly establish the syndromes of
spontaneous feline hypertrophic cardiomyopathy and spontaneous feline
congestive cardiomyopathy.
Materials and Methods

Thirty-four cats with primary myocardial disease were studied. These animals were
selected from 358 cases of cardiomyopathy at necropsy based on our requirement of
having at least a physical examination, electrocardiography, radiography, and/or angio-
cardiographic hemodynamic studies. These cases were considered to be typical examples
of the disease entity. The lesions of cardiomyopathy in the other 324 cats at necropsy were
classified according to the review by Liu.2' There were 28 males and 6 females in this
study. The age range of the cats varied from 8 months to 13 years, with a mean age of 5.5
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years. Cats were of the following breeds: domestic shorthair (28), Siamese (4), and Persian
(2).
The criteria used by Fowler for the clinical diagnosis of human myocardial disease have

been modified and were applied to these cats:80 1) cardiomegaly due to left ventricular or
biventricular enlargement with/without cardiac decompensation, 2) presence of an abnor-
mal electrocardiogram, 3) presence of a third or fourth sound gallop rhythm or both, 4)
absence of primary valvular heart disease (acquired or congenital), and 5) absence of
sufficient pulmonary dysfunction to cause cor pulmonale. Criteria 1, 4, and 5 were
considered essential, while criteria 2 and 3 were not considered essential in the diagnosis.
A chemistry profile (SMA 12/60 Autoanalyzer, Technicon Instrument Corp., Tarry-

town, N. Y.) and complete blood count were done on each cat. Phonocardiographic studies
were done on only 17 of the 34 cats because of the inability to control the behavior of some
cats during the procedure. Phonocardiograms were obtained with a microphone (Electron-
ics for Medicine, Model PSA) and were routinely recorded (Model DR-8) over the cardiac
base and cardiac apex along the left thorax. The output was filtered through a heart-sound
amplifier (Electronics for Medicine, Model TPD), and the appropriate filters used were
low, medium, and high. Hemodynamic and angiocardiographic studies were done on only
19 of 34 cats because of the clinical condition of the cats.

Electrocardiograms were done with all cats in right lateral recumbency using standard
bipolar (I, II, III) and augmented unipolar (aVR, aVL, aVF) limb leads. The techniques
and normal standard values for electrocardiography and phonocardiography have been
previously described.","-" Normal standard values for the precordial leads have not been
established in the cat. Normal electrocardiographic standard values for the cat are pres-
ently being studied in our laboratory."

Thoracic radiographs were taken with the cat in both left lateral and dorsoventral
positions. The cardiac silhouette was evaluated for cardiac chamber enlargement in both
views.8"

Cardiac catheterization and angiocardiography were done under a light plane of anes-
thesia with sodium thiamylal and maintained with halothane, nitrous oxide, and oxygen.
Cardiac catheters were introduced into the left and right ventricle through a carotid artery
and jugular vein cutdown under image intensification fluoroscopy. Left ventricular and
aortic pressures were recorded on a recorder (Electronics for Medicine) utilizing a Statham
P23Db strain gauge. Left ventriculograms were taken using an Elema-Schonander roll
film changer at a rate of 6 frames/sec. Water-soluble contrast medium (3 to 5 ml of
Hypaque M-75) was rapidly injected by hand into the left or right ventricle.

At necropsy, the organs of all affected cats were weighed and carefully examined.
Length and body weight of the cat were recorded. The heart, aorta, and major arteries
were opened and examined carefully. The right ventricle was opened by extending an
incision from the pulmonary trunk through the pulmonic valve to the apex of the right
ventricle. The left ventricle was opened from the apex up through the aortic valve. The
thickness of the left ventricular free wall behind the lateral leaflet of the mitral valve, the
thickness of the interventricular septum midway between aortic valve and apex, and the
circumferences of the valve rings were measured.28
Normal examples are illustrated in the text for the standard and unipolar leads of an

electrocardiogram, dorsoventral projection of a thoracic radiograph, left ventricular pres-
sure tracing, left ventricular angiogram in systole and diastole, and the left ventricle at
necropsy.
The entire heart and tissue of other organs were fixed in neutral 10% formalin. The heart

sections included a longitudinal section of the septum and aortic valve, a portion of the
aorta, and left ventricular free wall with papillary muscle, a lateral leaflet of the mitral
valve and the left atrium, and a right ventricular free wall with lateral leaflet of the
tricuspid valve and atrium.
The cats were divided into two groups by the clinical, hemodynamic, angiocardio-

graphic, and pathologic findings as previously described. Group A included 27 cats with
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Table 1-Clinical and Radiographic Findings in 34 Cats With Cardiomyopathy

Group A Group B

Cases
Number 27 7
Male/female 23/4 5/2
Youngest (mons) 8 24
Oldest (yrs) 13 1 1
Average age (yrs) 5.15 5.85

Symptoms
Dyspnea 21 5
Thromboembollsm 14 2
Anorexia 9 3

Physical examination*
Systolic murmur 9 2
S3+ 3/13 3/4
S4+ 11/13 2/4

Chest radiographs
Cardiomegaly 27 7
Pulmonary edema 18 0
Pleural effusion 5 4
* Thirteen phonocardiograms were done in Group A and 4 phonocardiograms were done

in Group B.
+ Two cats, 1 from each group, had an S3-S4.

hypertrophic cardiomyopathy, while Group B included 7 cats with congestive cardiomy-
opathy. The data on these cats are summarized in Tables 1 to 5.

Results
Age and Sex

The 34 cats examined ranged in age from 8 months to 13 years. There
were 28 males and 6 females. The cats in Group A ranged in age from 8
months to 13 years (mean, 5.15 years). The cats in Group B ranged in age
from 2 years to 11 years (mean, 5.85 years).
Symptomatology
The most frequent signs on presentation were recorded in all cats. One

cat from Group B was asymptomatic. Dyspnea was the most common sign
occurring in 21 of 27 cats in Group A and 5 of 7 cats in Group B. The
nonspecific sign of anorexia was found in 9 of 27 cats in Group A and 3 of 7
cats in Group B. Thromboembolism was the second most common sign in
Group A, with 14 of 27 cats affected. Thromboemboli were found in 2 of 7
cats in Group B. The aortic bifurcation was the most common site for
thromboemboli, with accompanying acute onset of posterior paralysis.
absence of femoral pulses, and coldness of extremities. One cat had sign:
of a thromboembolus to the foreleg.
Physical Examination

Auscultation proved to be a most valuable tool in diagnosing primary
myocardial disease. Nine of the 27 cats in Group A and 2 of the 7 cats in
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Group B had systolic murmurs (Text-figure IA). The systolic murmur was
sometimes short in duration and most prominent during mid-systole. A
low intensity systolic murmur was the most common finding (Text-figure
IA). A fourth heart sound was recorded in 11 of 13 cats in Group A and 2
of 4 cats in Group B (Text-figure IA). A third heart sound was recorded in
three of 13 cats in Group A (Text-figure iB). A summation gallop was
recorded in 2 cats, 1 cat from Group A, and 1 cat from Group B (Text-
figure 1C).

Cardiographic Findings

Table 2 and Text-figure 2 depict the initial electrocardiographic findings
in the 34 cats. Electrocardiography was done in 34 cats, and abnormal
findings were found in 20 cats in Group A and 5 cats in Group B. The
mean QRS axis was normal (30 to 1000) in 17 of 27 cats in Group A and
in all 7 cats in Group B. The electrocardiogram of 6 cats in Group A
showed a left axis deviation, while in 4 cats there was a right axis
deviation. Conduction disturbances occurred in only 8 of 27 cats in Group
A. Electrocardiograms of 4 cats had severe left axis deviation with a qR in
I, aVL, and S in II, III, and aVF, thus establishing a diagnosis of left
anterior hemiblock or an anterolateral myocardial infarction (Text-figure
2c).86 In Group A there was 1 cat with a left bundle branch block, 1 cat
with Wolff-Parkinson-White syndrome, 1 cat with atrioventricular dis-
sociation, and 1 cat with second degree atrioventricular block.86 Cardiac
rhythm disturbances were recorded in 9 of 27 cats in Group A and in 2 of 7
cats in Group B (Text-figure 2b). Nine cats had ventricular premature
contractions, 2 cats had atrial fibrillation, 2 cats had atrial tachyeardia, and
1 cat had ventricular tachycardia. Abnormalities in QRS duration and
deflections were recorded (Text-figures 2c and 3).

Table 2-Initial Electrocardiographic Findings in 34 Cats With Cardiomyopathy

Group A Group B
Cases

Total number 27 7
Normal 7 2
Abnormal 20 5

Conduction disturbances 8* 0
Rhythm disturbances 9 2

Ventricular premature contractions 8 1
Atrial fibrillation 2 0
Atrial tachycardia 1 1
Ventricular tachycardia 1 0
* Four with left anterior hemiblock, 1 with left bundle branch block, 1 with Wolff-Parkinson-

White syndrome, 1 with atrioventricular dissociation, 1 with second degree atrioventricular block.
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TEXT-FIGURE 1-The heart sound tracings in fe-
line cardiomyopathy (paper speed = 100
mm/sec). A-A systolic murmur (1) and a gallop
rhythm illustrated. B-Cat with a ventricular gal-
lop and atrial fibrillation. Note fixed time relation of
gallop (3) to the second sound (2). Necropsy con-
firmed hypertrophic cardiomyopathy. C-Loud
summation gallop (SG) in a cat with congestive car-
diomyopathy. The heart rate was subsequently
slowed to the point that two discrete sounds appeared
as a third and fourth heart sound.
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TEXT-FIGURE 3-Left
ventricular pressure trac-
ings (Paper speed = 100
mm/sec; tracings have
been retouched). A-A
normal tracing from a nor-
mal 2-year-old domestic
shorthaired cat. The end
diastolic pressure (EDP) is
less than 5 mm Hg. (Re-
printed from Lord et al.26
by permission of the pub-
lisher)

Thoracic Radiography

Gross cardiomegaly was present in all cats. The dorsoventral projection
was found to be the best for detecting left atrial enlargement, where the
right ventricle and left atrium projected slightly beyond the normal heart
silhouette, giving the appearance of a "valentine-shaped" heart (Figure
1B); the normal is illustrated in Figure 1A.

This valentine shape of the heart was found to be associated with
hypertrophic cardiomyopathy (the condition found in cats of Group A),
while overall enlargement of all chambers was found to be associated with
congestive cardiomyopathy (condition found in cats of Group B) (Figure
IC). Pulmonary edema was identified by a generalized or partly alveolar
type fluffy density in 18 of 27 cats in Group A and was considered to be a
sign of left-sided heart failure. Pulmonary edema was not found in any
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cats in Group B. In contrast, 4 of 7 cats in Group B and 5 of 27 cats in
Group A had pleural effusion which was considered a sign of right-sided
heart failure.
Hemodynamic Studies

Left ventricular systolic and end diastolic pressures were compared
with normal values (Table 3). In Group A, the mean systolic pressures
remained within normal limits (85 to 135 mm Hg), although the range
was greater than normal (90 to 160 mm Hg). In Group B, the mean
systolic pressure (94 mm Hg) was in the lower end of normal range. The
end diastolic pressure was consistently high in all cats (the mean pressure
was 28.7 mm Hg in Group A and 30 mm Hg in Group B), being more than
six times the normal pressure of 4.5 mm Hg. The left ventricular pressure
tracing was characteristic for each group."7 Group A pressure tracings
often revealed a prominent transmitted a wave and an elevated end
diastolic pressure (Text-figure 3B); compare to the normal (Text-figure
3A).
The left ventricular pressure tracings from cats in Group B revealed an

elevation of end diastolic pressure with elevation of both the peak systolic
Table 3-Intracardiac Pressure Measurements and Angiocardiographic Data From 19 Cats
With Cardiomyopathy

Left ventricular Left ventricular Mitral Aortic
systolic pressure diastolic pressure insuffi- thrombo-

(mm Hg) (mm Hg) ciency embolism
Normal range* 95-135 3-12
Group A

1 90 23 + +
2 160 20 - +
3 105 40 + -
4 155 30 + +
5 110 32 + +
6 110 22 + -
7 160-100t 40 + -
8 140 25 + -
9 140 10 + +

10 145 35 + +
11 110 25 + -
12 115 25 + +
13 100 40 + -
14 120 35 + +
Mean 125 28.7

Group B
1 100 15 + -
2 75 35 + -
3 80 20 + -
4 115 40 + -

5 100 40 + +
Mean 94 30
* Derived from 6 normal cats stuaied in this laboratory.
t Midventricular gradient.



502 TILLEY ET AL. American Journal
of Pathology

100 l A/\ TEXT-FIGURE 3B- rac-

ing from an 8-year-old do-
mestic shorthaired cat with

CD acute dyspnea. Systolic pres-
sure is normal, but the EDP
is increased to 40 mm Hg

E with a prominent a wave.
E Hypertrophic cardiomy-

opathy was found at ne-
cropsy (same cat as in Fig-

Lii ure 4). (Reprinted from Lord
of 50- ; et al." by permission of the
:D5 publisher)
U)

EDPCL ~~~~~EDP

0.2
sec

and diastolic pressure tracing (Text-figure 3C). Two cats in Group B had
left ventricular pressure tracings that represented pulsus alternans (Text-
figure 3C).

In 1 cat of Group A, a midventricular systolic gradient of 160 to 100 mm
Hg was recorded (Text-figure 3D). When the catheter was withdrawn to a
portion above the aortic valve, no further pressure gradients were re-
corded. Isoproterenol in this cat and in 3 other cats with hypertrophic
cardiomyopathy caused a marked rise in the end diastolic pressure (Text-
figure 3A), as well as intensification of the systolic gradient.
Angiocardiographic Studies

In all 14 cats of Group A subjected to angiocardiography, a smaller than
normal left ventricular end systolic volume was seen (Figures 3-5). Mus-
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cular hypertrophy around the body of the ventricle appeared to be greater
than that at the apex. Encroachment by a greatly hypertrophied ventricu-
lar septum upon the midportion of the ventricular cavity was found in
some cats (Figures 3-5). In 1 cat, muscular hypertrophy and myocardial
fibrosis caused irregular protrusions into the ventricular cavity (Figure 4).
Many angiocardiograms showed evidence of radiolucent filling defects in
the left ventricle caused by hypertrophied papillary muscle (Figure 3).
Five of the 7 cats in Group B had end diastolic volumes that were greater
than normal but with left ventricular wall thickness that was normal
(Figure 6). Mitral insufficiency was present in all cats of both groups in
those studied by angiocardiography. Thromboembolism was found in the
aorta of 8 cats in Group A and 1 cat in Group B (Figure 7). One cat had a
thromboembolus in the brachial artery.

Duration of Disease Prior to Necropsy

The average follow-up time for cats in Group A was 3.4 months, with
the longest follow-up being 30 months. Five cats died suddenly. The
average follow-up in Group B was 2.7 months, with the longest follow-up
being 10 months. Sudden death did not occur in any cat belonging to
Group B. Euthanasia was performed on many of the cats, but only during
the terminal stages of the disease.

Pathology

Macroscopic Examination

The results of macroscopic examination are shown in Tables 4 and 5.
Group A. Enlargement and hypertrophy of the left atrium was seen

800

E
E
uLJ

TEXT-FIGURE 3C-Tracing from an 8-year-old domestic shorthaired cat with a 1-week history of
listlessness and anorexia. There is elevation of the end diastolic pressure together with elevation of
both of the peak systolic and diastolic pressure tracing. Pulsus alternans is also illustrated. Congestive
cardiomyopathy was found at necropsy.
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TEXT-FIGURE 3D-Tracings from a 3-year-old Persian cat with acute dyspnea. In the top tracing,

a catheter was moved through the narrow midventricular chamber from the apex of the left ventricle
to the aortic valve; it recorded a change in systolic pressure from 160 to 100 mm Hg. No further
pressure gradients were recorded when the catheter was withdrawn to a portion above the aortic
valve. The bottom left ventricular pressure tracings are before and after the infusion of isoproterenol
in this cat. Note the marked increase in EDP, a drug response almost specific for hypertrophic
cardiomyopathy. The systolic gradient was also increased. Hypertrophic obstructive cardiomyopathy
was found at necropsy (same cat as in Figure 3).

consistently in the heart of 27 affected cats in Group A. There was
hypertrophy of the left ventricular wall, papillary muscles, and septum
which encroached upon the left ventricular cavity (Figure 8). A normal
heart is shown in Figure 9A. Table 4 shows that 18 cats in Group A had
ventricular septal hypertrophy, with 8 of these cats having dis-
proportionate thickening of the ventricular septum. The 8 cats had bulg-
ing of the interventricular septum with impingement upon the lumen of
the left ventricular outflow tract and thickening of the anterior mitral

Ii.

-10
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Table 4-Major Pathologic Changes in 34 Cats With Cardiomyopathy at Necropsy

Group A Group B
Pathologic changes (27 cats) (7 cats)

Cardiomegaly 21 7
Left atrial dilatation 27 7
Right atrial dilatation 5 7
Left ventricular dilatation - 7
Right ventricular dilatation 2 7
Left ventricular hypertrophy 27
Right ventricular hypertrophy 3 2
Ventricular septal hypertrophy 18
Asymmetric septal hypertrophy 8
Ventricular septal atrophy - 2
Mitral valvular fibrosis 13 2
Papillary muscle hypertrophy 13
Papillary muscle atrophy - 4
Focal endomyocardial fibrosis 27 7
Disarrangement of muscle fibers 25 2
Thin wavy muscle fibers - 7
Aortic thromboembolism 14 3
Pulmonary edema 19 6
Hepatic congestion 11 6

leaflet (Figure 9B and C). Aortic thromboembolism was found in 14 cats
(Figure 10). As demonstrated in Table 5, using previously established
normal values,28 heart weight and muscle ratios clearly show increases in
absolute heart weight and muscle thickness for Group A cats. Left ven-
tricular thickness is increased by approximately 50%, while septal thick-
ness increased by approximately 100%.

Group B. In the 7 cats of Group B, the heart was enlarged and
globular, due to extreme dilatation of the ventricles (Figure 11) and the
atria. The papillary muscles and trabeculae in the ventricles were flat-

Table 5-Heart Weight and Cardiac Muscle Thickness Ratios in Normal Cats and Cats With
Hypertrophic Cardiomyopathy or Congestive Cardiomyopathy

No. of Heart* Right Left
cases weight ventriclet ventriclet Septum

Group A
Normal 11 .0042 ±.0006 .0040 .0008 .0128 ±.0014 .0088 ±.0014
Hypertrophic 15/27 .0070 ± .0044 .0063 ±.0011 .0188 ± .0033 .0174 ± .0038
cardiomyo-
pathy

Group B
Normal 11 .0042 ±.0006 .0040 ±.0008 .0128 ±.0014 .0088 ±.0014
Congestive 7/7 .0059 ±.0010 .0057 ±.0002 .0115 ±.0021 .0087 ±.0006
cardiomyo-
pathy

* Ratio of heart weight (g)/body weight (g).
t Ratios of muscle thickness (cm)/body length (cm).
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tened and atrophied. Irregular whitish patches were occasionally seen in
the endocardium and myocardium. Aortic thromboembolus was found in
2 cats. Table 5 shows that in Group B cats, the left ventricular wall
thickness was close to normal, while the right ventricular wall thickness
was greater than normal. Absolute heart weight was increased in 7 cats of
Group B.

Microscopic Examination

The results of microscopic examination are shown in Table 4.
Group A. In the hypertrophic cardiomyopathy, the muscle cells were

enlarged (Figure 12A) and had large, rectangular hyperchromatic nuclei.
Muscle bundles showed bizarre disarrangement (Figure 12A and B) and
were separated by increased interstitial connective tissue. Foci of endocar-
dium were replaced by active fibroplasia. The atrioventricular Purkinje
cells were frequently interrupted by or mixed with many dense collagen
fibers.
Group B. In the congestive cardiomyopathy, the muscle cells ap-

peared thinner than normal and were separated by edematous extra-
cellular ground substance or connective tissue. Areas of wavy muscle
fibers (Figure 13) were seen in the myocardium as a major pathologic
change, while only a few fibers appeared hypertrophied (Table 4). The
endocardium was thickened by the presence of dense collagen.

Discussion
Table 6 illustrates some important similarities between cardiomyopathy

in man and cat. The most common features of feline cardiomyopathy are
that it occurs in a mature male cat with: acute onset of dyspnea and/or
aortic thromboembolism, a systolic murmur with a gallop rhythm, cardio-
megaly with (hypertrophic cardiomyopathy) or without (congestive car-
diomyopathy) pulmonary edema, an abnormal electrocardiogram, an ele-
vated left ventricular end diastolic pressure, and angiocardiographic
evidence of mitral regurgitation with left ventricular concentric hyper-
trophy (hypertrophic cardiomyopathy) or left ventricular dilatation (con-
gestive cardiomyopathy). The pathologic findings are primarily those of
generalized cardiomegaly with either severe dilatation or hypertrophy of
the left ventricle.
A preponderance of males was found in the group of cats with hyper-

trophic cardiomyopathy, a factor that is not seen in humans with hyper-
trophic cardiomyopathy. The most common presenting clinical sign in
human hypertrophic cardiomyopathy is dyspnea. Dyspnea was the most
common presenting clinical sign in our series of cats with hypertrophic
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cardiomyopathy. This is thought to be a reflection of a labile left ventricu-
lar end diastolic pressure.",'38 Thromboembolism is another common find-
ing in the cat and may be observed in human cardiomyopathy.12'39-41
Systolic murmurs representing mitral regurgitation or left ventricular
outflow obstruction is a common finding in human cardiomyopathy.13'14

Table 6-A Comparison of the Common Findings of Feline and Human Cardiomyopathy

Feline Hu man

Hypertrophic cardiomyc
Clinical findings
Symptoms

Physical examina-
tion

Radiology
Electrocardiogram

Hemodynamics

Dpathy

Dyspnea
Sudden death

Systolic murmurs
Fourth heart sounds
Cardiomegaly
Abnormal
Left axis deviation
Intraventricular conduction

defects
LVEDPT

Angiocardiography LVESV I
Abnormal shape of ventricular

cavity
Mitral insufficiency

Pathology
Gross

Histology

Asymmetric septal hypertrophy
(with & without obstruction)

Left and right atrial dilatation
Thromboembolism
Bundle of bizarre hypertrophied

muscle cells

Dyspnea
Sudden death

Systolic murmurs
Fourth heart sounds
Cardiomegaly
Abnormal
Left axis deviation
Intraventricular conduction

defects
LVEDPI
LVESV I
Abnormal shape of ventricular

cavity
Mitral insufficiency

Asymmetric septal hypertrophy
(with & without obstruction)

Left & right atrial dilatation
Thromboembolism
Bundle of bizarre hypertrophied

muscle cells
Congestive cardiomyopathy

Clinical findings
Symptoms Dysr
Physical examina-

pnea

tion Systolic murmur
Third heart sounds

Radiology Gross cardiomegaly
Electrocardiogram Abnormal
Hemodynamics Pulsus alternans

LVEDPT
igiocardiography LVEDV T

Mitral insufficiency
Pathology
G ross

Histology

Globular heart (with biventricular
and biatrial dilatation)

Thromboemboli
Thin muscle cells
Interstitial fibrosis

Dyspnea

Systolic murmur
Third heart sounds
Gross cardiomegaly
Abnormal
Pulsus alternans
LVEDPT
LVEDVT
Mitral insufficiency

Globular heart (with biventricular
and biatrial dilatation)

Thromboemboli
Thin muscle cells
Interstitial fibrosis

LVEDP = left ventricular end diastolic pressure, LVESV = left ventricular end systolic volume,
LVEDV = left ventricular end diastolic volume.

Ar
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This is similar to that seen in the cat with cardiomyopathy. Hypertrophy
of the papillary muscles and left ventricular wall, causing distortion and
malposition of the valve leaflet during systole, causes mitral insufficiency.
The leaflets themselves may be normal or fibrotic.12'42'43 In man it is well
documented that the systolic murmur representing left ventricular out-
flow obstruction occurs because of an abnormal systolic anterior motion of
the tip of the anterior mitral leaflet.13'17'44 A gallop rhythm is heard in the
majority of humans with cardiomyopathy."3'43 This is also seen in cats with
cardiomyopathy. Atrial gallop sounds correlate with left ventricular hy-
pertrophy, while a ventricular gallop correlates with ventricular dilata-
tion.46
The thoracic radiographs of the cats in this series are much more variable

in appearance in hypertrophic cardiomyopathy than in congestive car-
diomyopathy. This is analagous to the situation in man.30 The left ven-
tricular hypertrophy causes malformation of the cardiac silhouette. Dila-
tation of the atrium is dependent on many factors: severity of impedance
to ventricular filling, age, and duration of disease. In general, the heart is
usually less enlarged in hypertrophic cardiomyopathy as compared to
congestive cardiomyopathy."0 The left atrial enlargement in hypertrophic
cardiomyopathy was much greater than the left ventricular enlargement
in this series of cats (Figure 1B), while with congestive cardiomyopathy
the reverse was true (Figure IC). Pulmonary edema is the most prominent
feature in the group of cats with hypertrophic cardiomyopathy, while a
lack of pulmonary edema occurs in the group of cats with congestive
cardiomyopathy. This minimal or absence of hilar congestion or edema in
the cats with congestive cardiomyopathy is dramatic in view of the gross
cardiomegaly. Again, this pulmonary feature is similar to that seen in
man.10
The electrocardiogram is helpful in the diagnosis of cardiomyopathy in

both the cat and human since it is abnormal in almost every case.47 The
electrocardiographic abnormalities in this group of cats were left axis
deviation, intraventricular conduction disturbances (left anterior hemi-
block), left bundle branch block, Wolff-Parkinson-White pattern, and
some arrhythmias (ventricular premature contractions, atrial fibrillation).
Intraventricular conduction defects are frequently encountered in human
cardiomyopathies.41'4" The 2 cats with atrial fibrillation in our series were
older than the average age of cases in Group A, 1 of the cats being 13
years. Cardiomyopathy in this cat caused a chronic and increasing resist-
ance to ventricular filling, eventually resulting in atrial fibrillation.7"0
The consistently elevated end diastolic pressures recorded in all cats

together with the thick hypertrophied ventricular walls indicated a loss of
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ventricular compliance during diastole. A marked concentric hypertrophy
of the left ventricle and decreased end systolic volume has also been found
in valvular aortic stenosis and hypertrophic cardiomyopathy in man.'30 In
both cat and man, greater pressure is needed to fill the left ventricle, as it
is less compliant than normal, causing resistance to left ventricular filling.
Tachycardia produced by stress or exercise shortens diastolic filling time
and further limits diastolic filling. Cardiac output falls because the tachy-
cardia is not sufficient to compensate for the drop in stroke volume
caused by poor filling. Pulmonary congestion and edema with dyspnea
result from mitral regurgitation. Hypertrophic cardiomyopathy may or
may not progress to congestive cardiomyopathy. In cats, most cases with
hypertrophic cardiomyopathy appear to die before congestive cardiomy-
opathy is reached. It has been suggested that each human patient with
this syndrome is subject to individual variation, and this may also be true
for the cat.6'18

Hypertrophic cardiomyopathy with and without obstruction has been
studied in detail; however, it is still not certain whether cardiomyopathy
with and without obstruction are the same or separate diseases.5',7 One
view is that both syndromes represent the same disease and that obstruc-
tion is only an incidental secondary feature.48
The angiographic appearance of the left ventricular cavity of cats with

hypertrophic cardiomyopathy was different from that seen most often in
humans with hypertrophic cardiomyopathy. In man, the left ventric-
ular cavity is often slitlike, with an S-shaped configuration and con-
tact during systole of the anterior mitral leaflet and the mural endocar-
dium of the left ventricular outflow tract.7 12'14'7'30 In most of our cats, the
angiographic appearance was characterized by gross left ventricular hy-
pertrophy with distortion of the left ventricular cavity. The angiograms of
many cats with hypertrophic cardiomyopathy appear to be more similar to
the nonobstructive variety of hypertrophic cardiomyopathy in man. One
cat in this study had a type of midventricular systolic pressure gradient
that resembled that seen in hypertrophic obstructive cardiomyopathy in
man. This cat and others in this study had angiographic evidence of
midventricular stenosis at the end of systole. Isoproterenol in this 1 cat
caused a marked rise in left ventricular end diastolic pressure, with
intensification of the systolic gradient. This drug response is an almost
unique feature of hypertrophic cardiomyopathy. Isoproterenol improves
the myocardial inotropic state and, hence, the systolic force of the abnor-
mally contracting muscle, with little effect on the velocity of contraction.44
Experiments involving the provocation of pressure gradients with isopro-
terenol in other cats are presently being conducted to further substantiate
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hypertrophic cardiomyopathy with obstruction.34 The absence of a pres-
sure gradient in some of the cats may have been due to the fact that
catheterizations were performed under anesthesia. It has been reported
that the disappearance of the pressure gradient during anesthesia is
related to a number of parameters, including magnitude of gradient, type,
and concentration of anesthetic and the myocardial depressing effect of
the anesthetic used.49

In man, hypertrophic cardiomyopathy with obstruction is characterized
by marked hypertrophy of the left ventricle, involving in particular the
intraventricular septum and the left ventricular outflow tract. Angiocar-
diographic and ultrasonic studies have supported the concept that ob-
struction in most cases results from narrowing of the left ventricular
outflow tract produced by the apposition of the anterior leaflet of the
mitral valve on the grossly hypertrophic septum during systole. The
characteristic abnormality of the systolic motion of the mitral valve can be
detected by ultrasound, with the degree of this abnormal systolic move-
ment correlated well with the degree of obstruction."3'17 Ultrasonic studies
(pending their development in veterinary medicine) will be necessary to
document this concept of obstruction in the cat.
The principal pathologic findings in the 27 cats with hypertrophic

cardiomyopathy were focal endocardial fibrosis, left ventricular and septal
hypertrophy, and left atrial dilatation and hypertrophy. Endocardial fi-
brosis was always seen in the left ventricular outflow tract and papillary
muscles. Left ventricular and septal hypertrophy were often symmetric.
Asymmetric septal hypertrophy was observed in 8 affected cats. A micro-
scopic examination revealed bizarre arrangements of cardiac muscle fibers
separated by connective tissue. Endocardial fibrosis was observed in the
left ventricle and septum.
The gross and histologic findings in the 27 cats in our series were quite

similar to those in human patients with hypertrophic cardiomyopathy
(with and without obstruction).11"2' The main cardiac lesions in the
seven cats with congestive cardiomyopathy included dilatation of the four
cardiac chambers and elongated muscle cells with interstitial fibrosis,
similar to those found in human patients with congestive cardiomy-
opathy.""2 Foci of wavy muscle fibers, characteristic of the feline lesions,
were rarely reported in cases of human congestive cardiomyopathy."0
Aortic thromboembolism was commonly observed in the cats in our series,
while intracardiac fibrin-platelet thrombi were most common in human
patients.""2 On the basis of comparative pathology, feline cardiomy-
opathy provides the experimental pathologists with a biologic model for
extensive investigation.
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The etiology of hypertrophic cardiomyopathy in the cat is unknown,
and cardiomyopathy can result from many different etiologic agents or a
combination of factors.1" As in man, a familial incidence is present with a
greater predominance of hypertrophic cardiomyopathy.'",7 The severe
disorganization of cardiac muscle cells in the ventricular septum in our
series of cats with hypertrophic cardiomyopathy is a histologic finding that
is characteristic of genetically transmitted ASH in man.17 One Persian cat
from Group A (hypertrophic cardiomyopathy) came from a household of
32 inbred Persian cats. Further evaluation in 16 of the 32 cats showed 5
cats met some of the clinical criteria suggestive of hypertrophic cardiomy-
opathy. In contrast to hypertrophic cardiomyopathy, the etiologic factor
in congestive cardiomyopathy is regarded to be either viral infection or
toxic factors.13 Because of the high incidence of spontaneous viral diseases
in the cat, viruses may be an important factor in the pathogenesis of this
disease. There are numerous reports concerning the possible viral etiology
of congestive cardiomyopathy in man.'3

Spontaneous feline hypertrophic and congestive cardiomyopathy pres-
ents a new and important model to the cardiovascular investigator. Our
laboratory is continuing to explore the detailed natural history of this
disease.
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[Illustrations follow]



Figure 1-Plain film chest radiographs. A-Normal
cardiac silhouette of a cat for comparison. B-Dorso-
ventral radiograph from a 2-year-old Persian cat with
hypertrophic card iomyopathy at necropsy. Enlargement
of the right atrium and ventricle (open arrows) and left
atrium (solid arrows) gives the appearance of a "valen-
tine-shaped" heart. (Reprinted from Tilley29 by per-
mission of the publisher). C-Dorsoventral radiograph
of a 10-year-old domestic shorthaired cat with con-
gestive cardiomyopathy at necropsy. Enlargement of all
chambers is present.



Figure 2-Normal left ventriculogram of same cat in early systole (A) and end diastole (B), showing the normal size
of the chambers. The left atrium is outlined in B, as a right ventricular injection was used to opacify the heart.
(Reprinted from Lord et 8/.26 by permission of the publisher) Figure 3-Left ventriculogram of the same cat in
Text-figure 3C (Cat 7, Table 3). A-Early systole, one second after injection of contrast medium. The chamber is
very irregular with prominent filling defects (arrows) caused by the hypertrophied and fibrosed papillary muscles.
B-Endof systole, 4 seconds after injection of contrast medium. The hypertrophied ventricular wall caused marked
midventricular stenosis, which produced a gradient of 60 mm Hg. The apex remains as a small cavity. The large left
atrium is now opacified because of mitral regurgitation. (Reprinted from Lord et al.26 by permission of the publisher)
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Figure 9A-A normal heart from a 21/2-year-old male domestic shorthaired cat. The ventricular septum
(VS), left atrium (LA), left ventricle (LV), right atrium (RA), right ventricle (RV), and aorta (Ao) are
normal. B-Longitudinal section of heart with hypertrophic cardiomyopathy from a 3-year-old male
Persian cat. The heart has been sectioned to that point where the posterior mitral valve leaflet is
not shown. The ventricular septum was thicker than the left ventricular free wall. The anterior
portion of the hypertrophied ventricular septum bulged into and obstructed the lumen of the left
ventricular outflow tract. Hypertrophy of the left ventricular free wall, papillary muscles, and ven-
tricular septum caused narrowing of the left ventricular cavity. C-Close-up view of left ventricular
outflow tract from a 5-year-old male domestic shorthaired cat with hypertrophic cardiomyopathy.
Endocardial fibrosis in the left ventricular outflow tract is present in close apposition to a thickened
anterior mitral leaflet (AML). The left ventricular outflow tract is narrowed due to disproportionate
thickening of the ventricular septum.



Figure 10-Presence of a fresh thromboembolus in the terminal aorta of a 4-year-old castrated male
domestic shorthaired cat with hypertrophic cardiomyopathy. Figure 11-Heart from a 7-year-old
male domestic shorthaired cat with congestive cardiomyopathy. All four chambers are dilated. Focal
endocardial fibrosis (arrow) was found in left ventricular septum.
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Figure 13-Histologic section of left ventricular free wall from Figure 11 exhibiting elongated and wavy myofibers
(H&E, original magnification x 100).
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