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Preface

It is now well known that a wide variety of cardiovascular complications
are associated with diabetes. Although it is commonly held that
macroangiopathy and microangiopathy occurring during the development of
diabetes are responsible for the genesis of cardiovascular complications,
critical evidence in this regard is still lacking in both diabetic patients
and animal models of diabetes. In fact, cardiomyopathy has been identified to
occur in the absence of the above mentioned pathological conditions in
diabetics as well as in experimental animals. Accordingly, it is conceivable
that dramatic changes in cardiac, vascular, endothelial, nerve and renal cells
may occur independently or in association depending upon the stage and
severity of diabetes. In addition, insulin deficiency or reduced
responsiveness of organs to insulin can be seen to produce dramatic changes in
cellular metabolism. Such changes directly or indirectly may result in
restructuring of components in all cells including cardiac and vascular
myocytes and thus may alter their functional behaviour. Irrespective of the
mechanisms for the pathophysiology of cardiovascular dysfunction in diabetes,
it has become clear that diabetes is an important risk factor for the ischemic
heart disease. Furthermore, the combination of hypertension with diabetes has
been demonstrated to result in congestive heart failure. It is therefore
necessary to pay more attention to cardiovascular problems if we are to
prolong the life span of diabetic patients.

In an attempt to clarify the situation regarding the diagnosis,
pathogenesis and therapeutics of cardiovascular dysfunction in diabetes, an
International Symposium on Diabetic Heart was held in Tokyo, Japan during
October, 1989. Thirty-two selected articles from the poster presentations,
compiled in this book, have been grouped in four sections, namely (a)
Evaluation of Cardiovascular Problems, (b) Interactions of Diabetes and
Hypertension, (c) Pathophysiological Aspects of Cardiovascular Dysfunction in
Diabetes, and (d) Pharmacological and Therapeutic Aspects of Diabetic Heart
for the sake of convenience for our readers. We hope that the contents of
these chapters will provide adequate information regarding the current status
of cardiovascular abnormalities in diabetes and this book will be of great
interest to both «clinical and experimental cardiologists as well as

endocrinologists interested in diabetes.
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A. EVALUATION OF CARDIOVASCULAR
PROBLEMS IN DIABETES



Assessment of Cardiac Function in Diabetic Patients
by Impedance Cardiography

H. Sasaki, K. Yokota, T. Mizokami, M. Shimizu, H. Yamada* and Y. Isogai

Third Department of Interal Medicine, The Jikei University School of
Medicine, Tokyo, 105 JAPAN. *Fuji Medical Center, Shizuoka Pref., 417 JAPAN.

Introduction

Although it has been known that cardiac dysfunction occurs in diabetes
mellitus, there are only a few detailed reports on cardiac performance. In
diabetics, cardiac function at postural stress and treadmill exercise test was
measured by impedance method. In this study, the relationships among cardiac
performance in diabetics and the degree of diabetic retinopathy as well as the
duration of diabetes were investigated.

Materials and Methods

The subjects consisted of 23 patients (NIDDM; 9 males and 14 females,
mean age 43.6 * 9.7 years). Patients were divided into 2 groups according to
the duration of diabetes and the degree of diabetic retinopathy (Table 1).
Twenty healthy volunteers (9 males and 11 females, mean age 40.0 * 8.0 years)
served as a control group. No case in these groups had any cardiovascular
complications and any abnormal findings in ECG and Master's double stress
test.

Measurement of cardiac function

Cardiac function was measured by impedance cardiography (Bomed Co. Ltd.
Model NCCOM-3R) at postural stress and exercise test. Postural stress is
physiological volume load from standing position to supine position. In the
exercise test, we used the treadmill and the load level was three times oxygen
consumption (VO2) at rest. SV (stroke volume) and EVI (ejection velocity
index) were used as parameters of cardiac function. Those parameters were
calculated by impedance cardiography. EVI is also one of the parameter of
cardiac contractility.
Nagano, M., Mochizuki, S., Dhalla, N.S. (eds.), CARDIOVASCULAR

DISEASE IN DIABETES. Copyright © 1992. Kluwer Academic Publishers,
Boston. All rights reserved.
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Table 1. Subjects y.0.: years old

DM(NIDDM) Group

23 cases (9 males, 14 females)
Ages 43.6 = 9.7 y.o. (mean = S.D.)

Duration of Diabetes

short (group s), ~ 5 years 11 cases
medium (group m), 5 ~ 10 years 7 cases
long (group 1), 10 years 5 cases

Duration of Diabetic Retinopathy

None (group N) 10 cases
Simplex (group S) 8 cases
Proliferative (group P) 4 cases

Control Group

20 cases (9 males, 11 females)
Age 40.0 + 8.0 y.o. (mean + S.D.)

SV (stroke volume) and EVI (ejection velocity index) were used as parameters
of cardiac function. Those parameters were calculated by impedance
cardiography. EVI is also one of the parameters of cardiac contractility.

Statistical analysis
Results were expressed as mean = S.D. Statiscal signifance was
established by Student's t-test.

Results

At postural stress, increased ratio of SV and EVI in diabetics were
significantly lower than those of normal subjects (Fig. 1,2,3,4). These
findings were seen in accordance with the degree of retinopathy and the
duration of diabetes (Fig. 1,2,3,4).

At treadmill exercise, increased ratio of SV and EVI in diabetics were
significantly lower than those of normal subjects (Fig.5,6,7,8). Remarkably,
increased ratio of SV was seen in accordance with the degree of retinopathy,
the duration of diabetics (Fig. 5,6,7,8).
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Discussion

In this study, cardiac dysfunction was found in diabetics without
clinical heart disease. It was suggested that cardiac dysfunction in
diabetics was due to a decrease in cardiac reserve. This method is useful and
safe for detection of cardiac dysfunction in diabetics and for the assessment
of cardiac reserve.

It is considered that cardiac dysfunction in diabetics result from
relaxation disturbance (1). SV is a parameter of cardiac function, and EVI is
a parameter of cardiac contractility (2). In this study, SV decreased in
parallel with EVI. So cardiac dysfunction in diabetics results from not only
cardiac relaxation disturbance but also cardiac contractility disturbance. It
was quite interesting that cardiac function decreased in accordance with the
degree of retinopathy as well as the duration of diabetes.

These cardiac dysfunctions are considered to consist of multiple
factors. For example, there are myocardial abnormality of contractile protein
(3), metabolic disturbance (4,5), structural abnormality of capillaries (6)
in diabetics.

Summary

Cardiac performance in diabetes at postural stress and treadmill
exercise test was examined by the impedance method. The study group consisted
of 23 diabetics (NIDDM) without clinical heart disease. Twenty healthy
volunteers served as a control. Using impedance cardiography (NCCOM-30),
stroke volume (SV) and ejection velocity index (EVI) were measured.

Results were as follows: 1) postural stress; increased ratio of SV in
diabetics was Tlower than that in control. EVI of the control group was
increased and that of diabetics was decreased. 2) treadmill exercise;
increased ratio of SV, EVI in diabetics were lower than those in control.
These phenomena were seen in accordance with the degree of diabetic
retinopathy and the duration of diabetes. There were significant differences
by statistical analysis.

It is suggested that cardiac dysfunction in diabetics was the reduction
of cardiac reserve, which was due to decrease of contractility. And a good
relationship among the reduction of cardiac reserve, the degree of retinopathy
and the duration of diabetes was recognized.
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Early Diastolic Dysfunction of Left Ventricle and its Relation to
Pathologic Finding in Patients with Diabetes Mellitus

M. Shimizu, N. Sugihara, Y. Kita, K. Shimizu, M. Minamoto and R. Takeda

The Second Department of Internal Medicine, School of Medicine
Kanazawa University, Kanazawa, JAPAN.

Introduction

In diabetes mellitus, the development of myocardial injury secondary to
hypertension and coronary arteriosclerosis poses a major clinical problem. In
addition, this issue has been the focus of great interest and it has been
demonstrated that the existence of myocardial injury is not attributable to
hypertension or coronary arteriosclerosis. It has also been reported in
various pathological studies that even in the diabetic heart without
hypertension and coronary artery lesions, various histological changes such as
myocyte hypertrophy, perivascular fibrosis, and interstitial fibrosis are
present (1-3). On the other hand, the existence of functional abnormalities
such as Tleft ventricular systolic and diastolic dysfunction has also been
reported (4-12). It is, however, not yet clear which pathological changes
account for these functional disturbances in the diabetic heart. To clarify
this point we investigated the relation between systolic and diastolic
function and the myocardial histological findings in diabetic patients.

Methods
1) Subjects:

The control group consisted of 6 non-diabetic patients in whom cardiac
catheterization was undertaken because of complaints of chest oppression but
in whom no organic abnormalities were found. Likewise, the diabetic group
consisted of 8 patients who were suspected of having coronary arteriosclerosis
because of chest oppression, but in whom coronary angiography revealed no
significant stenosis. Patients with hypertension, renal failure, or any other
condition influencing cardiac function were excluded from this study.

Nagano, M., Mochizuki, S., Dhalla, N.S. (eds.), CARDIOVASCULAR
DISEASE IN DIABETES. Copyright © 1992. Kluwer Academic Publishers,
Boston. All rights reserved.



10

Table 1. Clinical features of 8 diabetic patients

Case Age(yr) Duration Treatment FBS 75¢GTT Scott Creat Neuropathy

& Sex (yr) (mg/d1) 120 min (mg/d1) ATR VIB 0D
1 66 F 11 Diet 159 285 1 0.7 + N -
2 58 M 15 Diet 184 399 0 1.1 + N -
3 49 M 0.5 Diet 168 354 0 1.2 + D -
4 48 M 6 Diet 186 419 Ia 0.9 + N -
5 41 F 6 Diet 122 273 IIIb 0.9 - D -
6 39 M 8 Insulin 189 - II1 1.3 - D +
7 67 M 2 Drug 288 574 0 0.9 - D -
8 26 M 8 Insulin 233 - 0 0.8 + N -

M=male; F=female; FBS=fasting blood sugar; GTT=glucose tolerance test;
Creat=creatinine; ATR=achilles tendon reflex; OD=orthostatic disturbance;
N=normal; D=disturbed.

Clinical features of diabetic patients are shown in Table 1.
11) Echocardiography:

An echocardiogram was recorded within the week preceding cardiac
catheterization. With the subjects at rest, the direction of the beam was
confirmed with a B-mode echocardiographic long axis view, and the M-mode
echocardiogram was recorded at the level of the tips of the mitral valve. A
Toshiba SSH-11A, a Honeywell Model 1219 strip chart recorder, and a Toshiba
LSR-20B line scan recorder were used and recordings were made at a paper speed
of 100 mm/sec. Using a picture analyzer -5 (Medical System Research
Company), the endocardial surface of the ventricular septum and posterior left
ventricular wall were traced. Then, as shown in Fig 1, the left ventricular
end-systole, end-rapid filling phase, end-slow filling phase, and atrial end-
systole (left ventricular end-diastole) were identified from the
electrocardiogram, phonocardiogram, and motion of the posterior left
ventricular wall. Using a Teichholz equation, the volume at the end of each
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phase was calculated and from these differences the filling volumes of each
phase were determined. The time from the aortic component of the second sound
to the point of opening of the mitral valve was considered to be the left
ventricular isovolumic relaxation time (IRT). Also, fractional shortening was
sought as an index of systolic function.
III) Histopathological Investigations:

Cardiac catheterization was performed within 1 week after recording of
the echocardiogram. Angiography confirmed that none of the patients had
significant stenosis of the right or Tleft coronary arteries. At the same
time, using the Konno-Sakakibara bioptome, endomyocardial biopsies were
obtained from the right ventricle side of the interventricular septum. The
specimens were immediately submerged in a 10% neutral formalin buffer
solution, and embedded in paraffin. The longitudinally sliced specimens were
then cut into 4 um sections and stained with hematoxylin-eosin and Mallory-
Azan. Myocyte diameter, percentage of fibrosis of the myocardial interstitium
(% fibrosis), and eccentricity e, which indicates the degree of myocardial
dysarrangement, were quantified. Measurement of the myocyte diameter was
performed on hematoxylin-eosin stained specimens, according to the method of
Baandrup et al. (13). 1In longitudinally cut myocytes the distance across the
cell at the narrowest plane across the nucleus was measured in at least 50
cells from each specimen under 400x magnification. The mean value and 1
standard deviation were sought.To determine the % fibrosis, Mallory-Azan
stained specimens were used. Using the point-counting method (14,15), over
2000 points were recognized, and the proportion of interstitial fibrosis was
expressed as a percentage. The degree of myocyte dysarrangement was
quantified by seeking eccentricity e, following the method of Tezuka (16).
Nearly 300 um long straight lines were drawn at 15 degree intervals, and the
number of myocytes crossed by each segment counted. The ratio of this number
to the average number of intersecting points of all the directions was plotted
on coordinates and an ellipse calculated. The eccentricity e of this ellipse
was sought. When there is an increase in dysarrangement, the ellipse becomes
more circular with e approaching 0. Conversely, when there is 1little
dysarrangement, e approaches 1; e was sought in 3 places per specimen with the
average value taken as the e of the specimen.

IV) Statistical Methods:
A1l data are expressed as mean * one standard deviation. Differences
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Figure 1. Echocardiographic measurements of each parameter.

IRT=isovolumic relaxation time; II-MVO=the time from the aortic component of
the second sound to the point of opening of the mitral valve; RFP=rapid
filling phase; SFP=slow filling phase; AFP=filling phase during atrial
systole; (1)=left ventricular internal dimension(LVD) at end-systole; (2)=LVD
at end-rapid filling phase; (3)=LVD at end-slow filling phase; (4)=LVD at end-
diastole. Each filling volume is calculated as the increment of ventricular
volume during each filling phase.

between 2 groups were analyzed using Student's t-test and Wilcoxon signed rank
test. The correlations between myocyte diameter, % fibrosis, e, and various
cardiac functional indices were investigated using Pearson's correlation
formula and multiple regression analysis. The P value was considered
statistically significant when it was less than 0.05.

Results
1) Cardiac Function:

The mean blood pressure, heart rate, and left ventricular wall thickness
did not differ between the control and diabetic groups (Table 2). Systolic
and diastolic indices determined by echocardiography are shown in Table 3.
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Table 2. Hemodynamic data and wall thickness in the 2 groups.

Case Age MBP HR IVST PWT

(M/F) (yr) (mmHg)  (beats/min) (mm) (mm)
Control (4/2) 46.8%6.3 100.0+4.8 63.8%8.7 9.5+0.8 9.2#1.2
DM (6/2) 49.3x14.1 88.9+15.1 62.512.5 8.9x1.2 9.120.6

DM=diabetes mellitus; M=male; F=female; MBP=mean blood pressure; HR=heart
rate; IVST=interventricular septal thickness; PWT=posterior wall thickness.

Table 3. Echocardiographic findings in control and diabetes mellitus groups

LVEDVI LVESVI SI FS IRT RFVI
(m1/m2) (m1/m2) (m1/b/m2) (%) (msec) (m1/m2)

Control  67.1x11.6 23.7%5.7 43.4:8.3 40.2+5.0 50.0£16.7 15.4+4.6

DM 60.0+13.2 23.4+11.7 36.6+8.8 33.0+7.8 86.3+30.7# 11.8+3.1*
SFV% AFVI RFV/SV SFV/SV AFV/SV
(m1/m2) (m1/m2) (%) (%) (%)

Control  16.44.3 11.6x3.6 35.0+5.2 38.0£9.1 27.118.0
DM 14.6x5.7 14.116.8 29.9+6.5* 35.7x9.6 34.4:9.1

DM=diabetes mellitus; LVEDVI=left ventricular end-diastolic volume index;
LVESVI=1eft ventricular end-systolic volume index; SV=stroke volume; SI=stroke
volume index; FS=fractional shortening; IRT=isovolumic relaxation time;
RFV=rapid filling volume; RFVI=rapid filling volume index; SFV=slow filling
volume; SFVI=slow filling volume index; AFV=filling volume during atrial
systole; AFVI=filling volume index during atrial systole; *p<0.05; #p<0.01.

Although there were no differences in the Tleft ventricular end-diastolic
volume index (LVEDVI) and end-systolic volume index between the 2 groups, the
diabetic group LVEDVI and stoke volume (SV) index tended to be smaller. There
was no difference in fractional shortening between the 2 groups. IRT was
significantly prolonged in the diabetic group while rapid filling volume (RFV)
index was significantly reduced. The 2 groups did not differ with respect to
filling volume indices during the slow filling and atrial systolic periods.



14

Table 4. Multiple regression analysis.

R p standard regression coefficient
X1 X2 X3
1) Y=IRT
Y=389+1.93X2-363X3 0.686 <0.05 - 0.557 -0.292
2) Y=RFV/SV
Y=83.3-0.386X2-58.7X3 0.736 <0.05 - -0.742 -0.314

X1=myocyte diameter; Xp=percentage of fibrosis; X3=eccentricity e.

When each filling volume was divided by the SV similar results were obtained.
II) Histopathological Findings:

Examination of the endomyocardial biopsy specimens revealed a mean
myocyte diameter of 11.7 + 0.4 and 13.1 + 0.5 um in the control and diabetic
groups (p<0.001), respectively, while the % fibrosis was 10.9 + 1.9 and 20.9 *
9.9% in the control and diabetic groups (p<0.01), respectively, with
significantly higher values found in both cases in the diabetic group. e was
0.98 + 0.01 in the control group and significantly smaller at 0.96 + 0.03 in
the diabetic group (p<0.05).

IIT) Comparative Study of Cardiac Function and Histological Findings:

We examined the correlations between the left ventricular early diastolic
indices and the myocardial histological findings. No correlations were found
between the myocyte diameter and IRT or RFV/SV (Fig 2). A significant
positive correlation was found between % fibrosis and IRT (r=0.62, p<0.01),
while a significant negative correlation was found between % fibrosis and
RFV/SV (r=-0.63, p<0.01), as shown in Fig 3. No correlations were found
between e and IRT or RFV/SV (Fig 4). Multiple regression analysis
demonstrated that % fibrosis was more more closely associated with IRT and
RFV/SV than myocyte diameter or e (Table 4).

Discussion

In diabetes mellitus, the high incidence of myocardial injury secondary
to hypertension and coronary arteriosclerosis is well known. The findings
that myocardial injury is present in diabetic patients who are without
hypertension and coronary arteriosclerosis has also been reported and has
received a great deal of attention. 1In 1972, Rubler et al. (1) studied the
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hearts of patients with diabetic glomerulosclerosis post-mortem. In 4

patients, in whom neither hypertension nor major coronary artery disease had
been present, diffuse fibrosis of the myocardial interstitium, myofibrillar
hypertrophy, and small intramural coronary arteriole wall thickening with
narrowing of the lumen due to the deposition of acid mucopolysaccharide were
found. The authors postulated that these findings represented a new type of
cardiomyopathy. In 1974, Hamby et al. (2) in a study of the post-mortem
diabetic heart found perivascular and interstitial fibrosis, proliferation of
the endothelial lining cells with bridging across the lumens, and myocardial
hypertrophy in hearts free from main coronary artery lesions. Accordingly, it
was concluded that in diabetes mellitus a specific lesion of the small vessels
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are no significant correlations between IRT and RFV/SV, and e in the 2 groups.
DM=diabetes mellitus; IRT=isovolumic relaxation time; RFV=rapid filling
volume; SV=stroke volume; O=controls; ®=diabetics.

arises, which the authors named "diabetic cardiomyopathy". Ledet (3) reported
similar histological findings, while Factor et al (17) reported the existence
of capillary microaneurysms within the myocardium and suggested the
possibility that microangiopathy itself may lead to myocardial injury.
However, little is yet known about the origin and pathophysiology of diabetic
myocardial injury which develops independently of hypertension and coronary
arteriosclerosis. With this in mind, we investigated the correlations between
the cardiac function and histopathological findings in a group of diabetic
patients in whom hypertension and coronary arteriosclerosis were carefully
excluded.

Various studies have been undertaken to evaluate cardiac function in
diabetic patients using mechanocardiography (4-6), echocardiography (7-9), and
nuclear medicine methods (10-12). Rynkiewicz (6), Sanderson (7), Shapiro (8)
and their respective colleagues have reported prolongation of IRT in diabetic
patients, and Kahn et al (11) in a study using radionuclide ventriculography
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pointed out abnormalities in the early diastolic phase indicated by a decrease
in the peak filling rate in 21% of diabetic patients as well as a prolongation
of the time to peak filling rate. We obtained similar results with
prolongation of IRT and a decrease in the rapid filling volume index found in
the diabetic group. Fractional shortening which is an index of systolic
function did not differ between the control and diabetic groups. The diabetic
patients investigated in the present study had relatively mild disease and it
was surmised that in the early stage of diabetic myocardial dysfunction,
disturbances of the early diastolic phase extended from the isovolumic
relaxation period to the rapid filling period develop first.

Regan et al. (18) performed studies in the diabetic canine heart as well
as in human diabetic subjects (19) and reported an elevation of the left
ventricular end-diastolic pressure and a reduction in the left ventricular
end-diastolic volume as well as changes in the left ventricular pressure-
volume relation at the time of volume expansion, indicating increased left
ventricular chamber stiffness. Although it is commonly accepted that chamber
stiffness is largely due to left ventricular muscle itself (20), there was no
difference in left ventricular wall thickness between the 2 groups studied in
the present work. It is, therefore, surmised that myocardial injury itself is
largely responsible for the early diastolic dysfunction.

With regard to the histopathological changes found in the diabetic
myocardium, a number of studies have been undertaken, beginning with those of
the above-mentioned Rubler et al. (1) and Hamby et al. (2), with myocyte
hypertrophy and degeneration, interstitial fibrosis, and perivascular fibrosis
(3,21,22). However, the relation between these histological changes and
cardiac function has not been sufficiently investigated. Accordingly, using
myocardial biopsy specimens, we attempted in the present study to
quantitatively evaluate 3 items, namely, the degree of myocyte hypertrophy,
the percentage of interstitial fibrosis, and the degree of myocyte
dysarrangement, and investigated their relation to cardiac function. In the
diabetic group compared to the control group, the mean myocyte diameter was
significantly greater, and in addition there was a significant increase in
interstitial fibrosis, and pronounced myocyte dysarrangement. Comparative
study of these histological findings and cardiac function showed that only the
% fibrosis was significantly correlated with early diastolic indices, whereas
there were no significant correlations between myocyte diameter or degree of
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myocyte dysarrangement and early diastolic indices. Collagen fibers make up
the majority of intramyocardial fibrosis. Borg et al (23), in their study
using a scanning electron microscopy stated that the property of the diastole
is determined by the existence of collagen fibers surrounding groups of
myocytes. Also, Regan et al (18) in a study in the alloxan-induced diabetic
dog proposed an increase of glycoprotein in the interstitium as the cause of
the left ventricular diastolic dysfunction found in diabetes mellitus. From
the above it is surmised that in the diabetic heart, left ventricular early
diastolic dysfunction appears first and that the major histopathological
change involved in its pathogenesis is interstitial fibrosis.

Summary

In order to study left ventricular function and its relation to
pathologic findings in patients with diabetes mellitus, an echocardiographic
study and endomyocardial biopsy were carried out on diabetic patients and non-
diabetic control subjects without hypertension and coronary arteriosclerosis.
Left ventricular systolic and diastolic indices were calculated from M-mode
echocardiography. Right ventricular endomyocardial biopsies were performed to
calculate the myocyte diameter, the percentage of fibrosis, and the
eccentricity e, which means the degree of myocardial dysarrangement. The
results were as follows: isovolumic relaxation time (IRT) in the diabetic
group was significantly longer than that of the control group. Ratio of rapid
filling volume to stroke volume (RFV/SV) in the diabetic group was
significantly smaller than that of the control group. In the diabetic
patients, the myocyte diameter and the percentage of fibrosis were
significantly larger, and the e was smaller, than those of control subjects.

Although there were no significant correlations between IRT, RFV/SV and
the myocyte diameter, e, there were significant correlations between IRT,
RFV/SV and the percentage of fibrosis (r=0.62, r=-0.63). These studies show
that early diastolic dysfunction occurs in patients with diabetes mellitus,
and is correlated to the percentage of fibrosis.
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Introduction

The incidence of congestive heart failure is increased in patients with
diabetes mellitus (1,2,3) and there 1is evidence that cardiac dysfunction
occurs in diabetic patients with normal coronary arteries (4,5), but the
causes of these abnormalities are still unclarified. Some authors (6,7) have
suggested the existence of a specific diabetic cardiomyopathy. Rubler et al.
(6) reported four adult-onset diabetic patients who had cardiomegaly and
congestive heart failure in the absence of major coronary artery disease or
hypertension. Hamby et al. (7) observed a high incidence of diabetes mellitus
in their series of patients with idiopathic cardiomyopathy. On the other
hand, it has been proposed that metabolic derangements of diabetes may impair
the left ventricular function (4,8). Several investigators have shown that
abnormalities of left ventricular systolic (9-14) or diastolic (4,8,15-17)
function or both (18,19) are common in diabetics even without coronary artery
disease and clinical manifestations of congestive heart failure.
Abnormalities of the left ventricular function have been shown in diabetic
patients at rest (4,9,20,21) and also during exercise (10-14). Whether these
abnormalities result either from microangiopathy in the heart or from
metabolic derangements inherent to diabetes mellitus remains unclear.

Previous studies have been made to detect subclinical left ventricular
dysfunction in mainly young asymptomatic insulin-dependent diabetic (IDD)
patients. There are few papers with respect to left ventricular systolic and
diastolic functions in middle-aged asymptomatic non-insulin-dependent diabetic
(NIDD) patients (14,16). In our study, we used exercise radionuclide
ventriculography to investigate Tleft ventricular systolic and diastolic

Nagano, M., Mochizuki, S., Dhalla, N.S. (eds.)) CARDIOVASCULAR
DISEASE IN DIABETES. Copyright © 1992. Kluwer Academic Publishers,
Boston. All rights reserved.
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function in middle-aged asymptomatic NIDD patients, with no signs of ischemic
heart disease and any other cardiovascular diseases.

Methods

Study Subjects

Fifteen middle-aged asymptomatic NIDD patients (8 males and 7 females,
aged 41 to 74 years, mean age 58.7 = 10.5 years), selected among diabetic
patients attending at the first Department of Internal Medicine, Shimane
Medical University, were investigated. A1l patients were free of hypertension
and any evidence of heart disease based on history, physical examination,
electrocardiogram at rest and chest x-ray. They had no obvious perfusion
defects in exercise thallium-201 myocardial scintigram and neither had angina
nor showed abnormal exercise electrocardiogram. The duration of diabetes
mellitus for the group ranged from 1 to 22 years, mean duration 9.1 + 7.5
years. Five patients were treated with insulin injections. Six patients
received oral antidiabetic treatment and 4 patients were treated by diet only.
Glycosylated hemoglobin concentration (normal values < 8.0%) ranged from 8.5%
to 15.6%, mean value 10.4 + 2.0%. Two of 15 patients had proliferative
retinopathy and three of them had proteinuria (Table 1).

Ten age- and sex-matched healthy control subjects were also studied for
comparison. None of the control subjects had evidence of heart disease based
on history, physical examination, electrocardiogram at rest and chest x-ray.
They also had no obvious perfusion defects in exercise thallium-201 myocardial
scintigram and showed no angina or significant ST shifts of 12-lead
electrocardiogram upon exercise. Five asymptomatic NIDD patients who were
suspected of coronary artery disease by exercise thallium-201 myocardial
scintigraphy and/or exercise electrocardiography were excluded from this
study. Three of them showed both perfusion defects in myocardial scintigrams
and abnormal electrocardiograms on exercise. One of them showed only
perfusion defect on myocardial scintigram and one showed only abnormal
electrocardiogram on exercise.

Informed consent was obtained from all patients and control subjects
before the study.

Myocardial Scintigraphy
The subjects were investigated in the postabsorptive state. A standard
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Table 1. Clinical Features of 15 Diabetic Patients.

Duration of
Case Age (yr) Diabetes Treatment Hgb Al Retinopathy Urinary

& Sex (yr) (g/100 m1) Protein
1 57 F 1 diet 8.5 (-) (-)
2 41 F 22 I 12.5 (-) (-)
3 71F 1 diet 9.4 (-) (-)
4 59 F 3 diet 11.7 (-) (-)
5 55 M 4 0A 11.4 (-) (-)
6 74 M 20 I 10.2 (+) (-)
7 66 M 20 I 15.6 (+) (+)
8 60 F 9 0A 12.0 (-) (-)
9 51 F 7 0A 10.4 (-) (+)
10 56 M 7 0A 9.2 (-) (-)
11 66 M 9 I 9.0 (-) (+)
12 53 M 2 0A 8.8 (-) (-)
13 41 M 11 0A 8.8 (-) (-)
14 73F 18 I 9.9 (-) (<)
15 51 M 3 diet 8.9 (-) (-)

F = female; M =male; I = insulin; OA = oral agent
Hgb Al = glycosylated hemoglobin Al

multistage exercise was performed on a motorized ergometer with simultaneous
recording of a 12-lead electrocardiogram. The exercise load was begun at 20W
for one minute and then increased by 20W step every one minute until symptoms
such as leg fatigue appeared. One minute before termination of exercise, one
bolus of 111 MBq of thallium-201 was injected intravenously. Blood pressure
and 12-lead electrocardiogram were recorded at every one minute. Images were
obtained twice within 5 minutes after exercise (early imaging) and 4 hours
later (delayed imaging).
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Radionuclide Ventriculography

A11 the patients underwent multigated radionuclide ventriculography with
simultaneous electrocardiographic tracing. Twenty minutes after intravenous
administration of 148 MBq stannous pyrophosphate, 925 MBq technetium
pertechnetate were injected intravenously for in vivo labeling of the red
blood cells. Imaging was performed in the subject lying on his back, using a
mobile gamma camera equipped with a multipurpose collimator, built in a
computer system (General Electric, Starcam, 400 AC/T). Imaging was carried on
in the left anterior oblique projection. Eighty percent of total workload was
used on exercise thallium-201 testing as the appropriate load. Each cardiac
cycle was divided into 24 frames on a 64 x 64 matrix. Four hundred cardiac
cycles at rest and at least 200 cardiac cycles during supine bicycle exercise
were collected and stored by ECG gating. Ectopic beats were excluded from the
data. During exercise, stabilization of the heart rate was allowed during the
first one minute before data acquisition was begun. High temporal resolution
left ventricular time-activity curves representing a measure of relative left
ventricular volume changes with time throughout the average cardiac cycle,
were generated from the cardiac image sequence with use of variable left
ventricular and background region of interest. The left ventricular time-
activity curves were reconstructed from the first four Fourier harmonics.
First derivative curves (dv/dt) of these time-activity curves were computed
and obtained over the entire circle.

Statistical Analysis
A11 data were analyized by F-test and followed by unpaired t-test. All
data were shown as mean t standard deviation.

Results

Exercise Capacity

There was no difference between the diabetic and control groups with
respect to heart rate and blood pressure at rest. Termination of exercise was
limited by exhaustion such as leg fatigue in all subjects. None showed chest
pain, myocardial scintigraphic defects or electrocardiographic changes. Both
groups attained similar total workload, peak heart rates, peak blood pressures
and pressure-rate products. There was no significant difference between the
diabetic and control groups with regard to exercise capacity. (Figure 1),



Figure 1. Indexes at Peak Exercise. No statistically significant difference
in heart rate, systolic blood pressure, pressure-rate-product and total
workload was recognized between the controls and the diabetic patients at peak
exercise.

Ejection Fraction

No regional wall motion abnormalities in phase and amplitude analysis of
the radionuclide ventriculography were observed in any subjects in either
group at rest or during exercise. Left ventricular ejection fraction (LVEF)
was 60% or more in all NIDD patients. The average LVEF at rest was 69.1 =
5.3% (mean = SD) in the NIDD patients and 65.6 + 4.2% in the control subjects.
The value of LVEF at rest was higher in the diabetic group than in the control
group, but there was no significant difference. On exercise, the average LVEF
changed to 68.3 + 6.9% and 72.1 * 5.0%, respectively. There was also no
significant difference. While LVEF of the control group increased
significantly on exercise (p < 0.01), the diabetic group did not change much
(Figure 2). The average change of LVEF to exercise was -0.7 + 7.6% in the
diabetic group and +6.5 = 2.6% in the control group. It was significantly
different between these two groups.

If a normal response of LVEF to exercise was defined as an increase of
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Figure 2. The response of LVEF to exercise. The average LVEF at rest was
69.1 = 5.3% in the NIDD patients and 65.6 + 4.2% in the control subjects. On
exercise, the average LVEF changed to 68.3 + 6.9% and 72.1 + 5.0%,
respectively. LVEF of the control group increased significantly (p < 0.01),
but that of the diabetic group did not.

more than 4% during exercise, then 12 of 15 NIDD patients (80%) and 2 of 10
control subjects (20%) would be considered abnormal (Figure 3).

No statistical correlation was found between abnormal response of LVEF
to exercise in the NIDD patients and various clinical variables, such as age,
sex, duration of diabetes, glycosylated hemolglobin concentration, presence
of retinopathy or nephropathy, heart rate or blood pressure at rest or on
exercise, pressure-rate product, total workload or ejection fraction at rest.

Diastolic Filling

Left ventricular diastolic filling at rest was also impaired in the NIDD
patients. Filling fraction the first third of diastole (1/3FF) at rest was
significantly low in the diabetic group compared with the control group (p <
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Figure 3. Average change of LVEF on exercise. The average change of LVEF on
exercise was -0.7 + 7.6% in the diabetic group and +6.5 + 2.6% in the control
group. There was a significant difference between these two groups. If a
normal response of LVEF to exercise was defined as an increase of more than 4%
during exercise, then 12 of 15 NIDD patients (80%) and 2 of 10 control
subjects (20%) would be considered abnormal.

0.05). Filling rate at the first third of diastole (1/3FR) in the diabetic
group was lower than in the control group. On the contrary, the peak filling
rate (PFR) in the former was higher than in the latter. In addition, the time
from end systole to peak filling rate (TPF) at rest was longer in the NIDD
patients than in the control subjects. This remained true even when the TPF
was normalized by the R-R interval and expressed as a percentage (TPF/R-R).
Filling fraction of the first third of diastole was significantly different
between the two groups and the other indexes were not significantly different
(Figure 4).

Statistical correlation was not found between 1/3FF, TPF or TPF/R-R in
the NIDD patients and various clinical variables such as age, sex, duration of
diabetes, glycosylated hemoglobin concentration, presence of retinopathy or
nephropathy, heart rate or blood pressure at rest or on exercise, pressure-
rate product, total work load or ejection fraction at rest.
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Figure 4. Indexes of LV Diastolic Function at Rest. Filling fraction during
the first third of diastole (1/3FF) at rest was significantly lower in the
diabetic group than in the control group (P < 0.05). In addition, the TPF at
rest was longer in the NIDD patients than in the control subjects. This
remained true even when the TPF was normalized by the R-R interval and
expressed as a percentage (TPF/R-R).

Discussion

Coronary artery disease is one of the well-known diabetic complications
(22,23). Coronary angiography is an accurate practical tool, but it is an
invasive procedure which cannot be used indiscriminately. We carefully
selected our patients to obtain an asymptomatic diabetic population on
cardiovascular disease and having no factors likely to alter left ventricular
function other than diabetes. Exercise thallium-201 myocardial scintigraphy
was used to exclude coronary artery disease from the study. Five patients
were excluded and three of them showed both perfusion defects in exercise
thallium-201 myocardial scintigrams and abnormal exercise electrocardiograms.
One of them showed only perfusion defect in exercise thallium-201 myocardial
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scintigram and the other one showed only abnormal exercise electrocardiogram.
The former three patients had significant coronary lesions. The latter two
patients had no significant coronary lesion, but they were also excluded from
the study because the possibility of coronary artery spasm on exercise cannot
be denied completely. However, it is sometimes difficult that three-vessel
coronary artery disease with global myocardial ischemia might be detected even
by exercise thallium-201 myocardial scintigraphy or exercise
electrocardiography. Subclinical impairment of left ventricular function in
asymptomatic diabetic patients has been suggested by evidence from
echocardiography (9,16-20), systolic time intervals (4,9,16) and radionuclide
ventriculography (10-14,16).

In the present study, there was no significant difference between the
NIDD patients and the control subjects with regard to exercise capacity. 1In
accordance with previous studies, our results indicated that LVEF remained
preserved at rest but decreased or failed to increase during exercise in 80%
of the NIDD patients in contrast to 20% of the control subjects. The causes
of the higher incidence of abnormal LVEF response to exercise in our patients
compared to some previous studies (42-72%) (10-14) may be due to another
subset of diabetes mellitus. Qur patient group consists of middle-aged
asymptomatic NIDD patients. The value of the average change of LVEF to
exercise of our control group (6.5 = 2.6%) is also lower than that of the
control group of the previous studies (10-15%) (10-14).

The causes of these abnormalities remain wunclarified. In fact,
different factors which have been considered capable of producing impairment
of the left ventricular function in asymptomatic diabetic patients include
metabolic factors (4), microangiopathy (6,7,18-21), neuropathy (15) and latent
coronary artery disease (23). However, these factors are often present
simultaneously in diabetic patients, making it difficult to assess their
contribution.

A decrease in LVEF to exercise is a sensitive index of coronary artery
disease (24,25). Diffuse global microvascular circulation disturbance is
present in various organs of diabetes due to microangiopathy or hyperviscocity
of the blood serum. The shift to the left of oxygen hemoglobin dissociation
curve by glycosylated hemoglobin is partly concerned with reduction of oxygen
supply to the myocardial cells in accordance with other organ cells in
diabetes (26). One cause of abnormal response of LVEF to exercise can be
latent global myocardial ischemia. Because it is very difficult for global
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myocardial ischemia, as well as three-vessel coronary artery disease, to be
detected by exercise thallium-201 myocardial scintigraphy or exercise
electrocardiography.

No statistical correlation was found between abnormal response of LVEF
to exercise in the NIDD patients and various clinical variables, such as age,
sex, duration of diabetes, glycosylated hemoglobin concentration, presence of
retinopathy or nephropathy, heart rate or blood pressure at rest or on
exercise, pressure-rate product, total workload or ejection fraction at rest.
Reasons for this result could be considered as follows: (1) equivocal onset
of non-insulin-dependent diabetes mellitus, (2) relatively wide range of age,
(3) few severely complicated diabetic patients; only two patients with
retinopathy and three with proteinuria.

We also detected impairment of left ventricular diastolic function at
rest in the NIDD patients. Filling fraction during the first third of
diastole (1/3FF) at rest was significantly low in the diabetic group compared
with the control group. This fact suggests that early diastolic blood filling
in diabetic patients decreases due to impairment of relaxation or
distensibility of the left ventricle and the deteriorated early distolic
filling can result in prolongation of the TPF. In the present study, the TPF
at rest was Tlonger and TPF/R-R, normalized by the R-R interval and expressed
as a percentage was larger in the NIDD patients than in the control subjects.
But the PFR in the NIDD patients was not low compared with that in the control
subjects and this point is different from the previous studies (15-17). This
conflicting result may be attributed to differences in the study population.
Accumulation of glycoprotein and collagen and increased fibrosis of myocardial
interstitium in the diabetic patients (8,13,27,28) may impair relaxation or
distensibility of the left ventricle at early diastole.

Despite the normal ejection fraction at rest in the NIDD patients, left
ventricular diastolic filling was already impaired in the diabetic patients in
our study as well as in the previous studies (16,17). This shows that
abnormalities in left ventricular diastolic function can be an earlier sign of
diabetic myocardial disease than impaired systolic function at rest.

Summary

Radionuclide ventriculographic studies were performed at rest and during
exercise on 15 middle-aged asymptomatic NIDD patients (mean age 58.7 : 10.5
years) and 10 age- and sex-matched normal control subjects. They had no
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clinical evidence of cardiovascular diseases and no obvious perfusion defects
in exercise thallium-201 myocardial scintigraphy. The average LVEF at rest
was 69.1 £ 5.3% (mean + SD) in the diabetic patients and 65.6 * 4.2% in the
control subjects. On exercise, the average LVEF changed to 68.3 * 6.9% and
72.1 = 5.0%, respectively. Average change of LVEF to exercise was -0.7 + 7.6%
in the diabetic group and +6.5 * 2.6% in the control group. On the other
hand, 1/3FF at rest was significantly low in the diabetic group compared with
the control group. We conclude that not only the response of LVEF to exercise
but also early left ventricular diastolic filling at rest is impaired in
middle-aged asymptomatic NIDD patients as well as young asymptomatic IDD
patients.
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Introduction

Diabetes mellitus is thought to be one of the risk factors of coronary
heart disease (1,2). It is hard to detect ischemic heart disease in diabetic
patients because many of them are asymptomatic. It is also considered that
cardiomyopathy more often occurs in diabetic patients than in normal
population (3,4,5). Exercise T1-201 scintigraphy are commonly used to detect
myocardial viability in coronary heart disease (6,7,8) and cardiomyopathy (9).
We evaluate how often the patients of diabetes mellitus without symptoms
suffer from heart disease, using the scintigraphic method.

Methods

This investigation consists of forty-seven patients at our university
hospital, 28 men and 19 women from 24 to 74 years of age (mean 58¢12). They
were selected if they passed the following criteria: (a) diagnosed as
diabetic mellitus by the oral glucose tolerance test, (b) without any symptoms
1ike angina pectoris in their past history, (c) stable clinical condition
allowing exercise studies before choice, (d) without any handicaps
interrupting the exercise study. The mean duration of the disease in these
patients was 9¢7 years. We compared the patient data on exercise to those of
27 healthy volunteers (control group). Control group consisted of 17 men and
10 women, and their mean age was 6111 years. There was no significant
difference between these two groups on sex and age. The medication such as B-
adrenergic receptor-blocking agents, calcium-channel blocker or other drugs
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DISEASE IN DIABETES. Copyright © 1992. Kluwer Academic Publishers,
Boston. All rights reserved.
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which might effect the cardiac performance was stopped 3 days before the
study.

Standard equipments and techniques were used to perform both exercise and
myocardial perfusion imaging. All exercise studies were performed in the
morning period on a motorized ergometer machine with supine position by the
standard multistage method. Exercise load was started from 20 watts and then
increased by 20 watts step every one minute. One minute before the maximal
load 111 MBq of T1-201 was injected intravenously. The end-point of the load
was either ischemic change of the ECG or fatigue. A 12-lead electrocardiogram
was continously monitored and recorded every one minute, at peak exercise, and
at one, two and three minutes after exercise. The ST segment displacement was
quantitated as the vertical distance from the base 1line (TP segment) at 80
millisecond after the J point. The first measurements was computed from the
average of the value of consecutive 5 beats in the electrocardiogram lead
showing maximal displacement; the second measurement was calculated in the
same manner. At peak exercise 111 MBq of T1-201 was injected into a
peripheral arm vein, and then the patients exercised on for one more minute.
Stress imaging began 4 minutes after stopping exercise. Single photon
emission computed tomography (SPECT) imaging was taken first and planar
imaging followed. To make the SPECT images, the gantry was rotated 180
degrees from left posterior oblique 45 degree to right anterior oblique 45
degree around the long axis of the patient. Data were collected from 60 views
(25 second/view). Each planar image contained 500,000 counts that were
recorded successively in the anterior, 45 degree left anterior oblique (LAO),
and left lateral projections. Redistribution images were recorded 240 minutes
after stopping exercise with exactly the same manner, in each view, as the
initial dimages. Starcam 400-ACT scintillation camera (General Electric)
equipped with a Tlow energy all-purpose and parallel-hole collimator was
interfaced to Starcam computer system (GE). Data were collected in 128 x 128
matrix.

Images were reconstructed into 10-mm-thick multiple slices in the trans-
axial planes by a filtered back-projection method with a Butterworth spatial
filter (power factor: 10. cut-off frequency: 0.4 cycles/cm) as a pre-filter
and a Ramp filter to reconstruct. Each reconstructed image contained 200,000
to 800,000 counts. The vertical short-axial (frontal), the long-axial
(sagittal) and trans-axial (horizontal) sections of the heart were
reconstructed by conventional method. In comparison with myocardial region of
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the most intense uptake on the images, myocardial segment was judged abnormal
if the T1-201 uptake reduced to 50% or more relatively. The myocardial
scintigraphic findings were interpreted on the basis of segmental analysis
predicting the responsible coronary arteries.

Table 1. Clinical data on exercise

Diabetic Control p value

Number (male/female) 47(28/19) 27(17/10) NS
Age (years) 58 = 12 61 + 11 NS
Duration of the disease (years) 9.7 £ 7 --
Heart rate (bpm)

at rest 67 £ 10 67 £ 11 NS

at the maximal exercise 123 £ 23 132 £ 16 p<0.01

increment 56 = 22 67 = 16 p<0.05
Systolic blood pressure (mmHg)

at rest 145 = 23 140 + 23 NS

at the maximal exercise 199 + 29 197 + 24 NS
Exercise capacity (watts)

maximal 103 + 35 110 + 30 NS

total 438 + 210 473 + 197 NS

Values are meantSD  NS=not significant

Results

1) Heart rate at rest of diabetic group was 6710 (bpm) and that of
control group 67+11(bpm). There were no significant differences between these
two groups, though the heart rate at the maximal exercise of diabetic group
was 123+23 (bpm) and that of control group 134+16 (bpm) (p<0.01). The
increment of the heart rate was 56+23 (bpm) in diabetic group and was 67:16
(bpm) in control group (p<0.05). We could not find any differences between
these two groups about the blood pressure at rest and at maximal exercise,
maximal work load and total work load.
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Figure 1. Results of the scintigraphy

Diabetic patients (47)
|

I ]
With scintigraphic Without scintigraphic
perfusion defects (9) perfusion defects (38)
1
] |
With coronary Without coronary
arteriography (5) arteriography (4)
|
I ] |
With coronary arterial Scintigraphic perfusion Without coronary
stenosis at the matched defects in both territories arterial stenosis
area (2) of stenotic and intact (2)

coronary arteries (1)

2) We revealed perfusion defects in 9 cases. Coronary arteriography
was done 5 out of 9. Coronary arterial stenosis was detected in coincidence
with the defective area in 3 of them. One of them also had perfusion defects
in normal arterial territory. There were two cases with intact coronary
arteries in which perfusion defect was detected. These results indicate that
at least 6% (3/47) of asymptomatic patients suffer from microangiography, and
6% (3/47) of them have unexplainable scintigraphic perfusion defects which may
indicate microangiopathy or metabolic disorder in the heart.

3) There was a case with ketoacidosis in which perfusion defect was
detected and disappeared after the recovery from ketoacidosis (Fig. 2).

4) There was a case clinically diagnosed as dilated cardiomyopathy with
intact coronary arteries (Fig. 3).

5) Scintigraphic asymmetrical hypertrophy was found in one case and was
clinically diagnosed as hypertrophic cardiomyopathy (Fig. 4).

Discussion

Although there was no significant differences between the heart rate at
rest in the two groups, heart rate at the maximal exercise was significantly
lower in the diabetic group than in healthy volunteers. The lower maximal
heart rate and work load in these subjects are consistent with previous
reports (10,11,12). This change may be partly due to autonomic neuropathy
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Figure 2. Stress myocardial scintigraphy of 32 year old male patient.
Exercise induced perfusion defect in the inferior wall was detected in
ketoacidosis (white triangle). However it disappeared one month after the
recovery from ketoacidosis with insulin treatment.
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Figure 3. Stress myocardial scintigraphy and left ventriculography of 56 year
old male patient. Left ventricular enlargement and small and multiple
scintigraphic perfusion defects were noted.
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Figure 4. Stress myocardial scintigraphy of 66 year old male patient.
Asymmetrical anterior and apical hypertrophy (white triangle) were noted.

which is known to reduce maximal heart rate and exercise capacity. We could
not find any difference between the two groups concerning the exercise
capacity in our study. This phenomenon might occur because of the difference
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of the severity of the diseases between our and their patients.

In previous studies, scintigraphic perfusion defects had been
demonstrated in 30-50% in asymptomatic diabetic patients (9,10,11). In our
study scintigraphic perfusion defects were found in only 19% (9/47). Coronary
arteriography was performed in 5 out of 9 patients. At the matched area,
coronary arterial stenosis was detected in 60% (3/5) of them. No significant
coronary arterial stenosis was found in 60% (3/5) of them. Thus,
approximately 11 (19x0.6)% of the asymptomatic patient has a chance to suffer
from coronary arterial stenosis, and about 11 (19x0.6)% of them have the
possibility of unexplainable perfusion defect. Our data on the scintigraphic
perfusion defect were 1lower than the previous reports. We judged the
perfusion defects as the count of 50% or less than the most intense uptake of
the images. In this manner, we detected the exercise induced perfusion
defects which occurred with the sensitivity 94.1% and the specificity 89.9%
(6) because of the coronary arterial stenosis. However, the previous workers
had rarely confirmed their own data with sensitivity and specificity of their
institute. We observe less frequently the patient with diabetes mellitus who
suffers from congestive heart failure with no coronary arterial stenosis.
Therefore, we cannot believe so many patients are in diabetic cardiomyopathy.
In a part of the Framingham study, Kannel et al. (16) reported that diabetic
patients developed congestive heart failure more often than non-diabetic
population. They reported that diabetic patients often developed
cardiomyopathy and also speculated that the possibility of pathological
changes in small coronary vessels was present in diabetic cardiomyopathy
(4,5,17). The 56 year old male patient described in Fig. 4 was clinically
diagnosed as dilated cardiomyopathy. In this case, small multiple perfusion
defects with enlarged left ventricular cavity were found, so microangiopathy
may play some role at the defective area. For this reason, this case might be
so called diabetic cardiomyopathy. In the 32 year old male patient described
in Fig. 3, the perfusion defect disappeared after the ketoacidosis had
recovered. Some metabolic disturbance may affect this phenomenon rather than
microangiopathy. It is hard to believe that microangiopathy disappeared
within a month only. T1-201 can play almost the same role as K* at the
microcirculatory system of the myocardium. At the ketoacidotic state, the
plasma concentration of H* rise up and may modify K* or T1-201 in the
cellular level. So the myocardial uptake of T1-201 may decrease. There are
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some possibilities that the scintigraphic perfusion defect reflects both
microangiopathy and metabolic disturbance of myocardium.

Scintigraphic myocardial perfusion defects are observed in both
angiopathy and some metabolic disorders. Angiopathy consists of two
possibilities. Some people have reported that silent myocardial ischemia was
frequently seen in diabetic patients. Exercise myocardial scintigraphy can be
a very useful method to detect silent myocardial ischemia in this disease.
One 1is coronary microangiopathy which can be confirmed by coronary
arteriography. The other is the microangiopathy of the heart which is
frequently seen in other organs such as eyes and kidneys. Myocardial
perfusion defects in normal coronary arterial territory might represent
microangiopathy of the heart. However, some metabolic disorder might cause
these perfusion defects just like the case in Fig. 3. Therefore, when we
observe the perfusion defect in normal arterial territory in diabetic
patients, we have to consider at least two possibilities that perfusion defect
is affected from microangiopathy and some metabolic disturbance or both.

We could conclude that exercise T1-201 myocardial scintigraphy is a
useful non-invasive method to detect cardiac disease including ischemic heart
disease, cardiomyopathy and some metabolic disorders in the asymptomatic
patient of diabetic mellitus.

Summary

To evaluate cardiac involvements in diabetic patients without symptoms,
exercise T1-201 myocardial imaging was carried out in 47 patients (average
age: 58.1+12.1 years, average duration of disease: 9.4%7.1 years). The heart
rate at maximal exercise of the diabetic patient was 123:23 (bpm) and that of
the control group was 134+16 (bpm); there was a significant difference between
these two groups (p<0.01). Poor response of the heart rate increment to the
exercise in diabetic patient may indicate autonomic nerve dysfunction.
Scintigraphic perfusion defects were found in 9 out of 47 asymptomatic
diabetic patients (19%). Coronary arteriography was performed in 5 out of 9
patients. Coronary arterial stenosis was recognized at the matched area in 3
patients, but one of them had another perfusion defect in the normal arterial
territory. No arterial stenosis was found in the other two patients.
Scintigraphic asymmetrical hypertrophy was found in one case.

Judging from the above described findings non-invasive T1-201 myocardial
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scintigraphy can detect heart diseases of different types. Exercise
myocardial scintigraphy was useful to detect not only coronary stenosis in
asymptomatic patient but also coronary microangiopathy or some metabolic
disturbances. Scintigraphic perfusion defect in normal coronary arterial
territory may indicate both microangiopathy and some metabolic disorders of
the heart.
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Autonomic Function Test Assessed by Ambulatory ECG in Diabetics

K. Aihara, I. Taniguchi, S. Kageyama and Y. Isogai

3rd Department of Internal Medicine, Jikei University School of Medicine,
Tokyo 105, JAPAN

Introduction

R-R interval variation of ECG has been used as an autonomic function
test in diabetic autonomic neuropathy and various neurological disorders (1).
Although R-R interval variation has been determined at various times of the
day, it has not yet been clarified whether or not there are significant
circadian variations and changes caused by sleep stages.

Therefore, we investigated the circadian variation and reproducibility
of R-R interval variation using an ambulatory ECG.

Subjects and Methods

Subjects were 5 healthy males (23-32 years), 11 diabetics without
autonomic neuropathy (31-53 years, 10 males and 1 female), and 5 diabetics
with autonomic neuropathy (29-53 years, 5 males). Subjects were not taking
either psychotropic, anti hypertensive drugs or any drug affecting the central
nervous system. Diabetics with autonomic neuropathy denote those with
orthostatic  hypotension, diabetic diarrhea, impotence or sweating
abnormalities. Blood glucose levels on the study day were within the range
between 100 and 250 mg/d1, and hypoglycemia was not observed.

ECGs were recorded for 24 hours in each subject. They lay on a bed
quietly for 20 min every 2 hours and 100 consecutive R-R intervals in ECG
during the 1last 5 min of each 20 min resting period were analyzed.
Coefficient of variation (CVR_p) was calculated. Data show mean * SD.

Results

Histogram and trendgram of R-R intervals of a case are shown (Fig. 1).
Health subjects and diabetics without autonomic neuropathy showed a similar
Nagano, M., Mochizuki, S., Dhalla, N.S. (eds.)) CARDIOVASCULAR

DISEASE IN DIABETES. Copyright © 1992. Kluwer Academic Publishers,
Boston. All rights reserved.
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Figure 1. Analysis of heart rate variation using Holter ECG. AN: Autonomic
neuropathy.
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Figure 2. Daily profiles of mean heart rate in normal and diabetic subjects.
AN: Autonomic neuropathy.
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Figure 3. Daily profiles of CVR_p in normal and diabetic subjects. AN:
Autonomic neuropathy.

heart rate change, i.e. heart rate is increased during the day time and
decreased during the night (Fig. 2, Table 1).

Coefficient of variation of R-R intervals (CVR_g) (1) were over 1.5%
in each case of the healthy subjects and the diabetics without neuropathy at
any time of the day, while they were less than 2% in each case of the
diabetics with autonomic neuropathy at any time point (Fig. 3, Table 1).

The difference between maximum and minimum of CVR_p within a day were
2.2 £ 0.7% in healthy subjects, 1.7 * 0.4% in diabetics without autonomic
neuropathy, less than 3.3% in each case of two groups. It was within 0.7 =
0.1% in those with neuropathy.

Discussion

Holter ECG has already been available for years in the diagnosis of
cardiac diseases. There have also been reports on diabetic autonomic
neuropathy using a Holter ECG, showing smaller diurnal variation of heart rate
in diabetic neuropaths than healthy subjects (2,3). However, it has not yet
been shown whether healthy subjects with greater daily activities also show
such a small diurnal variation as diabetic neuropaths whose daily activities
are limited. Therefore, we have examined heart rate variation using a Holter
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Table 1. Mean R-R intervals and CVp_g in normal and diabetic subjects. AN:
Autonomic neuropathy.

mean - SO

clock time 0 ] 4 7 9 n ] 13 16 18 n

Nor mal
(N=5)

Mean R R 1126 201 {1087 203 964163 | 900 981 938146 869°118 94094 86892 958142
W

CVe-u (%) 298 084 | 285 054 359 12 | 391-134 | 383:099 | 362-108 | 39111.64 | 429°1.07 | 357°082

Diabetics
without AN
(N=11)
Mean R R 1058 - 164 |1050 - 202 | 933:176 | 861°101 | g15:175 | 938:147 | 998:198 | 9011138 | 1013:197
interval
(msec)

CVr-# (%) 271 074|261 081 | 275-047 | 267081 | 288 0.58 | 257 060 | 276086 | 2.62'0.70 | 2.33:0.77

Diabetics
(N=5)

821 103 | 827 100 814-127 | T36+48 732° 31 7574123 T44 54 T47:78 8101136
interval
(msec)

CVi (%) 120 054|110 041 | 1.16-047 | 112056 | 1.26° 052 115051 124053 | 1.17°048 | 104035

ECG apparatus in healthy subjects, diabetics without autonomic neuropathy and
diabetics with advanced autonomic neuropathy.

Although a greater variation of CVR.p was observed in healthy subjects
and diabetics without autonomic neuropathy than those with advanced autonomic
neuropathy, CVR.p of those without autonomic neuropathy was never smaller
than 1.5% which is assumed a critical level whether various autonomic symptoms
appear (4). The difference between maximum and minimum of CVR_gp within a
day was within 2%, and a significance of the results was not different
regardless of time when ECG was recorded. On the other hand, those with
advanced autonomic neuropathy showed a smaller diurnal variation of CVR_R
with the difference between maximum and minimum being less than 1%. Here,
again, a clinical significance of the results did not differ regardless of the
time of the day.

Therefore, it could be concluded that an autonomic function test using
heart rate variation can be applied at any time of the day to subjects whether
or not they have autonomic neuropathy. A method of using a Holter ECG
described here is a useful way to assess autonomic function in diabetics.

Summary

Ambulatory ECGs were recorded in 5 normal subjects (group I), 11
diabetics without autonomic neuropathy (group II), and 5 diabetics with
autonomic neuropathy (group III). Coefficient of variation of R-R intervals
was calculated by processing 100 consecutive intervals at 0, 4, 7, 9, 11, 13,
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16, 18 and 21 hours. CVs were over 1.5% at all time points in groups I and
II, the latter being lower than the former during the night. The fluctuations
of CV (max-min) were 2.2% (mean) in group I, 1.7% in group II, and less than
2% in each case of the 2 groups. CVs in groups III were less than 2% in each
case at all time points, and fluctuation was 0.5% (mean) and less than 1% in
each case. From the data obtained, it was concluded that it is possible to
measure CV of R-R intervals at any time of the day as an index of diabetic
autonomic neuropathy. The method described here using ambulatory ECG could be
useful for determination of autonomic function in various disorders.
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Diabetic Albuminuria and Ischemic Heart Disease
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Introduction

It is well known that ischemic heart disease is a major cause of death
in patients with diabetes mellitus (DM) and they have poor prognosis after
myocardial infarction (1-4). However, even patients with serious ischemic
lesions are apt to be asymptomatic. Some of the best diagnostic determinants
of ischemic lesions in DM heart are yet to be identified (5-7). In this
study, patients with non-insulin dependent diabetes mellitus (NIDDM) were
examined using dipyridamole loading thallium-201 myocardial scintigraphy (T1-
201) to investigate how frequently they are associated with ischemic lesions
in DM heart and to assess whether their occurrence is closely related to the
presence of chest pain and the severity of diabetic nephropathy.

Methods

Fifty eight patients with NIDDM were examined. Thirty seven were male
and 21 were female. The average age reached up 62.5 years old. T1-201
scintigraphy was performed (Fig. 1) as previously reported by Albro et al. (8-
11). An ischemic lesion in DM heart was justified with the scintigraphic
documentation of myocardial ischemia and/or infarction.

The chest pain was inquired at the time of consultation. The albumin in
the urine, albuminuria, was measured with the radioimmunoassay. The severity
of the diabetic nephropathy was divided into three categories, namely,
normoalbuminuria: below 20 microgram/min; micro-albuminuria: from 20 to 200
microgram/min; and macro-albuminuria: more than 200 microgram/min (12-13).

In this study, hypertension, hyperlipidemia, hyperuricemia, obesity and
habitual smoking resorted to the coronary risk factors.

X2-test was employed for statistics.

Nagano, M., Mochizuki, S., Dhalla, N.S. (eds.), CARDIOVASCULAR
DISEASE IN DIABETES. Copyright © 1992. Kluwer Academic Publishers,
Boston. All rights reserved.
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Figure 1. The method of dipyridamole loading thallium-201 myocardial
scintigraphy: A dose of 0.568 mg/kg of dipyridamole was injected for four
minutes. The early image used 3 mCi of T1-201 and was taken five minutes
after dipyridamole administration. The late image was taken after four hours.
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Kk
Asymptomatic \
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Figure 2. Positive documentation of dipyridamole loading thallium-201
myocardial scintigraphy in NIDDM patient;**:p<0.025.

Results

Twenty-three out of 58 NIDDM patients (40%) demonstrated a positive
indication of the ischemic lesion in the scintigram. Among them, 11 males and
2 females complained of chest pain. As shown in Fig. 2, these symptomatic
patients were documented. The ischemic Tlesions in the scintigram were
frequent (69%) than in the other asymptomatic patients (31%). The symptomatic
group did not differ in age, sex, hypertension and hyperlipemia from the
asymptomatic. However, in smoking, hyperuricemia and obesity, the former had
a higher ratio than the latter (Table 1).

Among symptomatic patients, the diabetic nephropathy was distributed as
shown in Table 2. That is to say, 6 cases of macro-albuminuria (6 males
only), 2 of macro-albuminuria (one to one) and 5 of normo-albuminuria (4 to
one). By contrast, in asymptomatic, it consisted of 10 cases with macro-
albuminuria (6 males and 4 females), 15 micro-albuminuria (11 to 4) and 20
normo-albuminuria (9 to 11). Concerning the coronary risk factors, only
hypertension closely referred to the severity of albuminuria.
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Table 1. Profile of NIDDM's patients ;M :male, F :female, y.o. :years old, *
:p<0.05.

symptomatic asymptomatic
group group
number 13 45
sex M11,F2 M 26, F 18
age(y.o.) 62.3%+6.0 62.3+9.3
hypertension 54% 42%
hyperlipemia 33% 38%
smoking * 54% 20%
hyperuricemia* 31% 11%
obesity* 38% 11%

Table 2. Clinical features and the albuminuria ;M :male, F :female, y.o.
tyears old, * :p<0.05

[Symptomatic group|

Macroalbuminuria Microalbminuria Normoalbuminuria

number 6 2 4

sex M=6, F=0 M=1, F=1 M=4, F=1
age(y.o.) 65.4+6.2 735 67.4+5.1
hypertension 50% 0% 80%
hyperlipemia 50% 50% 20%
smoking ~ B7% 0% 60%
hyperuricemia 67% 0% 0%
obesity 33% 0% 40%

|Asymptomatic groupl|

Macroalbuminuria Microalbuminuria  Normoalbuminuria

number 10 15 20

sex M=6, =4 M=11,F=4 M=8, F=11
age(y.o.) 61.1£9.2 63.4+9.1 59.2+9.1
hypertension* 80% 40% 25%
hypetlipemia 60% 33% 20%
smoking 0% 40% 15%
hyperuricemia 40% 0% 15%

obesity 10% % 15%
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Figure 3. Differences of scintigraphic documentation depend on the severity
albuminuria *: P<0.05, ***: p<0.01 n.s. :no significance.

As shown in Fig. 3, scintigraphic demonstration of the ischemic DM heart
was affected by the severity of nephropathy. Among the symptomatic, on the
one hand, the positive rate was exaggerated in patient with proteinuria
despite of the small number of cases examined in this study, 83% (5/6) in the
macro-albuminuria and 100% (2/2) in the micro-albuminuria. On the other hand,
among asymptomatic, the micro-albuminuria was marked by a significant high
frequency of the positive rate up to 60% in comparison with the two others,
20% in the macro-albuminuria and 15% in the normo-albuminuria.

It should be pointed out that a 54 year-old Japanese salesman had no
history of chest pain, at any time. He was followed as NIDDM for five years.
He developed micro-albuminuria during this time. His risk factor was limited
to only hypertension. Fig. 4 illustrated his T1-201 dipyridamole scintigram,
where the ischemic lesion was detected in the posteroseptal wall. The right
coronary artery documented severe atherosclerosis as shown in Fig. 5.



57

Figure 4. Eight representative short axial slices of early image and late
image in T1-201 SPECT of patient with posteroseptal wall ischemia.
Improvement of distribution in posteroseptal wall is noted on late image.

Figure 5. Right coronary artery documented severe atherosclerosis. Left
coronary artery had no significant atherosclerosis.
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Discussion

In this study, the positive rate of symptomatic group was very high
(5/6:83%) in macro-albuminuria. However, the positive rate of asymptomatic
group was invariably low in the macro-albuminuria. It was thought that
asymptomatic group would develop into symptomatic group in macro-albuminuria.
Eventually, it was noted that these severe coronary lesions of DM heart could
not be recognized in such asymptomatic patients without two cooperative
diagnostic tools: the albuminuria measurement and T1-201 scintigraphy.

Summary

1. With T1-201 myocardial scintigraphically, 40% of patients with NIDDM
revealed the ischemic 1lesion in the heart. 2. The prevalence was
significantly higher in the symptomatic group than in the asymptomatic and was
affected with the severity of albuminuria. 3. A cooperative diagnostic
probes, measurement of albuminuria and T1-201 dipyridamole myocardial
scintigraphy are very helpful in detecting the ischemic lesion in diabetic
heart, even in asymptomatic patients.
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Introduction

As in the Western countries, the incidence of coronary artery disease in
diabetic patients is increasing in Japan. Early detection of coronary artery
disease is important in the management of diabetic patients. However, because
painless myocardial infarction is frequent in diabetics(l), silent ischemia
might be also frequent 1in asymptomatic diabetic patients. Exercise
electrocardiography is useful in the early detection of coronary artery
disease, but no data was available concerning the incidence and prognostic
significance of exercise electrocardiographic abnormalities in asymptomatic
diabetic patients in Japan. To identify incidence and prognostic significance
of exercise-induced abnormalities in asymptomatic Type 2 diabetic patients, we
performed treadmill exercise stress tests in 176 consecutive patients with no
symptoms and signs suggestive of cardiac disease and they were followed
prospectively.

Methods

Patient population: The 176 study patients were from a population of
patients with Type 2 diabetes followed at the Second Department of Internal
Medicine, University of Tokyo Hospital. They were consecutively entered into
the study, provided the patient was over 40 years old, had no history of chest
pain suggestive of angina pectoris, and had no resting electrocardiographic
abnormalities such as abnormal Q-waves and ST-T changes. The patients who
were unable to walk on the treadmill were not included. The study patients
included 113 men and 63 women with a mean age of 59 years (range 40 to 81
years).

Nagano, M., Mochizuki, S., Dhalla, N.S. (eds.)) CARDIOVASCULAR
DISEASE IN DIABETES. Copyright © 1992. Kluwer Academic Publishers,
Boston. All rights reserved.
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Treadmill exercise stress test: The patients exercised to limiting
symptoms according to a  standard Bruce protocol. Twelve lead
electrocardiograms (ECG) and cuff blood pressure were recorded every 1 minute
during exercise and the first 6 minutes of recovery. A positive exercise
response was defined as more than 1 mm ST segment depression at 80 msec after
the J point in the immediate post exercise ECG tracings (exercise-positive).

Non-exercise variables: The duration of diabetes, diabetic therapeutic
regimen (diet, oral hypoglycemic agents, or insulin), incidence of
complications (nephropathy, retinopathy, or hypertension), serum lipid values,
and body mass index were compared between exercise-positive and exercise-
negative patients.

Exercise T1-201 scintigraphy using bicycle ergometer was performed in 13
patients and coronary arteriography was performed in 5 patients among
exercise-positive patients.

Follow-up: Among 176 study patients, 172 patients (98%) could be
followed more than 6 months. The mean follow-up interval was 23 months with a
range of 6 to 36 months. The end-point of follow-up was occurrence of cardiac
events (acute myocardial infarction or sudden cardiac death). Calcium
antagonists were prescribed in patients with positive exercise test.

Statistical analysis was performed using a Student-t test and chi square
method.

Results

Clinical characteristics and follow-up data of exercise-positive and
exercise-negative patients (Table 1,2): Among 176 study patients, 29 patients
(16.5%) had significant ST depression during treadmill exercise test (Table
1). Exercise-positive patients were significantly older than exercise-
negative patients. The duration of diabetes, exercise tolerance time, and
peak heart rate did not differ between the two groups. During the follow-up
periods, 4 patients had acute myocardial infarction, 2 of which were fatal,
and 1 patient died suddenly after complaining of chest discomfort. A1l of
these 5 patients with cardiac events belonged to the exercise-positive group.
The other clinical features such as diabetic therapy, frequencies of
complications, serum lipid values, and body mass index did not differ between
the two groups (Table 2).

Exercise T1-201 scintigraphy (Ex T1) and coronary arteriography (CAG)
(Table 3): Among 13 patients who performed EX T1, 3 patients had no exercise
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Table 1. Characteristics of exercise-positive and exercise-negative patients.

Exercise- Exercise-

positive negative
No. of cases 29 147
Male (%) 20(69%) 93(63%) N.S.
Age 43 - 81y(63 = 10) 40 - 81y(58 = 9) p < 0.01
Duration of diabetes 1 - 36y(13 = 11) 1 - 40y(10 + 8) N.S.
Follow-up cases 29(100%) 143(97%) N.S.
Cardiac events 5/29(17%) 0/143(0%) p < 0.005

N.S.: not significant

induced perfusion defects. In other 10 patients, perfusion defects were
mainly observed at the postero-inferior region (8 cases). Among 5 patients
who performed CAG, 1 patient showed no significant stenosis. The other 4
patients had stenosis of left circumflex or right coronary artery.

Characteristics of 5 patients who had cardiac events during the follow-
up periods (Table 4): During the follow-up periods, 3 patients had acute
inferior myocardial infarction and 1 patient had acute anterior infarction,
and 1 patient died suddenly after 6 to 29 months' follow-up. These five
patients were relatively older male diabetic patients with a long history of
diabetes (5 to 36).

Exercise electrocardiographic findings of exercise-positive patients
with or without cardiac events (Table 5): Among exercise-positive patients,
exercise duration and magnitude of maximum ST depression did not differ
between those with and without cardiac events. However, the recovery time of
ST depression after exercise was significantly longer in patients with cardiac
events than those without cardiac events. Patients whose recovery time of ST
depression was within 1 minute were more frequent among those without cardiac
events.

Discussion
We performed treadmill exercise stress tests in 176 diabetic patients
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Table 2. Clinical features of exercise-positive and exercise-negative
patients.

Exercise- Exercise-
positive negative
(29) (147)
Diabetic Diet 15(52%) 54(37%)
therapy Oral agents 14(48%) 83(56%)
Insulin 0 10(7%)
Complications Nephropathy 5(17%) 26(18%)
Retinopathy 10(35%) 51(35%)
Hypertension 8(28%) 33(22%)
Serum lipids T-cho 211 + 60 215 + 46
(mg/d1) LDL-chol 111 = 33 118 + 36
HDL-chol 52 + 22 50 + 24
Body mass Index 22.1 + 2.8 22.2 + 2.8

(kg/m2)

Values of serum lipids and body mass index are expressed as means = SD

Table 3. Results of exercise 201T1 scintigraphy (Ex T1) and coronary
angiography (CAG) in patients with positive-exercise tests.

Ex Tl CAG
Case Ant Post-inf Lat LAD LCX RCA Prognosis
1.43M O O normal ok
2.72M ® @ 75% @ 75% Ant MI
3.45M O ®@75% ok
4.56M O O @90% @90% Inf MI
®100%

5.67M normal @75% ok
6.71M YaN PN Inf MI
7.65M [ J Inf MI
8.68M O not done ok
9.56M (@) ok
10.55F normal ok
11.67M A ok
12.63F normal ok
13.62M [ ) <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>