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Cumulative survival Cumulative survival (1 yr)(1 yr) after PCI in 173 pts with AMI and in after PCI in 173 pts with AMI and in 
163 patients in whom TIMI163 patients in whom TIMI--3 flow was achieved.3 flow was achieved.
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Final Blush Score Final Blush Score (patients with final TIMI(patients with final TIMI--3 flow)3 flow)

Final Blush Score Final Blush Score (all patients)(all patients)

Stone GW, et.al. J Am Coll Cardiol 2002;39:591

Blush   1 year mortalityBlush   1 year mortality
33 6.8%6.8%
22 13.0%13.0% p=0.002p=0.002

0/10/1 22.0%22.0%

Blush   1 year mortalityBlush   1 year mortality
33 6.8%6.8%
22 13.2%13.2% p=0.004p=0.004

0/10/1 18.3%18.3%

Myocardial Blush ScoresMyocardial Blush Scores
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0%0%2.5%2.5%12.5%12.5%4040InterobserverInterobserver
variabilityvariability

0%0%0%0%7.5%7.5%92.5%92.5%4040IntraobserverIntraobserver
variabilityvariability

3 Grades3 Grades2 Grades2 Grades1 Grade1 GradeAgreementAgreementNN
DifferencesDifferences

InterInter-- and and intraobserverintraobserver variability of myocardial blush gradesvariability of myocardial blush grades

Stone GW, et.al. J Am Coll Cardiol 2002;39:591
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Coronary Flow Reserve(CFR)Coronary Flow Reserve(CFR)
CFR is defined as the ratio of maximal coronary blood flow at  CFR is defined as the ratio of maximal coronary blood flow at  
hyperemia and coronary blood flow at restinghyperemia and coronary blood flow at resting which means thewhich means the
reservoir capacity of reservoir capacity of microvascularmicrovascular circulation according to  circulation according to  
demand.demand.

CFR CFR dopplerdoppler
= = hAPVhAPV X X CSACSA / / bAPVbAPV x x CSACSA
= = hAPVhAPV / / bAPVbAPV

CFR thermo CFR thermo 
= mean = mean bTMNbTMN / mean / mean hTMNhTMN
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Invasive Measurement of CFR in MIInvasive Measurement of CFR in MI

ST resolutionST resolution
Thallium 201 Thallium 201 
SPECTSPECT

LAD : 32 LAD : 32 Just after PCIJust after PCIWithin 12 Within 12 
hourshours

5050Feldman LJ Feldman LJ 
(Circulation (Circulation 
2003;107:2684)2003;107:2684)

6 months  6 months  
Thallium 201 Thallium 201 
SPECTSPECT

Thallium 201 Thallium 201 
SPECTSPECT

LAD : 16LAD : 16
RCA : 25RCA : 25

PrePre--dischargedischargeWithin 6 hoursWithin 6 hours4141BeyguiBeygui F.F.
(J Am (J Am CollColl CardiolCardiol
2002;40:877)2002;40:877)

3 wks, 6 3 wks, 6 
months months 
ventriculogramventriculogram

VentriculograVentriculogra
msms (LVEDV)(LVEDV)

LAD : 37LAD : 373 weeks after PCI 3 weeks after PCI 
(pre(pre--discharge)discharge)

Within 12 Within 12 
hourshours

3737Shimada Y.Shimada Y.
(Circ J (Circ J 
2004;68:208)2004;68:208)

..

4 months 4 months 
ventriculogramventriculogram

66--8 weeks8 weeks
echoecho

1 month1 month
echoecho

F/UF/U

HematologicHematologic
indexesindexes

LAD : 41LAD : 41Within 48 hours Within 48 hours 
after PCIafter PCI

PrimaryPrimary4141SezerSezer MM
(Heart 2006;29)(Heart 2006;29)

Thallium 201 Thallium 201 
SPECTSPECT

LAD : 10LAD : 10
RCA : 12RCA : 12

Just after PCIJust after PCI16 16 ±±4 D4 D2222TeigerTeiger E.E.
((EurEur H J H J 
1999;20:285)1999;20:285)

VentriculograVentriculogra
msms ( LV ( LV 
RWMAsRWMAs))

LAD : 15LAD : 15
LCX : 4LCX : 4
RCA : 10RCA : 10

Just after PCIJust after PCI6.96.9±±3.4 D3.4 D2929Mazur W.Mazur W.
(Am H J (Am H J 
1998;136:335)1998;136:335)

MCEMCELAD : 11LAD : 11
RCA : 14RCA : 14

Just after PCI and Just after PCI and 
after 24 hoursafter 24 hours

Within 6 hoursWithin 6 hours2525LepperLepper W.W.
(Circulation (Circulation 
2000;101:2368)2000;101:2368)

ComparisonComparisonInfarct Infarct 
locationlocation

Measuring CFRMeasuring CFRPCI timePCI timePts Pts 
no.no.
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Physiologic Impact of Distal Physiologic Impact of Distal EmbolizationEmbolization
Open chest dogs Open chest dogs embolizedembolized with with microspheresmicrospheres 15, 100, 300 micron, up to 15, 100, 300 micron, up to 
101055/g of myocardium./g of myocardium.
Initial increase in resting flowInitial increase in resting flow (adenosine) but with blunting of hyperemia, and (adenosine) but with blunting of hyperemia, and 
then then reduction in resting flow as particulate burden increased.reduction in resting flow as particulate burden increased.

Hori et al. Hori et al. Am J Am J PhysiolPhysiol 250:H509, 1986250:H509, 1986

*  *  p < 0.05 p < 0.05 vsvs controlcontrol

resting CBFresting CBF
hyperemic CBFhyperemic CBF

**  **  p < 0.01 p < 0.01 vsvs controlcontrol
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LepperLepper W, et al.W, et al. Circulation Circulation 2000;101:23682000;101:2368

<0.001<0.0011.371.37±±0.110.112.152.15±±0.470.47CFR at 24 CFR at 24 
hr followhr follow--upup

0.4510.4511.511.51±±0.400.401.641.64±±0.420.42CFR after CFR after 
PCIPCI

ppNonrecoveryNonrecovery
Group (n=8)Group (n=8)

Recovery Recovery 
Group (n=17)Group (n=17)

0.0030.0031.581.58±±0.300.302.152.15±±0.530.53CFR at 24 CFR at 24 
hr followhr follow--upup

0.2890.2891.481.48±±0.310.311.671.67±±0.470.47CFR after CFR after 
PCIPCI

ppNonreperfusionNonreperfusion
Group (n=12)Group (n=12)

Reperfusion Reperfusion 
Group (n=13)Group (n=13)

CFR and LV Function ChangesCFR and LV Function Changes
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MicrovascularMicrovascular Integrity and Coronary Integrity and Coronary 
Blood Flow PatternsBlood Flow Patterns

SevereSevere myocardial damagemyocardial damageMildMild myocardial damagemyocardial damage

DiastoleDiastole DiastoleDiastole

IwakuraIwakura. et al.. et al. Circulation Circulation 1996;94:12691996;94:1269--7575
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SevereSevere myocardial damagemyocardial damageMild Mild myocardial damagemyocardial damage

SystoleSystole SystoleSystole

MicrovascularMicrovascular Integrity and Coronary Integrity and Coronary 
Blood Flow PatternsBlood Flow Patterns

IwakuraIwakura. et al.. et al. Circulation Circulation 1996;94:12691996;94:1269--7575
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Coronary Flow Velocity PatternsCoronary Flow Velocity Patterns

..TMPGTMPGLAD: 15LAD: 15
RCA: 20RCA: 20

Just after PCIJust after PCIWithin 6 hoursWithin 6 hours3535Hoffmann RHoffmann R
(Heart 2003;89:1147)(Heart 2003;89:1147)

MACEMACE
3.8 yrs3.8 yrs

LAD : 36LAD : 36
LCX : 6LCX : 6
RCA : 30RCA : 30

Just after PCIJust after PCI7.6 7.6 ±± 7.0 h7.0 h6868FurberFurber AP AP 
(Circulation 2004;110:3527)(Circulation 2004;110:3527)

1 month 1 month 
MCEMCE

MCEMCEJust after PCIJust after PCIWithin 6 hoursWithin 6 hours2525LepperLepper WW
(J Am (J Am CollColl CardiolCardiol
2002;39:1283)2002;39:1283)

..Cardiac Cardiac 
enzymeenzyme
TIMI flowTIMI flow

LAD : 72LAD : 72Just after PCIJust after PCIWithin 24 hoursWithin 24 hours7272Okamura AOkamura A
(Am J (Am J CardiolCardiol 2005;96:927)2005;96:927)

1 month 1 month 
EchoEcho

..

..

F/UF/U

RWMAsRWMAs by by 
EchoEcho

LAD : 23LAD : 23Just after PCIJust after PCIWithin 12 hoursWithin 12 hours2323AkasakaAkasaka TT
(Circulation 1999;100:339)(Circulation 1999;100:339)

MCEMCELAD : 28LAD : 28
LCX : 4LCX : 4
RCA : 10RCA : 10

Just after PCIJust after PCI??4242IwakuraIwakura K.K.
((Circulation.Circulation. 1996;94:1269)1996;94:1269)

MCEMCE
TIMI gradeTIMI grade

LAD : 57LAD : 57
LCX : 9LCX : 9
RCA : 39RCA : 39

Just after PCIJust after PCIAbout 9 hoursAbout 9 hours105105Yamamoto K.Yamamoto K.
(J Am (J Am CollColl CardiolCardiol 2002;40:877)2002;40:877)

ComparisonComparisonInfarct Infarct 
locationlocation

Measuring flow Measuring flow 
patternspatterns

Reperfusion Reperfusion 
timetime

Pts Pts 
no.no.
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Coronary Wedge PressureCoronary Wedge Pressure

Coronary Wedge Pressure (Pcw)
- The distal coronary artery wedge pressure during balloon   

occlusion
Pressure derived Collateral Flow Index (CFIp)
- (Pcw – Pv) / (Pa – Pv)
- simplified by Pcw / Pa

PcwPcw
PcwPcw / Pa/ Pa
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Coronary Wedge Pressure Coronary Wedge Pressure 
and Collateral Flow in AMIand Collateral Flow in AMI

MicrovascularMicrovascular resistanceresistance

PaPa

Collateral flow Collateral flow 
and pressureand pressure

PvPv
PdPd

((PcwPcw))

MicrovascularMicrovascular circulationcirculation
-- Cell necrosisCell necrosis
-- Cell edemaCell edema
-- WBC, WBC, thromboticthrombotic materialsmaterials

and platelets packingand platelets packing
-- Spasm Spasm …………
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Comparison of pressure-derived collateral flow index(CFIp)  
among angiographically collateral grades in AMI with PCI within
12 hours.

Yamamoto, et al.Yamamoto, et al. J Am J Am CollColl CardiolCardiol 2001;38:13832001;38:1383
SezerSezer M, et al.M, et al. Heart Heart 2004;90:1462004;90:146

Coronary Wedge PressureCoronary Wedge Pressure



SSummummiit t TCTTCT Asia Pacific 2007Asia Pacific 2007AngioplastyAngioplasty

Relationship between Relationship between PcwPcw and % FDG uptake, wall and % FDG uptake, wall 
motonmoton chandeschandes

Shimada, et al. Heart 2003;38:71-6

Coronary Wedge PressureCoronary Wedge Pressure
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r = r = --0.6960.696
p < 0.001p < 0.001

Yamamoto, et al.Yamamoto, et al. J Am J Am CollColl CardiolCardiol 2001;38:13832001;38:1383
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Resistance = ∆ Pressure / Flow
IMR = (Pd – Pv) / (1 / Tmn)
IMR = Pd Tmn
at maximal hyperemia

Resistance = ∆ Pressure / Flow
IMR = (Pd – Pv) / (1 / Tmn)
IMR = Pd Tmn
at maximal hyperemia

Index of Index of MicrovascularMicrovascular Resistance Resistance 
(IMR)(IMR)

Derivation of Index of Microcirculatory Resistance (IMR)Derivation of Index of Microcirculatory Resistance (IMR)

IMR : 12.1 UIMR : 12.1 UIMR : 12.1 U

Pd: coronary distal Pressure
Tmn: mean transit time
Pd: coronary distal PressurePd: coronary distal Pressure
TmnTmn: mean transit time: mean transit time
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IMR and IMR and MicrovascularMicrovascular DamagesDamages

TwentyTwenty--seven patients with STEMI treated with seven patients with STEMI treated with 
primary primary stentingstenting..

IMR above the median level of 35 had greater peak CK IMR above the median level of 35 had greater peak CK 
(3387(3387±±1531 vs. 12091531 vs. 1209±±966 IU, p=0.03)966 IU, p=0.03)

0.030.03--0.430.43CFRCFR
0.030.03--0.440.44TFGTFG
0.030.03--0.420.42TMPGTMPG
0.010.010.520.52NeutrophilNeutrophil %%

0.0040.0040.540.54cTFCcTFC

pprr
0.0040.0040.540.54Peak CKPeak CK

IMRIMR

Fearon W et al. Abstracts, Circulation 2006;II-586
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r = 0.454r = 0.454
p = 0.026p = 0.026

r = r = --0.6960.696
p < 0.001p < 0.001

r = r = --0.4800.480
p = 0.018p = 0.018

IMR and Cardiac PETIMR and Cardiac PET

Correlation between IMR and FDG uptake rate by Cardiac PETCorrelation between IMR and FDG uptake rate by Cardiac PET
TwentyTwenty--fourfour patients with STEMI treated with primary PCI was studied.patients with STEMI treated with primary PCI was studied.

SJ Tahk, HS Lim, et al. Korean Circulation 2006;36(suppl II)
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Thermodilution CFR
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IMR and Cardiac PETIMR and Cardiac PET

Accuracy of IMR for predicting viability Accuracy of IMR for predicting viability (50%>FDG uptake rate)(50%>FDG uptake rate)

SJ Tahk, HS Lim, et al. Korean Circulation 2006;36(suppl II)

AUC: Area under the CurveAUC: Area under the Curve
BCV: Best Cutoff ValueBCV: Best Cutoff Value
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Correlation of Correlation of MicrovascularMicrovascular
Integrity Indexes with FDG PETIntegrity Indexes with FDG PET
FortyForty--six patientssix patients with STEMI treated with primary PCI and with STEMI treated with primary PCI and 
follow up echocardiography at 6 months was studied.follow up echocardiography at 6 months was studied.
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Comparison Between TMPG and Comparison Between TMPG and 
the FDG Uptake, LV Wall Motionthe FDG Uptake, LV Wall Motion
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SJ Tahk, et al. Circulation 2006;114:II:II-784
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Comparison of the Accuracy Each Indices Comparison of the Accuracy Each Indices 
and PET for Predicting LV Wall Motionand PET for Predicting LV Wall Motion

CFRCFR
DDTDDT

MVRMVR
FDG uptakeFDG uptake

PcwPcw
TMPGTMPG

All Patients (n=46)All Patients (n=46) Ant. Wall MI Patients (n=34)Ant. Wall MI Patients (n=34)
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PET : AUC = 0.853PET : AUC = 0.853
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LimitationsLimitations
Although, the Although, the TMPG TMPG is a subjective index, it might be a simple is a subjective index, it might be a simple 
and useful index for predicting and useful index for predicting microvascularmicrovascular integrity and LV integrity and LV 
functional changes.functional changes.

Although, there are little studies about the Although, there are little studies about the IMRIMR, it might be an , it might be an 
excellent index for predicting excellent index for predicting microvascularmicrovascular integrity in AMI integrity in AMI 
regardless of the patientregardless of the patient’’s s hemodynamichemodynamic status.status.

The The CFRCFR might be a good index for predicting might be a good index for predicting microvascularmicrovascular
integrity, however, it was affected by patientintegrity, however, it was affected by patient’’s s hemodynamicshemodynamics
and baseline flows after primary PCI in acute stage of AMI.and baseline flows after primary PCI in acute stage of AMI.

The The PcwPcw might represent the might represent the microvascularmicrovascular tone and function, tone and function, 
However, further study will be required about the effect of However, further study will be required about the effect of 
collateral flows on the collateral flows on the PcwPcw in acute stage of AMI.in acute stage of AMI.
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ConclusionConclusion

Indexes of Indexes of microvascularmicrovascular integrityintegrity, such as , such as 
CFR, Coronary flow patterns (DDT), MVR index, CFR, Coronary flow patterns (DDT), MVR index, 
PcwPcw/Pa, and TMPG, which are measured /Pa, and TMPG, which are measured 
during primary PCI in AMI, during primary PCI in AMI, are useful and are useful and 
comparable with FDG PET for predicting the comparable with FDG PET for predicting the 
LV functional changes.LV functional changes.


