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vals in Patients With Systemic Lupus
Erythematosus

Kazuyoshi HOSOYA
Kouichi TAKEDA

Toshihide MASUDA
Masaki TAKAHASHI
Shigeru YAGI

Cardiac adrenergic activity was investigated in 38 patients with systemic lupus erythematosus (SLE)
who were not receiving cardiovascular agents using a new index of the adrenergic tone of the working left
ventricular (LV) myocardium and using the heart rate to represent sinus node adrenergic tone. According
to the active cross-bridge model employed in this study, the cross-bridge activation rate constant (Ka) of
the LV myocardium, corresponding to the rate constant for the binding of Ca* to troponin C, can be
approximately expressed as Ka=3/electromechanical systole (sec™'). The Ka value corrected for heart rate
(Kac) remains nearly constant in normal individuals, but is increased without change of the heart rate by
dobutamine infusion. Fifty patients who fulfilled the American Rheumatism Association criteria for SLE
underwent echocardiography, as well as simultaneous recording of the electrocardiogram, phonocar-
diogram, and carotid pulse wave tracing. Kac was calculated from the interval between the onset of the
QRS complex to the second heart sound (QS: interval) and the heart rate (HR) as follows : Kac=3/.
QS:+0.0249 (66 —HR). The 38 SLE patients were divided into a normal Kac group (=26, 6.9 <Kac<
8.3 sec™!) and a high Kac group (n=12, Kac=8.3 sec™"). In the latter group, the heart rate was signifi-
cantly higher (101.6£4.8 vs 74.8 £2.2 bpm, p<0.001), the LV end-systolic dimension was significantly
smaller (2.71£0.19 vs 3.20£0.10 cm, p<0.05), and the prednisolone dose was significantly larger (38.2
+6.9 vs 16.3 3.6 mg/day, p<0.05) than in the normal Kac group. These findings suggest that both the
sinus node and the working LV myocardium may be in a hyperadrenergic state in a subgroup of SLE
patients with more severe disease.
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INTRODUCTION

The cardiac adrenergic system may be function-
ally divided into the adrenergic nerves supplying
the sinus node and those supplying the working left
ventricular (LV) myocardium. The heart rate re-
flects the adrenergic tone of the sinus node, but there

has been no clinical parameter available to assess
the adrenergic tone of the LV myocardium. We
have proposed a new parameter of LV myocardial
adrenergic activity, which is the rate constant (Ka)
for the binding of Ca?* to troponin C in our cross-
bridge model". A previous study? showed that the
Ka value corrected for heart rate (Kac) in resting hu-
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mans with no intervention remains constant be-
tween individuals, as well as being independent of
age or individual myocardial fiber length. However,
Kac is significantly increased by the infusion of
dobutamine, a selective Bi-adrenoreceptor agonist,
despite the absence of change in heart rate. Thus,
Kac appears to be a potentially useful index for as-
sessing the adrenergic tone of the working LV myo-
cardium, although the Ka from which it is derived is
not the experimentally determined kinetic constant
for the binding of Ca** to troponin C and is com-
pletely dependent on our model.

Patients with systemic lupus erythematosus
(SLE) often develop cardiac lesions considered to
be due to immunological mechanisms involving im-
mune complex deposition®*®. Cardiac lesions are not
uncommonly the initial symptom of SLE and are
also an important factor in making a final diagnosis
of this disease. In addition, cardiac damage is often
aggravated by infection, renal failure, respiratory
failure, and hypertension, and thus becomes impor-
tant in the treatment and prognosis of this disease.
Patients with SLE also often develop neurological
involvement that manifests as peripheral neuritis,
psychosis, and seizures®. However, there have been
no reports of cardiac sympathetic dysfunction asso-
ciated with SLE.

The present study examined the adrenergic tone
of the LV myocardium in patients with SLE using
Kac as the index. The Kac value was often found to be
abnormally high in patients with SLE, suggesting
that it may be a useful parameter for analysis of the
pathogenesis, treatment, and prognosis of SLE.

MATERIALS AND METHODS

Subjects

Sixty-seven patients with SLE were examined by
echocardiography at our institution from July 1983
to May 1992. Fifty of these 67 patients fulfilled four
or more of the 1982 revised criteria of the American
Rheumatism Association for the diagnosis of SLE®.
Of the 67 patients, one patient with concomitant
thyroid disease and two patients with congestive
heart failure were excluded. Some patients were be-
ing treated with Ca’* antagonists (n=6), au-adreno-
receptor blockers (n=7), B-adrenoreceptor blockers
(n=1), and digitalis (n=2), but none were receiv-
ing B-adrenoreceptor agonists or xanthine deriva-
tives. Fifty patients were in sinus rhythm. There
were 6 men and 44 women, with a mean age of 34 &

2 years.

Study protocol and data collection

Echocardiographic examination was performed
with the patient resting in the supine position. M-
mode echocardiograms were obtained by the rou-
tine procedure described elsewhere” using an SSH-
65A echocardiograph (TOSHIBA), and were re-
corded at a paper speed of 50 mm/sec on an LSR-
20B strip chart recorder (TOSHIBA). LV dimen-
sion measurements were obtained by aiming the
beam just beyond the tip of the mitral valve leaflets.
The electrocardiogram, phonocardiogram, and ca-
rotid pulse wave tracing were recorded simulta-
neously (Figs. 1-A, B). The interval from the onset
of the QRS complex on the electrocardiogram to the
aortic component of the second heart sound on the
phonocardiogram (Fig. 1-A), representing the total
electromechanical contraction period®, was defined
as the QS: interval. The LV ejection time (LVET)
was defined as the interval from the beginning of the
upstroke to the onset of the dicrotic notch on the ca-
rotid pulse wave tracing® (Fig. 1-B). Using the QS:
interval and the LVET, the preejection period (PEP)
was calculated as : PEP=QS:—LVET. Then the
ratio of PEP to LVET (PEP/LVET ratio) was calcu-
lated. The LV end-systolic and end-diastolic dimen-
sions, the thickness of the interventricular septum,
and the LV posterior wall thickness were also mea-
sured by M-mode echocardiography. The LV end-
diastolic and end-systolic points were defined as
corresponding to the QRS onset'®'" and the aortic
component of the second heart sound'?, respec-
tively.

Theoretical background and data analysis

Detailed descriptions of the models used in this
study have been published previously*'*!¥. In brief,
the following assumptions are made.

1) A cross-bridge is “activated” by the binding of
one Ca?* ion to the regulatory protein troponin C on
an actin filament, and this binding reaction is de-
scribed by the proportionality constant Ka (sec™'),
which thus represents the cross-bridge activation
rate constant.

2) The myocardial force at a given time is related
to the total number of active cross-bridges at that
time.

3) The myocardium continues to contract until
almost all free Ca?* (assumed to be 95% of the ini-
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Ded =end-diastolic dimension;

=left ventricular ejection time.

tial calcium concentration) has become bound to
troponin C at the end of systole.

4) The force at end-systole remains linearly pro-
portional to the muscle length according to the pro-
portionality constant Ec (g/cm), which represents
the end-systolic myocardial elastance.

On the basis of these assumptions, equation [1]
was derived to describe the cross-bridge activation
rate constant (Ka) :

Ka=10ge (I =te)i YTsys=3/Tsys [1]
where Tsys is the total contraction period [i.e., the
time from the onset of mechanical contraction to the
end of contraction as defined by our model (sec)]
and o is the Ca?™" affinity of troponin C. The value
of o was determined to be 0.95 in normal, open-
chest, autonomically blocked canine hearts'¥, while
Tsys was estimated from the QS: interval in the
present study. The Ka value corrected for the heart
rate (Kac, 1/sec) was determined using equation
2]

Kac=Ka+0.0249 (66 — HR) [2]
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Des =end-systolic dimension;
lar septum; PCG =phonocardiogram; LVPW =left ventricular posterior wall;
LVPWth=thickness of the LVPW; QS:interval =total electromechanical systole;
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Representative M-mode echocardiogram (A) and carotid pulse wave tracing (B)

ECG=electrocardiogram; IVS=interventricu-
IVSth=thickness of the IVS;
DN =dicrotic notch; LVET

where HR denotes the heart rate (bpm). Kac corre-
sponds to the predicted Ka value at a heart rate of 66
bpm (the mean rate previously determined in 102
normal human volunteers).

Results are expressed as the mean=®=SEM. The
statistical significance of differences between mean
values was assessed by the unpaired #-test, or by the
Mann-Whitney U test for interventricular septal
thickness and disease duration.

RESULTS

The 50 SLE patients were divided into two groups
on the basis of their Kac values, i.e., a normal Kac
group (6.9<Ka<83sec!; mean Ka: 7.84+
0.06 sec™ ") and a high Kac group (Kac=8.3 sec™;
mean Kac: 8.78+0.17 sec™ ') (Table 1). The Kac
value of 8.3 sec™' was the upper limit of normal
(mean+2SD) as previously determined in 102
healthy human subjects?. There were 30 patients in
the normal Kac group (3 men and 27 women) and 20
in the high Kac group (3 men and 17 women).
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Table 1 Comparison between the normal Kac and high Kac groups of systemic lupus erythematosus (SLE) patients

Normal High value
(6.9<Kac<8.3sec™") (Kac=8.3 sec™!) P

Number of patients 30 20
Age (yrs) 34.1%£2.2 329+29 0.73
SLE criteria score 4.9+0.2 5.0+0.2 0.77
Body temperature (°C) 36.5+0.1 36.6£0.1 0.34
Hemoglobin (g/dl) 11.0+0.3 11.0£0.4 0.91
Systolic blood pressure (mmHg) 127.7£3.2 133.5+4.3 0.28
Diastolic blood pressure (mmHg) 77.6+=1.9 80.6%2.9 0.38
Mean blood pressure (mmHg) 943+22 98.2+3.2 0.31
Prednisolone dose (mg/day) 20.1£3.7 (n=29) 28.8+4.7 (n=14) 0.17
Duration of disease (yrs) 3.6+0.9 8.2+23 0.22
Heart rate (bpm) 75.8+23 96.7£3.9 <0.001
(Heart rate= 100 bpm) ) (10)
LV end-systolic dimension (cm) 3.24%0.10 2.7910.16 <0.05
LV end-diastolic dimension (cm) 4.79%0.13 4.36+0.14 <0.05
IVS thickness (cm) 0.971+0.03 1.17+0.07 <0.05
(Asymmetric septal hypertrophy) ) “4)
LV posterior wall thickness (cm) 1.01£0.03 1.04+0.03 0.49
PEP/LVET ratio 0.358+0.024 0.360%0.031 0.97
QS:2 interval (sec) 0.372+0.004 0.317£0.006 <0.001

Differences between the normal and high Kac groups were assessed by the unpaired t-test, except for the interventricular septal (IVS) thickness and
the duration of disease which were compared by the Mann-Whitney U test.

LV =left ventricle;

The age, SLE criteria score, body temperature,
hemoglobin, systolic blood pressure, diastolic blood
pressure, mean blood pressure, prednisolone dose
(excluding seven patients receiving betamethasone
or dexamethasone), disease duration, and PEP/
LVET ratio were all similar in the normal Kac and
high Kac groups. However, the heart rate was signifi-
cantly higher in the high Kac group than in the nor-
mal Kac group (96.7+£3.9 vs 75.8+2.3 bpm, p<
0.001), and the QS: interval was significantly
shorter in the high Kac group compared with the nor-
mal Kac group (0.317+0.006 vs 0.372£0.004 sec,
p<0.001). Ten of the 20 patients in the high Kac
group had sinus tachycardia (heart rate = 100 bpm).
In the high Kac group, the LV end-systolic dimen-
sion (2.79+0.16 vs 3.24+0.10 cm, p<0.05) and
end-diastolic dimension (4.361t0.14 vs 4.79%
0.13 cm, p<0.05) were both significantly smaller
than in the normal Kac group. Although the interven-
tricular septum was significantly thicker in the high
Kac group than in the normal Kac group (1.17£0.07
vs 0.97£0.03 cm, p<0.05), the difference in LV
posterior wall thickness was not significant. All four
patients in the high Kac group with asymmetric sep-
tal hypertrophy (IVS thickness/LV posterior wall

PEP = pre-ejection period. Other abbreviations as in Fig. 1.

thickness=1.3) had a normal heart rate (>100
bpm).

The Kac value was not related to the presence of
Raynaud’s phenomenon or renal dysfunction (SLE
criterion No. 7 of the American Rheumatism Asso-
ciation). However, the mean Kac value of the 34
SLE patients receiving prednisolone was signifi-
cantly higher than that of the nine patients who were
not receiving steroids (8.20£0.08 vs 7.78*+
0.12 sec™!, p<0.05).

Among the six patients receiving Ca’* antago-
nists, three had a normal Ka value (7.88+0.18
sec™!) and three had a high Kac value (8.45+0.05
sec”'). Among the seven patients who were being
treated with au-adrenoreceptor blockers, two were
in the normal Kac group (7.82£0.25 sec™!) and five
were in the high Kac group (8.44+0.06 sec™!). The
only patient receiving a f-adrenoreceptor blocker
was in the high Kac group (8.35 sec™'), and both of
the patients receiving digitalis were also in the high
Kac group (9.10 and 8.35 sec™!).

The 38 SLE patients not receiving Ca’* antago-
nists, ou- or -adrenoreceptor blockers, or digitalis
were also divided into a normal Kac group (mean
Kac : 7.8310.06 sec™') and a high Kac group (mean

J Cardiol 1995; 26: 89-97
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Table 2 Comparison between the normal and high Kac groups of SLE patients not receiving cardiovascular agents

Normal

High

p value
(6.9<Kac<8.3sec™!) (Kac=8.3sec™)

Number of patients 26 12
Age (yrs) 33.5+25 292+23 0.28
SLE criteria score 49+0.2 49%£0.3 0.93
Body temperature (°C) 36.6+0.1 36.8+0.2 0.23
Hemoglobin (g/d/) 11.0+0.3 11.2+04 0.75
Systolic blood pressure (mmHg) 123.9%3.0 1242+438 0.96
Diastolic blood pressure (mmHg) 76.4%+2.0 73.8%£1.9 0.43
Mean blood pressure (mmHg) 923122 90.6x2.5 0.64
Prednisolone dose (mg/day) 16.3+£3.6 (n=25) 38269 (n=7) <0.05
Duration of disease (yrs) 34109 42+£1.5 0.64
Heart rate (bpm) 748%2.2 101.6 4.8 <0.001
(Heart rate = 100 bpm) 0) ()
LV end-systolic dimension (cm) 3.20%0.10 2.71%£0.19 <0.05
LV end-diastolic dimension (cm) 4.73%0.13 4.31%0.17 0.08
IVS thickness (cm) 0.97+0.03 1.07+0.08 0.19
(Asymmetric septal hypertrophy) 0) (1)
LV posterior wall thickness (cm) 1.03+0.03 0.99+0.04 0.50
PEP/LVET ratio 0.355+0.027 0.401%0.042 0.35
QS: interval (sec) 0.374£0.004 0.308 £0.009 <0.001

Differences between the normal and high Kac groups were assessed by the unpaired r-test, except for the interventricular septal (IVS) thickness which

was compared by the Mann-Whitney U test.
Abbreviations as in Fig. 1, Table 1.

Kac: 8.951+0.26 sec™') (Table 2). There were 26
patients in the normal Kac group (3 men and 23
women) and 12 in the high Kac group (one man and
11 women). The age, SLE criteria score, body tem-
perature, hemoglobin, systolic blood pressure, dias-
tolic blood pressure, mean blood pressure, duration
of disease, interventricular septum thickness, and
PEP/LVET ratio were all similar in the two groups.
However, the heart rate was significantly higher in
the high Kac group than in the normal Kac group
(101.6£4.8 vs 74.8+2.2 bpm, p<0.001), and the
QS: interval was significantly shorter in the high Kac
group compared with the normal Kac group (0.308
+0.009 vs 0.374%0.004 sec, p<0.001). Seven of
the 12 patients in the high Kac group had sinus
tachycardia. Although the LV end-systolic dimen-
sion was significantly smaller in the high Kac group
than in the normal Kac group (2.714+0.19 vs 3.20+
0.10 cm, p<0.05), the difference in LV end-dias-
tolic dimension was not significant. The
prednisolone dose (excluding six patients receiving
betamethasone or dexamethasone) was significantly
larger in the high Kac group than in the normal Kac
group (38.2£6.9 vs 16.3+3.6 mg/day, p<0.05).
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DISCUSSION

A theoretical model of myocardial contraction
(the active cross-bridge model)'® was developed
based on the assumption that the basic mechanical
and energetic properties of myocardial/cardiac con-
traction are governed mainly by the binding of cal-
cium (Ca?*) to troponin C. A train of equations de-
rived from this model and the cylinder model'> have
been shown to provide a consistent theoretical ex-
planation of a variety of basic molecular biological,
dynamic, and energetic properties of myocardial/
cardiac contraction*'3-'®, To briefly review this
model, the parameter Ka (the reciprocal of the dura-
tion of myocardial contraction) corresponds to the
kinetic constant of the chemical reaction between
Ca** and troponin C. The slope of the myocardial
force-length relation (Ec) is expressed as a product
of the initial concentration of free Ca?* released by
the sarcoplasmic reticulum of a cardiac myocyte,
the force generated by one active cross-bridge, the
cross-sectional area of the myocardium, and the
affinity of troponin C for Ca>*'¥. Based on evidence
that the model consistently predicts the measured
values of LV pressure, force, and time-varying
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myocardial elastance throughout systole in dogs'¥,
that the LV end-systolic force-length relation ob-
tained in normal dogs'® shows a straight-line rela-
tionship with that obtained in humans'®, and that the
theoretical model accurately predicts the measured
values for the LV end-systolic pressure-volume,
pressure-diameter, and stress-diameter relations'®,
it seems reasonable to conclude that this model is
tenable.

We have previously found that the average varia-
tion of Kac is very small (only 4.6%), and that the
Kac value in humans at rest without interventions
appears to remain constant between individuals, as
well as being independent of age or myocardial fiber
length?. However, the Kac value is significantly in-
creased by dobutamine infusion (1.5 pg/kg/min),
despite no change in the heart rate. These observa-
tions taken together with earlier clinical findings re-
garding the QS: interval suggest that the Kac value
may be a useful measure of both the adrenergic tone
of the working LV myocardium and the cardiac re-
serve in patients with chronic myocardial dysfunc-
tion?. In our recent clinical study, the mean Kac
value at rest showed no significant difference be-
tween normal individuals and patients with mild to
moderate heart failure. After walking for 6 minutes,
however, the ratio of the increment in Kac to the in-
crement in heart rate with exercise was significantly
greater in cardiac patients than in normal subjects'.
This finding suggests that the increase in the rate of
Ca?"* binding to troponin C at a given heart rate dur-
ing exercise is greater in the presence of heart fail-
ure than in the healthy state. The binding of Ca?* to
troponin C is thought to be regulated by the cardiac
adrenergic nervous system, the Pi-adrenoreceptors
of the working LV myocardium, and cyclic AMP?.
Thus, the above hypothesis is consistent with the
well known hypersensitive response of LV adrener-
gic activity to even mild exercise in patients with
moderate heart failure. It has been observed that the
Kac value is abnormally low in patients with a per-
manent pacemaker>?", and this may be explained by
a decrease of LV adrenergic activity due to chronic
pacemaker stimulation”. We have also found that
the Ka value was not altered by regional myocardial
ischemia in the B-blocked canine left ventricle.

The present study showed that the Kac value of 20
SLE patients was above 8.3 sec™! (Table 1), the up-
per limit determined in normal individuals, suggest-
ing that LV myocardial adrenergic activity was ab-

normally high in these patients. Cardiac adrenergic
stimulation of the sinus node also appeared to be
abnormally increased in the high Kac group, because
the heart rate was significantly higher than in the
normal Kac group.

There was no significant difference between the
normal and high Kac groups with regard to factors
such as age, SLE criteria score, body temperature,
hemoglobin, blood pressure, prednisolone dose, and
disease duration (Table 1), suggesting that a high
Kac value was not related to these parameters. How-
ever, the mean Kac value of the 34 patients who re-
quired prednisolone therapy was significantly
higher than that of nine patients who were not re-
ceiving steroids, suggesting that there may be some
association between a high Kac value and the sever-
ity of SLE.

The high Ka group had a significantly higher
heart rate, significantly greater interventricular sep-
tal thickness, and significantly smaller LV end-sys-
tolic and end-diastolic dimensions than the normal
Kz group (Table 1). The increased heart rate may
reflect stimulation by cardiac adrenergic drive and
is clearly regulated by the autonomic nervous sys-
tem acting on the sinus node. Asymmetric septal
hypertrophy is common in patients with borderline
hypertension and is probably associated with abnor-
mal LV adrenergic activity?®. However, this abnor-
mality was not directly related to blood pressure in
our SLE patients. On the other hand, the decrease of
LV end-systolic and end-diastolic dimensions may
be due to the Bowditch effect, i.e., the increase of
myocardial contractility associated with an in-
creased heart rate?”. The same effect of an increased
heart rate has been observed in patients with a per-
manent pacemaker, since the LV end-systolic and
end-diastolic dimensions both progressively de-
crease in proportion to the increase of the pacing
rate without any change in blood pressure?.

The cardiac adrenergic system is functionally di-
vided into adrenergic nerves supplying the sinus
node and those supplying the working LV myocar-
dium. Among the 20 SLE patients in the high Kac
group, 10 had sinus tachycardia (heart rate=
100 bpm) and 10 did not, and it seems likely that
adrenergic stimulation of the sinus node was in-
creased in the former 10 patients (Table 1). In con-
trast, the adrenergic activity of the LV myocardium
was increased, but that of the sinus node was not
necessarily high, in the patients who had high Kac
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values and a normal heart rate (< 100 bpm). Thus,
the sinus node and the LV myocardium might be
under independent regulation by the adrenergic sys-
tem.

Ca’* antagonists, oi- or f-adrenoreceptor
blockers, and digitalis were administered to some of
our patients. It has been reported that Ca>* antago-
nists do not alter the total contraction period in hu-
mans®2?", while addition of Ca’* increased the
maximal force but did not change the total contrac-
tion period in an animal study?®. Thus, Ca?* antago-
nists may be unlikely to influence the Kac value,
while aui- and B-adrenoreceptor blockers would be
expected to reduce it. Since the Kac value was abnor-
mally high in six of the eight patients on ou- or -
adrenoreceptor blockers, the actual values for these
six patients may have been even higher before treat-
ment. Both of the patients receiving digitalis also
had high Kac values. Digitalis is reported to shorten
the QS: interval®-?, so it might well have influ-
enced the Kac value in these two patients who were
receiving a dose of 0.25 mg/day.

In the present study, 12 patients who were being
treated with Ca’* antagonists, ou-adrenoreceptor
blockers, and pB-adrenoreceptor blockers had a his-
tory of hypertension. The 38 patients who were not
receiving these cardiovascular agents or digitalis
were divided into a normal Kac group and a high Kac
group (Table 2). Although the heart rate was sig-
nificantly higher and the LV end-systolic dimension
was significantly smaller in the high Kac group, the
difference in interventricular septal thickness was
not significant. These findings suggest that asym-
metric septal hypertrophy may be associated with a
history of hypertension. The prednisolone dose was
significantly larger in the high Kac group than in the
normal Kac group, suggesting that the high Kac
group had more severe SLE.

SLE is a chronic inflammatory disease which af-
fects many organs of the body. Cardiac lesions are
common in SLE and influence the prognosis. The
results of the present study suggest that the
hyperadrenergic state of the sinus node and working
LV myocardium in some SLE patients could be nor-
malized by treatment with [-adrenoreceptor

J Cardiol 1995; 26: 89-97
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blockers. If the Kac value is normalized and cardiac
complications are decreased by B-blocker therapy,
it could be concluded that there is an association
between a cardiac hyperadrenergic state and the car-
diac complications of SLE. In addition, the large
proportion of SLE patients with a high Kac value
suggests that this parameter may provide a useful
indicator for investigation of the pathogenesis,
treatment, and prognosis of this disease.

Limitations

The Ka value was estimated from the QS: interval
in the present study. It should be emphasized that
the Ka value was thus not an actual observed value
for the kinetic constant of the binding of Ca’* to
troponin C, and was derived from the equations of
our model.

In our previous study, equation [2] was developed
from the K. and heart rate data of 102 normal sub-
jects without heart disease, and the range of the
heart rates measured was 45 to 90 bpm?. Thus, it
might not necessarily be appropriate to estimate the
Kac value from equation [2] in patients with sinus
tachycardia (heart rate=100 bpm). However, we
have previously found that the Ka value of patients
with a permanent pacemaker set at 110 bpm was in
agreement with the value extrapolated from the
heart rate range of 50 to 90 bpm (Fig. 5 in reference
3). Thus, it seems that estimation of the Kac value in
patients with sinus tachycardia by using equation
[2] is reasonable. '

The Ka value is affected by body temperature’?,
serum catecholamine levels>?, cyclic AMP lev-
els?®, phosphodiesterase inhibitor administration®”,
and thyroid function®. Moreover, it might be af-
fected by circulating antibodies, increased activity
of the renin-angiotensin system, or abnormalities of
the acid-base balance. In the present study, none of
the patients were receiving f-adrenoreceptor ago-
nists or xanthine derivatives, and patients with thy-
roid disease were excluded. However, it cannot be
completely ruled out that the Ka value was affected
by the serum norepinephrine level and/or circulat-
ing antibodies in our SLE patients.



96

Hosoya, Takeda, Masuda et al

£ #

54T 77 b—F XIZH T 3 Systolic Time Intervals H* S D
ERFEE ERETH (Ka)
Me MR frE E— #E #BE B EH K %

BRI OREMER IR FEE % AT 2 REME L EZERLHE X T S
BRI oG, LIERABSHORBMERRE RS 505, BRIICEZELRLHO
REMEFRITS T TEHMTE b o7z, £FHE L) 7~ b—7 A (SLE) TIIRMHER,
MAEIR, REREL EOMRBEN#REINTVED, LEOHEMRESOEEIZOVWTO
HEE R, SEbIDIIL, 50 AD SLE BEIZBIT 5 LEEMEOEEIMEL, EEEEL
B OR AR R % ST 23 L WIRIE (Kao) Z VTR, bbb OFEEEREET VT
i, EZUHOEBEBEELER (K (ECa2* & FOKR= Y C L DOBEERISEEERIHTICL,
Ko =3/&IHEEEB CEM S NS, LIHBETHE SN/ Ka(Kae) IIREZETIRIIELAE—EETH
% %%, dobutamine BHEIZ & o TLHAKDOE LIZ R VI 20b o $INT 5. £/, KaldFH
M cyclic AMP 12X o THB STV B 5 LW, L7252 T, Kae I3LEMERLH DO KEMAE
EHE L LT 2312 LTERTH AL Z LATRE I N,

HiE: TA) AN I FIREOBMEREZ /T 50 A SLE BH LI I—RBEELTT-
72, ZOEW, LB, LER, BEEIRE L FEICEE L. K ld Q-I K (QS: Kf) &L
HHEHER) LY UTOXTEEL .

Kac=3/QS:+0.0249 (66— HR)

R LSRR ST iRV S0 AP 38 ADOSLE BE %, IEH Ka B 26 61, 6.9
<Ka<83sec™!) & BEEME Ko B (1260, Kae=83sec™) IZ501T7:. REEME Kae HETIIIER
Kac BEIZHAREEIOHEAEI L (101.6+4.8 vs 74.8+2.2 bpm, p<0.001), 7= Z Ui RIAEA
/INE ¢ (2.714£0.19 vs 3.200.10 cm, p<0.05), prednisolone x5 &A% % > 7 (38.2£6.9 vs 16.3 %
3.6 mg/day, p<0.05).

fEEh . BEZICHANSLE BE T, Z0% HNAMEE & EEER CHNOREAEGES) 28
BRAEREEICH B T L AR &N, TD L) REEITIELED prednisolone 5 LEE L,
SLE GBI E Do 72l AR E N, TN DRER L SLE {GHF & ORLEIIEBREVERD
nr-.
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