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ABSTRACT

Background and Objectives : The fractional flow reserve (FFR) and the hyperemic epicardial stenosis resistance
index (hESRI) are known to be useful indexes for evaluating the hemodynamic severity of an epicardial coronary
stenosis. However, the influence of the microvascular integrity of the distal segment of the lesion on the FFR
and hESRI has not been clearly defined. Subjects and Methods : A total of fifty-nine intermediate lesions of 51
patients (mean age: 58 =11, 13 infarct-related arteries (IRA)) were studied. The area of stenosis (r-AS%) on the
IVUS, the FFR, the coronary flow reserve (CFR) and the hESRI were measured before and after PCI. The hy-
peremic microvascular resistance index (hMVRI) of the distal site of the lesion was measured after PCI. The
studied lesions were divided into two groups (Group 1, post-stent hMVRI<2.09 mmHg * cm™' * sec, n=38;
Group 2, post-stent h(MVRI>2.09 mmHg * ecm™! + sec, n=21; 2.09 is the best cutoff value (BCV) for a CFR of
2.5). Results : The FFR and hESRI had excellent correlation with the r-AS% (group 1: r=0.767, p<0.001; r=
0.740, p<0.001; group 2: r=0.680, p=0.004; r=0.713, p=0.002, respectively). Although no significant diffe-
rence was found in the r-AS% between the two groups, the FFR was significantly lower in group 1 (0.69 £0.14 vs.
0.79£0.10, p=0.004). In group 1, the BCV of the FFR and hESRI for a r-%AS of 75% were 0.75 and 0.64,
respectively, and the concordance rates were 86.8% (x=0.721, p<0.001) and 81.6% (x£=0.627, p<0.001), res-
pectively. However, in group 2, the BCV of the FFR and hESRI for an r-%AS of 75% were 0.83 and 0.50, respec-
tively, and the concordance rates were 61.9% (£=0.282, p=0.125) and 66.7% (1 =0.364, p=0.061), respectively.
Conclusion : The FFR and hESRI were significantly affected by the microvascular integrity of the distal segment
of the lesion and the anatomic severity of the coronary stenosis was underestimated in the cases with microvascular
dysfunction. (Korean Circulation J 2005;35:742—752)
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Fig. 1. Best cutoff value of h(MVRI for CFR 2.5. hAMVRI: hyperemic
microvascular resistance index, BCV: best cutoff value, AUC: area
under the curve.
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Table 1. Comparison of clinical characteristics between two groups

Group 1 Group 2
(hAMVRI=2.09) (hAMVRI>2.09) P
Patients number 31 20
Age 55*10 62+12 0.032

Gender (male, %) 30/31 (96.8%) 15/20 (75.0%) 0.019

AMI (%) 4 (12.9%) 11 (55.0%) 0.002
Risk factor
Hypertension 9 (29.0%) 10 (50.0%) 0.247
DM 6 (19.3%) 3 (15.0%) 0.720
Smoking 24 (77.4%) 15 (75.0%) 0.518
Dyslipidemia 10 (32.3%) 5(25.0%) 0.543
Lipid profile (mg/dl)
Total cholesterol 19542 186+ 31 0.391
Trigylceride 166£92 15290 0.129
HDL-cholesterol 44+9 40£9 0.563
LDL-cholesterol 115+36 109+32 0.645
Lesion number 38 21
IRA 4 (10.5%) 9 (42.9%) 0.007
Studied artery 0.161
LAD 29 (76.3%) 11 (52.4%)
LCX 3( 7.9%) 4 (19.0%)
RCA 6 (15.8%) 6 (28.6%)

hMVRI: hyperemic microvascular resistance index, AMI: acute my-
ocardial infarction, DM: diabetes mellitus, HDL: high density lipo-
protein, LDL: low density lipoprotein, IRA® infarct-related artery,
LAD: left anterior descending artery, LCX: left circumflex artery,
RCA: right coronary artery



Table 2. Comparison of quantitative coronary angiographic results

and quantitative IVUS finding

hMVRI=<2.09 hMVRI>2.09
(n=38) (n=21)

Angiographic finding
Pre-PCI

MLD(mm) 1.04£ 0.56 0.84% 0.46 0.185

DS(%) 70.5 +14.5 74.6 £12.5  0.296
Post-stent

MLD(mm) 3.32%+ 0.40 3.21% 0.53 0.426

DS(%) 7.27t 6.11 3,59+ 9.60 0.136
RVD(mm) 355+ 0.44 336%= 0.44 0.142
IVUS finding

Pre-PCI VA(mm?) 15.6 = 5.6 128 £ 49  0.061

Pre-PCI LA(mm?) 2.57% 1.19 228+ 090 0.153

Ref. LA(mm?) 1045+ 3.18 9.27+ 2.37 0.885

Ref. VA(mm?) 14.78 = 3.66 13.36£ 3.26 0.153

Pre-PCI r-AS% 75.54+ 9.74 75.15£ 9.16 0.882

MLD: minimal [umen diameter, DS: diameter stenosis, RVD: refe-
rence vessel diameter, [VUS: intravascular ultrasound, PCI: percuta-
neous coronary intervention, VA! vessel area, LA: lumen area, Ref.:
reference, r-AS%: percent of minimal luminal area compare to mean
luminal area of proximal and distal reference lumen
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Fig. 2. Al, 2: correlation between FFR, hESRI and r-AS in total lesion, B1, 2: correlation between FFR, hESRI and r-AS in group 1, C1, 2: cor-
relation between FFR, hESRI and r-AS in group 2. FFR! fractional flow reserve, hRESRI: hyperemic epicardial stenosis index, r-AS%: area stenosis
rate compared to reference lumen area of the reference lumen artery.
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Aol F37] 9 g B Q)= oF o Alelell o7t ¢l
o} IVUSOIA] SAAE A - Fof| 348 r—AS%(group 1
vs. group 2: 75.5+9.7% vs, 75.2+9.2%, p=0,882) g 10
ol 19 M deko] ot WA oF o Alolef| A7t ¢l
JTH14.8+3.7 mm’ vs, 13.4+3.3 mm’, p=0,153)(Table 2).

Y o Aolef ofFt ot piAlol Mo FFR A ESRI AfO|2] At

QA did HHO| FFR % hESRIZF r—AS% Aolo]] oJu]gl
= FA - A¥(curvi—linear)?] AHA|(r=0,700, p<0.001;
=0.680, p<0.001)E H3 o™, group 1914 © =2 A&
WAE ESIthFig. 2). IVUSOA Y] r—AS%= F o Aleo]ol]
Zpol7h GIAAIRE group 2014 FAAIE o) W A - &
9] XM= ZQF31(21.0+11,0 mmHg vs, 31,7+14.5 mmHg,
p=0.005) FFRE =Qom(0.79+0.10 vs, 0.69+0.14, p=
0.004), hESRI= & 3RS HTK0.73+0.49 vs, 1,03+
0.85, p=0.086)(Table 3).

IVUSOIA 75%2] r—AS%E 7|ZC 2 ROC ZA EAL
o] g-5to] 713k FFRO] A= group 1041 0.750]%L
O} group 20|A4]+= 0.832& =3k3L hESRIS] AA4=%]
= group 19]A4= 0.640] AT group 204 0.50% %
UthFig. 3).

—

% T2 FFR ¥ hESRI r-AS% Aol 2A1&(Concordance rate)
i
A i woll A 75%2] r—AS%e]| thet FFR Y hESRI
9] A=A WE UA|ELS FFRO| 80.0%(A|WE 74.3%
E0o|= 83.3%, p<0.001; £=0.558, p<0.001)%i hESRIZ}
76, 3% (S 68.6%, E0|% 87.5%, p<0.001; & =0.533, p{
0.001) %t} Group 1904 75%2] r—AS%] th3t FFRE]
282 86.8% (|71 91.3%, E°]% 80.0%, p<0.001) %L
olu] gl AIA(£=0.721, p<0.00)E EH 2L}, group
20 M= LA|&o] 61.9%(AWE 41.7%, E0|%= 88.9%, p=
0.178) 3L 2] Ql= AEA(k =0.282, p=0.125)% 1%t
(Table 4). 53] A|F1%=7} group 19] 91.3%°f| BI85} group
20| = 41, 7% 2 FUT) Group 194 75%2] r—AS%H Sk
hESRI®] §As=2]o] w2 hESRISM] UA]&-2 81.6%(¢]l
Q% 78.3%, BOlE 86.7%, p<0.00)%L 2u|ql= A
Al(£=0.627, p<0.00)& EHO1}, group 20|4E LA|&

)

0] 66.7%(ARE 50.0%, E°]% 88.9%, p=0.078)QL <Ju]
Q= AR (£=0.364, p=0.061)= UK Table 4). E3]
ARIE=7} group 19] 78.3%°] HIS}o] group 2014 50.0%%

B A¢)H2] microvascular integrity 7} FAFQ1 of| 2A]
r—AS%7} 76.4%°] 4215k siEEHA Flo] Qlar 7154 B
71| A= FFRo| 0.68, hESRIZ} 0.91 mmHg * cm ' - sec&
A2k @A o m wlslo] SREk @ae] Hwst 7]
S WA Ak AR QTS & S kR, 4), Mic-
rovascular dysfunction®] ¢J= 7ALoll= Z=4Al& 3 hMVRI
7} 2.54 mmHg * cm ' * sec® Z7}E0] Q= ASZA -
ASR7} 76.2%% A1ZIRE HHoIX|Nt 7154 rloflA= FFR

Table 3. Comparison of hemodynamics, coronary flow velocity and
intracoronary pressure

hMVRI=2.09 hMVRI>2.09

(n=38) (n=21)
Basal HR (pulse/min) 63.2 +140 768 =146 0.001
Hyperemic HR (pulse/min) 63.3 £13.9 771 =148 0.001
Basal MBP (mmHg) 91.7 =161 875 £ 115 0310
Hyperemic MBP (mmHg) 91.2 =142 872 =114 0.285
Flow velocity parameters
Pre-PCI
bAPV (cm/sec) 16.8 £6.2 175 = 72 0.694
hAPV (cm/sec) 403 +£16.6 316 £ 89 0.011
CFR 2.55+0.95 1.99+ 0.60 0.008
Post-PCI
bAPV (cm/sec) 171 £6.7 16.1 = 53 0.586
hAPV (cm/sec) 573 £16.6 36.5 £ 7.3 <0.001
CFR 358%£1.03 249t 0.91 <0.001
Pressure parameter
hPa (mmHg) 101.0 =12.0 99.7 = 15.1 0.716
hPd (mmHg) 693 £17.3 78.6 = 141 0.039
hPG (mmHg) 3.7 £145 210 £11.0 0.005
FFRmyo 0.69+£0.14 0.79t 0.10 0.004
f;fmlg PESEL o 1035085 073+ 049 0.086
Post-PCL hMVRI 1594038 271+ 0.65 <0.001

(mmHg * cm! * sec)
HR: heart rate, MBP: mean blood pressure, PCI: percutaneous cor-
onary intervention, bAPV: baseline average peak velocity, hAPV:
hyperemic average peak velocity, CFR: coronary flow velocity reserve,
bMVRI: baseline microvascular resistance index, hMVRI: hyperemic
microvascular resistance index

Table 4. Concordance between FFR, hESRI and r-AS% in group 1 and group 2

Group 1 FFR hESRI Group 2 FFR hESRI
(hMVRI<2.09) <075 >0.75 >0.69 <0.69 (hAMVRI>2.09) <075 >0.75 >0.69 <0.69
>759 21 2 23 18 5 23 >759 5 12 6 6 12
vVuUs % IVUS % !
<75% 3 12 15 2 13 15 <75% 1 8 15 1 8 9
20 18 38 20 18 38 6 15 21 7 15 21

Group 1 FFR! Agreement 86.8%, Sensitivity 91.3%, Specificity 80.0%, « value 0.721, p value (agreement) <0.001, Group 1 hESRI: Agreement
81.9%, Sensitivity 78.3%, Specificity 86.7%, k value 0.627, p value (agreement) <0.001. Group 2 FFR: Agreement 61.9%, Sensitivity 41.7%,
Specificity 88.9%, « value 0.282, p value (agreement) 0.125. Group 2 hESRI: Agreement 66.7%, Sensitivity 50.0%, Specificity 88.9%, k value
0.364, p value (agreement) 0.061. FFR: fractional flow reserve, hESRI: hyperemic epicardial stenosis resistance index
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Fig. 3. Al, 2! best cutoff values of FFR, hESRI for r-AS 75% in total lesion, B1, 2: best cutoffs value of FFR, hESRI in group 1, C1, 2: best
cutoff values of FFR, hESRI in group 2. FFR: fractional flow reserve, hESRI: hyperemic epicardial stenosis resistance Index, BCV: best cutoff

value, AUC: area under the curve.
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RVD: 3.89 mm, MLD: 1.13 mm
DS%: 70.0%, r-AS%: 76.4%

hPa: 98 mmHg, hPd: 67 mmHg, hPG: 31 mmHg
Post-stent hAMVRI: 1.35 mmHg - cm - sec™!, FFR: 0.68, hESRI: 0.91 mmHg - cm - sec”!

Case 1. Stable Angina, P-LAD, Post-stenting hMVRI <2.09

T _*__'/_,_,_4‘1 @55 -ttt

Pre-stent: bAPV: 19, hAPV: 34, CFR: 1.8
Post-stent: bAPV: 37. hAPV: 66, CFR: 1.8

Fig. 4. A case of FFR and hESRI in patients with normal microvascular integrity. FFR (0.68) and hESRI (0.91 mmHg * cm - sec’') showed signi-
ficant stenosis (<— arrow) and agreed with anatomical stenosis severity assessed by coronary angiography and IVUS. RVD: reference vessel
diameter, MLD: minimal lumen diameter, DS: diameter stenosis, APV average peak flow velocity, CFR: coronary flow reserve, hPa: hyperemic
mean aortic pressure, hPd: hyperemic mean pressure of distal site of the lesion, hPG: hyperemic pressure gradient across the lesion, AMVRI:
hyperemic microvascular resistance index, FFR: fractional flow reserve, hESRI: hyperemic epicardial stenosis resistance index.
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Case 2. AMI, P-LCX, Post-stenting hMVRI >2.09

MLD: 1.01 mm, RVD: 3.01 mm,
DS%: 66.4%, 1-AS%: 76.2%

hPa: 90 mmHg, hPd: 78 mmHg, hPG: 12 mmHg
Post-stent hAMVRI: 2.54 mmHg - cm - sec’!, FFR: 0.87, hESRI: 0.23 mmHg - cm - sec™!

Pre-stent: DAPV: 19, hAPV: 28, CFR: 1.5
Post-stent: bAPV: 21, hAPV: 30, CFR: 1.4

Pd mean

0.87

FFR

Fig. 5. A case of FFR and hESRI in patient with microvascular dysfunction. FFR (0.87) and hESRI (0.23 mmHg * cm - sec”') showed not signi-
ficant stenosis despite significant anatomical stenosis (<~ arrow) severity assessed by coronary angiography and IVUS. RVD: reference vessel
diameter, MLD: minimal lumen diameter, DS: diameter stenosis, APV: average peak flow velocity, CFR: coronary flow reserve, hPa: hyperemic
mean aortic pressure, hPd: hyperemic mean pressure of distal site of the lesion, hPG: hyperemic pressure gradient across the lesion, AMVRI:
hyperemic microvascular resistance index, FFR! fractional flow reserve, hESRI: hyperemic epicardial stenosis resistance index.
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