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Summary

From our observation that initial distribution of 2'Tl in tissue is mainly dependent on blood
flow distribution, we designed the method to obtain the rates of change of coronary blood flow and
coronary vascular resistance and applied it to the analysis of coronary hemodynamics in patients with
ischemic heart disease during submaximal exercise.

We measured the rates of change of cardiac output (4 CO) and myocardial blood flow distribution
(4 Fract) in two occasions by the sequential two injections of T1, and obtained the rate of change of
coronary blood flow (4 Flow) from 4 CO and 4 Fract. Using the rate of change of mean blood pressure,
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we calculated also the rate of change of coronary vascular resistance (4 CVR).

The initial components of histograms of the right ventricle by the first and second injections
of T1 were fitted into gamma function curve. S; and S, were the areas bounded by the curve and base-
line of the first and second injections, and then the cardiac output ratio was estimated by RxS,/S,,
where R was the dose ratio measured by another camera system. The five min count rates on the myo-
cardium by the first (H;) and second (Hy) injections of Tl were calculated five min after the injection.
H, was approximately H; X R in the same condition of T1 injection but H, was not equal to H; xR, when
the Tlinjection was done in the different loading condition. Therefore the rate of change of myocardial
blood flow distribution was calculated as AFract=(H;xR—H,)/H,. With submaximal exercise
the increases in 4CO, 4Fract and 4Flow were smaller in patients with ischemic heart disease (IHD)
than those in control subjects. In the patients with IHD, there was response of lesser degreein 4 Flow
under increased myocardial oxygen demand, suggesting low coronary reserve in this condition.
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Fig. 1.

Thallium (T1) uptake is mainly dependent on myocardial blood flow. Two sequential injections
of Tl allow to estimate the rate of change of coronary blood flow (4Flow) from both the rates of change
of myocardial uptake (4Fract) and of cardiac output (4CO) as (1+4CO) (1+4Fract)—1. The rate
of change of coronary vascular resistance (JCVR), estimated as (1-+4BP) (1+4Flow)—1, where

4BP is the rate of change of mean blood pressure.
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Fig. 2. Calculation of cardiac output ratio.

The initial components of histograms on the heart by the first and second injections of T are fitted
into gamma function curve (the histogram by the second injection was used after the subtraction of
equilibrium count rates by the first injection). Cardiac output ratio is estimated as R X S1/S2, where
S1 and S2 are bounded area by the curve and baseline and R is the ratio of the TI dosage.
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4Fract=(H;xR—H;)/H,
Fig. 3. Calculation of myocardial blood flow
distribution ratio.

For each 5 min, H, and H,, the counts rates on
myocardium by the first and the second injections,
are calculated. H, is approximately H;XR in the
same condition, where R is the dose ratio, but H, is
not equal to H;XR when the TI injections are
done in the different condition. Therefore, the rate
of change, %Fract is calculated as dFract=(H; XR—
H,) | H,.

Table 1. Subjects

Groups Rest ECG N Age (y.o.)
Control WNL 13 54+10
IHD 1 Q (=) 10 50+ 7
IHD 2 Q (+) 10 55+11

IHD 1 is patients with ischemic heart disease and
without the history of myocardial infarction, and
IHD 2 is those with the history (Q waves in ECG
are present)

(4BP) &% ko, AFlow TR L T Bl G D
2k (4CVR) 2 HH L.

5. EIEHEBORBERBEORET

L EBMSESAGRR T OmE, LE, LERY
T —Lihs, MMHEREI LT A —& —
FHWTITo7. 25W X 0BIAL 3T Lic 25
W Fo4mE L, HEMAKGERICX 5K
K 085%), My, LEXEmM: ST KT,
BEOTREN R EEKRTHREL, Tl 281 H
HEE L 2okt 1| HFRRRE O AfEfd .
Z 0%, RHRICEERE, OHiE Rz L 2Tl

— 236 —



T BfF Y v F 75 7 4 —I & B EMERENEE DO REHT

€0,/C0
(§10] 21 PREDICTED
Counts
3 y = 1.053x - 0.079
r = 0,945
n=22

800 1 y = 0.96x + 3.83

r = 0.976
n =11

4001 ®

AcTuAL
Counts

€0,/C0)

o 1 2 M 400 800

(DYE)

Fig. 4. Correlation between cardiac output ratios obtained by our method and by dye
dilution method (left) and correlation between the actual and the predicted counts when

the two injections are done in the same condition (rest) (right).
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Table 2. Comparison of heart rate, systolic
blood pressure and pressure rate
product at rest and peak exercise in
three groups

(beaIt-:;}nin) (r:gfl’-lg) PRP
Control R 65+ 8 129+12 8,340+1,303
E 139+ 9 186+17 26,080+3,362
IHD1 R 73+10 137+15 10,221+2,081
E 130+18 185+13 24,422+4,842
IHD2 R 67+ 9 133+13 9,679+2,518
E 117+18* 178+18 21,097+4,189*

HR=heart rate; sBP=systolic blood pressure;
PRP=pressure rate product; R=rest; E=exercise;
*: p<0.001.
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Fig. 5. Change in the cardiac output (4CO),
myocardial blood flow distribution (4Fract),
coronary blood flow (4Flow), and coronary vas-
cular resistance (4CVR).

IHD 1 and 2: see Table 1.

trol B¢ (—67+£6%) X W WMAKRI/NTH - = (Fig.
5, Table 3).

DBAFE O BELLT, EHAFRKO
pressure rate product & =i & 0 LR D R

Table 3. Changes in cardiac output (4CO),
myocardial blood flow distribution
(4Fract), coronary blood flow (4Flow)
and coronary vascular resistance
(4CVR) in three groups

ACVR
4CO dFract  dFlow (%)

Control  133+29 83+27 320%59 —67x 6
IHD 1 93+20 32422 155+45 —54+10
IHD 2 74+35 13+£22 10465 —35+17

Values given are mean+SD.

4CO=rate of change of cardiac output; dFract=
rate of change of myocardial blood flow distribution;
AFlow=rate of change of coronary blood flow; 4CVR
=rate of change of coronary vascular resistance.
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Fig. 6. Correlation between pressure rate product (PRP) and 4CO, 4Fract, 4Flow and 4CVR.
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Fig. 7. Regional change in 4Fract, 4Flow, 4CVR in a case with anteroseptal old myocardial
infarction.
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