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Global Fractional Flow Reserve Value 
Predicts 5-Year Outcomes in Patients With 
Coronary Atherosclerosis But Without 
Ischemia
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BACKGROUND: Global fractional flow reserve (FFR) (ie, the sum of the FFR values in the 3 major coronary arteries) is a physi-
ologic correlate of global atherosclerotic burden. The objective of the present study was to investigate the value of global FFR 
in predicting long-term clinical outcome of patients with stable coronary artery disease but no ischemia-inducing stenosis.

METHODS AND RESULTS: We studied major adverse cardiovascular events (MACEs: all-cause death, myocardial infarction, and 
any revascularization) after 5 years in 1122 patients without significant stenosis (all FFR >0.80; n=275) or with at least 1 signifi-
cant stenosis successfully treated by percutaneous coronary intervention (ie, post–percutaneous coronary intervention FFR 
>0.80; n=847). The patients were stratified into low, mid, or high tertiles of global FFR (≤2.80, 2.80–2.88, and ≥2.88). Patients 
in the lowest tertile of global FFR showed the highest 5-year MACE rate compared with those in the mid or high tertile of global 
FFR (27.5% versus 22.0% and 20.9%, respectively; log-rank P=0.040). The higher 5-year MACE rate was mainly driven by a 
higher rate of revascularization in the low global FFR group (16.4% versus 11.3% and 11.8%, respectively; log-rank P=0.038). 
In a multivariable model, an increase in global FFR of 0.1 unit was associated with a significant reduction in the rates of MACE 
(hazard ratio [HR], 0.988; 95% CI, 0.977–0.998; P=0.023), myocardial infarction (HR, 0.982; 95% CI, 0.966–0.998; P=0.032), 
and revascularization (HR, 0.985; 95% CI, 0.972–0.999; P=0.040).

CONCLUSIONS: Even in the absence of ischemia-producing stenoses, patients with a low global FFR, physiologic correlate of 
global atherosclerotic burden, present a higher risk of MACE at 5-year follow-up.
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Percentage diameter stenosis by conventional an-
giography1,2 (with a usual cutoff of 50%) remains 
the cornerstone of the definition of significant cor-

onary artery disease.3 In addition to a marked inac-
curacy, diameter stenosis on angiography is limited to 
gauge the impact of diffuse atherosclerosis. Fractional 
flow reserve (FFR) is often proposed as a natural 
complement of angiography. For the sake of clinical 

decision making, FFR is frequently dichotomized, even 
though it has been shown that a continuum exists be-
tween the actual value of FFR and clinical outcomes.4

Yet, coronary events still occur in patients with FFR 
values >0.80, usually, and incorrectly, referred to as 
“negative.” In these patients, the sum of the FFR val-
ues in the 3 major epicardial arteries (ie, global FFR) 
by reflecting hyperemic epicardial conductance to the 

Correspondence to: Bernard De Bruyne, MD/PhD, OLV-Clinic, Cardiovascular Center Aalst, Moorselbaan 264, B-9300 Aalst, Belgium. E-mail: bernard.
de.bruyne@olvz-aalst.be

Supplementary Material for this article is available at https://www.ahajo​urnals.org/doi/suppl/​10.1161/JAHA.120.017729

For Sources of Funding and Disclosures, see pages 8 and 9.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0002-3646-3635
https://orcid.org/0000-0003-3297-8399
https://orcid.org/0000-0003-1799-1368
mailto:﻿￼
https://orcid.org/0000-0001-6567-168X
mailto:bernard.de.bruyne@olvz-aalst.be
mailto:bernard.de.bruyne@olvz-aalst.be
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.017729
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2020;9:e017729. DOI: 10.1161/JAHA.120.017729� 2

Fournier et al� Global FFR Predicts 5-Year Outcome

whole myocardium can be considered a hemody-
namic correlate of the global coronary atherosclerotic 
burden.

The present study aims at investigating whether, 
beyond the absence of hemodynamically signifi-
cant lesions, the global value of FFR in the 3 major 
epicardial coronary arteries correlates with clinical 
outcome.

METHODS
Anonymized data will be made available by the corre-
sponding author for reasonable requests.

Patient Population
The present study population consists of patients 
included in the prospective controlled randomized 
FAME (Fractional Flow Reserve Versus Angiography 
for Multivessel Evaluation) 1 (NCT00267774) and 
FAME 2 (NCT01132495) trials.5–9 In brief, in the FAME 
1 trial, 1005 patients with multivessel coronary artery 
disease in Europe and in the United States were ran-
domly assigned to undergo percutaneous coronary 
intervention (PCI) guided by angiography alone (with 
PCI of all lesions identified before randomization) or 
guided by fractional flow reserve (FFR) (with PCI of 

lesions with an FFR ≤0.80). In the FAME 2 trial, 1220 
patients with chronic coronary syndromes were rand-
omized to receive medical therapy only or to undergo 
FFR-guided PCI plus medical therapy when at least 
1 stenosis had an FFR ≤0.80. When all stenoses had 
an FFR >0.80, patients were not randomized, but fol-
lowed in a registry. Both trials were approved by the 
institutional review board at the participating centers, 
and all patients provided written informed consent. In 
patients in whom PCI was performed, the post-PCI 
FFR value was used for the calculation of the global 
FFR.

In the present study, patients from the FFR group 
of FAME 1 trial, patients from the FFR-guided PCI 
group of FAME 2 trial, and patients from the registry 
group of FAME 2 trial were considered for inclusion. 
Patients were included in the present analysis only if 
the FFR values in all 3 major coronary arteries were 
>0.80.

Physiologic and Angiographic 
Measurements
Angiography and pressure measurements were ob-
tained through 6 Fr guide catheters. After administra-
tion of isosorbide dinitrate a pressure monitoring guide 
wire (PressureWire Certus or PressureWire Aeris; 
Abbott Vascular, St. Paul, MN) was advanced in the 
distal part of the artery. Hyperemic proximal aortic 
pressure and distal coronary arterial pressure were 
obtained and FFR was calculated by the mean of dis-
tal coronary arterial pressure/proximal aortic pressure 
during hyperemia.

Global FFR consisted of the sum of the FFR values 
measured in the 3 major coronary arteries. Accordingly, 
for the present analysis, global FFR ranged from 2.43 
to 3.0. When a PCI was performed, the post-PCI value 
of the stented artery was used to calculate the global 
FFR. If the post PCI-FFR value was not available, an 
FFR value of 0.90 was used (it was the case in 841 
patients). This value was chosen as being the median 
value of all post-PCI FFR values obtained in FAME 1 
and FAME 2 trials.10 When the vessel was angiograph-
ically “normal,” an FFR value of 1 was imputed (it was 
the case in 206 patients).

The angiographic extent of atherosclerosis was ex-
pressed as the number of lesions with a diameter ste-
nosis of >50% by visual estimate.

Outcomes
The primary outcome of the present study was a 
composite of major adverse cardiovascular events 
(MACEs), including overall death, myocardial infarction 
(MI), and any revascularization. The events were ad-
judicated by an independent clinical event committee 
blinded to the treatment allocation and to the global 

CLINICAL PERSPECTIVE

What Is New?
•	 Even in the absence of ischemia-producing 

stenoses, patients with a low global fractional 
flow reserve (ie, the sum of fractional flow re-
serve in the 3 coronary arteries) present a higher 
risk of major adverse cardiovascular events at 
5-year follow-up.

What Are the Clinical Implications?
•	 Global fractional flow reserve might be proposed 

as an additional metric for risk stratification of 
patients undergoing either computed tomogra-
phy angiography or conventional angiography.

•	 More stringent preventive measures could be 
proposed in patients with a low global fractional 
flow reserve even in the absence of overt re-
versible myocardial ischemia.

Nonstandard Abbreviations and Acronyms

FFR	 fractional flow reserve
MACE	 major adverse cardiovascular event
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FFR values. Follow-up was censored at the time of the 
first event or, at the latest, 5 years after patient’s enroll-
ment in the studies.

Statistical Analysis
Continuous variables are expressed as mean±SD or 
median (Percentile 25–Percentile 75) as appropriate, 
whereas categorical variables are reported as fre-
quencies and percentages. Student t test was used 
to compare normally distributed continuous variables 
as appropriate, whereas Kruskal-Wallis test was used 
to compare nonnormally distributed continuous vari-
ables. Comparisons between categorical variables 
were evaluated using the Pearson χ2 test. The global 
FFR, corresponding to the sum of FFR in the 3 major 
epicardial vessels, was calculated. Patients were 
then classified into 3 groups of global FFR according 
to tertiles of global FFR. Characteristics of the lesions 
between the groups were compared, and all param-
eters with a P≤0.15 were included in a Cox regres-
sion analysis.11 Kaplan-Meier curves for survival were 
used to compare the 3 groups of global FFR with the 
log-rank test. To analyze the relationship between 
global FFR and outcomes, we used nonparametric 

regression based on Cox regression analysis used 
to calculate the hazard ratio (HR) and 95% CI for 
events for each 0.1 absolute value of global FFR. 
Significance was defined as a P<0.05. Statistical 
analysis was performed using SPSS 24.0 software 
(SPSS Inc, Chicago, IL), and figures were performed 
with Prism 6.0h (GraphPad Software, La Jolla, CA).

RESULTS
Population
The population of this study encompassed 1122 pa-
tients, 509 from FAME 1 trial and 613 from FAME 2 
trial. Among the FAME 2 trial patients, 166 belonged 
to the registry (no hemodynamically significant lesion 
after evaluation by FFR) and 447 to the FFR-guided PCI 
plus medical therapy group.

Tertiles of Global FFR
Frequency distribution of global FFR with classification 
into 3 tertiles is represented in Figure 1. The lowest ter-
tile of global FFR encompassed 403 patients (35.9%) 
with a global FFR ≤2.80; the middle tertile of global FFR 

Figure 1.  Frequency distribution of global fractional flow reserve (FFR) with classification into 3 
tertiles. 
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encompassed 337 patients (30.0%) with a global FFR 
>2.80 and ≤2.88; and the highest tertile of global FFR en-
compassed 382 patients (34.1%) with a global FFR >2.88.

Clinical Characteristics
Clinical and angiographic characteristics of the pa-
tients among the 3 tertiles of global FFR are presented 
in Table 1. The proportion of patients with arterial hy-
pertension was significantly higher in the high global 
FFR group (75.9% versus 70.3% in the mid global 
FFR group and 67.5% in the low global FFR group; 
P=0.031), and the patients in the low global FFR group 
had a higher rate of PCI (85.4% versus 66.8% and 
72.8%, respectively; P<0.001) and a higher number 
of vessels with ≥50% diameter stenosis (P<0.001). All 
other baseline clinical and angiographic characteristics 
were similar.

Clinical Outcomes and Global FFR Value
Patients in the lowest tertile of global FFR showed the 
highest 5-year MACE rate compared with those in the 
highest tertile of global FFR (27.5% versus 22.0% and 
20.9% in the 2 other tertiles, respectively; log-rank 
P=0.040; Table  2 and Figure  2A). The higher 5-year 

MACE rate was mainly driven by a higher rate of revas-
cularization (Figure 2B) in the lowest global FFR group 
(16.4% versus 11.3% and 11.8%, respectively; log-rank 
P=0.038). The rate of all-cause mortality and the rate of 
MI were comparable between tertiles. The same find-
ings were also observed among patients in whom FFR 
was measured in the 3 vessels (Figure 3) and among 
patients without any PCI (registry group of FAME 2 trial; 
Figure S1).

In a Cox regression analysis investigating the 
relationship between global FFR and events 
(Figure  4), an increase of 0.1 of global FFR was 
associated with a statistically significant reduction 
of MACE (absolute reduction of MACE of 1.2%; HR, 
0.89 [95% CI, 0.80–0.98]; P=0.019), MI (HR, 0.83 
[95% CI, 0.70–0.97]; P=0.016), and revascularization 
(HR, 0.87 [95% CI, 0.76–0.99]; P=0.038). In contrast, 
global FFR was not associated with death. Adjusting 
for baseline characteristics (hypertension, PCI, and 
number of vessels with at least 50% stenosis at 
discharge), global FFR remained associated with a 
statistically significant reduction of MACE (HR, 0.98 
[95% CI, 0.977–0.998]; P=0.023), MI (HR, 0.982 [95% 
CI, 0.966–0.998]; P=0.032), and revascularization 
(HR, 0.985 [95% CI, 0.972–0.999]; P=0.040).

Table 1.  Baseline and Angiographic Characteristics

Characteristic
Lowest Global FFR 

(N=403) Mid Global FFR (N=337)
Highest Global FFR 

(N=382) P Value

Age, y 64 (58–71) 64 (57–70) 64 (57–70) 0.522

Current smoker 302 (74.9) 263 (78) 293 (76.7) 0.722

Any diabetes mellitus 115 (28.5) 83 (24.6) 92 (24.1) 0.301

Hypertension 272 (67.5) 237 (70.3) 290 (75.9) 0.031

History of MI 247 (61.3) 211 (62.6) 238 (62.3) 0.809

Dyslipidemia 304 (76) 243 (72.1) 274 (71.7) 0.330

Male sex 318 (78.9) 247 (73.3) 286 (74.9) 0.177

Underwent PCI 344 (85.4) 225 (66.8) 278 (72.8) <0.001

Vessels with ≥50% stenosis 
at discharge

<0.001

0 206 (51.1) 173 (51.3) 259 (67.8)

1 147 (36.5) 150 (44.5) 109 (28.5)

2 48 (11.9) 14 (4.2) 14 (3.5)

3 2 (0.5) 0 0

Data are given as median (Percentile 25–Percentile 75) or number (percentage). FFR indicates fractional flow reserve; MI, myocardial infarction; and PCI, 
percutaneous coronary intervention.

Table 2.  Outcomes per Tertile at 5 Years of Follow-Up

Outcome at 5 y Low Global FFR (N=403) Mid Global FFR (N=337) High Global FFR (N=382) Log-Rank P Value

Any MACE 111 (27.5) 74 (22) 80 (20.9) 0.040

All-cause mortality 27 (6.7) 17 (5) 27 (7.1) 0.490

MI 38 (9.4) 35 (10.4) 25 (6.5) 0.179

Any revascularization 66 (16.4) 38 (11.3) 45 (11.8) 0.038

Data are given as number (percentage). FFR indicates fractional flow reserve; MACE, major adverse cardiovascular event; and MI, myocardial infarction.
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Clinical Outcomes and Angiography
Clinical outcome was similar in patients with 0, 1, or 2 
arteries with 1 stenosis of >50% at discharge in terms 
of MACE (23.8%, 23.4%, and 23.7%, respectively; 
log-rank=0.869) and in terms of revascularizations 
rates (12.5%, 14.3%, and 14.5%, respectively; log-
rank=0.718) (Figure 2C and 2D).

DISCUSSION
Summary of Results
The present study analyzed the importance of global 
epicardial conductance assessed using FFR on the 
5-year clinical outcome in patients with coronary ath-
erosclerosis and nonfunctionally significant epicardial 
stenosis. Patients with a low global FFR had an ≈30% 
higher MACE rate than patients with a high global FFR. 

Global FFR was an independent predictor for the oc-
currence of MACE. In contrast, no relationship was 
found between the presence of angiographically sig-
nificant lesions and 5-year clinical outcome.

Previous Studies
In clinical practice, FFR is used in a dichotomous way. 
This is based on numerous outcome studies show-
ing that lesions with an FFR of >0.80 do not benefit 
from revascularization, whereas stenoses with an 
FFR of <0.80 might do. Yet, beyond this dichotomous 
interpretation, previous studies suggested a “dose-
effect” relationship between the hemodynamic im-
pact of atherosclerosis and clinical outcome. In a 
large meta-analysis, Johnson et al demonstrated a 
continuous relationship between the numeric value 
of FFR and subsequent outcomes modulated by the 

Figure 2.  Clinical outcomes up to 5 years.
A, Kaplan-Meier graph reporting the cumulative incidence of major adverse cardiovascular events (MACEs) up to 5 years in the low 
global fractional flow reserve (FFR) group (green), mid global FFR group (red), and high global FFR group (blue). B, Kaplan-Meier graph 
reporting the cumulative incidence of revascularization up to 5 years in the low global FFR group (green), mid global FFR group (red), 
and high global FFR group (blue). C, Kaplan-Meier graph reporting the cumulative incidence of MACEs up to 5 years in patients with 
0, 1, or 2 ≥50% stenoses at discharge (blue, red, and green, respectively). D, Kaplan-Meier graph reporting the cumulative incidence 
of revascularization up to 5 years in patients with 0, 1, or 2 ≥50% stenoses at discharge (blue, red, and green, respectively).
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treatment strategy.12 Similarly, Barbato et al showed 
that in patients with chronic coronary syndromes and 
not undergoing revascularization, FFR shows an in-
dependent, nonlinear, and inverse risk continuum of 
lesion-related events.4 In a study in which FFR was 
measured in the 3 vessels, Lee et al also found that 

the lower the sum of the FFR values, the poorer the 
outcome.13 Yet, in this study, stenoses with a whole 
range of FFR values were included. The MACE rate 
after 2  years reached 3.8% and 7.1%, which is ap-
proximately half of what was encountered in the 
present report, possibly because of potential bias 

Figure 3.  Kaplan-Meier graph reporting the cumulative incidence of major adverse cardiovascular 
events (MACEs) (top) and revascularizations (bottom) up to 5 years in the low global fractional flow 
reserve (FFR) group (green) and in the high global FFR group (blue) for patients in whom FFR was 
measured in the 3 vessels. 
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attributable to underreporting in registry data. The 
present data extend the findings of previous studies 
to the 5-year outcome in patients without ischemia-
producing lesions.

Ischemia Versus Global Atherosclerotic 
Burden
The treatment strategy and the risk stratification of 
patients with coronary artery disease are traditionally 
based on the presence or absence and the extent 
of myocardial ischemia. Yet, in addition to ischemia, 
the total atherosclerotic burden and its metabolic 
activity have been shown to determine outcome. In 
the PROSPECT (Prospective Natural-History Study 

of Coronary Atherosclerosis) study, plaque burden, 
as assessed at plaque level by intravascular ultra-
sound, was the main predictor of plaque progression 
and events in nonintervened coronary segments.14 
Several large clinical data sets, based on both con-
ventional and computed tomography angiography, 
have demonstrated that patients with “nonobstruc-
tive” coronary atherosclerosis carry a risk of MI and 
death, similar to that of patients with single-vessel 
obstructive disease.15–18 Yet, in these studies, the 
absence of ischemia was not ascertained, whereas 
coronary atherosclerosis, even with none or mild 
obstruction, is frequently associated with abnormal 
FFR values.1,19,20 In the present study, only patients 

Figure 4.  Hazard ratio (HR) with 95% CI of the different outcomes per increase of global fractional flow reserve (FFR) of 0.1.
MACE indicates major adverse cardiovascular event; and MI, myocardial infarction.
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without ischemia-producing lesions were included. 
Within this narrow range of FFR values, the global 
FFR, a metric of physiologic total epicardial plaque 
burden, was associated with clinical outcome de-
spite the absence of ischemia, whereas the number 
of stenoses of >50% diameter was not, thus sug-
gesting that a global physiologic metric is superior to 
an angiographic approach.

Mechanisms
The mechanistic link between a low global FFR and 
outcome in patients without ischemia remains specu-
lative. It is likely that the accumulation of small wall 
irregularities creates serial resistances that lead to 
pressure losses, especially during high flow states. 
Recently, however, it was suggested that, in addition 
to plaque burden, some adverse plaque characteris-
tics could be associated with a decreased myocardial 
perfusion independently of the luminal narrowing.21,22 
Whether this disruptive hypothesis can play a role in 
vessels with moderate luminal narrowing not severe 
enough to lead to ischemia remains to be established. 
The pattern of the physiological disease has been also 
implicated in the pathogenesis of adverse events in 
patients with atherosclerosis without ischemia. Focal 
lesions, with high translational gradients (eg, ΔFFR 
>0.06), have been independently associated with 
plaque rupture,23 but some adverse plaque charac-
teristics might lead to plaque rupture even in the ab-
sence of any detectable hemodynamic abnormality.24

Limitations
Several limitations should be taken into account. 
First, in an important proportion of post-PCI seg-
ments and in angiographically strictly normal arter-
ies, an arbitrary value was given. This might have 
led to an overestimation of the value of global FFR. 
Yet, a sensitivity analysis incorporating only patients 
in whom FFR had actually been measured in the 3 
coronary arteries showed similar results as shown 
in Figure  3. Second, a large proportion of patients 
underwent PCI in one or more arteries. Therefore, 
the present data do not represent the “natural his-
tory” of diffuse atherosclerosis, but the outcome of 
patients with atherosclerosis as modulated by PCI. 
Third, in the FAME trials, clinicians in charge of the 
patients were not blinded to either the treatment 
group or the final hemodynamic results, introducing 
a risk of bias to the end point of any revasculariza-
tion. Accordingly, the decision to send (or not) the 
patient for control angiography might have been in-
fluenced by the knowledge of the details of the index 
procedure. Yet, global FFR was not available as it was 
calculated offline for the present analysis. Finally, the 
present study does not account for the respective 

distribution of the FFR in the different arteries and 
their respective myocardial mass. For example, it is 
likely that an FFR value of 0.80 in the left anterior de-
scending coronary artery will have more prognostic 
importance that the same value in a nondominant left 
circumflex coronary artery.

Clinical Implication
The concept of global atherosclerotic plaque burden 
has emerged as an independent determinant of clini-
cal outcome in patients with coronary artery disease. 
The present data suggest that global FFR, used as a 
physiological surrogate of atherosclerotic burden, car-
ries prognostic information, even in the absence of is-
chemia. Patients with a low global FFR had an ≈30% 
higher MACE rate than patients with a high global FFR. 
Yet, proposing an invasive measurement of coronary 
hemodynamics in all 3 vessels to improve risk stratifi-
cation is not realistic. However, the value of global FFR 
is frequently at hand thanks to approaches that quan-
tify FFR in the entire coronary tree, as derived from 
coronary computed tomography25 or from the conven-
tional invasive angiography.26

Accordingly, global FFR might be proposed as an 
additional metric for risk stratification of patients un-
dergoing either computed tomography angiography 
or conventional angiography. More stringent preven-
tive measures could be proposed in patients with a 
low global FFR even in the absence of overt reversible 
myocardial ischemia.

CONCLUSIONS
Even in the absence of ischemia-producing stenoses, 
patients with a lower global FFR present a higher risk 
of MACE at 5-year follow-up.
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Figure S1. Kaplan-Meier graph reporting the cumulative incidence of MACE up to 5 years in the 

low global FFR group (red), mid global FFR group (orange) and in the high FFR group (green) 

for patients from the Registry Group of FAME 2.  

 

 

 

 

MACE: Major Adverse Cardiovascular Events; FFR: Fractional Flow Reserve. 
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