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Summary

In clinical and experimental studies we assessed images of digital subtraction coronary angiography
(DSA) for evaluating regional myocardial perfusion. Myocardial perfusion was assessed by injecting
contrast medium into the coronary artery, and by imaging the regional myocardium using DSA. On
the time-density curve obtained from the myocardial region of interest, we calculated the time to peak
concentration (TPC) and the exponential washout rate (T).

TPC and T were measured in five patients with stable effort angina pectoris (AP) and left anterior
descending (LAD) lesions before and after percutaneous transluminal coronary angioplasty (PTCA).
The values of 1T increased significantly from 0.09+0.02 I/sec to 0.21+0.04 1/sec (p<0.01) after
PTCA, but 1/TPC did not change. No significant difference in ejection fractions was observed be-
tween the patients with AP and the normal subjects (n=7), while the regional percent area shrinkage
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in the anterolateral and apical regions supplied by the LAD was significantly decreased in the patients
with AP compared with those of normal subjects (anterolateral: 39.8+8.89, vs 51.3+6.8%,, apical:
36.6+8.4%, vs 52.4+13.4%, both p<0.01).

In 10 anesthetized dogs with varying degrees of reduction in the left circumflex coronary artery
(LCX) blood flow (CBF: categories of stenosis (S1~8S5)), we compared 1/TPC and 1/T with regional
myocardial function (systolic wall thickening: %,WTh). With varying LCX stenosis, there were no sig-
nificant changes in heart rate and mean aortic pressure and significant linear correlations were ob-
served between % WTh and 1/TPC (r=0.51), between %WTh and 1/T (r=0.55). At S1 (CBF:
100~90%, of the control), neither 9% WTh nor 1/TPC differed from that of the controls, but 1/T
was significantly decreased (809, of the controls, p<0.01). From S3 (CBF: 79~60%,) to S5 (CBF:
39~0%), %WTh, 1/TPC and 1/T were significantly decreased from those of the control levels (all
p<0.01). However, at S5 (CBF: 39~09%,) the values of 1/TPC (71%, of controls) and 1/T (33%,) did
not differ from those at S4; whereas, 9% WTh was markedly reduced and the systolic thinning of the
ventricular wall occurred at S5.

Therefore, in critical coronary stenosis, 1/T was more sensitive than 1/TPC or wall dynamics
for assessing myocardial ischemia. Both 1/TPC and 1/T, as well as % WTh, were useful for assessing
moderate myocardial ischemia; however, these DSA indices had considerable limitations for evaluating
the severity of myocardial ischemia when CBF was markedly reduced.
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Fig. 1. Schematic illustration of the method of
analyzing of left ventricular regional wall motion.
Outline of the left ventricle in right anterior oblique
projection (30°) and the ventricular cavity are divided
into 8 regions for calculating regional ejection fraction
changes (% area shrinkage).
L =long axis (aortic valve to apex).
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Fig. 2. Instrumentation in the experiment.

A Doppler flow probe of an appropriate inside diameter was placed around the left circumflex
coronary artery (LCX). A radiolucent plastic cylinder (4.0 mm in length) was placed on the LCX
distal to the flow probe for producing various degrees of LCX stenosis. Catheter-tip manometers were
introduced through the apex and right femoral artery to measure left ventricular and ascending
aortic pressures, respectively. A pair of ultrasonic microcrystals was implanted in the left ventri-
cular posterior free wall to measure transmural systolic wall thickening. Pacing wire was sutured
onto the left atrium. A modified Judkins catheter was inserted from the carotid artery to the LCX via
the aorta to perform super-selective LCX arteriography.
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Fig. 3. Digital subtraction angiograms of the LCX (upper panels) and time-density curves
obtained in the myocardial regions of interest (lower panels) with (right panel) and without
(left panel) coronary stenosis (right panel) in an experimental dog.

In the right upper panel, there is approximately 859% of luminal stenosis as indicated in the

right upper maginified view.

— 967 —



KRB, Wl =i, 132

99%, S-2 X 80~89%, S-3 jx 60~79%, S-4
X 40~59%, S-5 13 39% PAFE L. %=
vhr—REBIZBWT, 300 EEIRTE L
EEIT, SFEALFERE 1T - B ORISR
(reactive hyperemia) B FMmjEEs* REAC-
TIVE ¥ L7

ERROMOERLEEILT 5720, F2DE
WO BLHE&Z = be—LfEE 1.0 L
T, #Ol%#F KL (normalized LCX flow).

IR EMMR b FERRIc =2 b e — Ll %
1.0 L L, SEREofETay b e —EICH
+ 3l CHEF Lz (normalized %WTh).

¥7z, DSA X vk 7=BEOHNILRER O
E<cH3 TPC L T i1, Whiting & pJ5pl0
CREv, #igk YTPC & 1T L, £557 =Y
—DfED 2 buw—iZ k3% &R, nor-
malized 1/TPC, 1/T ¢ L7-.

3. Hstm

A3 X Table ¥ fEix + T mean
+SD T&kb L. HiHLBEIC IS (anal-
ysis of variance) v, fERE 5% LLT&H
Bl

¥ S

ESFRAR
PTCA migoE8hiRkAERL DSA X vk

T RATLL G N ML RS 545 % Table 1 1277+
24| ¢ REEBIR~ ORBIMATEEED 5 hid
ol M&E OV EHIRANERESR T PTCA
B 87+6% ThH oA, PTCA #ix 21+8%
% -7z (p<0.01). 1/TPC 13 PTCA gij< 0.18+
0.03(1/sec) Tdp »7=» PTCA #< 0.24+0.08
(I/sec) &72b, HEMEMEZRT b O, HEE
FRbonbhrooick LT, /T i3 0.09+
0.02(1/sec) #% 0.21+0.04(1/sec) LAY, FHHEIC
#n L 72(p<0.05).

PTCA B & EH O THHELEEE » 5
kwi-fER% Table 2 iz7+. PTCA BF o
EEEH% (EF) & 58.4+10.7%, ¥ M @G
##pEE (meanVcf) 13 0.86+0.22 (circ/sec) <, f&
BEOELERTHFEZIR OO A, o/, L
A LEEBFHFEMEIOER] T 0 BFT O S EEBEE nig
BCh 2 ERNERIEN TITRXERETH 5
areas 3, 4 ¢ 39.0+8.8%, 36.6+84% <, ¥
FHofE 51.3+6.8%, 524+13.4% IcH~_RTIETF
LT Wiz (p<0.05).

ERRRRET

. ERERLKE» 0K F TV — DR
i€
KH7 Y —CToOERERLFER (=2 be—
VB 43.4+£19.5ml/4y) 13 S-1:0.94+0.03 (frac-
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Table 1. Improvement of coronary luminal stenosis by PTCA and changes in indices of DSA

Patient Age Sex ETT % luminal stenosis (%) 1/TPC (1/sec) 1/T (1/sec)
(yrs)

pre post pre post pre post
1. M.M. 70 F (+) 90 20 0.23 0.37 0.09 0.28
2. T.F. 67 M (+) 90 30 0.16 0.29 0.06 0.15
3. A.T. 53 M (+) 80 30 0.17 0.19 0.08 0.22
4. T.H. 62 M (+) 80 10 0.17 0.17 0.09 0.18
5. M.K. 70 M (+) 95 15 0.16 0.19 0.11 0.18

mean+SD 64.4+6.4

87+6

21+8*

0.18+0.03 0.24+0.08 0.09+0.02 0.21+0.04**

PTCA =percutaneous transluminal coronary angioplasty ; DSA =digital subtraction angiography ; ETT =exercise

tolerance test; (+)=positive; pre=pre-PTCA ; post=post-PTCA.
* p<0.01 vs pre-PTCA, ** p<0.05 vs pre-PTCA.
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0.72+0.06, S-4: 0.53+0.05, S-5: 0.25+0.16 <,
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DET B LBTER.
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K7 2Y — T O EEBERLTTR & ffTEhRER
#igEr Table 3 1R+, MmiTEIEED #EigE T

Table 2. Left ventricular function and regional
area shrinkage

Control  LAD lesion
(n=7) (n=5)

Ejection fraction (%) 66.2+4.9 58.4+10.7
Mean Vcf (circ/sec) 1.03+0.08 0.86+0.22
Area shrinkage(%) Al 55.6+14.2 45.8+14.5
A2 52.0+8.9 42.8+12.8
A3 51.3+6.8 39.0+8.8*
A4 52.4+13.4 36.6+8.4%
A5 56.0+10.7 45.4+14.4
A6 48.0+15.5 47.24+18.3
A7 42.0+£12.1 45.8+14.3
A8 26.9+10.6 32.0+8.3

LAD =left anterior descending artery
Values are mean=+SD.
* p<0.01 vs Control
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—HOERZBWTHA L BT RTOF— & p»
B, IKERIBEEHEINER & /2 B HE B i 5 & o [ ic
%, Y=1.64X-0.65 (r=0.79, p<0.001) » B#7F
RIFFBEAED bh - » (Fig. 4), S-1, S-2 i«
B 2BEEHEMEE, aviba—nLER, B
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4. DSA Xk vk iz BETLG NG ISE
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Kh7 Y -2k, 1YTPC LEEREHm
WEOMIziz, Y=047X+4055 (r=0.89, p<

Table 3. Hemodynamic data for seven categories of coronary flow

Category LCX flow HR LVPSP LVEDP AOmP +dP/dt
(ml/min) (beats/min) (mmHg) (mmHg) (mmHg) (mmHg/sec)
Control 43.4+19.5 121.5+9.5 113.4+13.6 7.6+3.0 95.5+12.2 2,064 +548
S1 0.94+0.03 122.6+12.3 114.0+11.3 7.8+3.4 92.4+10.2 2,043+490
S2 0.85+0.03 123.7+£10.9 111.4+11.2 8.3+3.5 90.5+12.6 2,228+417
S3 0.72+0.06 122.5+12.1 116.6+15.7 7.9+5.6 97.1+17.5 2,290+458
S4 0.53+0.05 119.7+12.6 113.6+14.7 7.3x1.5 95.9+14.3 1,924 +400
S5 0.25+0.16 132.8+14.0 107.3+20.2 15.6+9.4* 83.2+20.9 1,984 +441
Reactive 2.57+0.56 125.5+13.5 106.0+18.5 11.3+5.9 85.2+15.8 2,2544+791
(mean=+SD)

LCX flow=left circumflex coronary flow; HR=heart rate; LVPSP=Ileft ventricular peak systolic pressure;
LVEDP=left ventricular end-diastolic pressure; AOmP =aortic mean pressure ; +dP/dt=peak first derivative of

left ventricular pressure.

Values of LCX flow for S1 to S5 are function values against the control. In LCX flow, there was a signifi-
cant difference between any two different categories (p<0.01).

* p<0.05 from other categories.
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Table 4. Indices of myocardial perfusion from DSA and systolic wall thickening for

seven categories of coronary flow

Category 1/TPC 1/T %WTh
(1/sec) (1/sec) (%)

Control 0.17+0.05 0.22+0.10 20.8 +6.2

S1 1.00+0.09 0.80+0.264 1.09+0.14

S2 0.98+0.14 0.71+0.184 0.94+0.23

S3 0.85+0.06ACD 0.6140.294B 0.60+0.484CD

S4 0.83+0.1340D 0.46+0.204CD 0.1340.5040DF

S5 0.71+£0.24ACD 0.33+0.11ACDE —0.55+0.49ACDFG
Reactive 1.74+0.421 1.7740.65"

(mean+SD)

Values of parameters in each category are normalized as a fraction against the Control (shown in absolute value).
TPC=time to peak concentration. T =exponential washout rate; %WT =percent wall thickening.
A=p<0.01 vs Control, B=p<0.05 vs S1, C=p<0.01 vs S1, D=p<0.01 vs S2, E=p<0.05 vs S3, F=p<0.01

vs S3, G=p<0.01 vs S4, H=p<0.01 vs other categories.
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£ _
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Fig. 4. Relationship between LCX blood flow
and systolic wall thickening with varying LCX
stenosis in 10 experimental dogs.

Data were defined as fractions of control values.
Overall regression analysis demonstrates that a linear
fit describes the data well (y=1.64x—0.65, r=0.79,
solid line).
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o
(=]
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A.B.C
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e
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0.5 1.0
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Fig. 5. Relationship between reciprocals of time to peak concentration (1/TPC) and left
circumflex coronary blood flow (LCX FLOW: upper panel) and systolic wall thickening
(%WTh: lower panel).

All data were normalized as fractions of the control values. In the upper panel, regression analysis
demonstrates a linear fit that described the data (y=0.47x+0.55, r=0.89). In the lower panel, regres-
sion analysis demonstrates a linear fit that described the data (y=0.19x+40.80, r=0.55). At S1 and
S2, LCX blood flow was reduced by less than 15% from the control value, both 1/TPC and % WTh

were not significantly changed from the control values, indicating that both indices might be insensi-
tive to detect a mild reduction in coronary flow.
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P FoFHEE Y, 1T L aEminzRix 0.31 25 akinesis, S-5 Tig v hu—L D —55% T
DEE 2RO FHBEEZ B ic. S-4 T EEERM dyskinesis & B ICBEEBORENHBL, £

—971 —



j(%\n *Amﬁ'y E(iﬁ’ 1Eh

s |A.B

A P<0.01 vs Control
B P<0.05 vs S1
c P<0.01 vs S2

7 |A D P<0.05 vs S3

y=0.64x+0.19(r=0.71)

P<0.001

1.0

NORMALIZED LCX FLOW

(fraction of control flow)

£ 1.0 -
=
o
- s
a
(3]
[ I
w o
N ¢ -
3 2 05 ss 4
< © _-""|a.s.c
s § =
ﬂo: = A.B.C.D
4
0 .
0.5
S
o
L £
~ o
(3]
(= T
w o
N ¢
0 8
23
= &
I ~
(o]
=z

y=0.32x+0.48(r=0.51)

A P<0.01 vs Control in 1/T
8 P<0.01 vs Control in %WTh

P<0.001

-0.5 0

0.5 1.0

NORMALIZED %WTh
(fraction of control %WTh)

Fig. 6. Relationships between reciprocal of time constant (1/T) and left circumflex coro-
nary blood flow (LCX FLOW: upper panel) and systolic wall thickening (% WTh: lower panel).

All data were normalized as fractions of control values. In upper panel, regression analysis demon-
strates a linear fit that describes the data well (y=0.64x+4-0.19, r=0.71). In the lower panel, regression
analysis demonstrates a linear fit that described the data (y=0.32x+0.48, r=0.51). At S1, LCX
FLOW was reduced by only 6% from the control value; whereas, 1/T was significantly decreased
from the control value (p<0.01), indicating that 1/T is a valuable index for evaluating critical coronary

stenosis.
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JRBT M L B 2z X135 digital subtraction angiography
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