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Summary

In this study the effects of exercise on peak aortic flow velocity (PFV), and the relationship between
the maximum change in PFV and the extent of ischemia or infarction were examined. In 16 normal
controls (NC) and 83 patients (pts) with documented coronary artery disease, continuous wave Doppler
echocardiography and thallium-201 scintigraphy were performed simultaneously during supine bicycle
exercise. The patients were grouped according to their results of thallium perfusion imaging: Group
(G) 110 pts) =normal; G-2 (30 pts)=ischemia without old infarction, G-3 (23 pts)=old infarction
without angina, and G-4 (20 pts)=angina with old infarction.

Three different PFV responses to exercise were observed. In NC, PFV increased progressxvely
with exercise. In 28 pts (G-1=10, G-2=2, G-3=11, G-4=5), PFV increased as in NC (Type I). In
43 pts (G-2=24, G-3=9, G-4=10), PFV increased at the initial stage but was unchanged or decreased
at the final stage (Type II). In 12 pts (G-2=4, G-3=3, G-4=5), PFV decreased progressively with
exercise (Type III). The incidence of acute ischemia was 259, (7/28) in Type I, 79%, (34/43) in Type
IT and 75%, (9/12) in Type III. Furthermore, Doppler and scintigraphic studies were repeated during
exercise in 16 pts (Type II=14, Type III=2) who underwent percutaneous transluminal coronary
angioplasty (PTCA). After PTCA, in 11 of the 16 pts, the images of acute ischemia nearly resolved
and profile of the PFV changed from Type II or III to Type I. In the remaining five patients, the
results of both studies were unchanged. Finally, the maximum change of PFV showed good correla-
tion with the extent of ischemia and/or prior infarction (in G-2, r=—0.50, p<0.01; in G-3 except for
11 pts of Type I, r=—0.76, p<0.01; in G-4, r=—0.80, p<0.001). The extents of ischemia and
infarction in each group were considered to be far greater in Type III than those in the other Types.

These results show that changing of PFV during exercise are related with the presence and
extent of acute ischemia and/or infarction.
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Fig. 1. Interobserver (left) and intraobserver variations (right) in peak aortic flow velocity

measurements.
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RB§EHE Y iz thallium-201 uptake profile curve
BERL, Thi@EstBEE 16 fIcROER
THR (FHfE—2SD) @ curve LEERAES T
Liz X v, thallium-201 uptake count D{EVE
SFERDT, DHEERE SO0 H B 5%
(defect area) & ¥z L7c (Fig. 2). @itz A
B Mo RS) TR L. £, BARBROFE
ZonTit, EBARFNER L 4 %O EEEH
# 0 thallium-201 uptake count %% %washout
rate #3R®TYER L7 %washout circumferen-
tial profile curve!® »oHE L. 72721, DR

Tl uptake

—» Defect Area ~—

o degrees
(0] 360
Ant Sep Inf Lat Ant

Fig. 2. A circumferential profile curve ob-
tained immediately after exercise in a case of
effort angina with old myocardial infarction
superimposed on the lowest normal curve (mean
—2SD).

Black arrows indicate the extent of myocardial
ischemia (defect area) expressed in degrees.

Ant=anterior; Sep=septum; Inf=inferior; Lat=
lateral.
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Table 1. Subjects

No Male/ Age
* female (meand-SD)

Normal control 16 13/3 56.3+8.8 (y.0.)
Patients with CAD

Group 1 10 91 55.9£7.0

Group 2 30 27/3 58.8+7.3

Group 3 23 22/1 57.2+9.6

Group 4 20 19/1 56.7+8.1

Patients are grouped according to the results of
thallium perfusion imaging : Group 1=normal ; Group
2=ischemia without old infarction; Group 3=old
myocardial infarction only ; Group 4=ischemia with
old infarction; CAD=coronary artery disease.

—%, EOREEHOESIC L5 %PFV oF
ko7 —i, AFFERETICOhTRENR
HLRkicERTs b0 (I &, n=28), A%E
LT SOW B B R REMORohizn
bo (II 8, n=43) b, AFHEIETICH-T
Br+sbo (III 8, n=12) o 3Bz bh
fo. BT L OBARER, | Bcix 48.1+£18.0%
(100W giey), II #cix 19.7+£16.9% (75W
£ i), 111 ®cx 50W Affict —9.3+7.1%
T -7z (Table 2).

EBANTOLBRIC K15 %PFV [E% @3t
B L FEIRESRR T PFV 0L oRIRIC Hik
T3¢, | BociehZhARHO LOBEREIZIW

T P DR R O LIRAE T (il

%%Change of PFV
70
60}
50} Type |
n=28
aof-
Normal
n=16
30
Type Il
n=43
Type
n=12
=30}
l 1 1
Rest—eExercise 50 75 100 Watts

Fig. 3. Percent changes in peak aortic flow ve-
locity (PFV) during exercise in normal controls
and patients with coronary artery disease.

In normal controls, PFV increases progressively
with increasing levels of exercise. Patients with
coronary artery disease are classified in three types
according to their responses of PFV: PFV increases
progressively with exercise (Type I) ; does not increase
significantly except at the initial stage (Type II); and
decreases progressively with exercise (Type III).

THMEECEREZ A bR oz, Lizdio
T, Fy 75 —ic X3 8B, &
BIRESE. | BlgEFBMLAEShE. LA

Table 2. Time course of percent changes in peak aortic flow velocity

Percent changes in PFV

(50W) (75 W) (100 W)
Normal control (n=16) 18.4+13.9 30.1+17.6 39.1+21.1
Patients with CAD
Type I (n=28) 18.4+10.4 35.1£15.9 48.1+18.0
Type II (n=43) 15.5+10.7 19.7+16.9 13.1+18.9*
Type III (n=12) —9.3+ 7.1% —17.3+10.4

Percent changes in peak aortic flow velocity (PFV) are calculated as the difference in the values at each level
of exercise and at rest divided by the value at rest and expressed as mean+SD. W =watts.

* p<0.001 vs normal control.
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Fig. 4. Representative continuous wave Doppler echocardiograms at rest and during ex-
ercise in patients with coronary artery disease.

Initial stage End stage

Upper panel shows peak flow velocities increase progressively (Type I) with exercise. Middle
and lower panels show peak flow velocities remained the same (Type II) or decreased (Type III)
throughout the exercise and accompanied by ST-segment depression.
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Table 3. Response of peak aortic flow velocity
to exercise in each group

Type
1 0 I Tgf;"
Patients

Group 1 10 0 0 10
Group 2 2 24 4 30
Group 3 11 9 3 23
Group 4 5 10 5 20
Total (n) 28 43 12 83

3. BEBBICE T 3 XBRMRRAEED ELD

B LOBHERMA S VISR & OBFR

FHZ L, RPRLFRERKEE (PFV) o
LB L UM 7 & OV BRI 0 BAIR & fEt
L.

10 10T, ¥=T I &#2RL, OHE
A & 6 higd - 7.

B if % CR B D UAE T (il RE

23 (BeCER) T, 1B 24z zh2h 63
B, 120 Eoad O fpEiEe g L. 11 8o 24
BT 140+£50 gE, 111 o> 4 45) <13 221+ 42 £
DEMLHENEE R, 1T &z 11 Bic kL,
BERICEfRLFREMLEZ F L (p<0.01, Fig.
5 ).

33 (BRI EER) 1< B 5 LHEERO
B9 E, 1 8o 11403 167127 g, 11 o
9 5l 13450 gg, II1 BEiop 3 4<% 208+35
Eo, HI &8 I, ITB X Y L IENERIC D - 7z.
LaL, T#e I BoLHEERIcEEER
Zohiphoiz (Fig. 5 ).

4 8 BROE % £ 9 BRIRMEL AR ERE) &tk
FELEE S LHEERO LRV, 1 Bo S
Tk 172460 gE, 11 #e> 10 {513 168+ 52 g,
I #5451 258+41 fEch o7-. 111 Hp
DFEMEE SEEROLEN Y, TR, 1T

ool G-2 G-3 . G6-4 .
. . L
N A
'; I‘; . i
T .. |
100+ : § o y .
Wee o W W T

Fig. 5. The extent of ischemia and/or infarction (defect area) for the 3 types of peak flow
velocity response to exercise in patients of G-2, G-3 and G-4.

A point on a vertical line represents mean+SD.
** p<0.01 vs Type II.

* p<0.05 vs Type I;
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4. BFEREBHICBT 2 XBROFEIEEDORAEIL

L OFEMEL S CICEERBOLEMNY & OBERFR

BT LT, BexOERIZBIT S PFV oK
bR (Max %PFV) L.IFBIMERZE & Il
FEIMMOILH Y L OBEKRERFT LI

1 gcOBERLEGE 2507, PFV ok
Rz 54£94% <, BESBH#EozHh (39.1
+21.1%) L HEEEEI R o1

2 Bt BDERE) 1IR3 5 max %PFV fEL &
MBI IEA Y & iz, r=-0.50 (p<0.01,
SEE=0.06%) oA 0B b h iz (Fig.
6, upper).

3B (BRIRMEL A EER) 2813 5 Max %PFV
& OFEEROILNYITE, 2R LTHB L
BELHBET 2ohero (r=-033). L»
L, Fy 75—t X smMKEIkDO 72— 0k
T, EERETHE 1 Bo 112 L, BEY
AR (r=-0.76, p<0.01, SEE=0.07%) %
#Z i (Fig. 6, middle).

4 B (PoUME 2 £ 5 BRIBME D BEEER) <13 5
PFV 0B KRER L SHOHREOLEE 20
BEBOLENRY & oK TR, FELRADNHE
(r=—0.80, p<0.001, SEE=0.05%) » &5tz
(Fig. 6, lower).

o =

y=41.8-0.16X
50

so} peodi
n=30

o
0 Defect Area 300
Max.
# G-3 y=62.1-0.26X
1=-0.76
8op - p<0.01

Defect Area

Max.%PFV
% G-4 Y=680-0.26X
. r=-0.80
sof p<0.001
i n=20
o
i L[]
of °
i °
L] .. ®
300

Defect Area

Fig. 6. Correlations between the maximum
change of peak aortic flow velocity during
exercise and the extent of ischemia and/or
infarction (defect area) in patients of G-2, G-3
and G-4.

Dotted curves represent 95% confidence limits.

Max%PFV =maximum percent change of peak
aortic flow velocity.
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Fig. 7. Defect area (left panel) and the maxi-
mum change of peak aortic flow velocity (right
panel) before and 7 days after percutaneous trans-
luminal coronary angioplasty in patients with
effort angina (panels a and b) and effort angina
with old infarction (panel c).

FE i 4 DR BB D DA i RE

5. EBHAMPOXBRMAZRKEE OB RIFE

TRECHRMOKE: BEOBHRERFHRO

HEes
RERHEBIRE R (PTCA) 2HETL~ 28
D 11§ & 480 56 (Z 0 5 it 3 FlidEER &
Bt 7 BRIRIC, 7RV 0 2 Flia R RN gk
ERACbE BB EA LTV IKBNT,
BB AT O SO BRI & KB 7 A K e
DELOEEB L VU7 DBKRER L O ERE Bt
L7z

280 1 i 645 (IT B : 545, IIT %Y : 14)
iz, PTCA #gic I BlofmEibezRL:. %
7o, REWMRILTEE K HEE O B RXEMRIL, 7+16%
o H4E14% ICHERICHEA L (p<0.01). .0
vy T TR, 6FF S FiT EaMGRITIEEL,
Y 01 HITaEMBRIBRE LN, 0%
T 170 o 9 FE~ZEL<HE/MLT W (Fig.
7a).

280y o 5z, PTCA 413 PTCA #j
LRk 11 BlomHEEERL, KBIRMIEER
KEEoORKELRIZ, 24+11% 25 21+6%
LEERBR RO o, £, (OFEM
SR 130+£32 BE v 97422 FEi HEICHE/N
(p<0.05) LTwWied, 2FicEIHER1ETFL
Twiz (Fig. 7b).

4B SH (11 8 445, 11 8: 145) i1, &
i) PTCA gz 1 BlomBEEkrR7L, K8
WRILFE e R D JeRE R 17£14% 2 5
36+20% ICHREICHEK L. (p<0.01). CMfREML
IR 21036 JE (LM BEZEH & A O i i 28)
6 11335 B (MHHEERO 2) I REICHE/NL
(p<0.01), SHIF_TTHAMGKREIALN AR
7= (Fig. 7c).
BREHEBIRERMT PTCA) 2MEITL < 28

A point on a vertical line represents mean+SD.
Closed symbols represent the presence of redistribu-
tion images (RD). Open symbols represent the ab-
sence of RD.

deg=degrees; NS =not significant.
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