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ABSTRACT T 

BACKGROUNDD Intracoronary derived pressure based fractional flow reserve (FFR) is of 

importancee for clinical decision making in patients with single vessel coronary artery disease 

(CAD). . 

OBJECTIVESS In the present study, we investigated the prognostic value of FFR in patients 

withh intermediate lesions in the presence of multivessel CAD. 

METHODSS We analyzed 107 patients with stable angina pectoris and an intermediate 

coronaryy narrowing in the presence of multivessel disease. AH patients underwent myocardial 

perfusionn scintigraphy and showed no perfusion defects in the region of the intermediate lesion. 

Att angiography, FFR was determined distal to the intermediate lesion. FFR was abnormal (i.e. 

<0.75)) in 15/107 (15%) lesions. Angioplasty of the intermediate lesion was deferred based on the 

absencee of a perfusion defect. Patients were followed for 1 year to document major cardiac 

eventss (death, myocardial infarction, coronary artery bypass grafting (CABG), percutaneous 

transluminall  coronary angioplasty (PTCA)), related to the intermediate lesion. 

RESULTSS At 1 year follow-up, a total of 12 (11%) events occurred in the whole group, 

relatedd to the intermediate lesion. The event rate was significantly higher if PTCA was deferred 

despitee a FFR <0.75 compared to the group with FFR >0.75 (4/15; 27% versus 8/92; 9%; 

p<0.041).. The relative risk of FFR for the prediction of cardiac events was 3.1 (95% CI: 1.1-8.9; 

p<0.05). . 

CONCLUSIONSS Deferral of PTCA of intermediate coronary narrowings is safe, based on a FFR 

>0.755 in this patient cohort, that coincides with previous reports in patients with single vessel 

CAD.. Furthermore, these results indicate that FFR is useful for clinical decision making and risk 

stratificationn in patients with multivessel CAD. 
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INTRODUCTION N 

Assessmentt of functional significance of coronary narrowings of intermediate severity is 

importantt for clinical decision making, particularly in patients with multivessel coronary artery 

diseasee (CAD). For this purpose, intracoronary derived hemodynamic parameters (Doppler flow 

velocityy or pressure) can be used during cardiac catheterization. The diagnostic accuracy of 

fractionall  flow reserve (FFR, based on pressure measurements; cut-off value 0.75) and coronary 

floww velocity reserve (CFVR, based on Doppler flow velocity pressure measurements; cut-off 

valuee 2.0) is similar compared to the results of myocardial perfusion scintigraphy. However, FFR 

iss considered preferable for clinical decision making in patients with CAD, because it is easy to 

measure.. FFR is defined as the ratio of die distal and the aortic pressure during maximum 

hyperemia.. Deferral of percutaneous transluminal coronary angioplasty (PTCA) based on FFR 

valuess above 0.75 has been demonstrated to be safe both in retrospective and prospective 

randomizedd studies, in particular in patients with single vessel CAD. On the contrary, it has not 

beenn demonstrated that deferral of PTCA despite of a FFR <0.75 results in a unacceptable high 

eventt rate. The present analysis investigates the prognostic value of intracoronary pressure 

derivedd FFR after deferral of PTCA of an intermediate lesion in patients with multivessel CAD. 

METHODS S 

PatientPatient selection 

Patientss with stable or unstable angina pectoris (class 1 -3 according to the Canadian 

Cardiovascularr Society or Braunwald's classification I or II) were eligible for participation. 

Coronaryy narrowing severity was expressed as percentage diameter stenosis. Patients with 

multivessell  CAD and one intermediate (defined as 40-70% diameter stenosis) were selected if no 

perfusionn defect (reversible or persistent) was present in the area of interest on single photon 

emissionn computed tomography (SPECT). Furthermore, all patients were referred for a PTCA 

proceduree of a severe narrowing in another coronary artery. Exclusion criteria were: patients with 

unstablee angina pectoris (according to Braunwald's classification III); factors precluding 

dipyridamolee infusion and/or assessment of intracoronary pressure; factors influencing coronary 

hemodynamicc parameters (e.g. left ventricular hypertrophy, insulin dependent diabetes, previous 

Q-wavee myocardial infarction, previous PTCA or coronary artery bypass grafting (CABG) of the 

segmentt of interest, significant left main coronary artery stenosis). The study was carried out at 

severall  institutions for interventional cardiology in the Netherlands. The protocol was approved 

byy the Institutional Review Board of the participating institutions; all patients gave written 

informedd consent. 
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StudyStudy design 

Al ll  patients underwent SPECT imaging for non-invasive assessment of functional severity of the 

intermediatee lesion. A PTCA of the severe lesion was scheduled within one week after SPECT. 

Coronaryy angiography was performed using the percutaneous femoral approach. During this 

procedure,, FFR measurements were performed distal to the intermediate lesion to determine its 

functionall  severity. A PTCA of the intermediate lesion was deferred because SPECT did not 

showw a defect in the perfusion area of this lesion. Thus, in this study FFR was measured for 

observationall  purposes. The cardiac catheterization procedure was completed by performing 

PTCAA of the severe lesion. Clinical follow-up was performed at 3, 6 and 12 months. In the event 

off  persistent or recurrent anginal complaints, SPECT imaging was repeated. The protocol 

warrantedd a (repeat) PTCA of the intermediate lesion or CABG during follow-up only if angina 

wass related to the intermediate lesion. 

SingleSingle photon emission computed tomography (SPECT) 

SPECTT was performed using 99mtechneuum-sestamibi, according to a two day stress/rest 

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

agent.. Anti-anginal medication was discontinued 48 hours before the stress SPECT. Acquisition 

andd display of tomographic images was performed according to routine procedure. 

Ann expert panel of nuclear medicine physicians, blinded to the angiographic data, 

evaluatedd the scintigraphic images for the presence of reversible and/or persistent perfusion 

defects.. The result was considered 'positive' when a perfusion defect was allocated to the 

perfusionn territory of the coronary artery of interest. Defects located in the anterior wall and 

septall  region were allocated to the left anterior descending artery; defects in the lateral wall to the 

leftt circumflex artery; and inferior defects to the right coronary artery. Apical defects were 

consideredd to be located in the left anterior descending artery region unless the defect extended 

too the lateral or inferior wall. In the watershed regions the extension of a defect to either anterior 

wall,, lateral wall or inferior wall was decisive for allocation to the vascular bed of a coronary 

artery. . 

Thus,, SPECT was considered 'negative' if no perfusion defect (reversible or persistent) 

wass determined in the area of the intermediate lesion. For the purpose of the study, a negative 

SPECTT includes normal perfusion in the area of interest and perfusion defects, not allocated to 

thee area of interest. 

FractionalFractional flow reserve (FFR) measurements 

FFRR was measured with a 0.014" pressure guidewire (RADI, Uppsala, Sweden). This wire was 

advancedd distal to the coronary narrowing. Aortic and distal pressure data at baseline and during 

hyperaemiaa (induced by an intracoronary bolus of 15-20 ug adenosine) were obtained. The 

operatorr was not aware of the results of SPECT at the time of the intracoronary measurements. 
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FFRR was computed as the ratio of distal and aortic pressure during maximum hyperemia. FFR 

valuess were categorized according to the previous established cut-off value of 0.75. ' ' 

OutcomeOutcome events 

Thee primary outcome was defined as the occurrence of one or more of the following events, 

relatedd to the intermediate lesion, during one-year follow-up: cardiac death, myocardial infarction 

(definedd as a total creatine kinase concentration of more than twice the upper limit and/or 

documentedd ST elevation or new Q-waves in at least 2 electrocardiographic leads), or PTCA of 

thee intermediate lesion or CABG. Revascularization procedures (PTCA, CABG) were preceded 

byy repeat SPECT in case of recurrent or persistent anginal complaints. A Critical Event 

Committee,, blinded to the initial results of FFR, assigned the events to the intermediate or the 

severee lesion. 

DataData analysis 

Alll  values are expressed as mean  standard deviation (SD); the mean of continuous variables 

weree compared using a t-test. FFR and percentage diameter stenosis on quantitative coronary 

angiographyy were compared using linear regression analysis. A direct comparison of the event 

ratess in the 2 groups, based on the dichotomized results of FFR, was performed using the 

Pearsonn chi-square test on a per patient basis. The relative risk, including 95% confidence 

intervalss (95% CI), for prediction of cardiac events was calculated. 

RESULTS S 

Inn total, 107 patients were analyzed. The percentage diameter stenosis of these lesions, as 

measuredd with quantitative coronary angiography, ranged from 35-74%. FFR was less than 0.75 

inn 15 lesions. Baseline characteristics of all patients are depicted in table 1 per group, based on 

thee dichotomized results of FFR. There were no differences in baseline characteristics between 

thesee groups. All angiographic and hemodynamic parameters are depicted in table 2. In figure 1, 

thee percentage diameter stenosis is depicted versus the FFR value (linear regression analysis: y=-

0.004xx + 1.03; p<0.001). The R2 statistic was 9.3%, indicating that despite the statistically 

significantt slope the majority of the variability in FFR can not be explained by variation in 

percentagee diameter stenosis. 

Clinicall  follow up at 1 year was completed in all patients. A total of 12 events occurred 

(11%),, related to the target lesion (see table 3). No deaths occurred. Myocardial infarction 

occurredd in 3 patients. A revascularization procedure was performed in 9 patients; 7 (78%) of 

themm were ischemia driven, as determined by (non-) invasive stress testing. A statistical significant 

differencee was present between the FFR >0.75 and FFR <0.75 group: 8/92 (8.7%; 95% CI: 4.1-
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16.9)) and 4/15 (26.7%; 95% CI: 8.9-55.2), respectively; chi-square 4.18, p=0.041. The relative risk 

wass 3.1 (95% CI: 1.1-8.9; p<0.05), i.e. FFR <0.75 was a good predictor for cardiac events during 

11 year of follow-up. 

TABLETABLE 1: Baseline characteristics 

Men n 

Meann age in years (range) 

Meann heartrate 

Meann systolic bloodpressure (mmHg) 

Meann diastolic bloodpressure (mmHg) 

Peripherall  vascular disease 

Previouss myocardial infarction 

Previouss coronary angioplasty 

Previouss coroanry bypass 

Smokingg (current) 

Smokingg (previously) 

Systemicc hypertension 

Dyslipidemia a 
(totall  cholesterol level >6.5 mmol/1) 

Non-insulinn dependent diabetes mellitus 

Positivee cardiac family history 

Beta-blockers s 

Calciumm antagonists 

Nitrates s 

Acetylsalicyl-acids s 

Lipi dd lowering drugs 

CCSS class 1 angina 

CCSS class 2 angina 

CCSS class 3 angina 

Braunwaldd I or I I angina 

FFRR > 0.75 

(n=92) ) 

666 (72%) 

611 (34-80) 

67+13 3 

2 2 

3 3 

55 (5%) 

388 (41%) 

111 (12%) 

0 0 

244 (26%) 

466 (50%) 

377 (40%) 

555 (60%) 

111 (12%) 

488 (52%) 

777 (84%) 

488 (52%) 

588 (63%) 

899 (97%) 

566 (61%) 

22 (2%) 

155 (16%) 

533 (58%) 

222 (24%) 

FFRR <0.75 

(n=15) ) 

133 (87%) 

622 (35-78) 

9 9 

139121 1 

79+13 3 

0 0 

88 (53%) 

0 0 

0 0 

33 (20%) 

99 (60%) 

22 (13%) 

88 (53%) 

0 0 

100 (67%) 

111 (73%) 

88 (53%) 

122 (80%) 

155 (100%) 

99 (60%) 

0 0 

11 (7%) 

99 (60%) 

55 (33%) 
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TABLETABLE 2: Angiographic and hemodynamic parameters. 

FFRR > 0.75 

(n=92) ) 

FFRR <0.75 

(n=15) ) 

Rightt coronary artery 

Leftt anterior descending artery 

Leftt circumflex artery 

Diameterr stenosis (%) 

Minimall  lumen diameter (mm) 

Referencee diameter (mm) 

Fractionall  flow reserve 

Hyperemicc aortic pressure 

Hyperemicc distal pressure 

Hyperemicc heartrate 

255 (27%) 

400 (43%) 

277 (30%) 

52.8+8.6 6 

6 6 

6 6 

7 7 

6 6 

6 6 

1 1 

22 (13%) 

122 (80%) 

11 (7%) 

7 7 

8 8 

9 9 

9 9 

8 8 

6 6 

1 1 

p<0.001 p<0.001 

p<0.001 p<0.001 

0.9 9 

0.8 8 

a. a. 
Ü.0.7 7 

0.6 6 

0.5 5 

0.4 4 

oo O O ffl Ö 
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o o 
oo O 

oo o 
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AA 0 o O ° < / 
OO oo o o o o 
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II ' I ' I ' I ' I ' I 
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Percentag ee diamete r stenosi s by OCA 

F/GUREF/GURE 1: Percentage diameter stenosis versus FFR of the intermediate stenosis for all patients (n=107). The dashed line 

indicatesindicates the cut-off value for FFR ofO. 75. Patients with (*) or without (if) an event duringfollow-up are indicated. 
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DISCUSSION N 

Thesee results clearly demonstrate that deferral of PTCA of intermediate coronary narrowings is 

safe,, based on a FFR > 0.75 in patients with multivessel CAD. Moreover, the event rate is 

significantlyy higher if a PTCA is deferred despite of a FFR <0.75 (8.7% versus 26.7%; relative 

riskk 3.1). This is the first study showing that this cut-off value is useful for clinical decision 

making,, and thus risk stratification, in patients with intermediate stenoses and multivessel CAD, 

evenn if myocardial perfusion scintigraphy did not show perfusion defects in the area of interest. 

ComparisonComparison with other studies 

Safee deferral of PTCA based on FFR>0.75 has been demonstrated in previous studies, with 

relativelyy low event rates (6-10%) at 1 year follow-up. A retrospective analysis of 100 patients 

admittedd for PTCA of an intermediate lesion, but in whom the planned intervention was deferred 

basedd on a FFR>0.75 showed a low event rate at a mean of 18 months follow-up (8%, of which 

4%% target stenosis related). Furthermore, their average Canadian Cardiovascular Society Class 

decreasedd from 2.0 at baseline to 0.7 at follow-up. The authors conclude that in patients with 

chestt pain referred for PTCA of an intermediate lesion, deferral of the intervention on the basis 

off  a FFR>0.75 is safe and associated with much lower clinical event rate than if the procedure 

hadd been performed as initially planned. It is important to know that the clinical event rate after 
99 11 

PTCAA is 20-25%, although this rate is decreasing in the stenting-era. 

Thesee promising results lead to the conduction of a large prospective, multi-center study 

(DEFERR trial). In this study, patients were included for whom PTCA was planned but who did 

nott have objective evidence for myocardial ischemia. In total, 325 patients were randomized 

betweenn performance or deferral of PTCA. All patients with a FFR <0.75 underwent PTCA as 

plannedd anyhow. In 181 patients, a FFR>0.75 was measured of the target lesion. In these 

patients,, the event free survival was at 1 year follow-up 92% in the 'deferral' group versus 89% in 

thee 'performance' group; at 2 year follow-up the event free survival was 89% and 83% , 

respectively.. Recently, in the COMPRESS trial in 71 patients with an intermediate coronary 

lesion,, therapy was stratified based on the FFR (cut off value 0.75). In 47 patients a PTCA was 

deferred,, based on a FFR >0.75. At 12 months follow-up, the clinical event rate in this group was 

12.8%;; this was significantly lower than in the group with FFR <0.75 (n=24), who underwent a 

PTCAA accordingly (33.4%). In the above mentioned studies, clinical event rate was defined as the 

occurrencee of MACE (death, MI , CABG, PTCA), which is in accordance with our study. In 

summary,, all these studies demonstrate safe deferral of PTCA based on FFR >0.75 in patients 

withh intermediate coronary narrowings. This was emphasized by a recent editorial of Wilson, 

statingg that there is strong evidence that patients with non-thrombotic, stenotic narrowings with 

aa FFR>0.75 are not likely to benefit from angioplasty. The present study was performed in 

patientss with multivessel disease, in contrast to previous reports conducted in patients with single 
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vessell  disease. Therefore, the use of FFR for clinical decision making can be extended to a more 

generall  population of patients with coronary artery disease. 

DeferralDeferral ofPTCA in spite ofFFR<075 

Inn the current patient group, a PTCA of the target stenosis was deferred based on the result of 

SPECT,, i.e. the absence of a perfusion defect in the area of interest. Therefore, we were able to 

observee the clinical outcome after deferral of PTCA of coronary narrowings, despite of a FFR 

<0.75.. First, the results confirm that deferral of PTCA based on a FFR >0.75 is safe. Moreover, 

thee opposite is also of clinical importance, i.e. the event rate was significandy higher if a PTCA is 

deferredd in spite of a FFR <0.75 (8.7% versus 26.7%); the relative risk was 3.1. To the best of 

ourr knowledge, this is the first study reporting a marked increased event rate after deferral of 

PTCAA in spite of FFR <0.75. 

Limitations Limitations 

Wee performed an observational analysis in a selected group of patients. For inclusion in this 

analysis,, no perfusion defect had to be present on SPECT in the area of interest and, thus, a 

PTCAA was deferred. This design allowed us to observe the occurrence of cardiac events in case 

off  a negative SPECT, even if FFR was <0.75. The results provide clear evidence for the 

prognosticc value of FFR in patients with multivessel disease, allowing risk stratification which is 

importantt for patient management. 

Thee event rate in the whole group of patients with no perfusion defect in the area of 

interestt is high (12/107; 11%). The composite endpoint in the present study included clinical 

and/orr ischemia driven revascularization procedures, next to death and non-fatal myocardial 

infarction.. For non-invasive stress testing, low event rates (death and non-fatal myocardial 

infarction;; 0-5%) have been described for patients without perfusion defects determined by 

SPECTT in patients with single vessel disease. This is in accordance with the present study, 

thatt showed a 'hard' event rate of 3.7% (4/107; see table 3). Our findings (i.e. 11% event rate) 

mayy be explained by the inability of SPECT to selectively evaluate coronary narrowings within a 

patient,, due to its inherent limitation to interpret watershed regions in multivessel disease.3 

Thee endpoints were predominandy associated with revascularization procedures (9/12, 

75%).. The independent Critical Event Committee considered objective evidence of myocardial 

ischemiaa present in 7 of these 9 revascularizations (78%) based upon the clinical and 

angiographicc findings, and the results of (non-) invasive diagnostic tests. These results indicate 

thatt the need for revascularization was not driven by hidden biases of patients and/or physicians. 
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ClinicalClinical implications 

Thesee results underline the importance of FFR for clinical decision making in the cardiac 

catheterizationn laboratory and confirm previous reports in patients witf i single vessel disease. 

FFRR allows risk stratification in patients with coronary narrowings of intermediate severity in the 

presencee of multivessel coronary artery disease and FFR has an additional prognostic value in 

thesee patients in case of the absence of a perfusion defect in the area of interest with SPECT. In 

summary,, FFR measured during cardiac catheterization is more useful than SPECT as a 

diagnosticc tool for management of patients with multivessel coronary artery disease. 
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