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CHAPTER 7 

ABSTRACT 

Background 

There is limited information on the diagnostic accuraq of intracoronary derived parameters 

( I R, FFRand rCFR) in patients with multivessel disease. The aim of the study was to perform 

a direct comparison between the results of perfusion scintigraphy and intracoronary derived 

hemodynamic parameters (fractional flow reserve, FFR; absolute and relative coronary flow 

velocity reserve, CFR and rCFR respectively] in patients with two-vessel disease. 

Methods and Results 

Dipyridamole Tc-MIBl SPECT was performed in 127 patients. Presence of reversible perfu

sion detects in the region of interest was determined. Within 1 week, angiography was perfor

med; CFR, rCFR and FFR were determined in 161 coronary lesions following intracoronary 

administration ol adenosine. The predictive value for the presence of reversible perfusion 

defects on MIB1 SPEC! of CFR, rCFR and FFR was evaluated by the area under the curve of 

the receiver-operating-characteristic curves (AUC's). Mean percentage diameter stenosis was 

range 35-85%), as measured by quantitative coronary angiography. The AUC's for CFR 

(0.72 i 0.045), rCFR (0.73 ± 0.044) and FFR(0.77 ± 0.042) were not statistically significant dif

ferent. Agreement with the results ofMIBl SPECT was 75, 76 and 77%, respectively. 

Conclusions 

The diagnostic accuracy of three intracoronary derived hemodynamic parameters compared to 

the results of perfusion scintigraphy is similar in patients with two-vessel coronary arter\ dise

ase. I he agreement of these parameters with perfusion scintigraphy is lower than previously 

reported in single vessel disease. Discordant results were obtained in 23% of the cases that 

requires prospective evaluation for appropriate patient management. 
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INTRODUCTION 

Decisions regarding intracoronary interventions should he based on objective evidence of 

functional significance of coronary narrowings. Therefore, documentation of myocardial 

ischemia related to the culprit lesion is important for clinical decision making. Non-invasive 

diagnostic tests, such as perfusion scintigraphy, are widely applied for evaluation of coronary 

artery disease. However, perfusion scintigraphy has a limited capability in particular in multi-

vessel disease to assign the perfusion detect to a specific epicardial coronary narrowing, espe 

daily in the so called watershed regions. The introduction of guide wires, equipped with pres

sure or Doppler sensors, allows selective hemodynamic evaluation of coronary narrowings [ 1, 

2]. Validation studies of fractional flow reserve (FFR, based on intracoronary pressure measu

rements) and coronary flow velocity reserve (CFR, based on intracoronary Doppler flow mea

surements) demonstrated good agreement with the results o\ perfusion scintigraphy, both in 

severe and in intermediate narrowed coronary arteries [3-8]. These studies were performed 

predominantly in patients with single-vessel disease. It has been postulated that FFR is a more 

lesion specific parameter, whereas CFR is determined by the resistances of both the epicardial 

coronary narrowing and the distal microvascular bed [9, 10]. Consequently, it can be anticipa

ted that these intracoronary parameters may yield conflicting results. However, a direct com

parison of pressure and flow-derived indices lias only been performed in a small cohort of 

patients with single-vessel disease [ 111. The purpose of this study was to compare the predic

tive value of CFR, rCFR and FFR for detection of reversible delects as assessed by perfusion 

scintigraphy in a large cohort of patients with two-vessel disease. 

METHODS 

Study populat ion. 

Patients with two-vessel coronary artery disease and stable angina (class 1-3 according to the 

Canadian Cardiovascular Society; CCS) or unstable angina (Braunwalds classification I or II) 

were eligible for inclusion in this study. Furthermore, an angiographically normal reference 

vessel had to be available. A total of the 127 patients were prospectively studied and gave infor

med consent between April 1997 and October 1999. Exclusion criteria were: factors precluding 

dipyridamole infusion and/or assessment of intracoronary measurements (e.g. occlusions, 

coronary anatomy); factors influencing coronary hemodynamic parameters (left ventricular 

hypertrophy, severe valvular heart disease, cardiomyopathy, insulin dependent diabetes, Q-

wave myocardial infarction in the region of interest, previous coronary bypass grafting of the 

segment ot interest i. 
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Study protocol. 

All patients underwent dipyridamole myocardial perfusion scintigraphy within one week prior 

angiography, during which intracoronarv measurements were performed. Patients had two 

coronary narrowings, resulting in a total of 254 lesions; in 59 lesions (23%) intracoronarv mea

surements wore not performed based on the operator's interpretation (e.g. technically impos

sible; total coronary occlusions, lesion location etc.); in 34 severe lesions (13%) it was not pos

sible to measure both flow velocity and pressure. Thus, both flow velocity and pressure derived 

hemodynamic parameters were measured in 161 lesions. Angioplasty of the lesions was per 

formed if a reversible defect was present in the area o\ interest on M1B1 SPECT and, if availa

ble, the CFR was less than 2.0. 

The Medical Ethics Committee ol our institution approved this study protocol; all patients 

gave written informed consent. 

Myocardial perfusion scintigraphy. 

Single photon emission computed tomograph) (SP1 ( I was performed using technetium 

labeled methoxyisobutylisonitrile (MIBI), according to a two-day stress/rest protocol. 

Dipyridamole (0,56 mg/kg intravenously during 4 minutes) was used as hyperaemic agent. 

Anti-anginal medication was discontinued -18 hours before the stress MIBI Sl'l ( ' I . All patients 

fasted the day of the MIBI SPECT. Tc-MIBl (± 400 MBq) was injected 4 minutes after the 

onset of the administration of dipyridamole and the next day for the rest images. SPECT acqui

sition was performed using a three headed gamma-camera equipped with low energy high 

resolution collimators {Siemens, Hoffman Estate, Illinois), starting 1 hour following admi

nistration of MIBI. Acquisition was performed using a 360" non-circular orbit, a 64 x 64 matrix 

size, and an acquisition time of 60 frames of 45 seconds. Standard filtered back projection was 

performed without applying attenuation correction. Stress And rest tomographic images were 

displayed side by side in the short axis, horizontal long axis and vertical long axis reconstruc

tion panel. 

A panel of experienced nuclear medicine physicians, blinded to the angiographic data, evalua

ted the scintigraphic images. Stress anil rest images were semi-quantitatively scored as normal 

or abnormal. Perfusion defect severity was classified as dubious, mild, moderate or severe 

defect. Improvement at rest of more than one grade was considered to be a 'reversible' perfu

sion defect. Improvement of just one grade or no improvement was considered to be a 'persis 

tent' perfusion detect. The result was considered'positive' when a reversible defect was alloca

ted to the perfusion territory of the coronary artery of interest. Defects located in the anterior 

wall and septal region were allocated to the LAD; detects in the lateral wall to the LCX; and 

inferior defects to the RCA. Apical defects were considered to be located in the I.AD region 

unless the defect extended to the lateral (LCX) or inferior (RCA) wall. In the watershed regions 
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the extension of a defect to either anterior wall (I. AD), lateral wall (LCX) or inferior wall (RCA) 

was decisive for the allocation to the vascular bed of a coronary artery. 

Angiography. 

All patients were treated with aspirin ( 100 rng) prior to the procedure; heparin was given 

(5.000 IU) as an intravenous bolus at the beginning of the procedure. Coronary angiography, 

including the intracoronary hemodynamic measurements, was performed according to stan

dard procedure by percutaneous femoral approach, using a 6 french guiding catheter without 

sideholes. Coronary angiography was performed after the administration of an intracoronary 

bolus nitroglycerin (0.1 mg), in at least two different, preferably orthogonal, views displaying 

each index lesion with minimal foreshortening and no vessel overlap. Coronary lesion severity 

was measured by quantitative coronary angiography, using the CMS-QCA software version 

3.32 (Mil)lS, Leiden, Netherlands) as previously described [12]. Percentage diameter stenosis 

was assessed in two views; the most severe one was used in the analysis. 

Intracoronary measurements. 

At the time of performing the intracoronary measurements, the observer was not aware of the 

results of the M1BI SPECT. If possible, intracoronary flow velocity was measured distally to 

both lesions and also in an angiographically normal coronary artery. It was at the operators dis

cretion to exchange wires to obtain subsequent intracoronary pressure measurements distal to 

the lesion(s). An intracoronary bolus of 0.1 mg nitroglycerin was administered every 30 minu

tes. All measurements were performed at baseline and during hyperaemia. Hyperaemia was 

induced by administering an intracoronary bolus of adenosine (15 ug in the right coronar) 

artery and 20 ug in the left coronary artery). 

Translesional blood flow velocity was measured with a 0.014" Doppler guide wire ( FloWire", 

Endosonics, Rancho Cordova, CA). The FloWire was advanced distal to the stenosis, avoiding 

placement adjacent to side branches. A distance from the stenosis greater than 3 times the \ es-

sel diameter was maintained in order to avoid post-stenotic turbulent flow and to allow full 

development of a parabolic flow profile. Distal flow baseline and hyperaemic velocity data were 

obtained and the Doppler signals were processed by a real time spectral analyzer, using the 

Flowmap {Endosonics, Rancho Cordova, CA) [1]. CFR was computed as the ratio of hyperae-

mic/basal average peak blood flow velocity 113). CFK was also obtained in an angiographical

ly normal reference coronary artery. Relative CFR (rCFR) was defined as the ratio of CFR of 

the narrowed vessel and CFR of the reference coronary artery. 

Intracoronary pressure was measured with a 0.014" pressure guide wire, connected to the pres

sure console (RAPl Medical Systems, Uppsala, Sweden). After calibration with the pressure con

sole, the accuracy of the system was verified using the aortic pressure as measured through the 
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guiding catheter. The wire was advanced with the pressure sensor at least 3 cm distal to the 

lesion. During maximal hyperaemia, FFR was calculated as the ratio of the mean distal and the 

mean aortic pressure. 

Data analysis. 

Data analysis was performed using the sl 'Ss ID.0.3 software package for Windows i SPSS Inc. 

1999, Arlington, VA). As 34 of the 127 patients contributed 2 lesions which were measured with 

the hemodynamic parameters, within-patient effects could not he excluded beforehand. 

Therefore, we performed a subanalysis with the patient as unit of analysis. This analysis did not 

alter the results of our stud\ (data not shewn |. finis, we present the results of analysis on a per 

lesion basis. 

For the three intracoronary hemodynamic parameters (CFR, rCl R and FFR), the area under 

curve (AUC) was calculated using the receiver operating characteristic (ROC) curve in com

parison with the dichotomized results ofMIBI SPECT. A direct comparison between of the 

AU( s ot the 3 parameters was performed using the software package 'ROC Curve Analyzer' 

( written by R.M. Centor & /. Keightley). Accuracy was calculated for predefined anil widely used 

cut-oil values as determined in earlier studies in single vessel disease (Cl R 2.0, FFR 0.75 and 

rCFR 0.65) | 9 | and for the best cut-off value ' BCV ) of the current data set, defined as the hig

hest sum ol sensitivity and specificity. Furthermore, the kappa statistic was used to evaluate the 

cut-off values of the hemodynamic parameters versus the results o\ MIBI SPECT. Values are 

presented as mean ! standard deviation (SDI, unless indicated otherwise, linear regression 

analysis was used to compare CFR, rCFR and FFR. Continuous data were compared using the 

students-t-test; binomial data were compared using the / -test. A p-value of less than 0.03 was 

considered statistically significant. 

RESULTS 

Baseline characteristics ol the 127 studied patients were: 73% was male; the mean age was 61 

(range: 37-80). Patient had the following risk factors: 70% smoking; 33"<> hypertension; 58% 

hypercholesterolemia; 9% non-insulin dependent diabetes; and 54% positive cardiac family 

history. Most patients had moderate to severe anginal complaints (2% CCS 1; 18% CCS 2; 59% 

t ()S 3; 2 1 % Braunwald 1 or II I. Patienl used cardiac medication as follows: 79% beta blockers; 

58% calcium antagonists; 65% nitrates; 56% statins; 19% ACE inhibitors). Initial hemodyna

mic data are presented in table 1 of the in total 161 lesions studied. All patients underwent 

myocardial perfusion scintigraphy within 1 week before cardiac catheterization. In total, a 

reversible perfusion defect on MIBI SPECT was found in 52 (32%) of the 161 areas of interest. 
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The AUG (as measured by ROC analysis) was 0.72 for CFR, 0.73 for rCFR and 0.77 tor FFR, 

respectively. The direct comparison of the ROC analysis by AUC's of the hemodynamic para

meters did not significantly differ (CFR vs. FFR p = 0.14; CFR vs. rCFR p = 0.34; FFR vs. rCFR 

p = 0.25). In Table 2 the accuracy is presented for predefined cut-off values and BCV for the 

current data set. There were no significant differences in accuracy's, as illustrated by the 95% 

confidence intervals, and calculated by the difference between the accuracy of FFR versus CFR 

using the predefined cut-off values (75.2% versus 68.3%, p = 0.17). All kappa values indicated 

moderate (0.4-0.6) agreement at determined BCV' [Table 2]. Linear regression analysis of CFR 

versus FFR (y = 0.14x + 0.44; r = 0.59; p < 0.001), CFR versus rCFR (y = 0.24x + 0.27; r - 0.66; 

p < 0.001) en rCFR versus FFR (v 0.38x + 0.44; r = 0.59; p < 0.001) yielded similar results. 

Hemodynamic parameters (mean ± SD): 

Table i Angiographic and hemodynamic data of in total 161 coronary lesions (127 patients) 

Coronary lesions: RCA 51 (32%) 

LAD 76 (47%) 

LCX 34 (21%) 

DS in % (range) 57 (35-85) 

CFR 2.21 ± 0.76 

BAPV 17.1 ± 9.6 

PAPV 36.2 ± 17.6 

CFR reference vessel 2.88 ± 0.70 

BAPV 18.3 ± 6.9 

PAPV 51.0 ± 17.6 

rCFR 0.79 ± 0.27 

FFR 0.75 ± 0.18 

Pdistal 73.3 ± 18.0 

Paorta 97.1 ± 13.6 

BAPV indicates baseline average peak flow velocity; CFR, coronary flow velocity reserve; DS, diame

ter stenosis; FFR, fractional flow reserve; LAD, left anterior descending artery; LCX, left circumflex 

artery; P^istai, pressure distal to lesion during hyperemia; Paorta, aortic pressure during hyperemia; 

PAPV, peak APV; RCA, right coronary artery; SD, standard deviation. 
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Table 2 Accuracy's for CFR, rCFR and FFR versus the results of MIBI SPECT, calculated for predefined 

cut-off values and BCV (n = 161 lesions); the AUC's for CFR, rCFR and FFR (0.72, 0.73 and 0.77 respec

tively) did not significantly differ. 

Pre defined Accuracy 95% CI kappa BCV Accuracy 95% CI kappa 

cut-off 

value 

CFR 2.0 68.3%' 60.5-75.3 0.30 1.7 75.2%t 67.7-81.5 0.41 

rCFR 0.65 72.0%* 64.3-78.7 0.34 0.60 75.8%t 68.3-82.0 0.41 

FFR 0.75 75.2%' 67.6-81.5 0.45 0.74 77.0%t 69.6-83.1 0.49 

'and t: Differences were not statistically significant; BCV indicates best cut-off value; CFR, coronary 

flow velocity reserve; CI, confidence interval; FFR, fractional flow reserve; rCFR, relative CFR. 

DISCUSSION 

This is the first report of a direct comparison of between the results of MIBI SPECT and intra-

coronary hemodynamic parameters in a large cohort of patients (127) with two-vessel corona

ry artery disease. There were no significant differences in the predictive value of CFR, rCFR and 

FFR using receiver operator characteristic curves for reversible perfusion defects. 

Direct comparison of CFR, rCFR and FFR. 

CFR is determined by the integrity of both the epicardial conduit artery and the distal micro

vascular bed. rCFR is defined as the ratio between CFR of the target vessel and CFR of the angi 

©graphically normal reference coronary artery, thus theoretically focusing on the contribution 

of the epicardial narrowing by correcting for microcirculatory disturbances. This concept of 

rCFR was introduced by Gould and colleagues and validated in experimental and clinical stu

dies [13]. The concept of FFR was introduced by Pijls and De Bruyne and considered to be 

independent of hemodynamic and microcirculatory confounding factors [2, 6, 9] . 

It has been suggested that FFR and rCFR are more lesion specific parameters than CFR [8, 14, 

15]. However, in the present study (127 patients) we could not demonstrate a better correla

tion between rCFR and FFR (r = 0.59) compared to CFR and FFR (r = 0.59), suggesting that 

the aforementioned confounding factors influencing CFR are less pronounced than previous

ly presumed to be operative in patients with coronary artery disease. This interpretation also 

explains why the rCFR did not improve the diagnostic accuracy of the CFR, which is in contrast 

to the findings of Baumgart et al. in a small cohort of patients with single vessel disease [11]. 

A uniform CFR distribution is described in patients without coronary artery disease [16]. 

I lowcver, an apparently angiographically normal reference artery does not exclude presence of 
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atherosclerotic disease. This was shown in numerous studies using intravascular ultrasound, 

where multivessel disease (among other parameters) was an independent predictor of diffuse 

vessel wall abnormalities in angiographically normal reference segments [17]. Heterogeneity of 

the CFR in target and reference vessels within patients with multivessel coronary artery disea

se could also explain the failure of the rCFR in improving the relation of Doppler flow data 

with FFR in our cohort of patients. 

Table 3A CFR 

Author 

Joye et al. [4] 

Mil ler et al. [3] 

Deychack et al. [18] 

Tron et al. [19] 

Donohue et al. [20] 

He l le re ta l . [7] 

Schulman et al. [21] 

Danzi et al. [22] 

Verberne et al. [8] 

Abe et al. [23] 

Duffy et al. [24] 

El-Shafei et al. [25] 

Chamuleau et al. [26] 

Year 

1994 

1994 

1995 

1995 

1996 

1997 

1997 

1998 

1999 

2000 

2001 

2001 

2001 

No. of 

Patients 

30 

33 

17 

62 

50 

55 

35 

30 

37 

46 

28 

48 

127 

Cut-off 

Value 

2.0 

2.0 

1.8 

2.0 

2.0 

1.7 

2.0 

2.0 

1.9 

2.0 

2.0 

1.9 

1.7 

Noninvasive 

Stress Test 

SPECT 

SPECT 

SPECT 

SPECT 

SPECT 

SPECT 

DSE 

X-ECG 

SPECT 

SPECT 

DSE 

SPECT 

SPECT 

Total: 598 1.9 

Table 3B rCFR 

Author 

Verberne et al. [8] 

Duffy e t a l . [24] 

El-Shafei et al. [25] 

Chamuleau et al. [26] 

Year 

1999 

2001 

2001 

2001 

No. of 

Patients 

37 

28 

48 

127 

Cut-off 

Value 

0.65 

0.75 

0.75 

0.60 

Noninvasive 

Stress Test 

SPECT 

DSE 

SPECT 

SPECT 

Total: 240 0.66 
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Table 3CFFR 

Author Year No. of 

Patients 

Cut-off 

Value 

Noninvasive 

Stress Test 

Pijls et al. [2] 

DeBruyne et al. [5] 

Pijls et al. [6] 

Bartunek et al. [27] 

Abe et al. [23] 

Caymaz et al. [28] 

Fearon et al. [2g] 

DeBruyne et al. [30] 

Chamuleau et al. [26] 

Total: 

1995 

1995 

1996 

1997 

2000 

2000 

2000 

2001 

2001 

60 

60 

45 

37 

46 

40 

10 

57 

127 

482 

0.74 

0.66 

0.75 

0.68 

0.75 

0.75 

0.75 

0.78 

0.74 

0.73 

X-ECG 

X-ECG 

3-tests 

DSE 

SPECT 

5PECT 

SPECT 

SPECT 

SPECT 

CFR indicates coronary f low velocity reserve; FFR, fractional flow reserve; rCFR, relative CFR; SPECT, 

Single Photon Emission Computed Tomography; DSE, dobutamine stress echo; X-ECG, exercise elec

trocardiography; 3-tests, SPECT, DSE and X-ECG 

CFR, rCFR and FFR versus the results of perfusion scintigraphy. 

Pre\ ious validation studies using Doppler or pressure guidewires were predominantly perfor

med in patients with single vessel disease (see table 3), she-wing cut-off values of 1.7-2.0 for 

CFR 13,4,7,8, 18-26], 0.60-0.75 for rCFR [8,24-26]; and 0.66-0.78 tor FFR (2,3,6,23,26-30]. 

The results of this study show that cut-off values validated for single vessel are in accordance 

with the values obtained in two-vessel disease. The practical usefulness of the intracoronarv 

derived indices is reflected in the applicability in a general set of patients. Therefore, currently 

used cut-off values in clinical practice (CFR: 2.0; FFR: 0.75, rCFR: 0.63) [31 ] were compared to 

the ones found in the present study. This study supports the use of a cut-off value for FFR ol 

0.73 for clinical decision making in both single and two-vessel disease. Accordingly, a cut-ofi 

value of 0.65 can be used for the rCFR in clinical practice, lor CFR, a cut-off value of 2.0 is 

widely used for single vessel disease. However, the present study reports a best cut off value ol 

1.7 for two vessel disease. As shown in figure la, the sensitivity is equal for the range in the so-

called 'gray /one' 1.7-2.0 (approximately 56%). Furthermore, several studies have demonstra

ted a safe deferral of PT( '..\ at CFR values > 2.0 (32, 33]. These arguments are in favour of using 

a t ;FR cut-off value of 2.0 for clinical decision making. Therefore, we suggest a cut-off value ol 

2.0 for CFR in patients with single or two-vessel coronary artery disease. As shown in Table 2, 

no significant differences were observed in accuracy between CFR, FFR and rCFR using these 

predefined cut-off values. 
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Figure w-c Plots for CFR (a), rCFR (b) and FFR (c) of sensitivity and specificity, as calculated with ROC analysis for 

the 161 lesions. The BCV (best cut-off value), defined as the highest sum of sensitivity and specificity, is indicated. 
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The aforementioned studies showed a 80-90% agreement with the results of several non-inva

sive tests. Our results of patients with two-vessel disease showed a lower agreement [approxi

mately 75%, Table 2] using the BCV's. This may be related to the patient population, i.e. 

multivessel versus single vessel coronary artery disease. It is known that SPECT yields a lower 

sensitivity and specificity in patients with multivessel disease [34]. It is possible that the assign

ment of the reversible perfusion detect, as detected by MIB1 SPECT, to the perfusion territory 

of one of the three main coronary arteries (RCA, LAD and RCX was inappropriate, especial

ly in the so-called watershed regions. Knowledge of the anatomical distribution pattern of the 

coronary arteries is a prerequisite for appropriate allocation of the culprit coronary artery. 

However, in this study, the panel of nuclear medicine physicians and the interventional cardi

ologist were hlmded to angiographic data and the results of MIBI SPE( )T respectively, to ensu

re an objective comparison. Finally, hyperaemia was differently induced during scintigraphy 

(intravenously dipyridamole) and cardiac catheterization (intracoronary adenosine). Recently, 

similar diagnostic accuracy was reported for exercise stress testing, adenosine and dipyrida

mole in inducing maximal hyperaemia for myocardial perfusion scintigraphy [35]. 

Furthermore, a recent study showed no difference in hyperaemic response, as measured by 

intracoronary Doppler flow velocity, between adenosine and ATP (both intravenously and 

intracoronary administered) in comparison with papavarine [36]. These findings indicate that 

different agents for vasodilation and routes of administration were not a major drawback of 

the current study. 

Limitations. 

In this study, 161 of the 254 lesions present were evaluated with CFR, FFR and rCFR; so 

93 lesions were not measured with both intracoronary flow velocity and pressure. This was 

related to factors precluding assessment of intracoronary measurements (e.g. occlusions, coro-

nary anatomy, lesion location etc. I. As intracoronary How velocity and pressure have to be mea

sured with two different guidewires, it was at the operator's discretion to use both wires in a 

particular lesion. In general, the more severe lesions were not suitable for evaluation with both 

flow velocity and pressure measurements. Most lesions studied were of intermediate severity 

(mean QCA 57%; range 35-85%). However, clinical decision-making remains challenging in 

this cohort ot intermediate lesions and QCA is a poor predictor for the occurrence o( events 

[371. 

The detection of a reversible perfusion defect as detected by perfusion scintigraphy as well as 

the allocation of this defect to a coronary artery was performed by an experienced panel of 

nuclear medicine physicians. In this study, 100 (79%) of the 127 patients (with in total 254 

lesions) showed one or more reversible defects on scintigraphic images. As mentioned above, 

flow velocity and pressure measurements were performed in 161 of the in total 254 lesions. 

100 



FFR, CFVR A N D RCFR VS. SPECT 

QCA of these 161 lesions ranged from 35-85% diameter stenosis. Only 52 (32%) of the 161 

areas of interest were identified by the panel by allocation of the perfusion defect to the terri

tory of the culprit coronary vessel. This could explain the lower agreement found in the cur

rent study between the results of perfusion scintigraphy and the hemodynamic parameters. 

Clinical implications 

The value of intracoronary hemodynamic measurements is important for clinical decision

making, both during elective angiography in patients with coronary artery disease and in the 

setting of ad hoc PTCA. This study shows that CFR, rCFR and FFR are all three useful hemo

dynamic parameters for clinical decision-making during cardiac catheterization in patients 

with two-vessel coronary artery disease. The currently used cut-off values for clinical decision 

making in single vessel disease (CFR 2.0; FFR 0.75; and rCFR 0.65) can be applied in patients 

two-vessel disease. In our opinion, FFR is preferable from a practical point of view for clinical 

decision making in patients with coronary artery disease, as (1) the cut-off value of 0.74 found 

in the present study is close to the value (0.75) widely used in single vessel disease, and (2) FFR 

is easy to measure, in particular for inexperienced operators. However, the present study shows 

that ROC analysis did not reveal significant differences between FFR, CFR and rCFR. Long-

term follow-up is mandatory in these patients with discordant results between the invasive 

indices and the results of perfusion scintigraphy to establish which of these diagnostic methods 

has the highest clinical relevance from a prognostic point of view. 
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