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From the earlier article 1t 1s obvious “that
many diseases affect the heart muscle either
primarily or secondary to systemic disease (1).
Among them some have attracted much atten-
tion in the past decade, these- include rdiopathic
hypertrophic obstructive, diabetic, alcoholic and
carbon monoxide cardiomyopathies. The latter
three appear to require still moe emphasis
for the medical community to take heed of. Being
involved 1n the experimental and the 1nitial clinical
observations of these entities I will like to review

them briefly.

Myocardium 1in Diabetes Mellitus

A relatively high incidence of cardiac disease
appears to be an important cause of mortality in
diabetes mellitus (2). Although accelerated athero-
sclerosis of the corcnary arteries has previously
been considered the major pathogenetic factor,
more recent post mortem studies have questioned
the significance of coronary artery disease as
accounting for premature death i adult onset

diabetes (3). Two. separate studies found no
greater degree of obstructive disease of the

coronary arteries Iin diabetics compared to
ncrmal control subjects (4,5). This is supported

. by an epidemologic study suggesting that car-

diac abnormalities in diabetics frequently occur
without the usual risk factors associated with
coronary atherosclerosis (6). Our own studies
indicate that patients with cardiac sympto-
matolcgy who are diabetic may have considerable
malfunction of the ventricle as well as abnormal

morphology and composition in the absence of

significant large vessel occlusive disease (7,8).
A recent report 1n the British Medical Journal
has added support to the view that some patients
with diabetes mellitus have myocardial altera-

tions that may resuit in heart failure as the process
develops fully (9). Obliterative disease of the

small coronary arteries has been thought to be

important in the pathogenesis of cardiac dis-

ease in diabetes 1n the form of thickened intra-
mural arteries, with occasional bridging of endo-
thelial cells (10). However, such lesions were
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also obsérved 1n non-diabetics without evident

effects on cardiac muscle (11). The failure to
find demonstrable obstructive lesions of intra-
ural vessels in the free wall of the left ventricle
in prior studies of diabetics (4,7,8,12), suggests
that small vessel lesions in diabetics may have
little or no relation to the cardiac pathology.

[actate production or a decrcase in lactate
extraction as well as ischemic ECG changes

are regular, although non-uniform, features of
the myocardial response to- pacing In patients
with classic angina associated with coronary
artery disease (13). Neither of these responses

were observed in the diabetic group without
significant coronary occlusive disease (8). This

is compatible with the response to the majority
of non-diabetic patients who have anginal type

pain without arterial disease (14). Thus, 1if

abnormalities of the samll arteries or capillaries
are present in diabetics with altered ventricular
function, these, are apparently insufficient to
restrict myocardial perfusion (8).

For above mentioned reasons we have pro-
posed that a portion of the cardiac diabetic
populaticn may have primary miyocardial abror-
malities analagous to the altération of renal and
retinal paranchyma (7,8,15-19). Following clinical
observations and studies appear suppertive.

Preclinical:

To test the hypothesis that a portion of the
cardiac diabetic population may have asympto-
matic myocardial abnormalities the status of the
left ventricle was examined in 25 diabetic non-
cardiac patients who ranged in age from 20
to 56 years. There were 15 males and 10 females

(20). In none was there evidence of systemic
disease that might potentially affect the heart.
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Subjects selected were either ambulatory, clinic
patients or at least one week post recovery from
an episode of ketoacidosis requiring hospitaliza-
tion. None had cardicrespiratory symptoms at
any time, nor any clinical, electrocardiographic,
or x-ray evidence of cardiac abnormality. None
exceeded 1deal body weight by more than 15%;
none had blood pressure over 140/90 mmHg,
and there was no clinical evidence of renal,
retinal, or neurologic complications. Aiter careful
interview, none were found to have a history of
chormic alcoholism or heavy ciagrette smoking

" (more than cne pack/day).

The diabetes was known to have been
present in the subjects from 1-25 years. Seven
were now diabetic patients and were not receiving
hypoglycemic agents; eight received oral hypogly-
cemic agents and ten received insulin. While
none had subjective symptoms suggestive of
angina, those over 40 years of age had a stress
test and ‘were found to have normal, non-
ischemic responses, with ST depressions not
approaching 1 mm. Morning fasting blood
glucose levels were between 126 and- 240 mg/
100 cc. Serum electrolytes, total protein, albumin
and blood urea levels were within normal limits
in each patient. Control subjects were 21 males
and 16 females between 23 and 46 years of age
with ne history of diabetes in them or in their
famailies.

To preclude the necessity for left ventricular
catheterization in this group of normal volun-
teers and mnon-cardiac diabetic patients, the
systolic time intervals were measured at least
two hours after breakfast using the method and

instrumentation described by Weissler and his
associates (21). This non-invasive measurement

is reported to provide information CONncerning
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II. Myocardium in Diabetes

the contractile state of the left ventricle (22).
The diabetic subjects had a shorter left ventr-
cular ejection time, longer pre-ejection period,
and a high ratio of pre-ejection period to left
ventricular ejection fime. The isovolumic time
was also prolonged significantly in these subjects,
while heart rate and arterial blood pressure were
within mormal limits. Abnormal function 1n
these diabetics was independent of apparent

duration and treatment by diet alone, insulin, or
hypeglvcemic agents.

| In a more recent study of non-cardiac middle
 aged males, fractional shortening of the left
ventricle was significantly reduced (9,23). An
" additional .report supports the hypothesis that
some patients with diabetes mellitus have pre-
clinical myocardial alteration that may result 1n
heart failure if the process develops fully (9).
The study is of particular interest as 14 of 23
normotensive diabetics under 40 years of age
without any clinical evidence of heart disease
were shown to have echocardiographic abnormality
during left ventricular diastole, an alteration
which has been previously observed 1in patients
‘with cardiomyopathy. These findings
interpreted to represent a diffuse myopathic

were

process.
Clincial:

To further define the roles of factors like
myocardial contractility and altered preload by
direct invasive studies, the status of the left
ventricle was examined in 17 chronic, uncom-
plicated, adult diabetics without hypertension
or obesity but with a familial history. These were
compared with nine controls of similar age (8).

Of the 17, 12 subjects had no significant
occlusive lesions by coronary angiography. Eight

with anginal type pain but without heart failure
had a modest, but significant, elevation of left
ventricular end-diastolic pressure. End-diastoiic
and stroke volumes were reduced, but ejection
fraction and mean rate of fiber shortening were
within normal limits. The left ventricular end-
diastolic pressure/volume ratio was significantly
higher than in the controls. Afterload increments
evoked a significant increase of filling pressure
compared to the normal without stroke volume

response—a finding comnsistent with early car-
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diomyepathy. Those with prior heart failure had

more extensive hemodynamic abnormalities.
None had local dyskinesia by angiography and
lactate production Wwas not observed during
pacing-induced tachycardia.  Left ventricular
biopsy in two patients without ventricular decom-
pensation showed iriterestitial collagen deposition
with relatively normal muscle cells. These
findings suggested a myopathic process without

1schemia.

Post mortem studies performed to evaluate
more advanced state of diabetes indicated no
significant obstructive disease of the proximal
coronary arteries. The heart weight ranged from
300 to 500 grams. Gross scars measuring 1 cm?
were visible in the free wall of the left ventricle
of a few patients. Neither mural thrombi or
systemic embol1 were found. There was no
evidence of inflammatory cell infiltrations, but
accumulation of PAS-positive (for glycoprotein)
material was present to a variable but enhanced
extent in the left ventricular muscle of all dia-
betics. Those who succumbed in heart failure
appeared to have more collagen by trichrome
stain arranged about the intramural vessels,
interspersed between myofibers and/or as re-

placement fibrosis {8,18). No structural changes
were observed in micro-citculation on myocardial

3
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biopsies 1n 12 diabetics with cardiac symptoms

(18, 24).
Experimental:

Further evidence of such a myopathic process
is provided by experimental studies (25-28).
Ventricular function and compliance were obser-
ved to be abnormal associated with interstitial
accumulation of PAS-positive glycoprotein and
collagen 1n the myocardium of mongrel and
monkeys with chronic experimental diabetes.
A mild, stable form of diabetes was produced
afrer three intravenous doses of alloxan at
monthly intervals. Myocardial pertormance was
studied 12-18 months after the onset of glucose
intolerance and was compared with the per-
tormance of normal animals. Although the base-
line hemodynamic values in these diabetic dogs
and monkeys were not significantly different
{rom those of the control animals, the ventrciular
function became abmormal when stiesses in
perload and afterload were applied. An increae in
the afterload with moderate aortic pressure
elevation elicited a significant rise in. end-
diastolic and stroke volumes in the normal
controls. In. diabetics despite a similar end-
diastolic pressure response,
volurhe and the stroke volume respoqses were

significantly less than those in the controls.
During acute volume expansion of the ven-

tricle with saline, the end-diastolic tension in-
crement 1n diabetic animals was twice that

of the controls. These responses were attributed
to an increase in stiffness of the left ventiicle,
not associated with hypertrophy but which

Wwas apparently due to accumulation of glycopro-
tein observed in the myocardial interstitium (25)
and also by the findings of increased amounts of
of insoluble collagen (26). The former is reported
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to further limit the diastolic filling when experi-

mental 1schemia is produced in diabetic myo-
cardium (27). Myocardial ischemia was excluded
in experimental diabetes on the basis of patency of

coronary arteries and normal coronary blood flow,
myocardial CAT—ion content and myocardial

morphology (25,26).
Conclusions:

On the basis of available mo:'phelogic
data in human and experimental diabetic animals,

it 1s concluded that chronic diabetes mellitus
can alter myocardial composition and function
independent .of vascular defects. The relative
prominence of glycoprotein in the myc<ardial
mterstitium of both human and experimental
animals suggests a basis for the diminished
diastolic compliance in the diabetic heast. These
myocardial abnormalities also appear to be the
basis for the preclinical abnermality. It occurs
in both sexes and 1s independent of age. The
abnormal function is also independent of apparent
duration and treatment by diet, insulin or bypo-
glycemic agents. The latter interestingly had
been reported, despite improved glucose toler--
ance, to affect further reducticn of lett ventricular

function and altered myoccardial morphology at

" least in  experimental canine diabetes (38).

Whether the observed functional abnormality
progresses to clinical heart failure may depend
on intensification of the undes lying pathophysio-
logy of the myocardium ox superimpesition of

complications such as hypertension, cbesity and
obstructive disease of the co-cna: ry vessels.

Though strict caloric restriction and mederate
exercise program usually result in improved glu-
cose tolerance, no control studies are available to
indicate that this preventive intervention reduces



Pakistan Heart Journal

the i1ncidence of cardiomyopathy. Cigarette
use by general agreement should be inter-
related. Treatment of hypertension and hyper-
lipidemia are as important as in the ncn-diabetic
population. It remains an open question whether
an ndividual with mild hyperglycemia may

benefit from low dose insulin to strictly control
blood glucose levels.
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