Cardiac reserve in patients with syndrome X
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Table 1. Changes in coronary diameter and circulation time alter ACh and ISDN administration

Patient Age Sex® Coronary diameter (mm) % change (35) Coranary circulation time (sec) % change (%)
No. () Baseline  AChY ISDNe ACh ISDN Baseline ACh ISDN ACh ISDN
Control group
1 37 M 1.73 1.82 2.39 5.2 38.2 7.53 3.59 8.43 —52.3 12.0
2 39 M 2.07 2.76 2.81 33.3 35.7 5.93 2.60 6.07 —56.2 2.4
3 42 M 2.03 2.66 2.40 31.0 18.2 5.51 2.90 5.20 —47.4 —5.6
4 49 M 1.63 1.81 1.85 11.0 13.5 6.81 3.72 6.71 —45.4 ~-1.5
5 53 F 1.76 2.06 1.93 17.0 9.7 7.67 3.30 7.09 —57.0 —7.6
6 61 F 1.14 1.30 1.51 14.0 32.5 6.16 3.36 4.30 —45.5 —30.2
Mean+SE 47+4 1.7340.14 2.07+0.23 2.15+0.25 18.6+4.6 24.6£5.0 6.06£0.36 3.25+0.17 6.30%£0.59 —50.6%+2.2 —5.1+5.8
Variant angina group
7 49 M 1.80 1.40 3.10 —22.2 72.2 6.57 3.73 6.88 —43.1 4.8
8 53 M 2.21 1.54 2.49 —30.3 12.7 6.30 4.92 7.19 —-21.9 14.2
9 56 F 1.33 1.08 2.03 -18.0 52.6 6.54 3.57 6.87 —45.4 5.0
10 60 M 1.68 1.31 1.93 —22.0 14.9 6.89 3.81 7.51 —44.7 9.0
11 63 M 1.66 1.34 1.69 —19.3 1.8 6.35 4.73 7.27 —25.6 14.4
Mean£SE 563 1.74+0.14 1.34%0.07 2.25+0.25 —22.4%2.1** 30.8+13.4  6.53%0.10 4.15+0.28* 7.14%0.12 —36.1£5.1* 9.5+2.1
Syndrome X group
12 44 F 2.33 2.73 3.00 17.2 28.8 6.46 4.81 6.73 —25.5 4.2
13 55 F 1.79 1.89 2.33 5.6 30.2 6.41 3.62 6.31 —43.5 -1.4
14 61 F 1.57 1.86 1.84 18.5 17.2 6.20 4.03 8.00 —35.0 29.0
15 66 F 1.83 1.80 2.36 -1.6 29.0 5.80 4.62 5.57 -17.6 —0.6
16 64 F 2.03 1.98 2.11 —2.5 3.9 7.22 4.49 6.24 ~37.8 —13.7
Mean+SE 5814 1.91£0.13 2.05+0.17 2.33%0.19 7.4x4.5 21.8+5.0 6.38+0.26 4.31%0.22* 6.57+0.40 ~—31.9+4.6 3.5%7.0
a) M, male; F, female. b) ACh, acetylcholine. c) ISDN, isosorbide dinitrate. *p<<0.05 vs control; **p<0.01 vs control.
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Fig.1. Representative -example of left coronary arteriograms and time density curves in a control subject (39 years old, male).
The left coronary circulation time measured from the left main truncus to the coronary sinus was 593 second. CCT, coronary
circulation time ; ROI, region of interest; LMT, left main truncus; CS, coronary sinus.
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Table 2. Clinical and hemodynamic findings during bicycle ergometry
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67.0
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59.2
58.1
66.1

22.6 9.1
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71.6
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80.7+2.1
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5142°
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NS NS NS NS NS NS p<0.01 p<0.01 p<0.05
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NSY

p value

a) M, male; F, female. b) Max. ST-dep, maximum ST depression. c) ST, 0.5mm of ST segment depression. d} MP, mid point. e) EP, end point.
h) NS, not significant.

f) OS, overshoot. g) mean=*SE.
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Fig. 2. Percent changes in heart rate (A) and systolic blood presure (B) after injection of acetylcholine and isosorbide dinitrate.
ACh, acetylcholine ; ISDN, isosorbide dinitrate. [, control; B4, variant angina; B, syndrome X.
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Fig.3. Changes (A) and percent changes (B) in coronary diameter after injection of acetylcholine and isosorbide dinitrate. ACh,
acetylcholine ; ISDN, isosorbide dinitrate. *, P<0.05 verus ISDN; #*, P<(0.01 versus control and syndrome X. O, control; A,
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Changes in left ventricular function and ST segment position in a control subject (A) and in a patient with syndrome X
EDV, end-diastolic volume; ESV, end-systolic volume: SV, stroke volume; EF, ejection fraction; ST, 0.5 mm of ST
segment depression ; MP, mid point ; EP, end point; OS, overshoot.

O, EDV; A, ESV; @, SV [, EF; B, ST segment.

Table 3. Left ventricular responses in controls and patients with syndrome X

Subject Volume (%) Rest ST Mp® EP? 08%

Controls EDV? 100.0£0.0° 105.5+1.3** 106.3x1.4** 106.5£1.7** 102.3%1.64
ESV? 39.1%1.7 26.7+1.8%* 23.7x2.0** 22.6+2.3** 11.7+2.6%

Syndrome X EDV 100.0=%0.0 105.5+1.2** 105.8+1.2** 106.14+1.3** 102.2+1.04
ESV 38.7%1.0 31.0+2.1* 37.9+2.6t 47.3+2.31 19.62.1%

a) ST, 0.5mm of ST segment depression. b) MP, mid point. ¢) EP, end point. d) OS, overshoot.
e) EDV, end-diastolic volume. {) ESV, end-systolic volume. g) mean=®SE.
*»<0.05 vs Rest; **p<0.01 vs Rest; #p<0.01 vs EP; tp<0.05 vs ST ; §p<0.01 vs ST.
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Fig. 6. Changes in ejection fraction in control subjects and duced ST segment depression. Plots show AEF at the ST

in patients with syndrome X. EF, ejection fraction; ST,
0.5 mm of ST segment depression; MP, mid point; EP,
end point; OS, overshoot. **, P<0.01; NS=not significa-
nt. O, controls; @, syndrome X.

point or at the mid point or at the and point in all
patients with syndrome X. Solid line shows the regression
line in the 3 points. AEF, change of ejection fraction from
maximum ejection fraction.

Table 4. Clinical and electrocardiographic findings before and after aminophylline infusion

ST®: Ex time® (min) EP?: Ex time (min) Max. ST-dep.? (mm)

Anginal pain”

Patient Age Sex"
No. (yr) Before After Before After Before After Before  After
1 42 ¥ 2 3 6 7 2.5 2.0 -+ -
2 45 F 1 3 5 6 2.0 1.0 H+ -
3 48 F 2 2 6 6 2.5 2.0 + +
4 48 M 5 6 10 12 4.0 2.5 + —
5 54 F 2 2 6 7 2.0 1.5 H +
6 56 F 1 3 6 8 3.0 2.0 H —
7 57 M 4 3 8 8 2.5 2.0 + —
8 60 F 1 2 6 6 3.5 1.5 + -
9 61 F 1 3 5 [§] 1.5 1.0 + +
10 63 F 2 3 4 4 2.5 1.0 H +
11 64 F 1 1 3 4 1.5 1.5 +H +
#2 +5
Mean=£SE 5442 2.0+0.3 2.8%+0.2 5.9+0.4 6.7£0.4 2.5+0.2 1.6%0.2 s —6
p value p<0.05 p<0.01 p<0.01 14

a) M, male; F, female. b) ST, 0.5mm of ST segment depression, ¢) Ex time, exercise time. d) EP, end point.

e) Max. ST-dep., maximum ST depression. f) i, severe; 4, moderate; +, mild; —, none.

Table 5. Hemodynamic parameters before and after aminophylline infusion

Parameter Aminophylline Rest ST Mp* EpP? (OR

DP9 (X107 Before 9.1+0.7¢ 15.740.8 20.8+0.9 25.7+1.3 13.2+1.0
After 9.6%+0.8 17.0+1.0 22.3x1.1 26.8+1.5 15.1+1.2

EF’ (%) Before 62.4+1.4 69.9+2.4 64.3+3.0 55.843.0 80.9+2.3
After 66.6+£1.9* 75.1%2.8* 66.1%£2.9 59.4+2.9 83.81+2.6

a) ST, 0.5mm of ST segment depression. b) MP, mid point. ¢) EP, end point. d) OS, overshoot.

e) DP, double product (mmHg X beats/min). f) EF, ejection fraction. g) mean®SE. *p<0.05 vs before.
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Abstract

Syndrome X was characterized by stress-induced anginal pain and ST-depression, normal coronary angiography, and
normal left ventricular function at rest. To assess coronary vasodilator reserve in patients with syndrome X, coronary
circulation time was measured in 6 normal controls, 5 patients with variant angina, and 5 patients with syndrome X during
coronary angiography. To investigate left ventricular functional reserve in patients with syndrome X, continuous
radionuclide monitoring of left ventricular function (VEST) was performed in 13 normal controls and 13 patients with
syndrome X during supine bicycle ergometer exercise. Additionally, to assess the efficacy of the adenosine receptor blocker
aminophylline on left ventricular functional reserve, VEST was performed in 11 patients with syndrome X during supine
bicycle ergometer exercise after acute aminophylline administration. Investigation of coronary vasodilator response revealed
the following results; first, acetylcholine induced normal vasodilator response in epicardial coronary arteries in patients with
syndrome X; second, acetylcholine induced the shortness of coronary circulation time, while its response was smaller than
that in control group, but was equal to the time during acetylcholine provoked total occlusion in a distal epicardial artery in
variant angina group; third, isosorbide dinitrate induced normal vasodilator response in epicardial arteries and normal
coronary circulation time response in syndrome X group. Investigation of left ventricular functional reserve revealed that left
ventricular function remained normal before the onset of ST segment depression, but once ST segment depression appeared,
it deteriorated in proportion to the degree of depression. Additionally, the degree of ejection fraction "overshoot' in patients
was less than that in controls and the interval from the end of exercise to the "overshoot' in patients was longer than that in
controls. Investigation of the efficacy of acute aminophylline administration revealed that aminophylline prolonged exercise
duration, delayed time to the onset of ST segment depression, decreased the degree of ST depression, and abolished or
decreased the chest pain at peak exercise. Aminophylline initally increased ejection fraction, but once ST segment
depression appeared, ejection fraction decreased at the same degree of that in the absence of aminophylline. These results
suggest that in patients with syndrome X, endothelium-dependent vasodilator reserve of the resistance vessels in coronary
microcirculation are impaired, and the degree of this impairment is equal to the occlusion in a distal epicardial artery. During
exercise stress, left ventricular contractility is well preserved during the absence of ST segment depression, but impaired
contractility is heralded by ST segment depression and impairment persists into the recovery period. Aminophylline infusion
improves exercise tolerance and increases ischemic threshold. But once ST depression appears, left ventricular function
significantly deteriorated whether adenosine receptor is blocked or not. These findings may contribute to the clarification in
pathogenesis of syndrome X and may support the recent hypothesis that adenosine plays an important role in the production
of anginal pain.




