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Phasic Coronary Artery Flow Profiles in Patients with Aortic Valve Disease
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ABSTRACT

Background[] The previous reports have demonstrated that coronary artery flow profiles might change in patie-
nts with aortic valve disease. Our objective was to assess phasic coronary artery flow and velocity characteristics
and coronary flow reserve in patients with severe aortic vale disease. Method[] We studied six patients (4 men
and 2 women, mean age 61.3% 6.3 years) with aortic regurgitation and seven patients (3 men and 4 women,
mean age 66.3+ 10.3 years) with aortic stenosis. Coronary flow velocity was measured at the proximal portion of
left anterior descending artery with 0.014-inch Doppler tipped guide wire and intracoronary injection of adenosine.
Nineteen patients (11 men and 8 women, mean age 52+ 9.8 years) with normal coronary artery were served as
normal control. Result(] The velocity-time integral of systolic coronary flow (SPVi) was significantly higher in
patient with severe aortic regurgitation than control (21.1% 5 vs 9.4% 3.1, p<0.05, respectively) and ratio of diast-
lic to systolic the velocity-time integrals (DSiR) was significantly lower in patient with severe aortic regurgit-
ation than control subject (1.5% 0.5 vs 3.7+ 0.8 p<0.05, respectively). Patients with severe aortic stenosis had
significantly higher velocity-time integral of diastolic coronary flow (DPVi) than control subject (17+ 9.7 vs 8.8
+ 3.0 p<0.05, respectively) and slighly higher DSiR than control subject (4.0+ 2.5 vs 3.7+ 0.8 p=9.05, respe-
ctively). Coronary flow reserve was significantly decreased in patient with aortic valve disease compared with
control subject 2.1 0.8 vs 3.2+ 0.4 p<0.05, respectively). Conclusion[] Coronary flow reserve decreased signi-
ficantly in patients with AR and with AS compared with normal control. Coronary blood flow profiles in patients
with AR was characterized by systolic flow predominance and reduced diastolic flow whereas patients with AS
was a tendency toward decreased systolic flow and increased diastolic flow. (Korean Circulation J 1998528
(10)1691-1699)

KEY WORDS[] Phasic coronary artery flow profile - Coronary flow reserve.
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Fig. 1. Coronary average peak velocity. Baseline average
peak velocity was higher in the patients with cortfic valve
disease than in the control group.

Control AR AS
(n=19) (n=6) (n=7)
Age 52+ 9 61+ 5 66+ 9 5r p<0.05 vs control
HR (beat/min) 68+ 6 87+ 9* 94+ 9* 45
SBP (mmHg) 123+ 13 144+ 14* 154+ 14* .4_
DBP (mmHg) 7+ 19 66+ 10 96+ 13" ‘%
LvDd (mm) 48+ 4 58+ 10* 52+ 7 é
IVSDd (mm) 10+ 1 12+ 2% 13+ 2* *
PWTd 10£ 1 12+ 2* 12+ 3*
EF (%) 70+ 6 63+ 9 59+ 9
LVMI (g/m?) 111+ 14 191+ 61* 181 56* Baseline AR AS

LvDdO LV istolic dimension, IVSDdO intraseptal diastolic
dimension, PWTdO posterior wall diastolic thickness
*0<0.05 vs control, T p<0.05 vs AR

Fig. 2. Coronary blood flow reserve (CFR) markedly decr-
eased in patients with severe AR and AS.
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Fig. 3. The coronary blood
flow velocity waveform is ch-
aracterized by diastolic pre-
dominance in cotrol group.
BASED resting PEAKO after
administration of adenosine.

Fig. 4. The coronary wave-
forms were characterized by
a decreased systalic flow with
= a first-half systolic reverse flow
and slowly increasing of di-
astolic flow in patients with
severe AS.
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(Figs. 3,4 and 5).
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Fig. 5. The coronary velocity waveforms were charact-
erized marked augmentation of systolic blood flow and
lesser enhancement of diastolic blood low in patients with
severe AR.
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Fig. 6. Graphs showing relations between the ratio of the resting diastolic to systolic peak velocity (DSVR) and coronary

flow reserve (CFR). AO AR, BO AS.

1695




00000 oooodg electromagnetic flowmeterQD
0000 000 00 11000 00 80000 000
0 00000 000 0000 00000 0000 O
000 0000, MinorueD ™0 2600 000000
0000000 0000 000000 0000 000
0000 0 000 000 00 00 0000000
0000 OO0 160000 000 O 00000 D00
0000000 000 (ratio of diastolic to systolic ve—
lociyy—time integrals, DSVR)O 000 OO OOOO
00 0000058+ 0.1 vs 3.32+ 0.3) 00000
0 0000000 0000 00000000 000 O
00 000 D000 0000 0000.0 00000
000 0 00000 000 0000000 0000
0000 37+ 0800 00 00O0000O000OOO
000 1.5+ 040 OOO0 000000 0000 OO0
000000 0000 0000 0000 (Fig. 5).

Matsuod 0 000 00O 000000 OOOO
0 000000000 00000 000 0O 0000
0O 000 0000000 DOd(systolic and diastolic
velocity ratiocl DSVR)O D 00000 OO0 000 O
0O00. 00 000000 00000000 0000
00 00000 000 D000 D000 00000
00000 00000 0000 0000 000 00
000 D000 000 0000 00 0000 000
0000 000 00 0000 00000 000 00
0000 000 (coronary perfusion pressure)d 00O
0 000 0000 ooo.®

ShuzoD 0 OOOOOO OOOOO 0000 00
000 0000 00000 00000 0000 00
0 00000 000 0000 000000 000 O
000 DO0O0OD0O 000 (extravascular compression
force)d D000 00 000 0000 OO0 OO0 OO
0 000 0 000 000. 00 Takashid*®o 60
0 000000000000 0000 000000 O
0000 00000 D00 000 000 000 00
0000 000 000 0000 000 000 000
000000 000 00000, MinoruD*0 00
00 000 000 0000 0000 000 000
0000 00000 OO0 (extravascular compress—
ion force)l OO00 OO0 0000 OO 00O O
000 00000 D00 0000 000 00000

1696

g oood.

Chilian0?’0 00000000000 0000 OO0
000 000 00000 0oo (extravascular comp—
ression force)l 00000 OOO0OO OoOOO.

00 OODOO OO0 O0(retrograde flow)d OO
oo 0obdb 0bob bbobo oooo oo
0000 000 00000 00 000 000 oo.®
o0l 0ob 000 0Udb oo obo bobog
000 0oob ooobo oo ooo ooooo o
00 000 OO oobobo booo ooo oooo
oo?®

00 00O oooboooob ooob oooo o
U0 000 0oodb 0obob obob oooo
00 OO0 00000 OO0 (coronary ostia)( 00O
O OO0 Ventrur effectD OO OO0 0O0O0O O
0000 000 0O 000 00 0 0000 OO
dobooobono 3000 oobo ooo ooo oo
U 0obdb 000b0o bobo oobo oo o
o0oobdo oboo ooo oooboo ooo oo o
00 DDO(Fig. 4).

00 ODOOO Doppler guide wired O0O0O0O OO
000 00 00o oo obooo oo oooboo
U0 dob bd0d 0ob boob boob oo oo
00 0000 Oobo obooo. boobo oooo
OO Doppler tip catheter & Doppler tip guide wire
0 0000 00 oboobo oo oboo oo O
00 000 00O 000000 adenosined O papav—
erinel 0000 OO O0O0OO OOOOO OO O O
00 0boooo ood o od. oo oboo ooo
000 0000 OO0 OO0 (Doppler frequency shift)
0 0oobo oo oboo ooo o od.

goddbD ooobob oo boobob oobo
gooo ooo ooo, oo ogoo, ogo ood,
0000 0% 0 goooo 000 00 000
U0 oboob b0 00b0o Oob bbo ooo o
0. 000 oooooboooo booboo oogo
0 00 0bobd bobob obob obooo b
00dod 00od 00 ooo ooodo.obo oooo
god oo 000 0bo oboboo 0b bogoo
0 oo boboo boboo, oboooo o
000 00ob oodbo 0o Oboo obo oo oa

Korean Circulation J 1998;28(10):1691-1699



00 0000 0000 00 0000 0000 OO0
00000 0D00DO00 0000 00 0000 00
0 000 000 000 0000 00 000.

00 000000000 0000 00000 000
000 D000O0 000 000 0000 0000 O
00 00000 000 00 0000 00000 O
0000 00 0000 0000 000 1000 00
00 0000 00000 00 0000 00000 O
000 OO0 0000 000 000000 0000 O
000 00000 00000 0000, 00 0000
00000 00000 00000 0000 000 O
00 00O oo.®w

Abbasd®0 000 OO0 000000 00000
000000 351+ 0270 00 00 0000000
00000 00000 000000 1,20+ 0.050 O
000 0000.0 00000 00000 00000
0 000 32+ 040 00 0000000000 21+
050 0000 0000 OO0 00 00 00000
00000 22+ 050 D000 0DO0O O0OO. O
0 Minorud*0 000 OO0 0OOOO0O OO0
000000 000 0O 000 00 D00 00000
00 0000 OODOOO(Aortic regurgitant frac—
tion)d 00000 00 0000 0000 00 00
0 000O0.0 00000 000000 000000
0000 DO0D0OO0 00 0000 0000 0000
000 D00 00000 O 000000 00 000
0000 (r00.28, p<0.05).

00 MinoruD™0 0000 OOOO0O0OO0 OO
00 0000 000 000 DO00000 0000
0000 000(LvOoT) 000000 00000 0o
0000 D000 OO0 000 0000 00oooo
000 000 000 000 0000 00000 (retr—
ograde flow)D 00 O OO0 OO0 0000 OOOO
0 00O (impared coronary vasodilator capacity)d [
0 0000 00000 000 O0.

000 0O 00000 0000 000(LvoT)0oo
0 0000 0000000 0000 0000 000
0 0000 oOoO.

00000 000 0000000 00000 00
00 00 00 0000 0000 00000 0000
000 0000 OO0 000 000.000 0000

U oobouobdbo bob oboob oo oo
0 00 000bo 000 obo oooo oo oo o
000 000 Dobbo0o 0o, 0b ooooo ogo
00000 OO(perfusion pressure)] OO OOOO
0 0od ooo oooo. ob ooo boo ooo
U0 0ob 00 00dbdo 00 obobo ob booo
agoo. 0do oboooboboo oo oooooo
U 0000 boood 0oob boobob obog
0 000 oo oob oo 0 oobo oboo oo
00 000 bogo. ooo goobooooooo
U0 0obo0o 0Ob O bo0dbo o0 obo ooo
0 000 000 0 0000 oboo obooo o
o0 obg goood.

o79f HehH

ooooo oo Ooo oo oboooobooo o
godd 0ob 0oob 0bobo oo oooo oo
0.00 O00bo boooo oobo boooa o
00 O0O0O0O OOOd. 000 Doppler tip guide wire
0 000oo oo oob ooboo oboooo og o
0o oooo oo, 00, b00b0 oo ooo ooo
godd 0oubd 0odb 0obob obobo oog
00 0ooobo oob oo oboo oooo.

o of
0 =

o7

00 Doppler catheter—tipd OO0 OOO0OOO O
000 00000 000 00 ooooo goooo
0000 000 000 000 oooo ooooo o
000 00O 000 oOooo oooo go.oo o
0000 000 00 00000 o000 ooo oo
0 00 0O0O00 000 D000 0o, 0o oooo
O0oOooo ooOoob oooo oooooo oo
00000 OO0 00000 0.014—inchd Doppler ti—
pped wire(15 MH2)O 0000 OO00 OOCOO O
0000 O00O000 OO0 0oooo goo.

oy 2

00ooooooO oooo 0ooo oooooogo
0 000 130000 0000 Oooo. oooo oo

1697



Oo0oo 70, 0000000000 e00OOO. 0OOO
0000000 OO0 OUo0O0o 0o oooo oo
00000000 000 1900 0000 ooo.

00000 000 goooo oobo ooo oo
0 00000 OO0DO000O0 Ooooo oooo, o
O0oOoooo 0014000 00O OOO OoOoo O
0000 00000 00ooooood(coronary flow
reserve)l] 0000, OO0 soft wared OOOO O
00 0 OO0 000 0000 000 000 (diast—
olic to systolic velocity—time integral ratiol] DSVR)[
ooooo.

2 1

1) 00000 000000 000 ooooood
14+ 47 cm/sec, 0000000 O OO0OOOOO
00000 00 17+ 26027+ 3 cm/sec OOO0O
000000 0Ooo0 oooo oood(pe<oos) O
00000 000000 000 oooooog 433
+ 93 cm/sec000 OOOOOOOO O OOOOOO
0000000 OO0 38+ 9050+ 14 cm/secd O O
00 000 000 Oooo ooo.

2) 00000 00 D000 oOopoooOo 32+ 04
000 00000000 O Dooooooooogo
00 21+ 056022+ 0500 OOO0OOO OO OO
00000000 0000 000 OO0 oooog<
001) OOO0O0OO0OO O Dooooooooo oo
00 000000 000 (p<0.05).

3) 000oOoOoooooono oooo oooo o
OO0 0000 000 godspPvho oooooood o
000 00000 @6+ 0.9 cm/mind 6.4+ 1.4 cm/min,
p<005) 0 0000 000 000 0000 DSIRO
0000 0000 000 @7+ 08015+ 04, p<0.05).
O0ooooooooo oodo oooo ooo o0o
00000 Oo@pvi) O DSIRO OOOOO0O OO
0 000 000 (@P=0.05).

4) 00000 OO0 0000 bsvrRO OOOO0O O
000000000000 oooooo ooooro
0.75, p<005), 0000000000 OO00OO OO0
O (r00.28, p=0.05).

g e

000 OoOoooOoo ooooo oogo 0o o
0 0000 0000 00000 oooo ooo o

1698

utb 0o 0ooo ooo ooo bbooo booo
0 000 000 ob oob 000 oogo oo o
0 oooo oot ooooo oo, ob ooo bo
U 0ood oo oo oo oooo oo oooo oo
ooobD obo. 0bob 0bboo 0ooob oo O
uooo oob oo boo oo o oooob ooo
ooo 0 oob oooo.

ZA {00000 00 DO0- D000 OO0 Doo.

Ooo0 000 199700 OO0 ODOOOOODO OO O
gooo.

REFERENCES

1) Abbas Ardehali, Jerome Segal, Melvin D. Cheitlin: Co-
ronary blood flow reserve in acute aortic regurgitation. J
Am Coll Cadiol 1995,;25:1387-92.

2) Antonatos PG, Foussas SG, Nanas SN, et al. Effect of ac-
ute changes in aortic pressure on the coronary reserve. Ca-
rdiovasc Res 1991;12:995-1001.

3) Carroll RJ, Falsetti HL. Retrograde coronary artery flow
in aortic valve disease. Circulation 1976;54:494-9.

4) Doucette JW, Cori PD, Payne HM, Flynn AE, Goto M,
Segal J. Validation of a Doppler guidewire for intravasc-
ular measurement of coronary artery flow velocity. Circu-
lation 1992;85:1899-911.

5) Eberli FR, Ritter M. Bortone A: Coronary reserve in pat-
ients withaortic valve disease before and afte sucessfulr aortic
valve replacement. Eur Heart J 1991,;12:127-38.

6) Feldmn RI, Nichols WW, Pepine CJ. Influence of aortic
insufficiency on hemodynamic significand of coronary art-
ery narrowing. Circulation 1979;60:259-68.

7) Fujiwara T, Nogami A, Masaki H. Yamane H: Coronary
flow characteristics of left coronary artery in aortic regu-
rgitation before and afier aortic valve replacement. Thorac
Surg 1988,46:79-84.

8) Fujiwara T, Nogami A, Masaki H. Yamane H: Coronary
flow velocity waveforms in aortic stenosis and the effects
of valve replacement. Ann Thorac Surg 1989;48:518-22.

9) Griggs DM Jr, Chen CC. Coronary hemodynamics and
regional myocardial medabolism in experimental aortic
insufficiency. J Clin Invest 1974,53:1599-606.

10) Julius BK, Spillmann M, Vassalli G, Villari B. Angina pec-
toris in patients with aortic stenosis and normal coronary
arteries, mechanism and pathophysiological concepts. Cir-
culation 1997,;95:892-8.

11) Falsetti HL, Carrol RJ, Cramet JA. Total and regional myo-
cardial blood flow in aortic regurgitation. Am Heart J
1979;97:485-93.

12) Marcus ML, Doty DB, Hiratzka LF, Wibht CB. Decrea-
sed coronary flow reserve. A mechanism for angina pect-
oris in patients with aortic stenosis and normal coronary
atreies. N English J Med 1982;307:1362-7.

13) Matsuo s, Tsuruta M, Hayano M. Phasic coronary artert flow
velocity determined by Doppler flowmeter cather in aortic

Korean Circulation J 1998;28(10):1691-1699



14)

15)

16)

17)

18)

19)

20)

21)

stenosis and aortic regurgitation. Am J Cardiol 198862
917-22.

Minoru Hongo, Toshifumi Goto. Relation of pasic coro-
nary flow velocity profile to clinical and hemodynamic
characteristics of patients with aortic valve disease. Circ-
ulation 1993;88:953-60.

Nakao S, Nagatomo T, Kiyongage K, Kashima T. Influ-
ence of localized aortic valve damage on coronary artey
blood flow in acute aortic regurgitation: An experimental
study. Circulation 1987,;76:201-7.

Shuzo Matsuo, Mitsuhiro Tsuruta, Motonobu Hayano. Ph-
asic coronary artery flow velocity determined by doppler
flowmeter catheter in aortic stenosis and aortic regurgit-
ation. Am J Cardiol 1988;62:917-22.

Robyn J Varroll, Herman L. Falsetti: Retrograde coron-
ary artery flow in aortic valve disease. Circulation 1976;
54:494-8.

Julius BK, Spillmann M, Vassalli G, Villari B. Angina pec-
toris in patients with aortic stenosis and normal coronary
arteries. Circulation 1997;95:892-8.

K Lance Gould. Why angina pectoris in aortic stenosis.
Circulation 1997;95:790-2.

Gould KL. Pressure flow characteristics of coronary art-
ery stenosis in unsedated dogs at rest and during coronary
vasodilation. Circ Res 1978,43:242-53.

Chilian WM, Marcus ML. Effects of coronary and extra-

22

23

24

25

26

27

=z =

=

=

=

=

vascular pressure on intramyocardial and epicardial blood
velocity. Am J Physiol;1985. pp248.

Strauer BE. The significance of coronary reserve in clini-
cal heart disease. J Am Coll Cardiol 1990;15:775-88.
Doucette JW, Corl PD, Payne HM, Flynn AE, Goto M,
Nassi M, et al. Validation of a Doppler guidewire for int-
ravascular measurements of coronary artery flow velocity.
Circulation 1992;85:1899.

Ofili EO, Kern MJ, Labovitz AJ, St. Vrain JA, Segal J,
Aguirre F, et al. Analysis of oronary blood flow velocity
dynamics in angiographically normal and stenosed arter-
ies before and after endolumen enlargement by angiopla-
sty. J Am Coll Cardiol 1993;21:308.

Ofili EO, Kern MJ, St. Varian JA, Donohue TJ, Bach R,
Al-Joundi B, et al. Differential characterization of blood
flow, velocity, and vascular sistance between proximal and
distal normal epicardial human coronary arteries: Anal-
ysis by intracoronary Doppler spectral flow velocity. Am
Heart J 1995;130:37.

Chilian WM, Marcus ML. Phasic coronary blood flow vel-
ocity in intramural and epicardial coronary arteries. Cirs
Res;1982. p.507.

McGinn AL, White CW, Wilson RF. Interstudy variahil-
ity of coronary flow reserve, Influence of heart rate, arte-
rial pressure and ventricular preload. Circulation 1990,;81 :
1319-30.

1699



