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Dipyridamole-Induced Myocardial Ischemia : Clinical Usefulness for the
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ABSTRACT

Background and Objectives : Myocardial ischemia evokes autonomic reflexes, which in turn can influence the
ischemic events. The heart rate variability (HRV) provides a useful, noninvasive clinical tool for studying the
autonomic activity. Only a few studies have reported results on the spectral modifications during myocardial
ischemia in humans. Our aim was to evaluate the changes in the RR interval variability during dipyridamole in-
fusion and dipyridamole-induced myocardial ischemia. Subjects and Methods : The study population included
38 patients, with stable or unstable angina (group AP, n=20), and sex matched healthy controls (group C, n=18).
The ECG was continuously recorded before and during the dipyridamole infusion, for use in a later off-line
spectral analysis. We investigated the following variables: the mean and variance of the RR interval, low and
high frequency powers (LF and HF, respectively) and their normalized units (LF,, and HF,,), the LF ratio (the
ratio of the LF power at peak stress and in the basal state) , the HF ratio and the LE/HF ratio. The changes in the
HRV parameters were analyzed and compared, before and after the dipyridamole infusion, for both groups.
Results : The dipyridamole injection was characterized by a reduction in all the spectral components in group C.
In group AP, the dipyridamole injection significantly decreased the HF power and HF,,,, but increased the LF
power, with a resultant significant increase in the LF,,, and LF/HF ratio. The LF ratio decreased from 1.00%0.00
t0 0.55£0.17 (p<0.017) during the dipyridamole infusion in group C, but increased from 1.00%0.00 to 2.84 =
0.8 (p<0.032) in group AP. The difference in the LF ratio between groups AP and C was significant (p<0.001).
Conclusion : Information on myocardial ischemia can be extracted from the analysis of the HRV. The LF ratio
was the most valuable parameter for discriminating the patients from the control subjects. (Korean Circulation J
2003:33(9):769-778)
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Fig. 1. Schematic diagram illustrating the study protocol.
ECG recorded confinuously throughout the study period.
Spectral analysis of heart rate of 3 minutes stationary
segment during basal and peak effect of intravenous
dypyridamole infusion was done.
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Fig. 2. RR tachogram (A) and compressed spectral array (C) from a 67 year-old normal control during dipyridamole
infusion. The two compressed spectral aray shown in ¢ are continuous one and axis units are as follows : vertical axis,
power spectral density (PSD) (s2/Hz); horizontal axis, frequency (Hz) ; oblique axis, time expressed in minutes from
the beginning of the recording (fime increases toward the bottom, every spectrum includes 10 new RR intervals) . The
infusion of dipyridamole and aminophylline are marked by asterisk (x). The effects of dipyridamole infusion were
increased heart rate and reduced variance ; in the compressed spectral array plot, this reduced variance clearly
affects all the frequencies. In fact, the spectral components that were evident in the upper compressed spectral
array spectra (basal condition) disappear after dipyridamole infusion, reappearing only after aminophylline adminis-
tration. B and D are RR tachogram and compressed spectral array (CSA) from 69 year-old angina patient. Notice
the appearance of LF component in the compressed spectral array spectra, which was not seen in control.
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Dipyridamole 5N 5%
O oiEs A58E u Exkrel 99 el

ol

(30%), & Lo} 53 22 ] =N
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st A7t 31(17%), BI5014 /-2 44ollA
At Ot A F80 2 HEE B
%e W T FAelA Wol s o] 9
9o (30% vs 17%, p=0.091) F T3kl BAEQ
ztol= Sl

Table 1. Clinical characteristics of patients with angina
and healthy control

Control Angina
(n=18) __ (n=20) =

Age 60+8 54+11 NS
Male (%) 13 (72) 18 (90) NS
Diabetes 0 0 NS
Hypertension 0 0 NS
Heart failure 0 0 NS
LVEF, % 59+7 62+ 8 NS
Ischemic territory

Anterior 6

Posterior 7

Lateral 6

Anterior+posterior 1
No. of diseased vessel

1 18

2 1

3 1

LVEF : left ventricular ejection fraction
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Dipyridamole FFA| S48 gt

7142l (basal condition) ol Tz =%7] &
Q& 134+4 mmHg, ©|2H7] 92 83+2 mmHg,
Ao o)y eg-ALE 9616 mL, FFH7|LEAL
38+3 mLylom™ AEAS(LVEF) = 62+2%%1
A7) F£57] gk 13245 mmHg, o197 Y
2 79+3 mmHg, o]/ |L¢E4L 9526 mL, 571
AL 39+4 mLow HulE Alge 60+2% =
T @ 3 Afele] fEJgt zlol= fisith tiFlE
EZ 38S 23S vol® dizr ) Skt Aol

off 718t} ole|d, ol ST FEIY
7, gg]a AuEASF(LVER) + 41841 2107} 9l
£ A% Yeith

7147l (basal) 9] Aetsr= 7 Tkl Zol7t 1
glom ()% 64+3 bpm vs A 62+2 bpm,
p=0.6) HIgrhas FUHS W AutsrE o B
ol SVl e Belon gxlrtolA B} o
ZatollA] o S7RIcH = 85+ 11 bpm vs AR:
78+11 bpm, p=0.04). Z18Ju} Aeks=o} AulEAlF
9] 521 RP producti= 71AVdE]elA - el 2l 7t
Ao (27 3952+230 vs FARH 3744 £153,
p=0.44) & FIAlE F 7 Tl FAZXR! zle]

\.

T AATHZT 51412290 vs AR 4421 +200,

p=0.15) (Table 2).
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ZF 75 Ao 2 dipyridamoles gFshEA LEk
U= Aubdo] = WI3}E RR tachogram} CSA HEZ
YERSIEHFig. 2). RR tachogramolXi= diyrida-
moles TSNS W FArd vy BelA 4
k547t S7V8kaL variances Aadhe AYE Btk
T ARl CSARA HHIE vlusigls o tixr
oXi= dipyridamole& o] BE FEoA
variance®] A7} $EES S ™ aminophylline”d
Sl Al 3| EH I 28y FArel|l A dipyrida-
moles 53 ¥ AA|F OS2 LF, HF component”}
stttz 7= €8 LF component”’t &
7V FdE Btk

b
A

Dipyridamole’sF°ll 28t 52 FEA| {82 Het

r

oi=7a 28Xk 240 M DipyridamoleF® & & X|&E
7 (Group O) IME Yk F59
P9 W95 mean RR intervalo] 5281 #4
93l (basal 904 +31msec vs dipyridamole 712+
28 msec, p=0.000), =34~ H$| M4 5 LF power
7} 7h8kom (basal 242+95 ms® vs dipyrida-

Table 2. Change of hemodynamic indices during basal state and dipyridamole-induced myocardial ischemia in

patients with angina and healthy control

Control (n=18) Angina (n=20) o)
Basal HRb, bpm 64+3 62+2 NS
SBPr, mmHg 134+t 4 132£5 NS
DBPy, mmHg 83+2 79+3 NS
RP product, b 3,952+230 3,744+153 0.4
EDVb, mL 96+6 95+6 0.4
ESVb, mL 38+3 39+4 0.5
LVEFob, % 62+2 60+2 NS
Dipyridamole HRs, bpm 86+3 78+2 0.04
SBPs, mmHg 117+t4 120+ 4 NS
DBPs, mmHg 71+3 72+3 NS
RP product, S 5,141 £290 4,421 209 0.2
EDVs, mL 92+6 99+7 0.4
ESVs, mL 40+4 45+5 0.2
LVEFs, % 59+2 56+2 NS

b : basal, s : at peak stress, HR : heart rate, SBP/DBP : systolic/diastolic blood pressure, LVEF : left ventricle ejection
fraction, ESV/EDV : end-systolic/end-diastolic volume of left ventricle, RP product : rate-pressure product
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mole 40+10 ms?, p=0.035) HF power: 7143151
ThHbasal 18452 ms’ vs dipyridamole 68 +24 ms?,

p=0.024).

LFn, HF iz HA8hs 43S Blov TA4 29
3L dipyridamoleT$%-l| LFJ/LF,¥} HFy/HF,
BT BAAeE FosiAl HAaskith(p=0.017,

L
i
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L

p=0.002).

Hhdo]] g% #kxk (Group AP) °l4:= LF power
= dipyridamoleTd 3o F718k= AE¢S HYO
U Ao Z {23t WM3l= {1913, HF powers
oJ5tA 7FAaskeIth(basal 172+35 ms® vs dipyrida-
mole 11142 ms®, p=0.046). %3+ Faprold=
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Fig. 3. Box plot showing changes of the LF power, normalized unit of LF (LFny,%), LF/HF ratio and LF ratio of basal (B)
and peak effect of dipyridamole infusion (D) in both groups. The lowest, second lowest, middle, second highest, and
highest box points represent the 10th percentile, 25th percentile, median, 75th percentile, and 90th percentile, res-
ectively. Means are represented by symbols () .

Table 3. Change of HRV indices during basal period and dipyridamole-induced myocardial ischemia in patients with
angina and healthy control

Control (n=18) Angina (n=20) p
Basal Mean RR intervals, msec 904+ 31 864+73 NS
RR variance, s2 - 103 7621165 839+173 NS
LFs power, ms? 242+95 159+53 NS
HFw power, ms? 184452 172+35 NS
LFs, nu, % 40+ 6 37+5 NS
HFo. nu, % 47+5 54+5 NS
LFo /HFp 1.99+0.78 1.24+0.36 NS
Dipyridamole Mean RR intervals, msec 712428 776134 NS
RR variance, s2 - 108 737+395 697+188 NS
LFs power, ms? 40+10 174+39 0.03
HFs power, ms? 68+24 111442 NS
LFs, nu, % 33+6 61+4 0.07
HFs, nu, % 40+5 28+ 4 NS
LFs /HF; 1.62+0.47 3.80£0.96 0.05
LFs /LFo 0.55+0.17 2.84+0.8 0.001
HFs /HFp 0.50+£0.13 0.55+0.01 NS

b : basal, s : at peak stress, HRV : heart rate variability, LF/HF : low/high frequency power, nu : normalized unit,
absolute power/ (total power -VLF power) X 100
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dipyridamoleg 513t & 7|4l BI3] LF.&
ol S7FeF9l 3l (basal 375 vs dipyridamle 61+
4, p=0.000), HF w2 #A=(basal 54 £5 vs dipyrida-
mole 28+4, p=0.000)3k= A¥E HTh 181
Dipyridamole 9% LFJ/LFy 25k <7kl
w (p=0.032) HF/HFy& BAIZCE Fo3HA 74
315132 (p=0.000), LF/HF7} <7FeFith(1.24+0.36
vs 3.80+0.96, p=0.019).
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20| X|# H|W
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o] Aeo| ARE HwPS o 7)A e elA 2 7t
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FY$ell= LFs power7} 9:}7(}?01]1\1 ol o =
oror ()2 4010 ms® vs 3AE 174+39 ms?,
p=0.03), LF/LF,E BArelA o w2 302 1
ERdTH(izs 0.55+0.17 vs A* 2.84+0.8, p=
0.001) (Table 3).
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