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Summary

To assess the effects of coronary vasodilators and exercise on the blood flow dynamics of aortocoro-
nary bypass grafts (ACBG), two-dimensional Doppler echocardiography was performed in 43 con-
secutive patients with ACBG of the left coronary artery. Doppler velocity signals of 14 internal mam-
mary artery grafts (IMAG) and three saphenous vein grafts (SVG) were imaged in 15 patients using
5MHz and 7.5MHz convex-linear Doppler flow probes. Cross-sectional blood flow velocities and graft
internal dimensions were continuously measured before and after the sublingual administration of
nitroglycerin (0.3 mg) and nifedipine (20 mg), during isometric handgrip and bicycle ergometer exercise
tests.

1. Regurgitant flow in isometric contraction time to early systole was observed in 14 of the 15
patients. Pulsatile diastolic blood flow with mean velocity of 1446 cm/sec and volume of 49+25 mi/
min was significantly higher than those in systole (7+7 cm/sec and 8+7 ml/min) as observed in
IMAG and SVG. IMAG showed smaller vessel dimensions, higher flow velocities and lower flow
volumes compared with those of SVG.

2. Nitroglycerin and nifedipine increased blood flow volumes (754129, 79+11%,) and velocities
(29+8%, 28+8%,) due to dilatation of graft vessels (18+3%, 19+39%,). Nifedipine, in contrast to
nitroglycerin, induced sustained increases in graft flows.

3. Isometric handgrip and ergometer bicycle exercise tests increased blood flow volumes (34+
9%, 61+14%) and velocities (31+119%,, 424+12%,) with elevation of double products (22+149,, 37+

26%). Ergometer bicycle exercise induced similar responses in systole and diastole, whereas isometric
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handgrip test induced higher ratios of graft flow volume in systole (67-£25%,) compared to those in

diastole (28 +99%,).

In conclusion, two-dimensional color Doppler echocardiography is a promising means for the
quantitative analysis of blood flow dynamics, assessments of the variable effects of coronary vasodilators
and the physiological responses to exercise tests for the aortocoronary bypass graft flow in the early

postoperative state.
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Table 1. Clinical characteristics of the subjects
T, éf:) Sex Diagnosis I%XPAaés/gsrilfé (mr]?lll)-lg) (22) EF
1 57 M IHD, ART1° #7 | #9 #3 142/72 6.23 .72
2 49 M AMI #8 | HL #3 110/60 2.21 .34
3 63 M IHD #8 | #12 4PD 88/54 3.21 .60
4 62 M AMI #8 | #9 4PD 146/80 4.12 .62
5 S5 M IHD, OMI, MRI1° #7 | #9 102/50 4.32 .64
6 61 M IHD, OMI, MR1°  #7 / #3 92/62 4.46 .52
7 44 M IHD #8 /| HL 4PD 114/72 4.50 .78
8 58 M IHD, OMI #8 | #9,12 122/82 3.34 .63
9 58 M IHD #8 | #9 90/62 5.01 .72
10 65 M IHD #8 | #9 102/50 4.61 .81
1 49 M IHD #7 | HL 4PD 118/73 3.92 .57
12 68 M IHD #8 | #12 139/72 2.93 .69
13 58 M IHD, OMI #7 / #3 130/60 4.60 .87
14 66 M IHD #8 / #3 100/72 3.86 .76
15 63 M IHD, OMI, MR1° #7 | #9,12 132/70 3.37 .58
IMAG =internal mammary artery graft; SVG=saphenous vein graft; BP=blood pressure; CO =cardiac
output; EF =ejection fraction; IHD =ischemic heart disease; AMI=acute myocardial infarction; OMI=old

myocardial infarction; AR=aortic regurgitation; MR =mitral regurgitation; #?7, 8=segment 7, 8—left anterior
descending branch; #9=segment 9—first diagonal branch; #12=segment 12—obtuse marginal branch; HL=
high lateral branch of the left coronary artery; #3=segment 3—right coronary artery; 4PD =posterior des-

cending branch of the right coronary artery.
Bold face figures indicate Doppler study.
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FLOWd(s) : diastolic (systolic) blood flow
volumes in the grafts (m//min)
Vmax(t) : instantaneous maximum blood
flow velocity (cm/sec)
Td(s) : duration of diastolic (systolic)
blood flow
D : graft dimension
HR : heart rate (beat/min)
6 : ultrasonic incident angle against
the flow direction
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Fig. 1. Two-dimensional Doppler echocardiographic images of the aortocoronary bypass

grafts.

Images of IMAG (upper) and SVG (lower) are shown. Arrows indicate the direction of blood
flow. IMAG is definitely smaller than SVG in vessel dimension. Each interval in the figure is 1 cm.

IMAG =internal mammary artery graft; SVG=saphenous vein graft; Ao=ascending aorta;

RVOT =right ventricular outflow tract.
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Fig. 2. Blood flow velocity waveform in a internal mammary artery graft.
Regurgitant flow (arrow) in early systole is recorded. Pulsatile diastolic blood flow velocity is ob-
viously higher than that in systole.

cm/s
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Fig. 3. Blood flow velocity waveform in a saphenous vein graft.
The saphenous vein graft has similar regurgitant flow and pulsatile diastolic blood flow velocity wave-
form by pulsed Doppler echocardiography. The velocity is less, compared with that of an internal

mammary artery graft.
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Table 2. Comparison of Doppler data of saphenous vein and internal mammary artery
bypass graft flows at rest (mean+SD)

IMAG (n=14) SVG (n=3) p
Heart rate (beat/m) 81.9+9.8 78.8+2.0 ns
SBP (mmHg) 116.5+18.9 112.0+24.0 ns
Graft dimension (mm) 2.5+0.5 4.1+0.3 p<0.05
7} ®) 43.7+7.2 42.5+2.6 ns
Max velocity  (cm/s) 26.4+11.1 13.5+0.5 p<0.1
Mean velocity (cm/s) 13.1+ 6.6 7.1+2.1 p<0.1
Duration time (sec) .677+.066 .874+.043 ns
Graft flow (ml/m) 45.2+23.2 77.3+23.5 p<0.05

IMAG =internal mammary artery bypass graft flow; SVG=saphenous vein bypass graft flow; SBP =systolic
blood pressure; Max (mean) velocity =maximum (mean) blood flow velocity of IMAG and SVG; f=incident

angle against the flow direction.

p=probability (IMAG versus SVG) by analysis of variance.

Table 3. Summary of hemodynamic and graft blood flow dynamic responses to admini-
stration of nitroglycerin and nifedipine in 15 patients with aortocoronary bypass

grafts (mean+SD)

Nitroglycerin Nifedipine
Before After Before After

HR (beat/min) 81.3+9.2 86.5+9.34 82.3+8.4 85.9+11.24
SBP (mmHg) 115.4+19.1 108.2+20.6 114.0+20.1 108.3+18.4
DBP (mmHg) 63.4+14.0 60.0+16.2 66.6+13.5 60.2+13.3
DP (SBPxHR) (x10%) 9.4+1.7 9.5+1.8 9.3+1.8 9.4+2.0
Graft dimension (mm) 2.7+0.7 3.1+0.78 2.84+0.8 3.3+0.88
Max velocity (cm/s)

Diastolic 24.8+11.2 29.7+11.58 24.9+12.1 29.8+15.18

Systolic 10.8+12.1 12.2+12.5 10.5+11.1 12.9+13.3
Mean velocity (cm/s)

Diastolic 14.4+6.2 17.7+6.94 13.8+5.9 17.5+7.48

Systolic 6.5+6.8 7.2+7.7 6.0+6.2 7.4+7.08
Duration time (sec)

Diastolic .518+.078 .496 + .052 .549+.087 .517+.0768

Systolic .184+.062 .174+.073 .180+.064 .170+.074
Graft flow (m//m)

Diastolic 49.2+25.5 83.4+33.88 50.94+20.6 89.0+35.98

Systolic 8.1+7.1 12.5+14.24 8.0+6.6 13.6+11.94
Total graft flow (ml/m) 57.3+29.2 95.9+39.88 58.9+25.3 102.6+44.68

SBP =systolic blood pressure; DBP=diastolic blood pressure; DP=double product; Max (mean) velocity =

maximum (mean) blood flow velocity of an aortocoronary bypass graft; Duration time=blood flow duration time;
Graft flow=systolic and diastolic blood flow volumes of an aortocoronary bypass graft; cm/s=cm per sec; ml/

m=ml/ per min.

A, B=probability (before versus after) p<0.05, p<0.01, respectively by paired t test.
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Table 4. Summary of hemodynamic and graft blood flow dynamic responses to isometric
handgrip and bicycle ergometer exercise tests in 9 patients with aortocoronary

bypass grafts (mean+SD)

Handgrip Bicycle ergometer
Before After Before After

HR (beat/min) 88.4+7.4 93.8+7.24 86.1+7.7 97.5+9.58
SBP (mmHg) 106.9+15.0 124.5+17.58 114.2+13.3 137.1+28.1B
DBP (mmHg) 65.5+10.4 72.3+12.48 67.5+9.2 65.0+10.3
DP (SBPxXHR) (x108) 9.4+1.4 11.6+1.78 9.8+1.8 13.4+1.98
Graft diameter (mm) 2.8+0.9 3.0+0.8 2.8+0.5 2.9+0.4
Max velocity (cm/s)

Diastolic 23.9+13.8 32.5+22.54 27.1+10.1 38.9+19.58

Systolic 10.1+11.7 12.8+13.14 11.1+10.8 15.7+15.28
Mean velocity (cm/s)

Diastolic 14.1+7.9 19.2+12.84 16.4+5.4 23.5+10.78

Systolic 6.1+6.8 7.6+7.2 6.9+5.6 9.449.5
Duration time (sec)

Diastolic .495+.051 457+ .024 .498+.052 464+ .0524

Systolic .172+.048 .200+.076 .201+.046 .182+.072
Graft flow (m//m)

Diastolic 52.0+19.3 66.4+30.3 63.6+25.7 97.7+24.08

Systolic 8.6+7.0 15.2+11.74 12.3+8.8 17.3+14.04
Total graft flow (ml/m) 60.6+25.0 81.6+39.74 75.9+32.1 115.1432.28

For abbreviations: see Table 3.
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Fig. 4. Changes of internal dimension of graft from the control (A) to nitroglycerin ad-

ministration (B) and nifedipine administration (C), and exercise tests (D and E).
Nitroglycerin and nifedipine administration induces dilatation of a graft, while handgrip (D) and
bicycle ergometer exercise (E) tests do not induce significant change in the graft dimension.

IMAG =internal mammary artery graft.

R | flow volume
A % G AFT FLOW 2 mean flow velocity
100 Bg 3 duration time
| 4 graft dimension
80 5 heart rate

60
40
20+

4 5
Nitroglycerin

Nifedipine

Fig. 5. Effects of nitroglycerin and nifedipine
administration on blood flow dynamics of the
aortocoronary bypass graft.

Nitroglycerin and nifedipine administration signi-
ficantly increases blood flow volume and velocity due
to dilatation of an aortocoranary bypass graft.

*: probability (versus control)<0.05 by paired t
test.

4% =maximum percent change from control;
GRAFT FLOW=blood flow volume of an aorto-
coronary bypass graft.
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Fig. 6. Changes of blood flow velocity waveform in an internal mammary artery graft
before and after administration of nitroglycerin and nifedipine.
Systolic and diastolic blood flow velocities increase and waveforms show no changes after admin-

istration of coronary vasodilators.

30 53t BARSRIIMEM 7R Lz, £72, ~v K
Yy 7, BTS2 — 7 —EBARNICE 57
7 7 MR AWES X D L, 10 5% AR
AL ZEERD R L R o T

5. JEBRH & IHEITIC 3 W B IR o ok

PEARIML (2 5ok 3 2 UGHESIILGR o ik, ATl
(0.18+0.07) L Hh#kLT, ~v F 7Y v 7 A%
(024+0.10), HigHE = v = 2 — Z —iE B A FT
(0.20+0.11) %, ¥EMEMERLEY, =btr S
J&Yr (017+£0.09) Fkixz=7=v k5
(0.17+£0.060) TEEELRTLEZEDRPoT-. F
TeIEREW) & GRS 4 i o H#no FHE
%, Fig. 11 1257+ X 51, = ru 2V &y v @i
PEHN / UNHER : T7+11% | 87+24%), =T =¥
vy (79+119% [ 76 +£14%), HigHE = L =2 — %

—HEE AR (63+14% /51+22%) TH B inless
BERET, ~NUR 7Yy FAR (28+£9% 67+
25%) TO XK, JERRINC B~ TR I L o Y
TINER D3 M ) & G 72,

z ®

KEINR-TEBIR -~ A = 255 0 KIRFEFAR 7 7
7 MMGEE, PEiE VEBFE SV - Ry 7T —
LEAWCIHREMIC FishTn a7 »wi
NHLMFEELH7 77 FORGFEEFMG LD O
ThbH. LnrL, SRloFENLIIC, Fyv 7T
— W = 2 — R Y, U o fF#RL
2, 777 MRS, BEFEYE — L & S5m0 7
FHEZNEL, 777 IO E R Z 3
B IR R D TH R WO BT A DR E T

18 —



~ 9% GRAFT FLOW

100
1 flow volume
80 2 mean flow velocity
3 duration time
60_ ” 4 graft dimension

5 heart rate

40+
20
Handgrip Ergometer
mean*S.E.
#P<0.05

Fig. 7. Physiological responses to exercise tests
on blood flow dynamics of the aortocoronary
bypass graft.

Isometric handgrip and bicycle ergometer exercise
tests significantly increase blood flow volume and velo-
city with elevation of heart rate in the aortocoranary
bypass graft.

* .

: probability (versus control)<0.05 by paired t
test.
For abbreviations: see Fig. 5.
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Fig. 8. Changes of blood flow velocity waveform in a graft from rest to exercise.

Systolic and diastolic blood flow velocities increase during exercise tests, and systolic velocity shows
greater changes compared with those of diastole.

ml/min GRAFT FLOW

150 /?lo
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DOUBLE PRODUCT (SBP XHR)

Fig. 9. Relationship between changes of double product and graft blood flow.

Blood flow volume of aortocoronary bypass graft increases with elevation of double product (systolic
blood pressure x heart rate). However, there is no significant correlation between change of flow
volume and elevation of double product on exercise tests.

Handgrip =isometric handgrip test; Ergometer =bicycle ergometer exercise test; GRAFT FLOW =
blood flow volume of aortocoronary bypass graft.
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Fig. 10. Comparative responses of graft blood flow to nitroglycerin, nifedipine, handgrip

and bicycle ergometer tests.

Sublingual nitroglycerin and nifedipine administration immediately induces similar increase of
blood flow volume in the graft. However, in contrast to nitroglycerin, nifedipine induces sustained
increases in blood flow volume. No significant difference of responses between isometric handgrip

and bicycle ergometer exercise tests are observed.

*: probability (before versus after)<0.05 by paired t test,

For abbreviations: see Fig. 9.

<, ERBINRGEE T IR fLHE X 72 . Folts
bW DR ERREFE T, KREFIRS 7
7 b ofEHLEE MRS 30% ThHB
9, WA OO MR NIRBINR, KREHIR
FI57rEbIC 15% C@ERrotz. LbL,
Z ONGEIIME X MR & LTidd v, 75
7+ DR R FME S 2354, RS L offRT
H5 LEERMICEETH 5. Folts 514934
BER 1T o IWERIT, WPOBMREFICLS
KIRFEERAR Y 5 7 b ST O LIRS / IS i &
We75 7 oRTEE L OBRICOVWTRE L
FER, WA (1.9204) A% (12+£04) 238
Wipli, BAfFEE (2.3+08) kLT, $HnE
#/WEYLREESMETLTYW S LT W
5. FFEOWMBLTHR OIIRY | BUEH S 7 7

R 5.0+18 LEL, figEHICRE
RAEEFRD BT ot Ei, BARKICH
¥ YR L IHER > BILR OB O RET T,
Ny R 7Y v AR OB TUER O 8ENR 2 55k
MEVLREVEMERLE. Zhi3 AV ESY
y 7RAM TR, MRBRETIHE, ESLEK
HERER T+ 220720, FERH O & KBk D
[EEZE ORI T/hE <, fEEESm
HOBMBERIZE - bnLtBbh3. 4%,
TR S A S 2 Wi BE OODBEEEL 75 7 b Lk
DR ERE T 3 kic, IR & IREICAY T T
M+ 2 E LD Y, TAMBARER Ry 75—k
BERREERLEL LN S.

— 21 —



t&ﬁr ) —Ié]—*r &5

% AGRAFT
FLOW D: diastolic flow
S: systolic flow
100% -
50 -

D ) D s
Nitroglycerin  Nifedipine
10026
90 A
D s D s
Handgrip Ergometer
# P<0.05DvsS

Fig. 11. Comparison of changes between dias-
tolic and systolic blood flows.

Nitroglycerin, nifedipine and bicycle ergometer ex-
ercise tests induce similar changes in systole and dias-
tole, whereas the isometric handgrip test produces
increasingly higher ratio of systolic blood flow volume
in the graft.

*: probability (systolic versus diastolic flow)<0.05
by Fisher’s t test.

4% =maximum percent changes from control;
Handgrip =isometric handgrip test; Ergometer =bicy-
cle ergometer exercise test; D =diastolic blood flow of
an aortocoronary bypass graft; S=systolic blood flow
of an aortocoronary bypass graft; GRAFT FLOW=
blood flow volume of an aortocoronary bypass graft.
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