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ABSTRACT

Background and Objectives : A reduction of the coronary flow reserve (CFR) following successful percutaneous
coronary intervention (PCI) is related to microvascular impairment. Embolization of atherosclerotic debris du-
ring PCI is a possible explanation for the finding of abnormal coronary Doppler flow following PCI. Subjects and
Methods : The CFR and intravascular ultrasound (IVUS), both before and after PCI, were recorded in 69 lesions
of 69 patients with coronary artery disease. An abnormal CFR was defined as one with no change or a decrease after
successful PCI. Results : The patients were divided into abnormal (n=17) and normal CFR (n=52) groups. After
stenting, the hyperemic flow velocity was significantly lower in the abnormal CFR group (39.3 = 12.6 vs. 48.9 £
15.4 cm/s, p=0.022). 94 and 29% of the abnormal group had soft plaques and lipid cores, respectively, compared
with 62 and 2% in the normal CFR group (soft plaque: p=0.029, lipid core: p=0.002). The abnormal CFR group
had smaller post-procedural vessels (15.1 =4.2 vs. 18.2 4.9 mm?, p=0.039) and plaque areas (6.8 2.7 vs. 9.9+
3.8 mm?, p=0.006). Furthermore, the abnormal CFR group showed less vessel expansion (1.7 5.5 vs. 5.0%3.9
mm?, p=0.018) and greater plaque loss (4.1 5.3 vs. 0.7+ 3.4 mm?, p=0.009). The abnormal CFR group had an
increased CK-MB following PCI (4 patients, 23.5% vs. 2 patients, 3.8%, p=0.029). In a multivariable analysis, the
only predictor of an abnormal CFR was the presence of a lipid core within the plaque. Conclusion : Soft plaques,
the presence of a lipid core and a large reduction in plaques increase the risk of microembolization during the PCI

procedure. (Korean Circulation J 2006;36:192—199)
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AXE, A8 HSGAHMRI: magnetic resonance imaging, &F
ZA} WAL @29 (PET: positron emission tomography)
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Table 1. Baseline clinical characteristics of patients
Abnormal CFR  Normal CFR

(n=17) (n=52)
Age (years) 59+7 56+11 0.177
Male (sex) 10 (59) 41 (79) 0.121
Diabetes mellitus 2(12) 10 (19) 0.392
Hypertension 11 (65) 24 (46) 0.410
Dyslipidemia .
yTé) >220 (mmHg) §(18) 6(12) o1
Smoking 7(41) 31 (60) 0.340
Clinical diagnosis 0.797
Stable angina 3(18) 1121
Unstable angina 14 (82) 41 (77)
LVEF (%) 717 706 0.592
<40 (%) 0(0) 1(2)
LVH 9 (53) 18 (34.6) 0.404

Data presented are mean £ SD or number (%) of patients. CFR: co-
ronary flow reserve, TC: total cholesterol, LVEF: left ventricular ejec-
tion fraction, LVH: left ventricular hypertrophy

Table 2. Baseline angiographic and procedural characteristics

Abnormal CFR Normal CFR

(n=17) (n=52) .
LAD lesion 11 (65) 34 (65) 0.965
Reference vessel (mm) 3.321£0.44 3.47%£0.37 0.186

Lesion length (mm) 14.24+10.72 13.43+4.41 0.690

Preprocedure

MLD (mm) 1.18£0.33 1.10%£0.34 0.409

%DS (%) 64.21+8.93  68.09%£9.72 0.150
Postprocedure

MLD (mm) 3.091+0.41 3.37%+0.33 0.137

%DS (%) 16.33£10.08 16.01£8.29 0.941

Stent size (mm) 3.35+0.03 3.41%+0.04 0.699
Stent/reference vessel ratio  0.99 =0.04 0.98+0.01 0.804

Data presented are mean =SD or number (%) of patients. CFR: co-
ronary flow reserve, LAD: left anterior descending artery, MLD: mi-
nimal lumen diameter, %DS: percent diameter stenosis

HESoll Al 1475(82.4%) 2.2 2tol7} it AlZ=2a Ak
oAl A FEgot ALl HIEE = 27t 2}
0|7} §lcH(Table 1),
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Table 3. Flow velocity parameters in Doppler study
% Increased CK-MB
0 Abnormal CFR ~ Normal CFR 0
[] Abnormal CFR (n=17) (n=52)
[0 Normal CFR Preprocedure
25 Baseline APV 13.9+t3.9 159+5.6 0.167
Hyperemic APV 345+£11.6 32.1£12.7 0.124
o | CFR 24109 21208 0051
Postprocedure
p=0.029 )
Baseline APV 19.3£7.7 17.0£7.7 0.295
15 = 2559 Hyperemic APV 39.3+12.6 489+15.4 0.022
= CFR 2.2%0.6 32+1.2 0.001
0 | Data presented are mean =SD. CFR: coronary flow reserve, APV:
average peak velocity
S Table 4. Qualitative assessment in IVUS study
38% Abnormal CFR  Normal CFR
0 ' (n=17) m=5) P
Abnormal Normal Plaque characteristics
R CFR Soft plaque 16 (94) 32(62)  0.029
Fig. 1. The increment in CK-MB after stenting. The abnormal CFR Lipid core 529 1(2) 0.002
group showed post-procedural myocardial damage as evidenced by the Coronary remodeling
CK-MB measurement, although there were no procedural complica- Compensatory 8 (47) 16 31) 0.378

tions, such as side branch occlusion, no-reflow, or coronary dissection.
CK-MB: creatine kinase-myocardial band, CFR: coronary flow reserve.

A& BEASE ATaao] Asoliel Al T S-S v
WHEY, AlE T ATaAo] A5 HA4 CFR HhEEollA]
3.8%(2/52%), H7g4 CFR HEg=<toll A 23.5%(4/17) = H]4
A} CFR BH&ollA] folahAl =94thp=0.029)(Fig. 1).

BEUY EEAHN X BEY TR 20
T 2HE AR} A AT BEY BReJuIL A

/¢ CFR WF3~<19] 79 2.1£0.80]aL H|g4} CFR Hhg~t2

+
T 29 A”HE A& S fhed dRdE|ge 44 CFR BE
H%4 CFR Hh32 2,240,601
tHp=0.001). 5 @7ke] A1 A A4 9 HehFEA B
FHHREFTEEY Zol= gllom, 2HE 4} Fol= 7
AA] H]AF CFR HF2<10] 19.3+7.7 cm/sec, A+ CFR i
50] 17.0+7.7 cm/sec2 Zo|7F YW WHA(p=0.295),

FA He A E RS v CFR RE3<0] 39,3+
12.6 cm/sec, AAF CFR W0 48.9+15.4 cm/secE H]
8% CFR HkgoflA A= fFofolA] Welthp=0.022)
(Table 3),
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g ot e 5

PEA 2SS Fo Ze] WA BE v A
% FApilo] WA CFR WS2oIM 94.1%(16/17 5, %
A OFR. W3-l 615%(32/52 W2 BAHOR 9
SHA AR CFR Y304 HIE7h ko w(p=0,029),
Aade] G52 Bl B4 CFR 2o 29,4%(5/17
D, B4 OFR WS20IA] L9%(1/52 FH) O FAZO.

Data presented are mean £ SD or number (%) of patients. IVUS! in-
travascular ultrasound, CFR: coronary flow reserve

Table 5. Quantitative assessment in [VUS study

Abnormal CFR  Normal CFR

0,92 % 7tol] EAH folat 2ol7} $12irHp=0.051),

(n=17) (n=52) P
Preprocedure
MLD 1.60.4 1.6%=0.3 0.832
LA 2514 26%1.2 0.783
VA 13.7%6.1 13.2+45 0.786
Total PA 11.2+5.7 10.5+4.4 0.661
Plaque burden (%) 80.7+8.7 77.3t12.1 0.345
PEI 0.21%+0.12 0.27%+0.17  0.205
LSI 0.87+0.06 0.86+0.09  0.598
Postprocedure
MLD 3.1£0.3 2.9+0.4 0.171
LA 8.3%1.8 8.3*1.9 0.944
VA 15.1+4.2 18.2+49 0.039
Total PA 6.8+2.7 99+38 0.006
Plaque burden (%) 289+15.2 33,6149 0.663
Acute lumen gain 5.8%+1.5 59+1.9 0.962
Vessel expansion 1.7£5.5 5.0£3.9 0.018
Plaque loss 4.1%£53 0.7£34 0.009

Data presented are mean = SD. IVUS: intravascular ultrasound, CFR:
coronary flow reserve, MLD: minimal lumen diameter, LA: lumen
area, VA vessel area, PA! plaque area, PEI: plaque eccentric index,
LSI: lumen symmetric index

2 oA B4 CFR RESolA R84S FHIRE 397}
EoItHp=0.002). 0] B AR o= v CFR
Hhgto] 47.1%(8/17 ¥yw)olal, g4+ CFR

(16/52 ¥ = F 7+ F-oJgt 2tol7h §litH(p=0.378)
(Table 4),
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Fig. 2. Comparison of the change in quantitative [VUS measurements before and after stenting between the (A) abnormal and (B) normal CFR
groups. There were no differences in the pre-procedural quantitative [VUS measurements between the two groups, while the abnormal CFR group
had smaller post-procedural vessel and plaque areas. Furthermore, the abnormal CFR group showed less vessel expansion and greater loss of plaque
after percutaneous coronary intervention. [VUS! intravascular ultrasound, CFR: coronary flow reserve, Pre! pre-intervention, Post: post-stenting,
4t change in a value (value pre-intervention-value post-stenting). *: p<0.05.

Table 6. Multivariable analysis of predictors for abnormal CFR res-
ponse

Odds ratio 95% CI p
Lipid core 33.08 1.99-549.35 0.015
Soft plaque 5.00 0.31-81.05 0.257
Compensatory remodeling 7.31 0.16-331.70  0.307
Unstable angina 2.05 0.28-15.29  0.482
Plaque loss 1.13 0.52-0.05 0.626
Postprocedural LA 0.88 0.53-1.46 0.626

CFR: coronary flow reserve, CI: confidence interval, LA! lumen area
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2 o] ZF3}th(p=0.006)(Table 5),
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W o FEd g G488 (acute lumen gain) H|A
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weItHp=0.009)(Fig. 2).
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