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CHAPTER 11 

ABSTRACT 

Background 

Patient management with the use oi myocardial fractional flow reserve (FFR) and coronary 

blood flow velocity reserve ' < l \ 'R) can be performed safely. The purpose oi this study was to 

evaluate deferral of PTCA of intermediate coronary lesions using FFR, CFVR and the hyper-

emic stenosis resistance index (h-SRv). 

Methods and Results 

PT( ',.\ was deferred in 151 patients with 162 intermediate coronary lesions ( mean diameter ste

nosis: 53 1 9%). Coronar) pressure and flow velocity was measured at baseline and during 

maximum hyperemia, induced by IC adenosine, to determine FFR, CFVR and h-SRv, which 

was defined as the ratio of mean stenosis pressure gradient to average peak flow velocity during 

maximum hyperemia. Eighteen (11.1%) major adverse cardiac events (MACE; 0 deaths, 5 

myocardial infarctions, 2 CABGs and 11 I' I ( \s occurred during a mean follow up ol 326 ! 

82 days. MACE was significantly lower in patients with lesions with a FFR > 0.75 (8% vs. 23%, 

p = 0.02), a CFVR > 2.0 (8% vs. 27%, p = 0.003) and a h-SRv < 0.80 ( 7% vs. 44%, /> 0.0002) 

compared with al FFR < 0.75, CFVR < 2.0 and h-SRv > 0.80, respectively. A significantly hig

her MACE rate was observed when discordant results between FFR and CFVR were obtained 

compared to a FFR > 0.75 and ( : i \ 'R > 2.0 124% vs. 5%, p < 0.001). 

Conclusion 

FFR, CFVR ami the hyperemic stenosis resistance index are all suitable invasive parameters for 

patient management in intermediate coronary lesions. Discordant results between FFR and 

CFVR were documented in 28% of the patients that underscores the need lor combined mea

surements, as these patients may benefit from coronary revascularization, as deferral of PT< A 

is associated with a high (25%) MACE rate. 
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FFR, CFVR AND H-SRV FOR CLINICAL DECISION M A K I N G 

INTRODUCTION 

Objective evidence of myocardial ischemia should be a prerequisite for performance of percu-

teneous coronary interventions. [1] Adequate patient selection for percutaneous transluminal 

coronary angioplasty (PTCA) could reduce the number of complications ol PTCA such as 

myocardial damage, sub acute thrombosis and late restenosis. [2] Furthermore, the presence ol 

multi vessel coronary artery disease accompanied by the presence of coronary lesions of inter

mediate severity, i.e. 40-70 % diameter stenosis, may hamper selection of artery of treatment. 

Several intracoronary physiological parameters have been used for discrimination of functio

nal coronary lesion severity during cardiac catheterization. [1, 3-7] Ol these parameters, myo

cardial fractional flow reserve (FFR) and coronary blood flow velocity reserve (CFVR) have 

established their value in numerous studies. [8] Deferral of PTCA when FFR is normal (a 0.75) 

or CFVR is normal (> 2.0) can be performed safely. [9-14] However, we have observed in 27% 

of the coronary lesions discordant results between FFR and (TAR at aforementioned cut off 

values. (15] Preliminary data show an improvement of assessment of lesion severity using ste

nosis resistance index (h-SRv), a parameter based on a combination of both intracoronary 

pressure ami flow velocity, particularly in lesions with discordant results between FFR and 

CFVR. 116] However, the prognostic value of this parameter for prediction of cardiac events 

after deferral of PTCA is unknown. The purpose of this study was to compare between the 

prognostic value for h-SRv, FFR and CFVR after deferral of PTCA of intermediate coronary 

lesions. 

METHODS 

Study Patients 

The present study comprises 131 consecutive patients with stable (Canadian Cardiovascular 

Society ("lass 1-3) [17] or unstable angina (Braunwald class I-II) [18] with 162 intermediate 

coronary lesions, i.e. 40-70% diameter stenosis (PS) by visual estimation, in whom both intra

coronary pressure and flow velocity were assessed. The general policy in our center was to per

form a PTCA in patients with coronary lesions characterized by both a FFR < 0.73 ami a CFVR 

< 2.0, unless it was not considered mandator}- tor clinical reasons. Patients were deferred from 

PT( A in case of a FFR a 0.75 and/or a ('1 A'R > 2.0. Patients were excluded when, [ 1 ] two or 

more serial stenosis in one coronary artery, [2] significant left main coronary artery stenosis, 

[3] atrial fibrillation, [4| recent myocardial infarction (< 6 weeks) and [5] visible collateral 

development were present. Part of this patient group was described earlier. [14| The 

Institutional Fthics Committee approved the study protocol. All patients gave written informed 

consent. 
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CHAPTER 11 

Cardiac Catheterization 

Cardiac catheterization was performed by routine and by percutaneous femoral approach in all 

patients. All orally medication was continued and all patients received a bolus of 5000 IU hepa

rin intravenously at the beginning of the procedure. Additional heparin was given if the pro

cedure lasted more than 60 minutes. Nitroglycerin (0.1 mg intracoronary) was administered 

before coronary angiography and every 30 minutes throughout the procedure. 

Quanti tat ive Coronary Angiography 

Quantitative analysis of the angiographic severity of all coronary lesions was performed using 

a validated automated contour detection algorithm (QCA-CMS version 3.32, Ml PIS, Leiden, 

The Netherlands). Percent diameter stenosis (DS), reference diameter and minimal lumen dia

meter I MID) were assessed using guiding catheter as scaling device. [19] End-diastolic cine 

frames from two or more views were analyzed per lesion and the most severe one in percent 

stenosis was used. 

Intracoronary Pressure and Flow Velocity Measurements 

During the procedure, mean aortic pressure (Pa) was measured continuously via the guiding 

catheter. Intracoronary pressure distal to the intermediate lesion was measured with a 0.014-in 

pressure-monitoring guide wire {JOMED, Rancho Cordova, CA, USA or RADI Medical Systems, 

I 'ppsala, Sweden) at baseline and during maximum hyperemia, which was induced by a bolus 

(15-60 ug) of intracoronary adenosine. Measurements were repeated two to three times and 

the means was used for further calculations. FFR was calculated as the ratio of mean distal 

pressure (h-Pd) by mean aortic pressure (li-l'a) during maximum hyperemia. Direct after the 

intracoronary pressure measurements, the pressure wire was exchanged by a Doppler-tipped 

guide wire (JOMED, Rancho Cordova, CA). The Doppler sensor was manipulated until an opti

mal and stable blood flow velocity signal was obtained distal to the lesion. [20] CFVR was cal

culated as the ratio of hyperemic to baseline average peak flow velocity (APV). A velocity-based 

index of coronary stenosis resistance (h-SRv) was calculated as the ratio of mean stenosis pies 

sure gradient (DP) to APV obtained during hyperemia and a velocity-based index of the 

resistance of the microcirculation (h-MRv) was calculated as the ratio of h-Pd to APV obtai

ned during hyperemia. 

Follow Up and Major Adverse Coronary Events 

Follow up was performed at 3, 6 and 12 months by clinical visit for documentation of major 

adverse coronary events (MACF.) related to the deferred intermediate coronary lesion. MACE 

was defined as cardiac death, myocardial infarction (Ml), and revascularization of the inter

mediate lesion (coronary artery bypass grafting; CABG or PTCA). Patients with remaining or 

recurrent anginal symptoms requiring revascularization were all referred to our hospital. 
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FFR, CFVR AND H-SRV FOR CLINICAL DECISION MAKING 

Statistical Analysis 

Continuous variables were expressed as mean ± SL) and compared using an unpaired Student's 

t-test (SPSS for Windows, vs. 11.0, Arlington, VA). A Mann-Whitney test was used for not nor

mally distributed continuous data. A Chi square test was performed for categorical data. We 

used the clinically applied cut-off values of 0.75 for FFR, 2.0 for CFVR and 0.80 for h-SRv, res 

pectively [8,16] for comparison of groups with and without MACE. To identify prognostic 

parameters for MACE, univariate analysis was performed using all clinical, angiographic and 

hemodynamic variables. Continuous variables were dichotomized on their median. Stepwise 

forward logistic regression analysis was performed to identify independent predictors for 

MACE. Analysis was performed with F values for inclusion and elimination set at 0.10 and 

0.20. Values of p < 0.05 were considered statistically significant. 

RESULTS 

In 102 patients with 109 coronary lesions FFR was a 0.75 and CFVR was a 2.0, in 21 patients 

with 22 lesions FFR was a 0.75 and CFVR < 2.0 and 20 patients with 23 lesions FFR was < 0.75 

and CFVR a 2.0. In addition, in eight patients with eight coronary lesions in whom a PTCA 

was not performed for clinical reasons, FFR was < 0.75 and CFVR was < 2.0. 

Baseline Characteristics 

Baseline clinical characteristics of all study patients are shown in Table 1. Mean age of the 151 

patients was 61.2 ± 10.8 years. Intermediate lesions were located in the left anterior descending 

coronar) artery (n = 83; 51%), the left circumflex coronary artery (n = 39; 24%) and the right 

coronary artery (n = 40, 25%). Mean DS of the 162 intermediate coronary lesions was 53 ± 9% 

(range: 35-74%). 
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Table i Baseline Clinical Characteristics of All Study Patients 

Male sex 107 (71%) 

CCS class i angina 11 (7%) 

CCS class 2 angina 36 (24%) 

CCS class 3 angina 79 (52%) 

Braunwald class l-ll angina 25 (17%) 

Hypertension 59 (39%) 

Hyperlipidemia 89 (59%) 

Family history 77 (51%) 

Current cigarette smoking 46 (30%) 

Diabetes mellitus 25 (17%) 

Prior myocardial infarction 62 (41%) 

Prior PTCA 30 (20%) 

Nitrates 109 (72%) 

Beta blockers 119 (79%) 

Calcium antagonists 95 (63%) 

Aspirin 146 (97%) 

Statins 85 (56%) 

ACE inhibitors 28 (19%) 

Single vessel disease 33 (22%) 

Values are N (%). MACE indicates major adverse cardiac events, CCS; Canadian Cardiovascular 

Society classification of angina. 

Major Adverse Coronary Events 

Eighteen (11.1 %) major adverse cardiac events (0 deaths, 3 myocardial infarctions, 2 CAB< is 

and 11 PTCAs) related to the intermediate lesion occurred during a mean follow up of 326 ± 

82 (range: 7-363) (.laws. All events are lisl in Table 2. Mean percentage diameter stenosis incre

ased significantly in patients with MACE (33 ± 10% at baseline vs. 73 ' 19% at follow up, 

p - 0.001) during one-year follow up. However, baseline DS was not different between the 

groups with and without MACE (33 ± 10% vs. 52 ± 8%). Univariate analysis showed that a 

positive cardiac family history, hypertension, use of ACE inhibitors, multivessel coronary arte

ry disease, right coronary artery, CFVR of 2.0, FFR of 0.73, h-SRv of 0.80 .md h MRV of 2.0 

were significant (/> < 0.1) predictors for MACE. The multivariate model is shown in Table 3, 

which revealed that the h-SRY was the strongest independent predictor for MA< 1 . MACE was 

significantly lower in patients with lesions with a normal FFR (8% vs. 23"t>. /> 0.02), normal 

CFVR (8% vs. 27%, />= 0.003) and normal h-SRv (7% vs. 44%, p = 0.0002) compared with an 

abnormal FFR, CFVR and h-SRv, respectively. MACE rate was the lowest when all FFR, CFVR 
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0% 

FFR <0.70 0.70-0.75 0.75-0.85 > 0.85 
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0% 

CFVR <1-7 1-7-2.0 2.0-2.5 > 2.5 
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0% 

h-SRV <0.40 0.40-0.80 0.80-0.90 >0.90 

Figure i The distribution of MACE is separated in quartiles, below and beyond the cut-off values used for FFR (o.js) 

ind CFVR. There was a 

and h-SRV were normal (3.8%). In contrast, a significantly higher MACK rate was observed 

when discordant results between FFR and CFVR were obtained compared to a normal FFR and 

CFVR (24% vs. 5%, p < 0.001, relative risk (RR): 5.3, 95% confidence interval (CI): 1.96-

14.46). In this group with discordant results a normal h-SRv was associated with a lower, 

although not significant, MACK rate than an abnormal h-SRV (18% vs. 42%, p = 0.2, RR: 2.3, 

95% CI: 0.86-6.14). MACK incidence gradually increased with decreasing FFR and CFVR, 

while there was a marked change in MACK incidence at the threshold value of 0.80 for the 

h-SRv [Figure 1]. 

I— RR = 5.7 

r— RR = 7.5 1 I 
44.4% 44.4% 
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DISCUSSION 

I his is the first report regarding the follow-up of patients with intermediate lesions in whom 

PICA was deferred based upon combined intracoronary pressure and flow velocity measure

ments. Deferral of PTCA is associated with a low MACE rate (8%) if FFR ;> 0.75, or CFVR > 

2.0 or h-SRv < 0.80. Furthermore, MA( I rate is even lower (3.8%) when all three hemodyna

mic parameters were indicative for a non-significant lesion. Discordant results between FFR 

and ( I \ R were documented in 28% of the patients that underscores the need for combined 

measurements, as these patients may benefit from coronary revascularization, as deferral of 

PTCA is associated with a high (25%) MAC 'F rate. There was a positive association between the 

incidence of MAC 1 and FFR, CFVR and h-SRv, with a clear cut-off value of 0.80 for h-SRv. 

Multivariate analysis identified h-SRv as the strongest predictor for major adverse coronary 

events during one year follow up. 

Table 2 Summery of All Major Adverse Coronary Events Related to the Deferred Intermediate Coronary Lesion. 

Patient 

i 

2 

-; 
4 

5 

6 

7 

8 

9 

i o 

i i 

12 

13 

14 

15 

16 

17 

18 

Baseline 

Sex 

Male 

Male 

Male 

Male 

Male 

Male 

Female 

Male 

Female 

Female 

Male 

Male 

Male 

Male 

Male 

Male 

Male 

Female 

Coronary 

Artery 

LAD 

LCx 

RCA 

LAD 

LCx 

LAD 

LCx 

LAD 

LCx 

RCA 

LAD 

RCA 

RCA 

LAD 

LAD 

RCA 

RCA 

RCA 

FFR 

(< 0.75) 

Yes 

Yes 

No 

Yes 

No 

No 

No 

No 

No 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

CFVR 

(< 2.0) 

Yes 

No 

No 

No 

Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

No 

No 

Yes 

No 

No 

No 

Yes 

h-SRv 

(> 0.80) 

Yes 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

Yes 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

No 
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Prognostic Value of FFR, CFVR and h-SRv for Clinical Decision M a k i n g 

Deferral of PTCA for intermediate coronary lesions that were hemodynamically not significant 

is associated with a low (7-14%) cardiovascular event rate. [9-13] In the present study, patients 

with intermediate lesions were evaluated using both FFR and CFVR, showing a similar event 

rate as in previous reports. These results confirm the usefulness of the FFR and CFVR for cli

nical decision-making. Moreover, this study demonstrates a similar low event rate after defer

ral of PTCA based on a normal h-SRv. 

A gradually increase in MACE incidence was noted with decreasing FFR and CFVR. The lower 

the value of FFR and CFVR the higher the event rate [Figure 1 J. However, the h-SRv exhibits a 

distinct cut-off value of 0.80 for clinical decision-making. In addition, by multivariate analysis, 

the h-SRv was the strongest independent predictor for MACF. during one-year follow-up. The 

diagnostic value of this new parameter (h-SRv) has currently been underlined in a direct com

parison with FFR and CFVR versus the results of myocardial perfusion scintigraphy. [16] The 

present study underlines the usefulness of the h-SRv for diagnostic purposes and as well as for 

Follow Up 

Interval Event 

(in months) 

Remarks 

9 

10 

12 

12 

PTCA Unstable angina, fol lowed by PTCA, CFVR < 2.0 

PTCA Unstable angina, fol lowed by PTCA 

AMI Acute Ml (non Q-wave) 

PTCA Residual angina, reversible ischemia on 5PECT, FFR < 0.75 

PTCA Disease progression, total occlusion 

PTCA Residual angina, CFVR < 2.0 

CABG Disease progression, CFVR < 2.0 

PTCA Disease progression, reversible ischemia on SPECT, CFVR < 2.0 

CABG Residual angina, reversible ischemia on SPECT, CFVR < 2.0 

PTCA Residual angina, CFVR <2.o 

PTCA Residual angina, reversible ischemia on SPECT, CFVR < 2.0 

PTCA Disease progression 

AMI Acute Ml (Q-wave), fol lowed by primary PTCA 

PTCA Disease progression, CFVR <2.o 

AMI Acute Ml (Q-wave), fol lowed by primary PTCA 

AMI Acute Ml (non Q-wave) 

AMI Acute Ml (non Q-wave) 

PTCA Unstable angina, followed by PTCA, CFVR < 2.0 
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patient management during cardiac catheterization. Furthermore, when all FFR, CFVR and h-

SRv were above the threshold for clinical decisionmaking an event rate of only 3.8% was 

observed. A significantly higher event rate occurred in patients with lesions show ing discordant 

results between FFR and CFVR. In both discordant groups with an abnormal FFR with a nor

mal CFVR and vice versa a MACE incidence of about 25% was documented. Recently, we have 

shown that discordance between FFR and ( FVR occurs in approximately 27% of the interme

diate coronarx lesions. 115] The recognized pitfalls in the evaluation of coronary lesion sever

ity, using a parameter based on either pressure or flow velocity, has led to the introduction of 

guide wires facilitating combined intracoronary pressure and flow (velocity) measurements. 

[21, 22] This is in particular relevant lor the recognition ol" patients with intermediate lesion 

with discordant results between FFR and CFVR. These patients may benefit from coronary 

revascularization, as deferral of coronary intervention is associated with a high event rale, as is 

demonstrated in the present study. 

Table 3 Multivariate Logistic Regression Model for Prediction of Major Adverse Cardiac Events 

Using the 151 Patients in Whom a PTCA of the Intermediate Lesion was Deferred (7 

Variable 

Positive cardiac family history 

Right coronary artery 

CFVR 

h-SRv 

Odds Ratio 

3.3 

6.1 

4.9 

21.9 

95% CI 

0.91 -12.26 

1.53 - 24.30 

1.44-16.91 

5.03 -95.36 

p-value 

0.070 

0.010 

0.011 

< 0.0001 

CI indicates confidence interval, CFVR; coronary flow velocity reserve, h-SRv; hyperemic stenosis 

resistance index. 

Study Limitations 

The major adverse coronary events were predominantly coronary revascularizations, in parti

cular PTCAs. The decision to perform PTCA during follow up was left to the operators dis

cretion based on clinical information, the results of myocardial perfusion scintigraphy, il per

formed, as well as the results of repeated intracoronarv physiological measurements [Table 2]. 

The number of major adverse cardiac events was relatively low I n 18) in a selected cohort of 

patients that limits extrapolation o\ the present findings to other patient categories, 

furthermore, relative low number of patients with discordant results | n 43, 28%) and the low 

incidence of \1 \< I may explain the failure to detect 

statistically significant differences between the predictive value of h-SRv and FFR or CFVR for 

the occurrence ol major adverse coronary events. 
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Clinical Implications 

Discordant results between FFR and CFVR are frequently encountered in patients with inter

mediate coronary lesions. Lesions characterized by discordant results between FFR and CFVR 

can only be distinguished when both pressure and flow (velocity) are measured. It is of clinical 

relevance to identify these patients, as deferral of PICA is associated with a worse clinical out

come as compared to patients with intermediate lesions with both FFR and CFVR above the 

clinical applied cut-oft value. The prognostics value of the hyperemic stenosis resistance index 

warrants further evaluation in prospective studies. 
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