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Coronary Flow Patterns in the Coronary Artery Narrowings*

Moo Hyun Kim, M.D., Chang Ho Yang, M.D., Byung Soo Kim, M.D,,
Hyuk Lee, M.D., Hyun Kuk Dho, M.D,
Young Dae Kim, M.D.,, Jong Seong Kim, M.D.
Deapriment of Internal Medicine, College of Medicine, Dong-A University, Pusan, Korea

Background : Coronary blood flow shows phasic and diastolic dominant flow pattern in
normal coronary artery, which can be changed in coronary artery stenosis. We measured and
analysed coronary blood flow velocity by Doppler-tipped guidewire to clarify the change of
flow pattern in the proximal and distal segments of coronary narrowings.

Methods . Coronary flow velocity were measured by 0.018 or 0014 inch Doppler-tipped
guidewire in 14 paients, 17 sites(LCS 11, RCA 6) in the proximal and distal segment of coronary
narrowings during coronary angiography or coronary angioplasty after bolus intracoronary
infusion of 20ug nitroglycerine. Coronary flow reserve also measured after adenosine intracoro-
nary infusion(LCA 12ug, RCA 6ug). Perent stenosis of coronary artery was measured by digital
cailper in 2 different projections and averaged.

Results .

1) There was no significant correlation between percent stenosis and proximal distal velocity
ratio(P/D) ratio(r=0.56, p>005).

2) Average peak velocity(APV, cm/sec) and diastolic systolic velocity ratio(DSVR) showed
42, 17 and 21, 14 in left and right coronary artery, respectively(p<{0.01) Distal APV was
significantly lower than proximal APV(p<(0.01) but DSVR showed no significant difference(p>
0.0D).

3) Coronary flow reserve(CFR) was significantly lower in significant coronary stenotic patie-
nts compared to insignificant stenotic patients(1.8 vs 3.6, p<{0.01).

Conclusion : Coronary flow velocity measurement by Doppler dipped guidewire gave us
physiologic information. We think it could be used as an important tool to assess the significance
of the intermediate coronary narrowings and the effect of conorary angioplasty.

KEY WORDS : Coronary artery stenosis - Doppler-tipped guidewire - Coronary flow reserve.
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BREHY ¥F ¥ FFBREFHAN A=
g 434 87 3 (phasic flow pattern) & 33
B9 Yol AL AL olfyF F¥o] W
A A, AP FEo UM BEHHH
Ao AFAIFY AFAIFA5H 22 A
83 2 # (physiologic parameters)> 9} 1 AR
o] 395U AN E A2 BFEAY &
9 87 dule, §FAFY ¢HA T AES
A@Aol FREA FRT). AAWA o T
AFAA ARE 47 98 2 A =58 7}
Bl €] (Doppler catheter) Y} =& & &% 34 (Doppler-
tipped guidewire, ©]3} =& o]o])S o] &3 &
BN ¥F 23S wol 3 Jled, =& 7t
HE<E 23 yRe] Fol FAZNY FZA ¥
AP Fo] 7 &4 RdHT T ARA T

EAW =& goloje AT o] e S
dz q7HA] FRE ATE F Y2, BFFIAF
AN AT 5 A0 A2} 5 BEH
ZYET B BATAIHAERET =58 dol9
g ol &3 J2E WYTY 29 = 9979 ¥F
2 #FY g5 FH8Y o] £43ua A
o.
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QA 19949 5EEEH 997X FF Ev
FR TR A 3 AALE A3 LT BT B
A5 29&d HEo BFH =&Y 9olojE
o] &3l YHE AW 143(F 10, d )& o
oz 3yt H A% L2 56AAL & I
20~90% Hth

#5Y 7 2L 1789494 A= F
#Fdo] 1138(HA5Y R 83, A3 A=A 33) +F
9] 6t 27 FIF FARA(TFY 29
4=>50%) 10899 FroatA & FFLe 739
AH(Table 1).
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018 E& 0.014%1 %] Doppler-tipped guidewire(’3 &3
Flowire, CardiometricsAb) & ©]&-3to] &5 J4
ARAAE 20~90%) ] 294 L AR 7/
Z3 & A 33t APV(average peak velocity, cm/sec)
9} DSVR(diastolic systolic velocity ratio), P/D(proxi-
mal to distal velocity) ratio ¥ #F % EF o8] 5 (co-
ronary flow reserve ; ©]3} CFR)& ##3}%th(Fig.
1, 2). A AHEE=RE TF or 8F TG FE F
== #(guiding catheter) & AFE-3 T HAFHA 3

Table 1. Clinical characteristics of study patients
Number of patients : 14

Mean age : 56
M/F : 10/4
Percent stenosis : 20—90%
Clinical syndrome
Stable angina(n=4)
Unstable angina(n=4)
Acute myocardial infarction(n=5)
Normal(n=1)
Measured site(n=17)
LAD(n=38)
LCX(n=3)
RCA(n=6)
Significant stenosis(n=10)
Insignificant stenosis(n=7)

LAD=left anterior descending artery
LCX=left circumflex artery
RCA=right coronarary artery

Fig. 1. Diastolic dominant flow pattern in the proximal
segment of mederately stenotic(70%) left coro-
nary artery. APV=average peak velocity. DSVR
=diastolic systeolic velocity ratio. S=systole.
D=diastole.
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Fig. 2. Measurement of P/D ratio in severely stenotic
left coronary artery(90% diamter stenosis). In
this patient proximal APV was elevated(lower
left). but distal APV showed marked reduction
and no diastolic dominant flow pattern(lower
right). P/D=proximal distal velocity ratio. Other
abbreviations=same as Fig. 1.

B 50002918 FUH FYIA

2) §% oulsel &3

AREY duls9 AL YA adenosined #
FANE bolusZ FHIFoH(FAFH 1218, &
#5Y 6ug), adenosine FYLZ AT Htd @
(epicardial artery)®] ¥F FF a3 93 J{F
Z7+2 wWiA37] 98 nitroglycerine 200ugS ¥ F

33 AFAd #FHe FA}AYG. CFRE 7|A
e HT ¥F S E(APV at basal state)o] of3t
adenosine ¢ ¥ 9] FF {4 X (APV after adeno-
sine infusion) ] ¥]2A 223t CFRE 7}5%
3 295 € 99594 33381 =3
1758995 299%9 CFRERFL 11394, 99%< 6
oA ZA59 . 28 A PTCAFIE &3
3t cH(Table 2).

3) 29 AT E@FYI(P/D ratio)

ole ZH%9 HF ¥F £=(APV at proximal
site) o} 9 H9] BT EF £ (APV at distal site) 9
H 24 Ak238 91 20 (Fig. 2) 2~33) 2331 A
8F 34°] HAqv A= e £X& A93A.

4) M &¥s ¥ W7 5

629 FAANE AFEY FH &3 ¥ PD
ratog FAAYL 1% 28 M= CFRE FA
33 A

5) gii T &Y

BREY 29€39 H¥F AEE Targano FAM|
(projector) el ¥]F #FH G4E electronic caliper
(MitutoyoAH) 2 gutd 2709] A}S) (projection) ol A
233t HTES TIAAL 50% 01 A /@
Aoz HFAG.

Table 2. Coronary flow data from stenotic left coronary artery

Case  Site Proxmial Distal Reserve Post-PTCA
APV DSVR APV DSVR P/D S% P D P P/D

1 LAD 24 2.8 9 1.4 2.4 34 3.7
2 LAD 36 4.1 25 3.2 1.5 39 1.5 1.4
3 LAD 67 1.5 39 1.2 1.7 54
4 LAD 22 1.4 11 2.0 2.0 59 2.4 1.7 2 1.7
5 LAD 53 3.2 17 1.3 3.2 64 1.5 1.1 1.9
6 LAD 19 1.4 13 1.4 1.5 67 2.0 1.8 1.2
7 LAD 77 2.1 41 43 1.9 83 54
8 LAD 63 1.5 7 0.8 8.8 90 1.2 1.2
9 LAD 22 1.5 22 1.5 1.0 21 3.1

10 LCX 42 2.4 25 1.4 1.7 57

11 LCX 42 1.3 24 2.1 1.8 74
Mean 42 2.1 21 19 2.5 58

APV=average peak velocity(cm/sec). DSVR=diastolic systolic velocity ratio. P/D=proximal to distal velocity

ratio.
$% =percent stenosis. P=proximal. D=distal.

LAD=left anterior descending artery. LCX=left circumflex artery.



Table 3. Coronary flow data from stenotic right coronary artery

Case Proxmial Distal Reserve Post-PTCA
APV DSVR APV DSVR P/D S% P D P D P/D

1 9 1.8 9 1.7 1.0 25 54

2 13 1.1 13 1.1 1.0 26 3.7

3 17 2.5 15 2.3 1.1 31 4.2

4 34 1.1 23 0.9 1.7 43

5 17 0.8 14 0.9 1.2 52

6 13 1.1 8 2.3 1.7 66 2.0 1.5 2.0 2.0 1.5
Mean 17 1.4 14 1.5 1.3 41

*abbreviation . same as table 2

6) 4N &4

THEAEY 7 2 F#9 #5UY ¥F vlue
paired t-testE ©]-8-8}% 1L, CFRY H] i+ Wilcoxon's
rank sum testE& 0] 8&3}c] p value 0.05 o]3t U #
g Ao At #FYW FHIA P/D ratios]
A% A= 3AE Y (logistic regression analysis)&
o] &3ttt

| ot

1. @A o 29T @FI(P/D ratio)2t 2|
A2 BA| (Fig. 3)
Caliper2 23 d3 A =9 P/D ratotole 4
BAF 0560192y FAH F4HL AU (p>o0.
05).

2. & A5Y2te| HF R¥(Table 2, 3)
FoAFA HF YR HF #3
APVZ} 242} 42, 17cm/secE A 2% xol7l AR

Ko

9-

8

7 4

6 y=0057x-0.84
o r=0.56
® 5 p>005
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Fig. 3. Correlation between P/D ratio and Percent Ste-
nosis.

(p<0.01), DSVRE 2.1, 1L.42A R Hol7t 9L
A+ (p<<0.05).

3. FLSYoM 2Tt HeFA02 @F 7
(Table 2, 3)
AT ZAFS 495 Apve 42 42, 21
cm/secE A 2ol & B P 21}(p<0.01) DSVRE
2.1, 1.92 #9% zo]7} YATH(p>0.05).

4, HEUSYo| AoiAMe] HSY HF ouls
(CFR)

A5 JFFIAF] A CFRE FIF HE
#5Y 294 50% FF) FR(n=6)14 182
494 FFE(n=5)9 .68 FI5A Bt
(p<0.01, Fig. 4). =& & 297 2 dYFolA
Al CFRE AW 629 A4 AR FF
CFRE 1.772A4 49159 14580 g E}oy
A FA4e AN (p>0.05, Table 2, 3).

p<0.05
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Fig. 4. Coronary flow reserve in the stenotic and nons-
tenotic patients.
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Fig. 5. Proximal to distal velocity ratio before and after
PTCA.
5. M &ys My @F wig
FAGEEE AYE 63F s M P/D ratio7}
2asn A9%e) BF YF £574 Frhgon
1ol Ae ZasHd(Fig. 5). 2d9AEe CFRE

PTCAAN Y AF ZAsYcd AF9 AN &
AF8tAtH(Table 2, 3).
i ot

FAEH ] FHe 19303t WiggerS Vol 23]
FH#FH ]9 ¥ (diastolic dominant pat-
tern) 2 Y44 EF /3 (phasic flow pattern)o] ¢
AE A3 (Fig. 1) GreggFY ol siMe $d5
Bt %719 §FET) olgIg 2AY wd 1
AT AFHEF F¥q 9FL viHe dAEE
AA, Aetg(heart rae)t AR 3H(preload) 2 o] &
S7HA7IE PR Al R o] F7IHEA HEAYF
duige Zadan Yo, g4, dsy
o] A& A &5V U A FH A 7Y G F(ab-
normal reverse flow)’} T&F 1 37w vkl
b 2 F2E 745 F(ystolic dominant pattern) &
AP, ARz BAFAFFo2 AT FFo
UE B LA T EREE7F A o] 947
99 8F f¥cl 24HA Hed(Fg 2) ol
PHEoA ZRF AR /& B
F9 294 %4 %9 (intermediate) F2H3] Lo} A]
A e AFE F U ETFZ AEHT
EHAATHA IANEZFT EF ANAY AE2 AL E
T ATHe).

Doppler catheterE ©]-&3§t continuity equation®]
oty AR ¥F &9 P} Az F YA
s Ao BaEm 9loy”i® Doppler catheters:
HAa 7ol sSF(Imm)2A HZAH AX A 3o
U A% REFoE o gl AUT =&
etojoj= Zo] 175cm, W7 o] 0.014 inchY} 0.018
inch24] @ & (cross sectional area)2 0.016mm20]
I 1mm FHHE Y 2123 E0H ol AF AR
AolMz EFFH] 7tedtr FHELE =34
F U FFHoEA FTHEFE NPT ALY
Atk #FFY E 249 (intrastenotic lesion) ol A &)
dF 23 YE7) dEd BF 290995385
(P/D ratio)} 943 ZH(pressure gradient) & o] &3}
P/D ratio 1.70]40] 32 4 27} 30mmHgo] 4 o
S8 PFHoz 7HFFHY. Table 19 case 8 F
s R 90% FZE Holx A2 P/D ratiow
8.80]1 F5719} o|gVty FA /) #AHA @
3 UoH(Fig. 2). B AFA 20~90% ) o2+ ok
¢ FF Az AAAM P/D raio}t A=
g ol FAAA YA (Fig. 3). ol ¥#
2949 & A= 983 f4THe &3 d
A&7 gede AE vedgz & £ ALY, #
FRYFeulsH vt Z A HHA FE7L ofd
THH EXE U F7} ARG,

BTN FAEL AL AL THAN & A
ol & A deH? OfilisLy =28 gojolg =
A AR dREse FAFH] 30cm/
secO]iL S@FHo] 15~20%F% RA A= o
#-%7] gRuE AR A H 20032
P&ol Qe AS EF 15 o139 g FHIdw
39k McGinng &' =& JHEHE 238 3
AAEd F £ 57} 20cm/secy &, KernE2) Ju-
dkins¥ JHHHZ $3¢ B/ 4= A4 2 2%
WZ A 30cm/sec AFE Busln 9ot B g3
A HFAFH FF FREEE 42an/sec, $HF
W2 |7cm/secE FF{HFTHL olE BIKT 3 ¢
R Ee ZPXNE HYt ol HAFY ¥
F& 3HT 22 #A9A FHHASANFTIY &
A8G dAFoR A A&H o2 FAAH isosor-
bide dinitrate®] Eo] A2 Auty i
59 4FY 7 AAGD. s AL AF
Aol ZFolvt =EFY goloo AK Foz U
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2?7 27 (underestimation) H A& 7Hs Aol gloy
FHE Frtstd HEY dart AE Ao A4H
o £37] o)¢r] FHlE 2.1, 1424 Offilige
o §AE At

HFE Y F dvse gt A2 BAF,
HAAYY ¢ e TN FaHE Aoz ¢
HAA Yus #Fsd F3d glojMe 1 g%
Bk ol ZHFANT AdteHe AR YA
AT, ol FA YF du5o] ZAdE olfE B
45 A 9ol ¥ (epicardial coronary artery nar-
rowing) 0.2 A B{F FAE BAA37] A8 14
H#Eo] ou] &= o] 7] HE adenosineo|H}
papaverineZ& N EH A FAF FFY F
7b7F FR 8] ¥ veEbdT L ¥ 4 Ao oY
TEY ¥F oy BFE AgRAGEHY §
o g% ¥F 7 A#4E vyt FA 3 g}
HEY =& golojd & A LA E A3 nitro-
glycerined A2 8h= Zo| Fo3k & Ao T} 26),
EAdFgNE 98 AF(RTAZ G 50%)
oA CFRE 1824 HlFoA4d HFTY 3.6HT ¥
%3(Fig. 4), B TR A FAA FAd &
ARQ 63 B35 2979 BF CFRS 17724
A5 1L4sE T FoU o€ Fig 29 HI R4
FaAZRg A3E 27 & JeERIAY. o] AR Y
ZHFNA ] CFREE 99179 CFRY| ¥ 2+ 3
A®7t B F Yee AT 22 SegalT Vol
2% 1.6, 1.50] ¥3HA thh Zol7t v WY
ol WA 87t Ax YAARI g2V e
R =3 23 gA ©E8 golo A7} 4
AR AFGo] HAAF7I7} oL FAHE Aol
delo g MZAE), ®3F Table 19] case 49} Table
29 case 63 Zo] FHEFAF ZAHY CFRE 2
o7t &S £ & Atk Wibon§ e o]HF
CFRS] W37} FUEZF XA3] 3 Eg & Buf,
¥ AFdAT PTCA AF ZAHF CFRY FHde
ole3 U= ZAFHe} AT KemT &2 o3
CFRe] Za7t AU¥REEY #agy] Boe &
ANEF GRS P79 7 oz Az
Aed ole FHEZF 445 H(reactive hype-
remia)?] 2#E HHF F Y1 FAFZF CFRE
ZRse Yol %S vAE F gl A

#EFY FHAEZ a7 H7MY monitoring, &

BHH T T AFdAE =& goloj7t ol &
Ha o0, ofilisie FARZEFT A9H
APVEETH oju e} 29 R 9] APVE F7HE S Hudtn
Aed FAGFF dZ e 20z A4 dd.
E A 68 F sldAM FAEZF AAF F
Z7} 9 P/D ratiod] Z A7 #FFFHY oY T A=
X3 (Fig. 5) & Zd 79 A P/D ratio’} 23]
7He AS A2 4 AJEd(Table 2), olE =
£ goloj7t FAGZF HAF JAE #A XA
A FAEZF A dolojg 2F02 AT AR
Aztsn, 38 294 AAHA 23 & (dissec-
tion) 8] 7FeAE AZ4E & gl old #§ A5
FAE F7HEA oA E48 & dart dody
Azrdd.

= 79| HEH

2 A7 27 AdPE AFstaz g

AR, BT s Golofd i 27 4Ho
24 i 829 ojZAo] BAZE Atk F #FY
HAERFAME A2 Bt BARA AT
#2471 ey olg AN A&Ho g FAF
nitroglycerine®] BFu { dulFd o= Fx o
& S bl Aok 2 18l A= BF
CFRY| 94%E v]d & St A, Doppler A5 9
2 EAolt. A I ARY =EgelofE
HAHE 5 ol QI3 o]d W} ARG AZE LS
T e 397 Atk AA, & sfolojo] i EF
ZRL 47 QU A5 EF HstE 298
F AE Ao qF AHe] Hgsit }AG. F
Ap7F FE 3¢ B¢ Ato] Frtsta oj @
At o3 FF dulso] @A &€ 7} Aok
=P #5IUWZ T adenosine®] 3¢ FHEHEW
1} Y adapter5 0.2 ol Hxe] %Fo] Hol &
T emg 23¥ FAs7] oY B HgF
¥4 8] (maximal hyperemic state) o] =234 £&
b8z Aok @t Az FL 2 adenosined]
FFIY FYL 12~18pge 8 FF3to] ALg3ta
At

2 o

iy &
B4FAYR Bl Yo AR L A9 Rof
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Y H:
#PERN2YET £ BYTY FAERNET

0.018 =¥ 0.014inch &2 9}o]o]& o] &3le] 14
#ol gz, 175910 BFFH FF ZALARY

#F £=(#459 19, +#59 6d)E 243
Aot #F5YW EF o¥F L nitroglycerine 200ugS
FEAY FUAEF adenosines FHEFH 6pg, F
BER 12ugE #AFAY FAst FARFY ¥
fEEd2A 23800, 639 Bl e T4
FZAF dFeu 5 FAH}AYG AYEY =
28 HA A== A2 OE 219 A cali-
perZ ZAT AP E HA 3o

4

1) CaliberZ £33 ¥ &3 =9 P/D ratio( Proximal
distal velocity ratio) St 98 F@aA 7 A
(r=0.56, p>>0.05).

2) APV(Average peak velocity)= Z+Z 42.17cm/
sec®] 3, DSVR(diastolic systolic velocity ratio) & 2+z}
2.1, 142X HAFHAN Fo3A FdH(p<o.
05). HAFY A% APVE FY3HA SFETG
Qo1 (p<0.01) DSVRE 2.1, 1.92 §& #o]7}t
AR H(p>0.05).

3) FRAAFHANA 9 EFAHTLE FIT YR
Aol A v fod FARART FostA FArH(1.8
vs 3.6, p<0.01).

4) TAEFE AN 639 Ay FHAEFAE
584 P/D ratiov 43I AR EFE T
oy 1 ME B AHE By

2 E:

=& gojolg o|&F VAFHY FRFAHL
ARG ARGH JERETE 7]5H FEE A
3 53] $ A=Y E #5HAA 2 FFY
ou) & Hriel FAGRFY A3 B Tl oA
8% 4% ¥+ 9 Aoz Jddd.
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