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Summary

To assess the accuracy of digital subtraction angiography in evaluating coronary flow reserve in
cases with critical coronary artery stenosis, time-density curves were obtained from digital subtraction
coronary angiograms in the myocardial region of interest.

Time to peak contrast (TPC) and time constant of the washout exponential curve (T) were meas-
ured in 14 patients with stable effort angina pectoris and critical one vessel lesion before and after
percutaneous transluminal coronary angioplasty (PTCA). All patients had normal left ventricular ejec-
tion fraction (59+7%) and 2'T1 myocardial images at rest. The values of TPC and T were signifi-
cantly shortened from 5.4+1.3 to 4.5+1.0 sec (p<0.02) and from 10.9+3.8 to 5.3+1.3 sec (p<0.001)
after PTCA, respectively. However, in 9 patients TPC values were approximately the same before and
after PTCA.

In five experimental dogs with critical circumflex coronary artery stenosis, coronary flow (CF;
Doppler flowmeter) and systolic thickening of the posterior wall (by sonomicrometry) at rest did not
differ from those of the controls. However, contrast media-induced reactive hyperemia was markedly
attenuated, accompanied by a significant increase in T (7.7+£4.5 vs 15.8+10.9 sec, p<0.01) and totally

W AKFEEER F-HNE The Second Department of Internal Medicine, Ya-
FE /N 1144 (F755) maguchi University, School of Medicine, Kogushi
1144, Ube 755

Received for publication December 14, 1987; accepted April 2, 1988 (Ref. No. 35-9A)

— 899 —



ﬁ”fﬁ, *’-&uﬁ’ j(/’é\-, E/N

unchanged TPC (both 6.8 sec). With simultaneous tracings of CF and time-density curves, TPC and
washout phases corresponded with contrast-induced transient CF reduction and hyperemic phases,

respectively.

We concluded that T may be more sensitive for estimating CF maintained nearly normal, e.g., in
patients with stable effort angina pectoris having normal left ventricular wall motion at rest.
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Fig. 1. A basic block diagram of the ADAC DPS-4100 digital subtraction angiography

system.

A/D conv.=analog-to-digital converter; D/A conv.=digital-to-analog converter; = data line,

= signal line.
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Fig. 2. Time-density curves obtained from one-compartment model injecting varying
volumes of contrast material with constant flow rate.

CV=volume of contrast material; TPC=the time interval from the beginning of contrast injec-
tion to the peak density on time-density curves; T=time constant of the decay of timedensity curves

from a mono-exponential curve fitting.

Volumes of contrast material do not affect the values of TPC and T when the injection speed is

kept constant.
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Fig. 3. Digital subtraction images of the right coronary artery (upper panel: artery phase,
middle panel: capillary phase) and time-density curves in the region of interest before (left)
and after percutaneous transluminal angioplasty (right).

In the ascending slope of the time-density curve, time-to-peak contrast density (TPC) is assumed
as the time interval from the contrast medium injection to the peak density. The descending slope
of the time-density curve is fitted to a mono-exponential function and time constant (T, D=e"t+8,
T'=—1/A) is calculated.

In this patient (#11 in Table 1), the time-density curve reaches the peak density earlier and the
washout curve becomes steeper after angioplasty, indicating shortening of both TPC and T.
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Fig. 4. Comparisons of reciprocals of time-to-peak contrast (1/TPC) and time constant
(1/T) of the time-density curve before (PRE PTCA) and after percutaneous transluminal

angioplasty (POST PTCA).

Collectively, both 1/TPC and 1/T significantly increase after PTCA ; however, in 9 of 14 patients,
the values of 1/TPC after PTCA are almost the same as those before PTCA. On the other hand,
only one patient shows overlap of the value between both conditions in 1/T.

LAD =left anterior descending coronary artery lesion; RCA =right coronary artery lesion.

— 905 —



IR, RN, KA, 13

TPC B0 T G#EFAIEARCEE LT,
TPC 134%#, T 3 UHLBE—EDHEELT
Liz. 2oz Lid, FEBICL 2 ERMRITOR
YHEIEAT b0 L Bbhi.

2. BERRAYRRET

PTCA ®ioZEEE, Rk ERBHRL,
PTCA itk O BhIRPASEE, BeRf-weEdhat & v
BEH L7 245 0 E{v % Table 1 iZ5R5.

DR L EERHBEOFHHI B OB D 2.88+
0.65 L/min/m2, 59+7% LE¥BNTH 2. £
BITFITBRE 7HIF 26 (BF No2, 4) &, K
EBIRRE 7 61 24 (BF No8, 9) i, E=
&R L, BIfUEER L TEEESOIREE /2 hypokinesis
DA L. 2tV TREBZTEHIR~D BIF
RPIBEIMITEE 3R bh iR h - 7. ' PTCA #%, &
Ry 12 PTCA i 90+5% #» 5 PTCA 4%
27+13% ~LrAHFEkEL R (p<0.001).

PTCA #ifgicsi3 5 TPC & T o%fk; Fig.
3 A EHIRFEF (Table 1 i Noll) o
PTCA gitgicis ) 2@8k DSA oBhfRiE (-
BY), EAEH (PEY) L, BRR-BEEd#H (TR
. PTCA %, WR-#EE iz PTCA #f
CH UBHICEEBEICEL, 2o TFRgIZH
LhicaRibLTRY, ZofEHTIE TPC ©
TeREBCERBLTWE. 26833 zh
5 offix, PTCA HifgT zh®h 545+13 &
45+1.0% (p<0.02), 109+3.8 » 53+13
(p<0.001) THEICEMEERLEZ. LrL, THE
i 1pl%prE, PTCA iz TEME LD
L, TPC fiix 1445 94l (64%) T PTCA
B OEMZER—Th - 7. FiE L EOHEBR
H%r®Ew 5 TPC L T oMk (1/TPC, 1T) »
PTCA pitgo iz Fig. 4 2R+ zhbd
ofetEix PTCA #ijg < 0.19+0.05 r 024+
0.06 sec™! (p<0.02), 3 X0t 0.10+0.04 & 0.20+
0.05sec™! (p<0.001) <, & LiCHEICHEMETR
L7z

3. ERHMRET

PRI X OV A IRZEREIC 1) 5 L ILENE,

Table 2. Hemodynamic data: coronary flow
and parameters obtained from time-
density curves at control and during
partial coronary artery stenosis

Control Stenosis

LVPSP (mmHg) 105.2+9.1 106.6+9.2
EDP (mmHg) 7.0+3.3 8.3+2.9
Mean AoP (mmHg) 88.9+10.5 91.0+10.5
LCX flow (m!/min)

rest 51.3+19.1 53.5+25.9

reactive 83.5+26.3tt 64.6+22.6%t
%WT (%) 17.4+3.5 15.1+3.3
TPC (sec) 6.81+1.35 6.82+2.33
1/TPC (1/sec) 0.15+0.03 0.15+0.04
T (sec) 7.66+4.47 15.83+10.87*
1/T (1/sec) 0.18+0.07 0.09+0.06*

* p<0.01 vs control, + p<0.05, 1+ p<0.001 vs rest

LVPSP=left ventricular peak systolic pressure;
EDP =end-diastolic pressure ; mean AoP =mean aortic
pressure; LCX=left circumflex coronary artery;
%WT =9, systolic wall thickening in the LV pos-
terior wall; TPC=time-to-peak concentration; T=
time constant; reactive=peak flow during reactive
hyperemia induced by contrast medium injection.
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Fig. 5. Simultaneous recordings of aortic pressure, left ventricular pressure, circumflex
coronary flow, posterior wall thickening and cine X-ray pulse at control condition (left) and
during partial coronary stenosis (right) in an anesthetized dog.

The time of contrast medium injection is indicated by an arrow. During coronary artery stenosis,
hemodynamics, wall thickening and basal coronary artery flow do not change from the control. How-
ever, contrast media-induced reactive hyperemia is markedly attenuated.
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Fig. 6. Comparisons of reciprocals of the time-
to-peak contrast (1/TPC) and time constant (1/T)
at control condition and during partial coronary
artery stenosis in anesthetized dogs.

Careful attention was paid in making coronary
artery narrowing with a stenosing cylinder to main-
tain circumflex artery flow and posterior wall thicken-
ing unchanged from the control values. During coro-
nary artery stenosis with normal basal flow, 1/T
significantly decreases compared with the control.
However, 1/TPC does not change from the control.
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Fig. 7. Digital subtraction angiograms of the circumflex coronary artery and time-density
curves obtained in the myocardial regions of interest (white squares) at the control (left panel)
and during coronary artery narrowing (right panel) in the same experimental dog of Fig. 5.

Coronary artery injection was performed selectively by a power injector with constant injection rate
and volume. In each condition, time-density curves obtained from the different regions of interest are
similar. During coronary artery stenosis (approximately 859, luminal stenosis evaluated from the
superimposed magnified view), 1/TPC is unchanged, but 1/T is markedly decreased compared with

the control as shown in the bottom tracings.
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Fig. 8. Relationship between circumflex coronary flow (LCX FLOW) and time-density
curves of contrast material in the myocardium (lower curves).

The time scale for the flow tracing (simultaneous recording of cine X-ray pulse) is identical to that
for the time-density curves. The tracings demonstrate no distinct changes in basal flow and flow re-

duction by contrast medium injection at the unrestricted artery (left panel) and during partial

stenosis (right). However, contrast-induced hyperemia is markedly attenuated with coronary restric-

tion and is accompanied by washout prolongation.
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