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CHAPTERR 11 

Abstract t 

Sincee heterogeneous results have been reported, we assessed coronary flow velo-

cityy changes in individuals who underwent percutaneous transluminal coronary 

angioplastyy (PTCA) and examined their impact on clinical outcome. 

Ass part of the DEBATE II study, 379 patients underwent Doppler flow guided 

angioplasty.. All patients were evaluated according to their coronary flow velocity 

reservee (CFR) results (> 2.5 or <2.5) at the end of the procedure. A CFR <2.5 after 

PTCAA was associated with an elevated baseline blood flow velocity in both the 

targett artery and reference artery. CFR before angioplasty and CFR in the referen-

cee artery were independent predictors of an optimal CFR after balloon angiopla-

styy (odds ratio (OR) 2.26, 95% confidence interval (CI) 1.57 to 3.24; and OR 1.90, 

95%% CI 1.21 to 2.98, respectively; both p<0.001] and stent implantation (OR 2.54, 

95%% CI 1.47 to 4.36 and OR 1.97, 95% CI 1.07 to 3.87, respectively; both p<0.05). 

AA low CFR at the end of the procedure was an independent predictor of major 

adversee cardiac events (MACE) at 30 days (OR 4.71, 95% CI 1.14 to 25.92; 

pp = 0.034) and at 1 year  follow-up (OR 2.06, 95% CI 1.16 to 3.66; p = 0.014). After 

excludingg 30 days MACE, no difference in MACE at 1 year follow-up was observed 

betweenn the patients with and without a CFR <2.5 at the end of the procedure. 

AA low post-procedural CFR was associated with a worse peri-procedural outcome, 

relatedd to microcirculatory disturbances, while there was no significant differen-

cee at late follow-up. 
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Introduction n 
Coronaryy flow velocity reserve (CFR) has been used in the catheterization labora-

toryy to assess the physiological stenosis significance and the changes in coronary 

bloodd flow after balloon angioplasty.1 The Debate I trial has recently demonstra-

tedd that the recurrence of clinical events following percutaneous transluminal 

coronaryy angioplasty (PTCA) was markedly larger in patients with CFR < 2.5 

(24%% versus 12%).2 

Thee Debate II clinical trial was designed to test the value of a stategy of provi-

sionall  stenting, defined as stenting only when suboptimal angiographic and CFR 

resultss were observed after angioplasty, as compared to a strategy of elective 

stenting.. In patients of the DEBATE II study, in whom the CFR had been monito-

redd throughout the procedure, we analyzed the clinical predictive value of the 

CFRR for major adverse cardiac events (MACE) at short and long-term follow-up. In 

addition,, we evaluated the mechanisms and predictors of an optimal CFR result 

afterr percutaneous interventions. 

Methods s 
PatientPatient selection and study objectives 

Inn summary, patients scheduled to undergo single native coronary angioplasty 

amenablee for stent implantation were eligible for the DEBATE II trial. Patients 

withh total coronary occlusion, ostial, bifurcated or tortuous lesions were excluded 

fromm the study, as were patients with previous Q-wave infarction in the myocar-

diall  territory supplied by the target vessel or evolving myocardial infarction in 

thee previous week. Every patient provided written informed consent 

AA total of 618 patients recruited in DEBATE II were randomized to elective sten-

tingg (n = 97) and CFR and quantitative coronary angiography (QCA) guided coro-

naryy angioplasty (n=521). Patients without Doppler flow data available (n = 13) 

orr undergoing bailout stenting (n=129) were excluded from the guided-angiopla-

styy group. 

Regardlesss of the CFR results after balloon angioplasty, these remaining 379 

patientss underwent a second randomization to additional stenting (n=187) or no 

furtherr treatment (n=192). For the present study, the guided-angioplasty group 

(nn = 379) was divided according to the absolute CFR results at the end of the per-

cutaneouss intervention: optimal (CFR > 2.5; n = 240) and suboptimal (CFR <2.5; 

n=139).. In contrast to the DEBATE II study protocol, in the present study, QCA 

dataa following PTCA were not used to define optimal and suboptimal groups. 
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GuidedGuided balloon angioplasty 

Inn all patients, QCA and CFR measurements were performed throughout the pro-

ceduree to achieve an optimal result according to the above-mentioned pre-set cri-

teria. . 

Optimall  CFR and QCA were defined as > 2.5 and a percentage diameter stenosis 

<35%,, respectively. An 'optimal (QCA and CFR) result' was expected to be achie-

vedd by upsizing the balloon and/or increasing the inflation pressure. Bail-out 

stentingg was allowed in the following situations: a residual stenosis of more than 

500 percent, dissection type D, E or F, persistent myocardial ischemia along with a 

dissectionn type C, drop in Thrombolysis in Myocardial Infarction (TIMI) flow 

gradee of at least 1 grade, or TIMI grade 0 or 1. After an optimal result was achie-

vedd or when further attempts to improve the result were deemed unsafe by the 

operator,, the final diameter stenosis and coronary flow velocity reserve were 

assessed.. Hereafter, and irrespective of these measurements, the second randomi-

zationn was performed. 

QuantitativeQuantitative coronary angiography 

Att least two cine angiograms were performed before and repeated in the same 

projectionss at the end of the procedure. Quantitative angiography was performed 

usingg edge detection contour (CAAS II system) as described previously. 

CFRCFR measurement 

AA 0.014" Doppler guide wire (Cardiometrics FloWire®; EndoSonics, Rancho 

Cordoba,, CA, USA) was used.3 The Doppler wire was advanced distal to the lesion 

andd velocity recordings were obtained under basal and hyperemic conditions. 

Maximall  hyperemia was induced by an intracoronary bolus injection (12 /xg for 

thee right coronary artery and 18 /xg for the left coronary artery) or intravenous 

infusionn (140 /xg/kg/min) of adenosine. Target vessel Doppler measurements were 

performedd prior to and after angioplasty and again following stent implantation. 

Inn addition, Doppler measurements of an adjacent angiographically normal vessel 

(lesss than 30% diameter stenosis) were performed. Absolute CFR was calculated 

ass the ratio of hyperemic to baseline time-averaged peak velocity. Relative CFR 

wass calculated as the ratio of the absolute CFR in the target vessel to the absolu-

tee CFR in the reference artery CFR.4 The CFR was considered normalized when 

thee relative CFR > 0.8.5-6 

EndEnd points 

ForFor the Debate II study, the efficacy endpoint was a composite of major adverse 

cardiacc events within twelve months of the procedure and included: death from 

anyy cause, non-fatal myocardial infarction and percutaneous or surgical target 

lesionn revascularization. Myocardial infarction was defined as the development of 
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aa new Q-wave or a 2-fold rise of serum creatinine kinases together with an 

abnormall  plasma level of myocardial isoenzymes. Enzymes were systematically 

sampledd twice within the first 24 hours. After hospital discharge, patients were 

seenn at the outpatient clinic at 1, 6 and 12 months. Each visit included the recor-

dingg of the angina status, the cardiac medications, a twelve-lead electrocardio-

gramm and a complete physical examination. No follow-up angiogram was perfor-

medd unless clinically indicated. 

StatisticalStatistical analysis 

Continuouss variables are expressed as mean  standard deviation, and differen-

cess between groups of patients were studied using the unpaired Student's t-test 

orr one-way analysis of variance, whichever was appropriate. Categorical varia-

bless are presented as percentages and differences between groups are evaluated 

usingg the Fisher's exact test, Chi Square or long-rank test whenever appropriate. 

Oddss ratio and 95 percent confidence intervals are presented. A 2-tailed paired T 

testt was used to detect variation within patients. Multivariate logistic regression 

analysiss was used to study the diagnostic value of the clinical, angiographic wit-

houtt or with Doppler-derived data to predict an optimal CFR result. In addition, 

multivariatee regression analysis was performed to examine the predictive value 

off  the final absolute and relative CFR for MACE at 30 days and 1-year follow-up. 

Alll  statistical tests were 2-tailed and significance was stated at the 0.05 level. 

Result s s 

TableTable 1 illustrates the baseline characteristics of the overall study population. 

Fromm the overall population (n = 379), 240 patients appeared to have an optimal 

CFRR after the intervention, defined as a CFR > 2.5, whereas 139 patients did not 

meett this criterion. Patients with an optimal CFR result appeared to be slightly 

younger,, with a lower percentage of female patients. No significant differences in 

drugg treatment prior to the procedure (aspirin, beta blockers, nitrates and calci-

um-channell  blockers) were found between patients with and without an optimal 

CFRR at the end of the procedure. Heart rate and double product values were not 

significantlyy different when comparing patients with and without an impaired 

CFR.. A total of 308 patients underwent CFR measurements of a reference artery 

(1500 and 158 patients in the optimal and suboptimal group, respectively). 
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Table e 

Baselinee characteristics of the patients with a CFR > 2.5 and <2.5 at the end of the procedure. 

CFRR >2.5 CFRR <2.5 P-valu e e 

Age,, years 

Femalee gender 

Diabetess Mel l i tus 

Hypertension n 

Hypercholesterolemia a 

Previouss myocardial infarct ion 

Previouss angioplasty 

Smoking g 

CCSS clas s 

l/ll l 

l l l/I V V 

Unstablee angina 

57+10 0 

500 (21) 

20(8 ) ) 

83(35) ) 

1222 (57) 

66(28) ) 

233 (lO) 

1666 (70) 

877 (36) 

611 (25) 

711 (30) 

n n 

444 (32) 

155 (11) 

566 (40) 

677 (48) 

499 (35) 

177 (12) 

1055 (76) 

455 (32) 

277 (19) 

555 (40) 

<o.oi i 

0.03 3 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

0.05 5 

Medicat ion n 

Lipidd lower ing 

Aspiri n n 

Beta-blockade e 

Ca-antagonist t 

Ni t rate e 

Hemodynamics s 

Heartt rate 

Doublee product 

666 (28) 

2122 (88) 

1588 (66) 

1155 (48) 

157(65) ) 

2 2 

642011623 3 

311 (22) 

1199 (86) 

888 (63) 

711 (5i) 

877 (63) 

69112 2 

621911511 1 

NS S 

NS S 

NS NS 

NS S 

NS S 

NS S 

NS S 

CFRCFR indicates coronary flow velocity reserve; CCS, Canadian Cardiovascular Society 

CoronaryCoronary flow data in the optimal and suboptimal CFR groups 

Ass shown in Table 2, patients wit h a CFR > 2.5 following PTCA had a lower  base-

linee average peak flow velocity (b-APV; 9 versus 9 cm/s; p<0.05) and a 

higherr  hyperemic peak flow velocity (h-APV; 8 versus 8 cm/s; p<0.05) 

inn the target artery. In addition, patients wit h a CFR > 2.5 had higher  CFR values 

inn the reference artery than patients with a CFR <2.5 7 versus 

;;  p<0.001), due to a lower  b-APV in the reference artery 7 versus 

211 9 cm/s; p<0.05). Relative CFR was lower  in patients with a CFR <2.5 after 

completionn of the procedure (0.81 5 versus 1.01 ; p<0.001). No differen-

cee was seen in the angiographical result of the intervention between the two 
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CFRR AS A PREDICTOR OF OUTCOME 

groups.. Patients with UA had lower CFR values in the reference and target 

arteryy after PTCA than patients with stable anginal complaints 8 versus 

77 and 9 versus , respectively; both p<0.05). A total 

off  144 patients (75%) of the patients with a CFR > 2.5 and 52 (45%) of the 

patientss with a CFR <2.5 had a relative CFR > 0.8 after the intervention 

(p<0.001).. Figure 1 illustrates the significant linear relationship observed 

betweenn the CFR after PTCA and the reference artery CFR (p<0.001). 

Tablee 2 

Doppler-derivedDoppler-derived data of the patients with and without an optimal CFR after PTCA 

DSS (%) 

Relativee CFR 

CFR R 

b-APV V 

h-APV V 

CFRR >2.5 

(n=24o ) ) 

9 9 

t t 

t t 

48118 8 

t t 

68111 1 

0.6010.27 7 

1.7110.641 1 

7 7 

4 4 

15111* * 

i . o i i o .34* t t 

3.1210.62*1 1 

i 8 i g * t t 

48n8*t t 

CFR<2.5 5 

(n=i39 ) ) 

2.4510.60 0 

2119 9 

47120 0 

Hj|i||jU|UIS j j 

7 0 m m 

0.5811 0.18 

1.4710.36 6 

1518 8 

21111 1 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ V V 

16111* * 

0.8110.25* * 

1.9010.37* * 

2219* * 

43118* * 

"p<0.05"p<0.05 vs. Before PTCA in the same group tp<0.05 vs. simultaneous measurements in 

groupgroup F CFR indicates coronary flow velocity reserve; PTCA, percutaneous transluminal coro-

narynary angioplasty; reference, angiographic normal reference vessel; b- and h-APV, baseline 

andand hyperemic average peak velocities; DS, diameter stenosis 

Referencee CFR 

LinearLinear relationship between reference CFR and CFR in the target artery after stenting (R = 0.495; p<0.002) 
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CardiacCardiac enzyme analysis after the intervention 

Thee level of total Creatine Kinase (CK) was increased in the patients with a CFR 

<2.55 after PTCA, compared to patients with a CFR > 2.5 3 versus 61 8 

IU/L;; p = 0.03). Likewise, levels of CK-MB were increased in patients with a subop-

timall  result (11 5 versus ; p = 0.011). 

PatientsPatients with prior myocardial infarction 

AA total of 37 patients with a Q-wave MI in the non-target vascular territory and 

788 patients with previous non-Q-wave myocardial infarction (MI) in the target or 

non-targett vascular territory were included. These patients with a history of MI 

hadd a slightly lower CFR at the end of the procedure, compared to patients wit-

houtt prior MI 7 versus ; p<0.05). Nevertheless, the percentage 

off  MACE in the patients with prior MI was similar to the patients without a his-

toryy of MI during twelve months follow-up [18 out of 115 patients (16%) versus 

366 out of 264 patients (14%); p = NS]. Furthermore, patients who had a history of 

MII  in combination with a decreased CFR (<2.5) at the end of the intervention did 

nott show to have an increased percentage of MACE compared to patients with a 

decreasedd CFR without prior MI [10 out of 49 patients (20%) versus 18 out of 90 

patientss (20%); p = NS]. 

MultivariateMultivariate predictors of an optimal CFR after balloon angioplasty 

Thee patients with optimal CFR results after balloon angioplasty were younger 

00 vs. 61 1 years; p<0.05), had a lower female gender proportion (20% 

versuss 33%; p = 0.005) and baseline heart rate 1 versus 2 bpm; 

pp = 0.001) as well as higher diastolic blood pressure 6 versus 3 mmHg; 

pp = 0.022) than the suboptimal CFR group. The optimal group presented with a 

higherr baseline CFR in the target 2 versus ; p<0.0001) and at 

thee reference artery 2 versus ; p<0.0001) compared to the 

suboptimall  group. 

Byy multivariate analysis, an elevated diastolic blood pressure and the absence of 

unstablee angina were found to be the independent clinical predictors of an opti-

mall  CFR result after balloon angioplasty (Table 3). However, after including 

Doppler-derivedd data, an elevated diastolic blood pressure and the CFR values 

beforee angioplasty and at the reference artery were found to be the only indepen-

dentt predictors of an optimal balloon CFR. 
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Tablee 3 

MultivariateMultivariate predictors of an optimal CFR following balloon angioplasty 

Variables * * 

Clinica ll  dat a alon e 

Oddss rati o 

(95%% CI) 

Clinica ll  and Oopple r dat a 

Oddss rati o 

p-valu ee (95% CI) p-valu e 

Unstablee angina 0.45 (0.23 t o 0.90) 

Diastolicc blood pressure 1.02 (1.01 to 1.04) 

Baselinee CFR 

0.023 3 

0.002 2 1.044 ( i .o i to 1.08) 0.012 

2.266 (1.57 to 3.24) < 0.001 

Gender,Gender, diabetes, hypertension, previous myocardial infarction or revascularization, baseline heart 

rate,rate, systolic blood pressure and diameter stenosis, lesion characteristics (angulation, calcifica-

tion.bifurcation,tion.bifurcation, contour) were not independent predictors. Abbreviations as in Table II. 

MultivariateMultivariate predictors of an optimal CFR after stent implantation 

Patientss with optimal CFR results following stent implantation were younger 

00 versus 1 years; p = 0.024), had a lower smoker proportion (53% ver-

suss 70%; p = 0.017) and presented with higher diastolic blood pressure 3 

versuss 71 2 mmHg; p = 0.024) than the suboptimal group. Moreover, a higher 

CFRR at baseline 8 versus ; p<0.0001), following angioplasty 

11 versus ; p<0.0001) and at the reference artery (3.11 3 

versuss 2.41 ; p<0.0001) was consistently found in the optimal when compa-

redd to the suboptimal stent CFR group. 

Inn addition, the optimal stent group had a greater proportion of eccentric lesions 

thann in the suboptimal group (45% versus 26%; p = 0.011, respectively). After 

adjustingg for clinical variables, an elevated diastolic blood pressure and the 

absencee of eccentric lesions were found to be associated with an optimal CFR 

resultt following stent implantation (Table 4). After including Doppler-derived 

variables,, the absence of eccentric lesions, elevated values of diastolic blood pres-

sure,, CFR values before angioplasty and at the reference artery were found to be 

independentt predictors of an optimal stent CFR result. 
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Tablee 4 

MultivariateMultivariate predictors of an optimal CFR following stent implantation 

Clinica ll  dat a alon e 

Oddss rati o 

Variables ** (95% CI) p-valu e e 

Clinica ll  and Dopple r dat a 

Oddss rati o 

(95%% CI) p-valu e 

Diastolicc blood pressure 1.04 (1.01 t o 1.06) 

Eccentricc Lesion 0.39 (0.20 to 0.76) 

Baselinee CFR 

Baselinee reference CFR 

0.009 9 

0.006 6 

1.066 (1.02 t o i.io) 

0.311 (0.13 to 0.77) 

2.544 (1.47 to 4.36) 

1.977 O.07 to 3.87) 

0.004 4 

0.012 2 

0.001 1 

0.024 4 

'Age,'Age, gender, history of diabetes, hypertension, smoking, previous myocardial infarction or revas-

cularization,cularization, Functional angina class, baseline heart rate, systolic blood pressure and diameter ste-

nosis,nosis, lesion characteristics (angulation, calcification, bifurcation, contour) were not independent 

predictors.predictors. Abbreviations as in Table II. 

IndependentIndependent predictors of early and late clinical outcome 

Duringg the first 30 days, the event-free survival was 98% for all patients, 99% (1 

event)) for those with a CFR > 2.5 and 96% (7 events) for those with a CFR <2.5 

(pp = 0.024). All these early events occurred during the first 24 hours (1 patient 

died,, 4 patients underwent a repeat angioplasty and 3 patients had a periproce-

durall  myocardial infarction). 

Thee odds ratio for MACE at 30 days and at one year for a CFR <2.5 as compared 

withh a CFR > 2.5 was 9.2 (95% confidence interval (CI): 1.1 to 75) and 1.9 (95% CI: 

1.11 to 3.4), respectively. 

Afterr 30 days, no significant difference in event-free survival was observed 

betweenn patients with and without an optimal CFR at the end of the procedure 

(90%% versus 85%; p = 0.139). 

Thee one-year event-free survival was 86% for all patients, 90% for those with a 

CFRR > 2.5 and 82% for those with a CFR <2.5 at the end of the procedure 

(pp = 0.014 by log-rank test). Figure 2 shows the estimated event-free survival dis-

tributionn according to the CFR results at the end of the intervention. 
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Dayss since Randomization 
Figuree 2 

KaplanKaplan Meier curve of the percentage event free survival in the patients with a CFR > 2.5 and 

CFRCFR <2S after PTC A 

Byy multivariate logistic analysis, a final CFR <2.5 was an independent predictor 

off  MACE at 30 days [odds ratio (OR) 4.71; 95% CI 1.14 to 25.92; p = 0.034] and 1 

yearr follow-up (OR 2.06; 95% CI 1.16 to 3.66; p = 0.014). In addition, final DS was 

foundd to be an independent predictor of MACE at 1-year follow-up (OR 1.04; 95% 

CII  1.01 to 1.06; p = 0.03). 

Discussion n 
Thee results of this study show that a suboptimal result after angioplasty (CFR 

<2.5)) is associated with a high risk of early cardiac event. A low CFR after PTCA 

iss determined by the CFR before PTCA and CFR in the reference artery, suggestive 

off  pre-existing microvascular disturbances as a cause of the low CFR. 

Furthermore,, the association with elevated CK and CK-MB values suggest that 

micro-embolizationn may also be operative to explain a low CFR at the end of the 

intervention. . 

DeterminantsDeterminants of impaired CFR after anaioplastv 

Inn agreement with several studies,5" 7 we found an elevation of the b-APV as a 

contributingg factor for a low post-procedural CFR. Several mechanisms have been 

postulatedd for this finding such as: 1) epicardial vasoconstriction8 2) delay in the 

recoveryy of autoregulation1 3) distal embolization of microparticles9 4) post-

occlusivee hyperemia. Our data show that a low CFR after PTCA is determined by 

thee CFR before PTCA and CFR of the reference artery. This phenomenon may be 
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relatedd to several clinical conditions associated with microvascular abnormalities 

(e.g.. diabetes mellitus, left ventricular hypertrophy, and diffuse atherosclerotic 

disease).. Furthermore, our results show elevated CK and CK-MB levels in patients 

withh an impaired CFR after PTCA. This suggests that micro-embolization may 

servee as an alternative explanation for the observed microcirculatory disturban-

ces. . 

Animall  and human data have shown an enhanced coronary flow following mio-

croembolization.10-111 This phenomenon appears to be due to adenosine-induced 

hyperemiaa of the myocardium surrounding the embolized microregions.12 This 

interpretationn is further supported by a study reporting that patients who expe-

riencedrienced a prolonged hyperemic response after a percutaneous intervention have 

beenn associated with higher CPK values than patients without hyperemia.13 

Equivalentt with those findings, we found a significant difference of cardiac enzy-

mee levels between the patients with an optimal and suboptimal post-procedural 

CFRR value, as stated. 

Inn our study, also a low hyperemic response was also responsible for a subopti-

mall  CFR after balloon angioplasty. The latter has been previously reported, 

underscoringg the important role of luminal enlargement for the achievement of 

ann adequate CFR after balloon angioplasty.6-14 

Wee found a significant relationship between the target and the reference artery 

CFRR after stent implantation, further supporting the concept of a strong influen-

cee exerted by the microcirculation on the post-procedural CFR results. Therefore, 

aa combination of microvascular dysfunction and the severity of the residual ste-

nosiss appear to explain a post-angioplasty suboptimal CFR result. Following stent 

implantation,, normalization of the CFR appears to be primarily dependent on the 

integrityy of the microcirculatory function. 

Determinationn of left ventricular ejection fraction was not performed prior to the 

inclusionn of the DEBATE II trial. Patients were excluded if they were known with 

ann ejection fraction of less than 30%. Furthermore, patients were excluded in 

casee of a Q-wave myocardial infarction (MI) in the target vascular territory. 

However,, it is conceivable that the cohort of patients with a Q-wave MI in the 

non-targett vascular territory or with previous non-Q-wave MI in the target or 

non-targett vascular territory consisted of patients with a mildly impaired left 

ventricularr function. Analysis showed that these patients with a history of MI 

{andd probably a mildly impaired left ventricular function) had a slightly lower 

CFRR at the end of the procedure, compared to patients without prior MI. 

Nevertheless,, the percentage of MACE in the patients with prior MI was similar 

too the patients without a history of MI. 
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ImpairedImpaired CFR following angioplasty in relation to clinical outcome 
Inn the present study, we observed that the early risk of MACE among the patients 

withh a CFR <2.5 at the end of the intervention was 9 times as high as that 

amongg the patients with an optimal CFR. After excluding 30 days MACE, no diffe-

rencess in MACE at 1-year follow-up was observed between the patients with and 

withoutt a CFR <2.5 at the end of the procedure. Thus, low post-procedural CFR 

wass associated with a worse peri-procedural outcome, while there was no signifi-

cantt difference at late follow-up. 

Althoughh the methods used for the evaluation of the clinical outcome was diffe-

rentt between our study and DEBATE I, an agreement in acute results was obser-

vedd between both studies. In DEBATE I, a post-procedural CFR <2.5 was associa-

tedd with a higher recurrence of angina (25% vs. 12%; p = 0.19) and a greater pro-

portionn of patients with objective evidence of ischemia (21% vs. 8%; p = 0.018) at 

one-monthh follow-up compared to their counterparts. 

Itt is conceivable that the elevated risk of early events observed in patients with 

ann impaired post-procedural CFR was not only related to the residual stenosis 

geometryy but to microvascular alterations. A low CFR after PTCA, as an indepen-

dentt predictor of clinical outcome, was determined by the CFR before PTCA and 

CFRR of the reference artery, as stated before. This suggests that the pre-existing 

microcirculatoryy disturbances of both the target and reference artery may influ-

encee clinical outcome after PTCA. Furthermore, the observed elevated cardiac 

enzymee levels in patients with an impaired CFR after PTCA suggest that micro-

embolizationn may serve as an alternative explanation for the observed microcir-

culatoryy disturbances and consequent worse clinical outcome. 

Recentt data showed that the relative CFR appears to be a more specific index of 

persistentt conduit obstruction, which may have a role in the postprocedural stra-

tificationn of the coronary blood flow impairments.4-5 A good long-term outcome 

hass recently been reported after stent implantation in patients with a relative 

CFRR >0.88 and minimal luminal diameter >2.77 15 Moreover, relative CFR may 

identifyy patients with global microcirculatory disease. However, relative CFR was 

nott a predictor of CFR after balloon angioplasty or stent implantation using a 

univariatee analysis. A suboptimal result after PTCA (CFR <2.5) was associated 

withh a lower relative CFR, compared to patients with an optimal result after 

PTCA.. Nevertheless, relative CFR was not an independent predictor of clinical out-

comee after PTCA in a multivariate analysis. These contrasting results might be 

explainedd by differences in population size. In the latter study, the authors inclu-

dedd 150 patients, whereas a total of 308 patients with available relative CFR 

measurementss were included in the present study. Stratification of coronary flow 

impairmentss according to relative CFR results assumes a uniform microcirculato-
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ryy function.16 However, this might not be the case even in patients with single 

vessell  disease patients.17 

Limitation s s 
Limitationss in Doppler measurements have been extensively described.18 In the 

presentt study, transtenotic guidewire pressure-derived fractional flow reserve 

(FFR)) was not routinely performed. In patients with a low relative CFR, FFR could 

havee helped us verify the presence of a significant residual conduit obstruction 

andd further understand the role of the post-procedural relative CFR in the gui-

dancee of a percutaneous intervention. 

Thee post-hoc nature of our analysis prevents us from drawing definitive conclu-

sionn and a prospective evaluation is warranted to further confirm our results. 

Furthermore,, this study only included patients with one vessel disease and nor-

mall  left ventricle function. 

Clinica ll  Implication s 
Afterr angioplasty, an impaired absolute CFR was mainly due to microcirculatory 

abnormalitiess that may be either pre-existing or caused by peri-procedural micro-

embolization.. The presence of an impaired post-procedural CFR warrants more 

closelyy monitoring of patients as it is associated with a worse short-term clinical 

outcome,, in particularly during the first 24 hours after the procedure. 
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