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Abstract t 

Thiss study was performed to evaluate clinical and hemodynamic factors, poten-

tiallyy influencing the value of coronary flow reserve (CFR). 

CFRR is considered to be markedly influenced by parameters affecting the coronary 

microvascularr resistance. 

CFRR was assessed in an angiographically normal artery in 514 patients scheduled 

forr angioplasty of one or two-vessel disease. Maximal hyperemia was induced 

withh an intracoronary bolus or intravenous infusion of adenosine. Independent 

predictorss of the value of CFR were identified by linear regression analysis. 

Bivariatee analysis revealed that female gender, diabetes and high systemic blood 

pressuree were positively associated with baseline APV. However, CFR was not sta-

tisticallyy different between these patient subgroups. In univariate linear analysis, 

age,, female gender, hypercholesterolemia, aspirin and statin use, heart rate and 

meann arterial pressure were identified to influence the value of CFR. Multivariate 

analysiss revealed age (slope -0.006; 95% CI -0.012 to 0.000; p = 0.041) and heart 

ratee (slope -0.008; 95% CI -0.013 to -0.002; p = 0.005) as independent predictors 

off  CFR. The correlation between age or heart rate and CFR appeared to be very 

weak. . 

Agee and heart rate were independent determinants of CFR in angiographically 

normall  coronary arteries, although the relationship was very weak. Therefore, it 

iss concluded that the value of CFR is only moderately influenced by clinical and 

hemodynamicc variables. 
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Introductio n n 
Itt has been shown that coronary flow reserve (CFR) is useful for clinical decision 

makingg during cardiac catheterization.1-2 Also, these parameters are used for gui-

dancee of percutaneous interventions, providing prognostic information for short 

andd long-term clinical outcome.3" 5 CFR, defined as the ratio between peak hype-

remicc coronary blood flow (after administration of a coronary vasodilator) to res-

tingg coronary blood flow, depends on the resistance of both the epicardial cond-

uitt artery and distal microvascular resistance. The hyperemic response is reduced 

inn the presence of an epicardial stenosis, while microcirculatory disturbances 

mayy influence baseline and also hyperemic flow velocity6 Several variables, that 

havee an influence on the value of CFR, have been identified in small single center 

studies.7" 100 This is important for the interpretation of the results of Doppler flow 

measurementss in individual patients. Measurement of CFR in arteries in the 

absencee of an epicardial obstruction permits the evaluation of clinical and hemo-

dynamicc factors influencing CFR. Therefore, the purpose of the present study was 

too investigate parameters that could potentially influence the value of CFR in 

angiographicallyy normal coronary arteries. 

Method s s 
Patients Patients 
Thee study population of this post-hoc analysis consisted of 514 patients with sta-

blee or unstable angina pectoris (class 1 to 3 according to the Canadian 

Cardiovascularr Society; CCS or Braunwald's classification I or II) and with a nor-

mall  left ventricular function, who were scheduled for percutaneous coronary 

interventionn in one or two-vessel disease. These patients were examined in the 

settingg of two multi-center studies (ILIAS and DEBATE II study)1'11 Common 

exclusionn criteria of both studies were: acute myocardial infarction less than 1 

weekk prior to angioplasty, total coronary occlusion, left ventricular hypertrophy 

orr cardiomyopathy. All patients gave written informed consent to participate in 

thee study. 

Coronaryy cine-angiography was performed under maximal vasodilatation using 

intracoronaryy nitroglycerin (0.1-0.3 mg) or isosorbide dinitrate (1-3 mg). At least 

twoo cine-angiograms, in orthogonal projections, were obtained before coronary 

angioplastyy and at the end of the procedure. 

Dopplerr flow velocity measurements were performed distal to the lesion under 

baselinee and hyperemic conditions using a 0.014-inch Doppler tipped guide wire 

(FloWire;; JOMED, Rancho Cordova, CA, USA). Maximal hyperemia was induced by 

ann intracoronary bolus injection of adenosine of 12-15 /xg for the right coronary 
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arteryy and 18-20 /xg for the left coronary artery or as an intravenous infusion 

(1400 (Ltg/kg/min). Distal Doppler flow velocity signals were processed by real-time 

spectrall  analysis. The blood flow velocity measurements were used to compute 

thee distal coronary blood flow velocity reserve, defined as the ratio between ade-

nosinee induced hyperemic average peak flow velocity (APV) and the baseline APV. 

Hyperemicc microvascular resistance (MRv) was determined as the ratio of mean 

aorticc pressure (being considered similar to mean distal coronary pressure, since 

noo significant epicardial was present) to hyperemic APV 

StatisticalStatistical analysis 

Statisticall  analysis was performed using SPSS version 11.0.1 for Windows. 

Continuouss variables were expressed as mean  standard deviation. An indepen-

dentt t-test was performed for determination of clinical factors influencing the 

valuee of CFR All relevant clinical and hemodynamic variables were entered in a 

univariatee linear regression analysis to determine predictors of CFR. Contributing 

factorss were subsequently entered into a multivariate linear regression analysis 

too identify independent predictors. For all tests, a p-value <0.05 was considered 

statisticallyy significant. 

Result s s 
PatientPatient population 

Thee patients included in this study have been described previously1'11 

TableTable 1 shows the baseline characteristics of the evaluated study population. 

Tablee 1 

BaselineBaseline Characteristics of the 514 Study Patients 

Age,years  SD 59  11 

Menn 380 (74) 

Systemicc hypertension 189 (37) 

Cigarettee smoking 235 (46) 

Totall cholesterol > 6.5 mmol /L 237 (46) 

Diabetess mel l i tus 57 (n) 

Previouss myocardial infarct ion 167 (32) 

Familyy history 225 (44) 

Unstablee angina pectoris 140 (27) 

Medicat ion n 

Aspir in n 

ft-blocker ft-blocker 

Stat in n 

Calciumm antagonist 

4622 (90) 

3655 (7i) 

1777 (34) 

2711 (53) 

ContinuesContinues next page >> 
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Nitrate e 

Meann arter ia l pressure, mm Hg 

Heartt rate, beats/min 

3355 (65) 

944 M 

699  11 

DataData are mean  SD or number of patients 

Tablee 2 

DopplerDoppler Parameters in Patient Subgroups of All Patients (n = 514) 

Age e 

Gender r 

Hypertension n 

Smoking g 

Cholestero l l 

Diabetes s 

Ml l 

Apir in n 

fs-blocker r 

Statin n 

Calciumm antagon 

Nitrate e 

Meann arter ia l 

pressure e 

Heartt rate 

>599 years (n = 2 

<599 years (n = 2 

Femalee (n = 134 

Malee (n = 380) 

Yess (n = 191) 

N o ( nn = 323) 

Yess (n = 235) 

Noo (n = 279) 

>6.55 mmol /L (n 

<6.55 mmol /L (n 

Yess (n = 57) 

Noo (n = 457) 

Yess (n = 167) 

Noo (n = 347) 

Yess (n = 462) 

Noo (n = 52) 

Yess (n = 365) 

Noo (n=i49) 

Yess (n = 177) 

Noo (n = 337) 

istt Yes (n = 271) 

Noo (n = 243) 

Yess (n = 335) 

Noo (n = 179) 

>944 mm Hg (n 

<944 m m Hg (n 

>6gg beats/min 

<6gg beats/min 

60) ) 

54) ) 

) ) 

== 237) 

== 277) 

== 242) 

== 272) 

(n=242) ) 

nn = 272 

188 ' 

188  7* 

199  8* 

177 + 7* 

200  8 ' 

177 * 

188 * 

188 * 

188 * 

188 * 

211  9* 

188 * 

188  9* 

188 * 

188 * 

188  9* 

188 * 

199  8* 

199 * 

188  7* 

188  7* 

188 * 

188 * 

188 * 

199 * 

177 * 

200  8* 

188 * 

477  17* 

511 * 

499  16* 

488  19* 

511 * 

477  18* 

500 * 

488  17* 

499  18* 

499  18* 

522  17* 

488  19* 

499 * 

488  17* 

499  18* 

466  20* 

499  18* 

499 * 

511  17* 

488  18* 

499  18* 

488  18* 

499  18* 

499  18* 

511  18* 

477  18* 

499  18* 

500  18* 

2.822  0.81* 

2.944  0.65* 

2.788  0.72* 

2.922  0.74* 

2.822  0.80* 

2.922  0.70* 

2.899  0.74* 

2.877  0.74* 

2.822  0.72* 

2-933  0.74* 

2.766  0.69* 

2.899  0.74* 

2.933  0.69* 

2.866  0.76* 

2.900  0.73* 

2.711  0.74* 

2.900  0.74* 

2.844  0.72* 

2.966  0.70* 

2.844  0.75* 

2.866  0.71* 

2.900  0.76* 

2.899  0.75* 

2.844  0.71* 

2.844  0.75* 

2922  0.73' 

2-799  0.77* 

2.966  0.70" 

Dataa are mean  SD; 'p < 0.05 compared to measurement in other subgroup. b-APV indicates baseline 

averageaverage peak flow velocity: h-APV, hyperemic average peak flow velocity; CFR, coronary flow reserve. 
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ClinicalClinical parameters influencing hemodynamics 

Thee potential influence on the value of CFR of the baseline clinical parameters 

wass evaluated using an independent T-test. Of these variables, female gender, 

diabetess and high systemic blood pressure appeared to influence the value of 

baselinee APV positively, as depicted in Table 2. Also, there was a trend towards a 

higherr hyperemic blood flow velocity in female and diabetic patients, while hype-

remicc APV was statistically significant higher in patients with hypertension, com-

paredd to non-hypertensive patients (p = 0.01). As a result, CFR was not signifi-

cantlyy different in female patients or patients with and without diabetes or 

hypertension.. Furthermore, patients with diabetes mellitus showed a trend 

towardss a lower MRv (1.96  0.85 mm Hg/cm/s compared to 2.20  1.04 mm 

Hg/cm/ss in non diabetics; p = 0.09). No statistical difference in MRv was present 

betweenn the patients with and without hypertension (2.14  0.87 mm Hg/cm/s 

versuss 2.22  1.23 mm Hg/cm/s; p = 0.45). In the subpopulation of patients with 

bothh diabetes and hypertension (n = 29) no additional effects on hemodynamic 

parameterss were observed. These patients also exhibited an increased baseline 

bloodd flow velocity (20  9 cm/s versus 17  7 cm/s; p = 0.04), but did not differ 

fromm patients without diabetes and hypertension (n = 296) regarding hyperemic 

bloodd flow velocity (50  17 cm/s versus 47  18 cm/s), CFR (2.82  0.64 versus 

2.922  0.63) or MRv (2.18  0.88 mm Hg/cm/s versus 2.24  1.00 mm Hg/cm/s; p 

== NS).Of all clinical parameters, only the use of b-blockers appeared to (negative-

ly)) influence the value of heart rate (67  11 compared to 71 3 in patients wit-

houtt b-blockers; p < 0.01). 

UnivariateUnivariate and multivariate analysis of parameters influencing CFR 

Thee variables that were predictive for CFR after univariate and subsequent multi-

variatee analysis are depicted in Table 3. Only age and heart rate remained as inde-

pendentt predictors of CFR, although value of the slope was not high. The varia-

bless that did not reach statistical significance after univariate analysis, such as 

hypertension,, diabetes, previous myocardial infarction, medication (b-blocker, 

nitrate,, calcium-antagonist), unstable anginal complaints, smoking and MRv are 

nott shown at the left panel of Table 3. The correlation between heart rate or age 

andd baseline average peak flow velocity, hyperemic average peak flow velocity 

andd CFR is shown in Figure 1 and 2. There appeared to be an (inverse) correlation 

betweenn age or heart rate and CFR, although both correlations were weak (Figure 2). 
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INFLUENCINGG PARAMETERS ON CORONARY FLOW RESERVE 

Tablee 3 

HemodynamicHemodynamic and clinical predictors of coronary flow reserve in angiographically normal 

coronarycoronary arteries (n = 514) 

Femalee gender 

Hypercholesterolemia a 

Aspir inn use 

Stat inn use 

Meann arter ia l 

pressuree (mm Hg) 

Agee (years) 

Heartt rate (beats/min) 

Univariat ee analysi s 

Slop ee 95% CI 

-0,132 2 

-0.116 6 

0.172 2 

0.126 6 

-0.005 5 

-0 .006 6 

-0 .008 8 

-0.2777 to 0.013 

-0.2444 to 0.011 

-0.0177 t o 0.361 

-0.0077 to 0.260 

-0 .0099 to 0 .000 

-0.0122 t o 0 .000 

-0.0133 t o -0.002 

pp Valu e 

0.074 4 

0.079 9 

0.093 3 

0.064 4 

0.039 9 

0.064 4 

0.008 8 

Multivariat ee analysi s 

Slop ee 95% CI 

-0 .0066 -0.012 t o - o . o o i 

-0 .0088 -0.014 t o - 0 . 0 0 2 

pp Valu e 

0.041 1 

0.005 5 

Intercept t 3.800 3.25 to 4.35 

CICI indicates confidence interval. 

Agee (years) 

Agee (years) 

b b 

~-~-> > 
F F 

120 0 

11XI I 

80 0 

«1 1 

 , .— 

Heartt rate 
(beats/mm) ) 

Figuree 1 

CorrelationCorrelation between age and baseline average peak flow velocity (panel A; R = 0,069; p=NS), 

heartheart rate and baseline average peak flow velocity (panel B; R = 0,009; p = NS), age and hyperemic 

averageaverage peak flow velocity (panel C; R = 0,115; p = 0.02) and heart rate and hyperemic average 

peakpeak flow velocity (panel D; R2 = 0,020; p = 0.69). 
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Figuree 2 

InverseInverse correlation between age and CFR (panel A; R = 0,082; p = 0.06) and heart rate and CFR 

(panel(panel B; R = 0,118; p<0.01). 

Discussion n 
Thiss post hoc analysis from a large group of patients from two multi-center stu-

diess shows that the value of CFR in angiographical normal arteries is influenced 

byy age and heart rate. Female gender, diabetes and high blood pressure were 

associatedd with an enhanced baseline APV. However, this coincided with an 

enhancedd hyperemic blood flow, resulting in a mildly reduced to normal CFR. 

Clinicall  factors influencing Doppler flow parameters. Our study showed that age, 

femalee gender, hypercholesterolemia, aspirin and statin use, heart rate and mean 

arteriall  pressure influenced the value of CFR after univariate regression analysis. 

However,, only age was an independent clinical predictor of CFR after multivaria-

tee analysis. This suggests that the other clinical parameters did not markedly inf-

luencee CFR in this cohort of patients. The influence of age on CFR has been dis-

cussedd previously.9'12'13 In our study the impaired CFR in older patients was due 

too a reduced hyperemic response that contrasts with the afore-mentioned pre-

viouss reports.9'13 They showed that the age-related reduction of CFR was prima-

ril yy due to an enhanced blood flow (and increased cardiac work load) at rest, rat-

herr than to reduced hyperemic flow. Our study shows that a correlation between 

agee and baseline blood flow is absent, while the (inverse) correlation between 
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hyperemicc response and age is significant (although this correlation was weak). 

Inn the studies of Uren and Czernin, myocardial blood flow reserve was assessed 

usingg positron emission tomography (PET) in contrast to the flow velocity based 

CFRR in our study. Moreover, various differences in patient selection (i.e. healthy, 

youngg volonteers without prior cardiac events) may explain the dissimilar outco-

mee of the studies. Gender and hypercholesterolemia have been identified to influ-

encee the value of myocardial flow reserve previously.13"16 Other clinical parame-

terss that have been described to influence CFR are hypertrophic cardiomyopathy 

andd smoking.10-17-18 Also, it has been shown that the use of Beta-blockers increa-

sess CFR, most likely due to a reduction in vascular resistance.19 To correct for 

somee of these confounding factors, Wieneke et al developed the concept of cor-

rectedd coronary flow reserve.12 The presence of diabetes was associated with an 

increasedd baseline blood flow velocity in our study population, in conjunction 

withh a trend towards an increased hyperemic response. This enhanced baseline 

bloodd flow velocity in patients with diabetes was also reported by previous stu-

diess and may be due to abnormalities of myocardial metabolism.20" 22 However, it 

hass also been stated that this impaired CFR is related to a reduced coronary hype-

remicc response in diabetics, secondary to an endothelial metabolic dysfunction or 

structurall  anatomical changes of the microcirculatory vasculature.23" 25 Besides a 

reducedd CFR in diabetics, CFR has also been described to be lower in patients 

withh hypertension.26'27 In our patient population, hypertensive patients appe-

aredd to have an increased baseline flow velocity. Hoffman postulated that an 

increasedd baseline flow in patients with hypertension is due to an increased myo-

cardiall  oxygen demand.28 However, hypertension did not have an effect on the 

valuee of CFR in the present study, similar to the effects seen in diabetic patients. 

Thiss may be explained by a simultaneous increase of maximal hyperemic flow 

thatt is proportionally with the increase of basal flow and as a result, CFR wil l be 

normal.28 8 

HemodynamicHemodynamic factors influencing CFR 

Thee groups of Kern and Baumgart already identified a wide range of reference 

CFRR values (1.9-4.5 and 1.7-4.7, respectively), which was assessed in angiographi-

call  normal arteries in patients without coronary artery disease.14-29 In trans-

plantt recipients, CFR even varied between 1.6 and 6.9. It has been shown that 

heterogeneityy of flow reserve exists between patients and also across the diffe-

rentt perfusion territories.30 Recently, our group has showed a similar heteroge-

neityy for CFR values in patients with intermediate coronary narrowings.31 

Furthermore,, several hemodynamic parameters have been shown to influence 

CFRR in the absence of an epicardial obstruction. The present study revealed that 

ann increased heart rate is associated with a low CFR. In an experimental setting 

i tt was already shown that heart rate influences the value of CFR.32 The decrease 

inn CFR due to an increase in heart rate has been shown in small patient popula-
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t ions.7 , 333 It was shown that CFR was reduced by 10% at heart rate intervals of 15 

beats/min.. An increase in heart rate causes an increase in resting blood flow 

secondaryy to an increased oxygen demand, while the hyperemic response may be 

reduced,, due to a shortened diastolic perfusion time. However, a reduced hypere-

micc response is usually only shown at vary rapid heart rates.7 

CFRCFR for clinical decision-making 

Accordingg to the results of the present study, age and heart rate should be taken 

intoo account for the interpretation of CFR measurements in the cardiac catheteri-

zationn laboratory. However, the relation between age or heart rate and CFR was 

weak.. Also, an enhanced baseline APV can be expected in female patients, in 

patientss with diabetes and patients with a high systemic blood pressure, alt-

houghh an simultaneous increased hyperemic blood flow velocity causes CFR to be 

nott statistically different. These results suggest that CFR measurements during 

cardiacc catheterization are not markedly influenced by clinical and hemodynamic 

variabless in patients with one- and two-vessel disease selected for elective angio-

plasty. . 

Limitations s 
Thiss study concerns a post-hoc analysis of two multi-center studies.1-11 Inclusion 

criteriaa were not fully uniform, although both studies contained patient with 

one-- and two-vessel disease. Furthermore, no echocardiography was performed 

forr the evaluation of the presence of left ventricular hypertrophy, which has been 

shownn to influence the value of CFR.10 Also, the potential influence of medica-

tionn use cannot be excluded in this post hoc analysis. The flow measurements 

weree performed in vessels without angiographically evident stenoses. However, 

sincee these patients suffer from long-standing atherosclerotic disease, these ves-

selss most likely contain plaques that cannot be appreciated angiographically. 

However,, no intravascular ultrasound evaluation or pullback fractional flow 

reservee measurement of the arteries was performed to exclude this potential con-

foundingg factor.34 Finally, the results were obtained in a selection of patients 

withh 1- or 2-vessel disease, precluding a direct extrapolation of the results of this 

studyy to patients with coronary artery disease in general. 
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