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Abstract

Background—Among patients with documented stable coronary artery disease (CAD) and in
whom no revascularization was performed, we compared the respective values of angiographic
diameter stenosis (DS) and of fractional flow reserve (FFR) in predicting natural history.
Methods—The present analysis included the 607 patients from the Fractional flow reserve versus
angiography in multivessel evaluation 2 (FAME 2) trial in whom no revascularization was
performed. FFR varied from 0.20 to 1.00 (average 0.74 + 0.16) and DS (by QCA) varied from
8% to 98% (average 53 £ 15). The primary end point, defined as VOCE (Vessel oriented clinical
endpoint) at 2 years, was a composite of prospectively adjudicated cardiac death, vessel-related
myocardial infarction, vessel-related urgent and not urgent revascularization. The stenoses were
divided into 4 groups according to FFR and %DS values: Positive Concordance (PC: FFR<0.80;
DS>50%); Negative Concordance (NC: FFR>0.80; DS<50%); Positive Mismatch (PM:
FFR<0.80; DS<50%); Negative Mismatch (NM: FFR>0.80; DS>50%).

Results—The rate of VOCE was highest in the PC group (Log Rank: X?=80.96; p=0.001), and
lowest in the NC group. The rate of VOCE was higher in the PM group than in the NM group
(H.R. 0.38, 95% C.I. 0.21 - 0.67; p=0.001). There was no significant difference in VOCE
between the PC and the PM (both groups with FFR<0.80, H.R. 0.77, 95% C.I. 0.57 - 1.09;
p=0.149) and no significant difference in rate of VOCE between the NM and NC (both groups
with FFR>0.80, H.R. 1.89, 95% C.I. 0.96 - 3.74; p=0.067).

Conclusions—In patients with stable coronary disease, physiology (FFR) is a more important
determinant of the natural history of coronary stenoses than anatomy (DS).

Clinical Trial Registration—URL.: https://clinicaltrials.gov Unique Identifier: NCT01132495.

Key Words: fractional flow reserve; coronary angiography; coronary artery disease; coronary
atherosclerosis; fractional flow reserve, stable coronary artery disease, Coronary physiology,
Diameter stenosis, percutaneous coronary intervention
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Clinical Perspective

What is new?

The data were obtained in a unique population of patients in whom no mechanical
revascularization was initially proposed whatever the severity of the stenoses.

The results indicate, for the first time, that the spontaneous clinical evolution (“natural
history”) of coronary stenoses is better predicted by physiologic information than by

angiography.

What are the clinical implications?

Measurements of FFR should no longer be limited to angiographically intermediate
stenosis, but should be contemplated in stenoses that are mild or severe by visual
evaluation.

Since clinical outcome is the ultimate validation test for any new diagnostic metrics or
new treatment strategy the present findings suggest that FFR should replace — or be used

in conjunction with - the 50% DS criteria for the definition of obstructive CAD.
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Fractional flow reserve FFR ° has become the standard of reference for the invasive evaluation
of coronary stenosis.!™ ® Patients with an FFR value >0.80 do not benefit from mechanical
revascularization, while patients with an FFR <0.80 do benefit from revascularization.”® FFR
has now a class IA recommendation in the latest European Guidelines to guide myocardial
revascularization in the absence of conclusive non-invasive diagnostic work-up.°

Nevertheless, interventional cardiologists still prefer angiography for guiding decision
making about revascularization, even in the absence of any budget and logistic constraints.** The
angiographic thresholds of 50% or 70% diameter stenosis (DS) are still used to define
“obstructive” coronary artery disease to risk stratify patients,'? to justify revascularization, to
serve as endpoint in studies on revascularization strategies,** ** and to validate other
approaches?® 16,

Accordingly, we investigated the spontaneous, vessel oriented clinical outcome of
patients from the FAME 2 trial in whom no revascularization was performed but in whom both
the angiographic (DS) and functional (FFR) severity was known.® The aim of the study was to
compare the accuracy of both approaches in predicting the “natural history’ of coronary artery

disease.

Methods
Anonymized patient level data will be made available by the corresponding author for reasonable
requests. Consent was not obtained for data sharing but the presented data are anonymized and

risk of identification is minimal.
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Patients

The details of the FAME 2 trial have been previously reported.? In short, the FAME 2 trial
randomized consecutive patients with stable angina and in whom 1, 2 or 3 vessel percutaneous
revascularization was based on the visual estimate of the angiogram. FFR was measured in all
stenoses that were considered potential targets for revascularization. Only if at least one lesion
had an FFR<0.80, the patient was randomized to percutaneous coronary intervention (PCI) with
second generation drug eluting stent (DES) or medical therapy. When no stenosis had an
FFR<0.80, patients were enrolled in a registry and received the best medical therapy. A random
sample of 50% of the registry patients underwent the same follow-up as the patients in the
randomized trial. In the present analysis, we focused on patients who were treated only with best
available MT alone and who had 2 years of clinical follow-up, namely patients randomized to
best available MT (n=441) plus patients enrolled in the registry who underwent clinical follow-
up (n=166). All patients provided written informed consent. The trial was approved by the
institutional review board at the 23 participating center in Europe and North America.
Fractional flow reserve was measured in all the stenoses with the use of a pressure monitoring
guide wire (PressureWire Certus or PressureWire Aeris, St. Jude Medical). Hyperemia was
obtained with adenosine 1V or IC according to the operator’s preference.

Quantitative coronary angiography was performed in all stenosis by QCA was performed using
the Medis software (the Netherlands). The operator was blinded to the FFR values and to
patient’s clinical outcome. Angiographic DS, minimal lumen diameter (MLD, mm), lesion
length (LL, mm), and the reference lumen diameter (RLD, mm) of the proximal and distal

reference segments were measured. A cut-off value of 50% was used for DS and of 1.4 for MLD.


http://circ.ahajournals.org/

8T0Z ‘9T Akenige4 uo 1s9nb Aq /6iosfeulnofeye aa1o//:dny wioly papeo umoq

10.1161/CIRCULATIONAHA.117.028782

Syntax Score!’ was calculated in all patients by 4 different investigators blinded to each other,
unaware of the segment in which the FFR was measured. The mean values of the global
SYNTAX score were taken for analysis.

Study endpoints

The primary endpoint of the present analysis trial was the rate of major adverse cardiovascular
event (MACE) at 2 years, defined as the composite of cardiovascular (CV) death, target vessel-
related myocardial infarction (MI), and ischemia driven target vessel revascularization (TVR)
(both urgent and non-urgent). All outcomes were adjudicated by an independent clinical events
committee whose members were unaware of the treatment assignments and of the FFR and
angiographic details of the lesions. The present study specifically investigates the relationship
between vessel-related events defined as “vessel oriented clinical endpoint” (VOCE) and lesion
hemodynamics (FFR) or angiographic parameters (diameter stenosis and minimal luminal
diameter). All the events at follow-up were blindly reviewed and were unequivocally assigned to
the culprit vessel in case of MI and ischemia-driven TVR. When the identification of the culprit
vessel was not possible/feasible (i.e., in case of CV death, no coronary angiography performed,
or non—ST-segment elevation M1 in patients with multivessel disease), the endpoint was assigned
to all the stenotic vessels of those patients. According to their respective FFR and %DS values
the lesions were divided in 4 groups, as follows: Positive Concordance (PC: FFR<0.80;
DS>50%); Negative Concordance (NC: FFR >0.80; DS <50%); Positive Mismatch (PM: FFR
<0.80; DS <50%); Negative Mismatch (NM: FFR >0.80; DS >50%) (Figure 1).

Statistical Analysis

All analyses were done on lesion level, using robust standard errors that accounted for the

correlation of lesions within patients. Discrete variables are summarized as frequencies and
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percentages. Continuous variables are presented as mean + standard deviation (SD). Chi-square
test was used for categorical variables. Time to event occurrence of clinical endpoints was
analyzed by Kaplan Meier analysis with differences in survival curves assessed by log-rank test.
Hazard ratios and 95% confidence intervals [CI] were analyzed using Cox regression analysis
with robust standard errors as in a marginal model to account for clustering. Hazard ratios of
continuous variables are expressed per one SD change. Multivariable adjustment was performed
after forward selection of clinical and angiographic baseline characteristics associated with
VOCE, with significance for addition to the model set at p <0.15. Variables considered for
forward selection were age, male gender, body mass index, smoker, hypertension,
hypercholesterolemia, diabetes overall, insulin dependent diabetes, renal insufficiency, previous
PCI, previous Ml, silent ischemia, multivessel disease, ejection fraction, Canadian class score for
angina, left circumflex / right coronary versus left anterior descending artery (LAD), DS>50%,
FFR <0.80 and SYNTAX score (in tertiles). As the proportional hazard assumption was not
satisfied for the multivariable model, we included an interaction term between FFR (<0.80
versus >0.80) and time (<90 days versus >90 days). In a sensitivity analysis, we forced the
SYNTAX score as ordered tertiles into the multivariable model. Finally, we determined the
prognostic performance of DS>50% and FFR<0.80 using Harrell’s ¢ and estimated the integrated
discrimination improvement *8 of adding FFR<0.80 to DS>50% in the model. Statistical analyses
were performed using IBM SPSS 20.0 statistical package (IBM Inc., New York, USA),
GraphPad 5.0 (GraphPad Software Inc., CA, USA) and Stata 14.2 (StataCorp, College Station,

Texas, USA).
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Results
Patients and Vessels
Out of the 607 patients, both FFR and angiographic assessment of DS by QCA was obtained in
567 (93%) patients (799 stenoses).
Forty patients were excluded due to lack of angiographies or to impossibility to calculate the DS
related to one or more of the following factors: inadequate filling of the vessel by contrast
medium, overlap of side branches, guiding catheter not well visible, foreshortening of the
stenotic segment, and chronic total occlusion.

FFR values ranged from 0.20 to 1.00 (0.74 = 0.16), and of DS from 8% to 98% (53 +
15%). There was a modest correlation between FFR and %DS (-0.55, 95% CI -0.61 to -0.49,
p<0.001, Figure 1) and between FFR and MLD (0.38, 95% CI 0.10 to 0.66, p=0.009, Figure 2).
FFR and %DS values were concordant (both positive or both negative) in 533 stenoses (66.7%)
and were discordant in (one criteria positive, the other negative) in 266 lesions (33.3%). A
positive concordance (PC: FFR<0.80; DS>50%) was present in 317 lesions (39.8%), a negative
concordance (NC: FFR>0.80; DS<50%) was present in 216 lesions (27%), a positive mismatch
(PM: FFR<0.80; DS<50%) was present in 153 lesions (19.1%), and a negative mismatch (NM:
FFR>0.80; DS>50%) was present in 113 lesions (14.1%).
Patients and lesions characteristics
Table 1 shows the baseline clinical characteristics, the angiographic and hemodynamic details of
the whole population and of the four subgroups populations. Overall, the four groups were
comparable except for peripheral vascular disease (highest rate in NM group vs lowest rate in PC
group), the history of a previous PCI (highest rate in NM group vs lowest rate in PC group), the

inter-tertile repartition of the Syntax Score, the diameter stenosis percentage (highest value in PC
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group vs lowest value NC group), the minimal lumen diameter (highest value in NC group vs
lowest value in PC group), the lesion length (highest value in PC group vs lowest value in NC
group), the stenosis localizations, and the FFR distribution as well. A pairwise testing among the
groups for the characteristics that had significant overall p-values is available in the
supplemental data (Table S1).

Clinical correlates

Clinical 2-year follow-up was available in all patients. The total number of VOCE and their
individual components are shown in Figure 3. Overall, VOCE’s occurred in 26% of cases. The
rate of VOCE was highest in the group of stenoses with positive concordance (PC: FFR<0.80;
DS>50%; 125/317 lesions [39.4%]) and lowest in stenoses with a negative concordance (NC:
FFR>0.80; DS<50%; 17/216 lesions [7.9%]). The rate of VOCE’s was similar in stenoses with a
positive mismatch (PM: FFR<0.80; DS<50%) and with a positive concordance (50/153 lesions
[32.7%] vs 125/317 lesions [39.4%], respectively, p =0.139. In contrast, the rate of VOCE’s of
stenoses with negative mismatch (NM: FFR>0.80; DS>50%) was lower as compared with
stenoses with a positive mismatch (16/113 lesions [14.2%] 50/153 lesions [32.7%], respectively,
p=0.001) but was not significantly different as compared with stenoses with a negative
concordance (17/216 [7.9%], p =0.099).

Figure 4 shows the time to event curves for VOCE and for their respective components
in the 4 groups of patients. The color code is the same than in Figure 1. There was no significant
difference in term of lesion related outcome between the negative mismatch (NM: FFR>0.80;
DS>50%) and the negative concordance (NC: FFR>0.80; DS<50%), even though there was a
trend (p=0.099). When the angiographic cut-off was set at 70% DS, the outcome results did not

change (Figure S1A and S1B). Figure 5, S2, S3, S4 and S5 show the time to event curves for
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the individual components of VOCE and illustrate that the differences in VOCE is driven by the
rate of revascularizations.

Figure 6 shows that the rate of VOCE over time is significantly larger when lesions have
a DS > 50% or when lesions have an FFR<0.80, but the difference between the event curves is
markedly larger for FFR than for DS.

Table 2 shows the univariable analysis of predictors of VOCE. The global SYNTAX
score was not found a significant predictor for vessel related outcome (Table 2).

Table 3 shows the multivariable analysis of predictors of VOCE after forward selection
of predictors. Only FFR, DS and silent ischemia were selected for the model. On average,
FFR<0.80 was associated with 4.16-fold increase in the hazard of VOCE and DS>50% with a
1.36-fold increase. After introduction of an interaction term, FFR <0.80 was associated with a
7.28-fold increase in the hazard of VOCE during the first 90 days, and with a 3.29-fold increase
in the hazard of VOCE occurring later than 90 days. Table S2 presents results of multivariable
analyses after tertiles of the SYNTAX score were forced into the model; results for FFR<0.80
and DS>50% were similar. Harrell’s ¢ was 0.61 (95% CI 0.58 to 0.65) for the prognostic
performance of DS>50% and 0.65 (95% CI 0.63 to 0.68) for the performance of FFR<0.80. The
integrated discrimination improvement of adding FFR<0.80 to DS>50% in the model was 1.44

(95% CI 1.12 to 1.77, p<0.001).

Discussion
Summary of Findings
The present analysis describes the 2-year outcome of a unique patient population, namely

patients with angiographically and physiologically fully characterized coronary artery disease

10
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and in whom no revascularization was proposed initially. Events were adjudicated by an
independent clinical event committee, unaware of the angiogram and the FFR values. DS and
FFR were compared side-by-side to clinical outcome data. The data indicate that the FFR value
predicts the natural history significantly better than DS, suggesting that “physiology trumps
anatomy”?°. In addition, among the stenoses with mismatch between DS and FFR, more than
half had a low FFR in the presence of an angiographically mild stenosis.

Rate and reasons for ‘mismatch’

In the present study, an approximately 33% rate of mismatch between DS and FFR was found.
This is similar that what we found in previous work by Toth at al. ¥ (36%) as well as by Park et
al.?% in non-left main stenoses (39%) and in left main stenoses (40%). This relatively high rate of
apparent discordance (*‘mismatch’) between anatomy and physiology is actually not surprising as
it relates to many different factors. First there are a number of specific reasons like inaccuracy of
border detection, foreshortening of the stenotic segment, superimposition of side branches,
asymmetry of the stenotic segment, as well as inaccuracies of the pressure measurements.
Second, like every metrics in medicine, cut-off values of both DS and FFR are surrounded by a
grey zone. However, the most important reason for the disconnect between anatomy and
physiology relates to the myocardial mass that depends on the stenosis and to the vasodilatory
capacity of the vascular bed. The reference diameter partially accounts for the myocardial mass.
This is the reason why the optimal cut-off value for DS decreases when the diameter of the
vessel increases, typically in LM and proximal LAD.* 2 Also in the present data, LAD stenoses
are under-represented in the group of ‘negative mismatch’ and over-represented in the group
with a ‘positive mismatch’. Stated another way, any stenosis in the LAD is more likely to be

hemodynamically significant than in other arteries, even when its angiographic appearance is

11
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only mild. In contrast, the angiogram does not provide any clue about the vasodilatory
capabilities of the microvasculature in the downstream territory. This is illustrated by the finding
that for a similar degree of angiographic severity, FFR is higher in older patients and in diabetic
patients.??2 Moreover, FFR takes into account the entire epicardial resistance between the
guiding and the pressure sensor while DS provides more focal information. Finally, it is likely
that discrete morphologic lesion characteristics not captured by the angiogram like lesion
eccentricity, surface roughness and the presence of plaque rupture influence lesion
hemodynamics.?°

Outcome according to physiology versus anatomy

There is a general believe that stenosis severity on angiography is related to worse outcorme.
Many previous studies reported only a very elusive link between angiographic severity of the
lesions and patients outcome.? 2* The present data indicate that, indeed, lesion-related outcome
is better when DS is low (Figure 6). In contrast, very robust data support a strong negative
relationship between outcome and non-invasive signs of reversible myocardial ischemia.?® A
meta-analysis by Johnson and al?® indicates that the higher the FFR the better the outcome. Yet,
in many of these patients revascularization was performed based on the FFR values, which
inevitably influences the relationship between the index value of FFR and the natural history of
the patients. Recent data by Barbato et al>’ confirmed this ‘dose-response’ relationship between
the actual value of FFR and clinical outcome. There are, however, very little data comparing
side-by-side the prognostic value of anatomic and functional data in the same patients.?® In
addition, in none of these studies the patients had been followed during a long period of time
without mechanical intervention, and the events adjudicated by an independent event committee.

The present study is unique by the fact that, regardless of the severity of the stenoses, the patients

12
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were not treated by revascularization, so that the outcome data of the present study can be
regarded as the “natural history’ of the stenoses in stable patients, without interference of PCI or
CABG on the fate of these lesions.

In the present study, FFR predicted outcome markedly better than DS. In addition, the
present data show that when a lesion is angiographically mild but hemodynamically significant,
the event rate is as high than when both angiography and hemodynamics indicate a significant
lesion. Conversely, in case of angiographically significant stenoses but hemodynamic non-
significant stenosis the clinical outcome is as favorable than when both angiography and
hemodynamics indicate a non-significant stenoses. In other words, what determines lesions-
related outcome is less its angiographic appearance than its hemodynamic significarice.

The SYNTAX SCORE was developed in angiographic 3-vessel disease patients to characterize
the complexity of the stenoses and the extent of the atherosclerotic burden *’. The SYNTAX
score has proven very useful in clinical decision-making between CABG and PCI in these 3-
vessel disease patient mainly because CABG is largely ‘immune’ to the anatomic complexity of
the disease while the technical aspects of the PCI procedures are heavily influenced by these
anatomic characteristics 2°. It might sound intuitively logical to find some relationship between
the SYNTAX score and the “natural history’ of the stenosis. This was not found in the present
dataset. Yet, one have to realize that the SYNTAX score have been developed for 3 vessel
disease patients while in the FAME 2 the majority of patients had 1 or 2-vessel disease.
Accordingly, the global SYNTAX score was markedly lower in FAME 2 than in most studies
focusing on 3 vessel-disease patients. In addition the present analysis focused on the lesion level
outcome while the SYNTAX score is a global estimates of atherosclerotic burden and

complexity. Data derived from coronary CT angiography very convincingly indicate that a high

13
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atherosclerotic burden is an independent predictor of ‘hard’ events even in patients with
angiographically non-obstructive coronary artery disease . Therefore, the absence of
relationship found between the SYNTAX score and the rate of VOCE seen in the present study
should be interpreted with prudence. This total atherosclerotic burden is reflected by a lower
FFR and is probably one of the mechanistic links to explain why FFR predicts events better that
angiographic diameter stenosis.

Limitations

A number of limitations should be taken into account. First, like in the original FAME 2 trial,
neither the patients nor the physicians were blinded to the FFR values.®! Second, this analysis
was not pre-specified in the initial protocol. Therefore, reliable QCA analysis was not possible
for technical reasons in a sizable proportion of stenoses (23%). It cannot be excluded that this
has contributed to an enrichment of the trial population in mild to moderate stenoses. For the
same reasons, the numbers in each subgroup of patients are relatively small. Even with these
relatively small subgroups one can distinguish statistical trends toward differences in the rate of
VOCE between the groups with a negative concordance (FFR >0.8, DS<50%) and the group
with a negative mismatch (FFR >0.80, DS>50%). It can therefore not be excluded that with
larger numbers the difference in outcome between the PM and PC groups as well as between the
NM and NC groups would have become significant. However, this would not have changed the
main conclusion of the study. Third, left main stenoses were not included in FAME 2. Therefore
the conclusions of the present analysis should be restricted to non-LM stenoses. Yet, Park et al?°
showed that LM stenoses - more than non-LM stenosis - have a high proportion of positive
mismatch, precisely these lesions that are underestimated by angiography and in which FFR is

important because revascularization of these lesions have important prognostic implications.

14
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Fourth, the angiograms were not performed with the intention to perform QCA nor to calculate
the SYNTAX score. This might have contributed to a lower accuracy of these angiographic
approaches.

Conclusion

From this side-by-side comparison of DS and FFR to lesion-related outcome, it appears that the
main determinant of the ‘natural history’ of a lesion is its hemodynamic significance rather than
its angiographic appearance. Nowadays, DS is the cornerstone of the definition of CAD.* Since
clinical outcome is the ultimate validation test for any new treatment or metrics the present
findings suggest that FFR should replace the 50% DS criteria for the definition of obstructive

CAD.

Sources of Funding

Funded by St. Jude Medical/Abbott.

Disclosures

The Cardiovascular Center Aalst receives grant support from Abbott, Boston Scientific,
Biotronik, and St Jude Medical and receives consulting fees on behalf of Dr De Bruyne from St.
Jude Medical, Opsens, and Boston Scientific outside of the submitted work. Dr. De Bruyne is a
shareholder for Siemens, GE, Bayer, Philips, HeartFlow, Edwards Life Sciences, Sanofi, Omega
Pharma. Dr Barbato report research grants and consulting fees to the Cardiovascular Research

Institute Aalst (Belgium) on their behalf from Abbott Vascular (St. Jude Medical).

15


http://circ.ahajournals.org/

8T0Z ‘9T Akenige4 uo 1s9nb Aq /6iosfeulnofeye aa1o//:dny wioly papeo umoq

10.1161/CIRCULATIONAHA.117.028782

References

1. Pijls NH, De Bruyne B, Peels K, Van Der Voort PH, Bonnier HJ, Bartunek JKJJ and
Koolen JJ. Measurement of fractional flow reserve to assess the functional severity of coronary-
artery stenoses. N Eng J Med. 1996;334:1703-1708.

2. Takx RA, Blomberg BA, EIl Aidi H, Habets J, de Jong PA, Nagel E, Hoffmann U and
Leiner T. Diagnostic accuracy of stress myocardial perfusion imaging compared to invasive
coronary angiography with fractional flow reserve meta-analysis. Circ Cardiovasc Imaging.
2015;8:e002666.

3. Desai RR and Jha S. Diagnostic performance of cardiac stress perfusion MRI in the
detection of coronary artery disease using fractional flow reserve as the reference standard: a
meta-analysis. Am J Roentgenol. 2013;201:W245-52.

4. Jimenez-Navarro M, Alonso-Briales JH, Hernandez Garcia MJ, Rodriguez Bailon I,
Gomez-Doblas JJ and de Teresa Galvan E. Measurement of fractional flow reserve to assess
moderately severe coronary lesions: correlation with dobutamine stress echocardiography. J
Intervent Cardiol. 2001;14:499-504.

5. Pijls NH, van Son JA, Kirkeeide RL, De Bruyne B and Gould KL. Experimental basis of
determining maximum coronary, myocardial, and collateral blood flow by pressure
measurements for assessing functional stenosis severity before and after percutaneous
transluminal coronary angioplasty. Circulation. 1993;87:1354-1367.

6. Neglia D, Rovai D, Caselli C, Pietila M, Teresinska A, Aguade-Bruix S, Pizzi MN,
Todiere G, Gimelli A, Schroeder S, Drosch T, Poddighe R, Casolo G, Anagnostopoulos C,
Pugliese F, Rouzet F, Le Guludec D, Cappelli F, Valente S, Gensini GF, Zawaideh C, Capitanio
S, Sambuceti G, Marsico F, Perrone Filardi P, Fernandez-Golfin C, Rincon LM, Graner FP, de
Graaf MA, Fiechter M, Stehli J, Gaemperli O, Reyes E, Nkomo S, Maki M, Lorenzoni V,
Turchetti G, Carpeggiani C, Marinelli M, Puzzuoli S, Mangione M, Marcheschi P, Mariani F,
Giannessi D, Nekolla S, Lombardi M, Sicari R, Scholte AJ, Zamorano JL, Kaufmann PA,
Underwood SR and Knuuti J. Detection of significant coronary artery disease by noninvasive
anatomical and functional imaging. Circ Cardiovasc Imaging. 2015; 8: pii: e002179.

7. Tonino PA, De Bruyne B, Pijls NH, Siebert U, Ikeno F, van't Veer M, Klauss V,
Manoharan G, Engstrom T, Oldroyd KG, Ver Lee PN, MacCarthy PA, Fearon WF and
Investigators FS. Fractional flow reserve versus angiography for guiding percutaneous coronary
intervention. The N Eng J Med. 2009;360:213-224.

8. De Bruyne B, Pijls NH, Kalesan B, Barbato E, Tonino PA, Piroth Z, Jagic N, Mobius-
Winkler S, Rioufol G, Witt N, Kala P, MacCarthy P, Engstrom T, Oldroyd KG, Mavromatis K,
Manoharan G, Verlee P, Frobert O, Curzen N, Johnson JB, Juni P, Fearon WF and Investigators
FT. Fractional flow reserve-guided PCI versus medical therapy in stable coronary disease. New
Eng J Med. 2012;367:991-1001.

9. Pijls NH, van Schaardenburgh P, Manoharan G, Boersma E, Bech JW, van't Veer M, Bar
F, Hoorntje J, Koolen J, Wijns W and de Bruyne B. Percutaneous coronary intervention of
functionally nonsignificant stenosis: 5-year follow-up of the DEFER Study. J Am Coll Cardiol.
2007;49:2105-2111.

10.  Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V, Filippatos G, Hamm C,
Head SJ, Juni P, Kappetein AP, Kastrati A, Knuuti J, Landmesser U, Laufer G, Neumann FJ,
Richter DJ, Schauerte P, Sousa Uva M, Stefanini GG, Taggart DP, Torracca L, Valgimigli M,
Wijns W and Witkowski A. 2014 ESC/EACTS Guidelines on myocardial revascularization: The

16


http://circ.ahajournals.org/

8T0Z ‘9T Akenige4 uo 1s9nb Aq /6iosfeulnofeye aa1o//:dny wioly papeo umoq

10.1161/CIRCULATIONAHA.117.028782

Task Force on Myocardial Revascularization of the European Society of Cardiology (ESC) and
the European Association for Cardio-Thoracic Surgery (EACTS)Developed with the special
contribution of the European Association of Percutaneous Cardiovascular Interventions
(EAPCI). Eur heart j. 2014;35:2541-2619.

11.  Toth GG, Toth B, Johnson NP, De Vroey F, Di Serafino L, Pyxaras S, Rusinaru D, Di
Gioia G, Pellicano M, Barbato E, Van Mieghem C, Heyndrickx GR, De Bruyne B and Wijns W.
Revascularization decisions in patients with stable angina and intermediate lesions: results of the
international survey on interventional strategy. Circ Cardiovasc intervent. 2014;7:751-759.

12.  Gurley JC, Nissen SE, Booth DC and DeMaria AN. Influence of operator- and patient-
dependent variables on the suitability of automated quantitative coronary arteriography for
routine clinical use. J Am Coll Cardiol. 1992;19:1237-1243.

13. Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR, Mack MJ, Stahle E,
Feldman TE, van den Brand M, Bass EJ, Van Dyck N, Leadley K, Dawkins KD and Mohr FW.
Percutaneous coronary intervention versus coronary-artery bypass grafting for severe coronary
artery disease. New Eng J Med. 2009;360:961-972.

14, Rosner GF, Kirtane AJ, Genereux P, Lansky AJ, Cristea E, Gersh BJ, Weisz G, Parise H,
Fahy M, Mehran R and Stone GW. Impact of the presence and extent of incomplete
angiographic revascularization after percutaneous coronary intervention in acute coronary
syndromes: the Acute Catheterization and Urgent Intervention Triage Strategy (ACUITY) trial.
Circulation. 2012;125:2613-2620.

15.  Toth G, Hamilos M, Pyxaras S, Mangiacapra F, Nelis O, De Vroey F, Di Serafino L,
Muller O, Van Mieghem C, Wyffels E, Heyndrickx GR, Bartunek J, Vanderheyden M, Barbato
E, Wijns W and De Bruyne B. Evolving concepts of angiogram: fractional flow reserve
discordances in 4000 coronary stenoses. Eur Heart J. 2014;35:2831-2838.

16. Rosenberg S, Elashoff MR, Beineke P, Daniels SE, Wingrove JA, Tingley WG, Sager
PT, Sehnert AJ, Yau M, Kraus WE, Newby LK, Schwartz RS, Voros S, Ellis SG, Tahirkheli N,
Waksman R, McPherson J, Lansky A, Winn ME, Schork NJ and Topol EJ. Multicenter
validation of the diagnostic accuracy of a blood-based gene expression test for assessing
obstructive coronary artery disease in nondiabetic patients. Ann Intern Med. 2010;153:425-434.
17.  Sianos G, Morel MA, Kappetein AP, Morice MC, Colombo A, Dawkins K, van den
Brand M, Van Dyck N, Russell ME, Mohr FW and Serruys PW. The SYNTAX Score: an
angiographic tool grading the complexity of coronary artery disease. Eurolntervention.
2005;1:219-227.

18.  Pencina MJ, D'Agostino RB, Sr., D'Agostino RB, Jr. and Vasan RS. Evaluating the added
predictive ability of a new marker: from area under the ROC curve to reclassification and
beyond. Stat Med. 2008;27:157-172; discussion 207-212.

19.  Gould KL and Lipscomb K. Effects of coronary stenoses on coronary flow reserve and
resistance. Am J Cardiol. 1974;34:48-55.

20.  Park SJ, Kang SJ, Ahn JM, Shim EB, Kim YT, Yun SC, Song H, Lee JY, Kim WJ, Park
DW, Lee SW, Kim YH, Lee CW, Mintz GS and Park SW. Visual-functional mismatch between
coronary angiography and fractional flow reserve. JACC Cardiovasc Intervent. 2012;5:1029-
1036.

21.  Jin X, Lim HS, Tahk SJ, Yang HM, Yoon MH, Choi SY, Choi BJ, Yong AS, Fearon WF,
Sheen SS, Seo KW and Shin JH. Impact of Age on the Functional Significance of Intermediate
Epicardial Artery Disease. Circulation journal : official journal of the Japanese Circulation
Society. 2016;80:1583-1589.

17


http://circ.ahajournals.org/

8T0Z ‘9T Akenige4 uo 1s9nb Aq /6iosfeulnofeye aa1o//:dny wioly papeo umoq

10.1161/CIRCULATIONAHA.117.028782

22.  Lim HS, Tonino PA, De Bruyne B, Yong AS, Lee BK, Pijls NH and Fearon WF. The
impact of age on fractional flow reserve-guided percutaneous coronary intervention: a FAME
(Fractional Flow Reserve versus Angiography for Multivessel Evaluation) trial substudy. Intern
J cardiol. 2014;177:66-70.

23.  Marzilli M, Merz CN, Boden WE, Bonow RO, Capozza PG, Chilian WM, DeMaria AN,
Guarini G, Huqgi A, Morrone D, Patel MR and Weintraub WS. Obstructive coronary
atherosclerosis and ischemic heart disease: an elusive link! J Am Coll Cardiol. 2012;60:951-956.
24. Fischman DL, Leon MB, Baim DS, Schatz RA, Savage MP, Penn I, Detre K, Veltri L,
Ricci D, Nobuyoshi M, Michael C, Richard H, David A, Paul S. T, R. David F, Antonio C,
Jeffrey B, Jeffrey M, Alex S, John H, Stephen B, Stephen E, Randal R and Sheldon G. A
randomized comparison of coronary-stent placement and balloon angioplasty in the treatment of
coronary artery disease. New Eng J Med. 1994;331:496-501.

25. Iskandrian AE and Hage FG. Declining frequency of ischemia detection using stress
myocardial perfusion imaging. J Am Coll Cardiol. 2013;61:1066-1068.

26.  Johnson NP, Toth GG, Lai D, Zhu H, Acar G, Agostoni P, Appelman Y, Arslan F,
Barbato E, Chen SL, Di Serafino L, Dominguez-Franco AJ, Dupouy P, Esen AM, Esen OB,
Hamilos M, Iwasaki K, Jensen LO, Jimenez-Navarro MF, Katritsis DG, Kocaman SA, Koo BK,
Lopez-Palop R, Lorin JD, Miller LH, Muller O, Nam CW, Oud N, Puymirat E, Rieber J, Rioufol
G, Rodes-Cabau J, Sedlis SP, Takeishi Y, Tonino PA, Van Belle E, Verna E, Werner GS, Fearon
WEF, Pijls NH, De Bruyne B and Gould KL. Prognostic value of fractional flow reserve: linking
physiologic severity to clinical outcomes. J Am Coll Cardiol. 2014;64:1641-1654.

27. Barbato E, Toth GG, Johnson NP, Pijls NH, Fearon WF, Tonino PA, Curzen N, Piroth Z,
Rioufol G, Juni P and De Bruyne B. A Prospective Natural History Study of Coronary
Atherosclerusis Using Fractional Flow Reserve. J Am Coll Cardiol. 2016;68:2247-2255.

28. Pavin D, Delonca J, Siegenthaler M, Doat M, Rutishauser W and Righetti A. Long-term
(10 years) prognostic value of a normal thallium-201 myocardial exercise scintigraphy in
patients with coronary artery disease documented by angiography. Eur Heart J. 1997;18:69-77.
29. Mohr FW, Morice MC, Kappetein AP, Feldman TE, Stahle E, Colombo A, Mack MJ,
Holmes DR, Jr., Morel MA, Van Dyck N, Houle VM, Dawkins KD and Serruys PW. Coronary
artery bypass graft surgery versus percutaneous coronary intervention in patients with three-
vessel disease and left main coronary disease: 5-year follow-up of the randomised, clinical
SYNTAX trial. Lancet. 2013;381:629-638.

30.  Mushtaq S, De Araujo Goncalves P, Garcia-Garcia HM, Pontone G, Bartorelli AL,
Bertella E, Campos CM, Pepi M, Serruys PW and Andreini D. Long-term prognostic effect of
coronary atherosclerotic burden: validation of the computed tomography-Leaman score. Circ
Cardiovasc Imaging. 2015;8:e002332.

31.  De Bruyne B, Fearon WF, Pijls NH, Barbato E, Tonino P, Piroth Z, Jagic N, Mobius-
Winckler S, Rioufol G, Witt N, Kala P, MacCarthy P, Engstrom T, Oldroyd K, Mavromatis K,
Manoharan G, Verlee P, Frobert O, Curzen N, Johnson JB, Limacher A, Nuesch E, Juni P and
Investigators FT. Fractional flow reserve-guided PCI for stable coronary artery disease. New Eng
J Med. 2014;371:1208-1217.

32.  Genders TS, Steyerberg EW, Alkadhi H, Leschka S, Desbiolles L, Nieman K, Galema
TW, Meijboom WB, Mollet NR, de Feyter PJ, Cademartiri F, Maffei E, Dewey M, Zimmermann
E, Laule M, Pugliese F, Barbagallo R, Sinitsyn V, Bogaert J, Goetschalckx K, Schoepf UJ, Rowe
GW, Schuijf JD, Bax JJ, de Graaf FR, Knuuti J, Kajander S, van Mieghem CA, Meijs MF,
Cramer MJ, Gopalan D, Feuchtner G, Friedrich G, Krestin GP and Hunink MG. A clinical

18


http://circ.ahajournals.org/

8T0Z ‘9T Akenige4 uo 1s9nb Aq /6iosfeulnofeye aa1o//:dny wioly papeo umoq

10.1161/CIRCULATIONAHA.117.028782

prediction rule for the diagnosis of coronary artery disease: validation, updating, and extension.
Eur Heart J. 2011;32:1316-1330.

19


http://circ.ahajournals.org/

8T0Z ‘9T Akenige4 uo 1s9nb Aq /6iosfeulnofeye aa1o//:dny wioly papeo umoq

10.1161/CIRCULATIONAHA.117.028782

Table 1. Baseline Clinical, Angiographic, and Fractional Flow Reserve (FFR) Characteristics

PC NC PM NM
(n=317)  |(n=216)  |(n=153) (n=113) p
Patients characteristics
Age 64.0+10.1 |63.8+10.0 |64.7£9.9 |64.9£10.0 |0.70
Male (%) 250 (79) 250 (116) 250 (163) (250 (221) 1|0.076
Body Mass Index 28.8+4.4 |27.9+4.2 |28.2+5.0 [28.1+45 |0.16
Smoker (%) 70 (22) 70 (32) 70 (46) 70 (62) 0.78
Hypertension (%) 247 (78) 247 (114) ([247 (161) |247 (219) 10.072
Dyslipidemia (%) 249 (79) 249 (115) 249 (163) [249 (220) 10.80
Diabetes Overall (%) 83 (26) 83 (38) 83 (54) 83 (73) 0.36
Diabetes ID (%) 32 (10) 32 (15) 32 (21) 32 (28) 0.20
Renal Failure (%) 8 (3) 8 (4) 8 (5) 8 (7) 0.40
Peripheral Vascular Disease (%) 31 (10) 31 (14) 31 (20) 31 (27) 0.003
Cerebro-Vascular Accident (%) 11 (3) 11 (5) 11 (7) 11 (10) 0.094
Previous Myocardial Infarction (%) 114 (36) |114(53) (114 (75) |114 (101) |0.70
Previous PCI (%) 39 (12) 39 (18) 39 (25) 39 (35) 0.010
Silent Ischemia (%) 53 (17) 53 (25) 53 (35) 53 (47) 0.91
Left Ventricular Ejection Fraction <50% (%)40 (13) 40 (19) 40 (26) 40 (35) 0.78
Multi Vessel Disease (%) 221 (70) |221(102) 221 (144) |[221(196) |0.24
Syntax <0.001
Tertile 1 136 (45) |91 (46) 50 (35) 57 (53)
Tertile 2 83 (27) 55 (28) 45 (31) 23 (21)
Tertile 3 85 (28) 52 (26) 48 (34) 28 (26)
Angina 0.96
Asymptomatic 31(10) [17(8) 18 (12) 12 (11)
CCSclass 1 67 (21) 49 (23) 35 (23) 32 (28)
CCS class 2 145 (46)  |107 (50) |68 (44) 50 (44)
CCSclass 3 48 (15) 24 (11) 23 (15) 13 (12)
CCSclass 4 26 (8) 19 (9) 9 (6) 6 (5)
Angiographic characteristics
Diameter Stenosis Percentage 66.2+10.7 |39.9+7.7 40.4+7.1 |58.2+6.9 |<0.001
8-49 (%) - 216 (100) 153 (100) |- -
50-69 (%) 203 (64) |- - 104 (92) |
70-98 (%) 114 (36) |- - 7(8) -
Minimal Lumen Diameter 0.9+0.8 1.6+0.3 1.5+0.4 1.2+0.4 <0.001
Reference Lumen Diameter 3.2+9.6 2.8£0.6 2.6x0.5 2.8+0.8 0.71
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Lesion Length 16.7+37.8 [10.6+6.8 |11.9+8.1 |[15.1+9.4 |<0.001
Left Anterior Descending Artery (%) 142 (45) |99 (46) 98 (64) 43 (38) <0.001
Left Circumflex Artery (%) 71 (22) 64 (30) 27 (18) 27 (24) 0.001
Right Coronary Artery (%) 104 (33) 53 (25) 28 (18) 43 (38) <0.001
Fractional Flow Reserve 0.62+0.13 |0.87+0.05 |0.71+0.09 [0.87+0.05 [<0.001
<0.8 (%) 317 (100) |- 153 (100) | -
>0.8 (%) - 216 (100) |- 113 (100) |-

EMI, Body mass index; Diabetes ID, insulin dependent; PCI, percutaneous coronary intervention; Ml,
Myocardial Infarction; MVD, Multivessel disease; EF, Ejection fraction; CCS, Canadian class score;

LCx/RCA, Left circumflex artery/ right coronary artery; FFR, Fractional flow reserve. All P-values

account for the correlation of lesions within patients. Note that p-values are global p-values for equality
across all 4 groups. A pairwise testing among the groups for the characteristics that had significant overall
p-values is available in the supplemental data (Table S1).
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VOCE
yes (n=208) no (n=591) HR p
Patients characteristics
Age 64.4 (SD 10.9) 64.1 (SD 9.7) 1.01 (0.85t0 1.21) 0.88
Male 158 (76) 440 (74) 1.04 (0.72 to 1.50) 0.85
BMI 28.4 (SD 4.2) 28.3 (SD 4.6) 1.02 (0.88 t0 1.18) 0.78
Risk factors
Smoker 42 (20) 123 (21) 0.95 (0.66 to 1.38) 0.81
Hypertension 163 (78) 452 (76) 1.07 (0.73 to 1.57) 0.72
Hypercholerolemia 161 (77) 471 (80) 0.90 (0.64 t0 1.28) 0.57
Diabetes overall 58 (28) 146 (25) 1.11 (0.79 to 1.56) 0.54
Diabetes ID 25 (12) 45 (8) 1.47 (0.90 to 2.39) 0.12
Renal insufficiency 63 18 (3) 1.06 (0.37 to 3.00) 0.92
History
Previous PCI 40 (19) 105 (18) 1.09 (0.72 to 1.64) 0.69
Previous M 73 (35) 233 (39) 0.82 (0.5910 1.13) 0.21
Silent Ischemia 25 (12) 103 (17) 0.69 (0.42to0 1.14) 0.15
Presentation
MVD 143 (69) 440 (74) 0.79 (0.58 10 1.08) 0.15
EF<50% 26 (13) 88 (15) 0.78 (0.50 to 1.22) 0.28
Syntax 0.15
Tertile 1 76 (37) 258 (44) Ref.
Tertile 2 60 (29) 146 (25) 1.74 (0.95 t0 3.17)
Tertile 3 60 (29) 153 (26) 1.37 (0.73 t0 2.57)
Angina
Asymptomatic 17 (8) 61 (10) Ref. 0.28
CCSclass 1 44 (21) 139 (24) 1.09 (0.58 to 2.06)
CCSclass 2 98 (47) 272 (46) IP2GRONON2I26)
CCSclass 3 37 (18) 71 (12) 1.80 (0.93 10 3.48)
CCSclass 4 12 (6) 48 (8) 0.93(0.40t0 2.17)
Angiographic characteristics
LCx/RCA 108 (52) 274 (46) 1.23 (0.94 t0 1.61) 0.13
DS>50% 141 (68) 289 (49) 2.01 (1.50t0 2.70) 0.00
FFR<0.80 175 (84) 294 (50) 4.55 (3.06 t0 6.77) 0.00

Numbers of events id followed by percentage in brackets. VOCE, Vessel oriented clinical endpoint; C.I.,
Confidence interval; BMI, Body mass index; Diabetes ID, insulin dependent; PCI, percutaneous coronary
intervention; MI, Myocardial Infarction; MVD, multivessel diseas); EF, Ejection fraction; CCS, Canadian
class score; LCx/RCA, Left circumflex artery/ right coronary artery; DS, Diameter stenosis; FFR,
Fractional flow reserve.
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Table 3. Multivariable predictors of vessel oriented clinical endpoint (VOCE)

HR (95% CI) p
Model 1: Average estimates
FFR <0.80 4.16 (2.74 10 6.31) <0.001
DS >50% 1.36 (1.00 to 1.85) 0.050
Silent Ischemia 0.65 (0.40to 1.07) 0.092
Model 2: Accounting for interaction of FFR with time
FFR <0.80
up to 90 days 7.28 (2.92 10 18.2) <0.001
above 90 days 3.29 (1.791t0 4.78) <0.001
DS >50% 1.36 (1.00 to 1.85) 0.049
Silent Ischemia 0.65 (0.40t0 1.07) 0.092

Multivariable model after forward selection of clinical and angiographic baseline characteristics
associated with VOCE reported in Table 2, with significance for addition to the model set at p <0.15.
Proportional hazards test based on Schoenfeld residuals positive for Model 1 (p=0.013), negative for
Model 2 (p=0.32) after introduction of an interaction term between FFR (<0.80 vs >0.80) and time (<90
days vs >90 days). ClI, confidence interval; VOCE, Vessel oriented clinical endpoint; DS, diameter
stenosis; FFR, fractional flow reserve.
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Figure Legends

Figure 1. Scatter plot of the angiographic diameter stenosis (DS) versus the fractional flow
reserve values (FFR). Color code: Red dots: Positive Concordance (PC: FFR<0.80; DS>50%);
Blue dots: Negative Concordance (NC: FFR>0.80; DS<50%); Orange dots: Positive Mismatch

(PM: FFR<0.80; DS<50%); Green dots: Negative Mismatch (NM: FFR>0.80; DS>50%).

Figure 2. Scatter plot of the minimal lumen diameter (MLD) versus the fractional flow reserve

values (FFR).

Figure 3. Rate (%) of Vessel Oriented Clinical Endpoint (VOCE) and their individual
components according to the 4 different subgroups according to the values of Fractional Flow
Reserve (FFR) and Percent Diameter Stenosis (DS). The color code is the same as in Figure 1. N.

events: Number of events; HR:Hazard ratio; 95% CI: 95% Confidence Interval.

Figure 4. Kaplan Meier survival curve of 4 Groups according to the values of Fractional Flow

Reserve (FFR) and Percent Diameter Stenosis (DS). The color code is the same as in Figure 1.

Figure 5. Kaplan Meier survival curve of 4 Groups according to the values of Fractional Flow
Reserve (FFR) and Percent Diameter Stenosis (DS) for the cumulative incidence of vessel
related urgent and not urgent revascularization (A) and for the cumulative incidence of vessel
related myocardial infarction and cardiovascular death (B). The color code is the same as in

Figure 1.
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Figure 6. Kaplan Meier survival according to the values of Percent Diameter Stenosis (DS) and

Fractional Flow Reserve (FFR).
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Figure legends

Figure S1A:

Figure S1B :

Figure S2 :

Figure S3 :

Figure S4 :

Figure S5 :

Rate (%) of Vessel Oriented Clinical Endpoint (VOCE) and their individual
components according to the 4 different subgroups according to the values
of Fractional Flow Reserve (FFR) and Percent Diameter Stenosis (DS).
Color code: Red dots: Positive Concordance (PC: FFR<0.80; DS=70%);
Blue dots: Negative Concordance (NC: FFR>0.80; DS<70%); Orange dots:
Positive Mismatch (PM: FFR<0.80; DS<70%); Green dots: Negative
Mismatch (NM: FFR>0.80; DS=70%).

Scatter plot of the angiographic diameter stenosis (DS) versus the fractional
flow reserve values (FFR). Color code: Red dots: Positive Concordance
(PC: FFR<0.80; DS=70%); Blue dots: Negative Concordance (NC:
FFR>0.80; DS<70%); Orange dots: Positive Mismatch (PM: FFR<0.80;
DS<70%); Green dots: Negative Mismatch (NM: FFR>0.80; DS=70%).

Rate (%) of Urgent Revascularizations (UR) according to the 4 different
subgroups according to the values of Fractional Flow Reserve (FFR) and
Percent Diameter Stenosis (DS). Color code: Red dots: Positive
Concordance (PC: FFR<0.80; DS=50%); Blue dots: Negative Concordance
(NC: FFR>0.80; DS<50%); Orange dots: Positive Mismatch (PM:
FFR<0.80; DS<50%); Green dots: Negative Mismatch (NM: FFR>0.80;
DS=50%).

Rate (%) of Non Urgent Revascularizations (NUR) according to the 4
different subgroups according to the values of Fractional Flow Reserve
(FFR) and Percent Diameter Stenosis (DS). Color code: Same as Figure
S2.

Rate (%) of Myocardial Infarction (MI) according to the 4 different
subgroups according to the values of Fractional Flow Reserve (FFR) and
Percent Diameter Stenosis (DS). Color code: Same as Figure S2.

Rate (%) of CV Death according to the 4 different subgroups according to
the values of Fractional Flow Reserve (FFR) and Percent Diameter
Stenosis (DS). Color code: Same as Figure S2.



Figure S1A
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Figure S1A: Rate (%) of Vessel Oriented Clinical Endpoint (VOCE) and their individual
components according to the 4 different subgroups according to the values
of Fractional Flow Reserve (FFR) and Percent Diameter Stenosis (DS).
Color code: Red dots: Positive Concordance (PC: FFR<0.80; DS=70%);
Blue dots: Negative Concordance (NC: FFR>0.80; DS<70%); Orange dots:
Positive Mismatch (PM: FFR<0.80; DS<70%); Green dots: Negative
Mismatch (NM: FFR>0.80; DS=70%).




Figure S1B
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Figure S1B : Scatter plot of the angiographic diameter stenosis (DS) versus the fractional
flow reserve values (FFR). Color code: Red dots: Positive Concordance
(PC: FFR<0.80; DS=70%); Blue dots: Negative Concordance (NC:
FFR>0.80; DS<70%); Orange dots: Positive Mismatch (PM: FFR<0.80;
DS<70%); Green dots: Negative Mismatch (NM: FFR>0.80; DS270%).



Figure S2
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Figure S2 :

Rate (%) of Urgent Revascularizations (UR) according to the 4 different
subgroups according to the values of Fractional Flow Reserve (FFR) and
Percent Diameter Stenosis (DS). Color code: Red dots: Positive
Concordance (PC: FFR<0.80; DS=50%); Blue dots: Negative Concordance
(NC: FFR>0.80; DS<50%); Orange dots: Positive Mismatch (PM:
FFR<0.80; DS<50%); Green dots: Negative Mismatch (NM: FFR>0.80;
DS=50%).



Figure S3
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Figure S3: Rate (%) of Non Urgent Revascularizations (NUR) according to the 4
different subgroups according to the values of Fractional Flow Reserve
(FFR) and Percent Diameter Stenosis (DS). Color code: Same as Figure
S2.



Figure S4
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Figure S4: Rate (%) of Myocardial Infarction (MI) according to the 4 different
subgroups according to the values of Fractional Flow Reserve (FFR) and
Percent Diameter Stenosis (DS). Color code: Same as Figure S2.



Figure S5

100- E
©
=
z 80
n
()]
£
< 601
(4]
(O]
()]
Q>)
404
O T T T
0 200 400 600
Number of Lesions at risk DayS
N. Concordance :216 216 214 214 167
1113 111 120 110 94
1153 153 152 151 123
P.Concordance :315 315 311 307 269

Figure S5: Rate (%) of CV Death according to the 4 different subgroups according to
the values of Fractional Flow Reserve (FFR) and Percent Diameter
Stenosis (DS). Color code: Same as Figure S2.




Table S1 : P-values for pairwise analyses of the variables from table 1 with p<0.05.

PC NC PM NM
Male Ref. 0.035 0.55 0.039
- Ref. 0.21 0.75
- - Ref. 0.19
Peripheral Vascular Disease Ref. 0.37 0.042 0.14
- Ref. 0.005 0.37
- - Ref. 0.010
Previous PCI Ref. 0.011 0.003 0.020
- Ref. 0.80 0.92
- - Ref. 0.75
Diameter Stenosis Ref. <0.001 <0.001 <0.001
- Ref. 0.54 <0.001
- - Ref. <0.001
Minimal Lumen Diameter Ref. <0.001 <0.001 <0.001
- Ref. 0.001 <0.001
- - Ref. <0.001
Lesion Lenght Ref. 0.005 0.030 0.48
- Ref. 0.14 <0.001
- - Ref. 0.003
Left Anterior Descending Ref. 0.100 <0.001 0.001
- Ref. <0.001 0.039
- - Ref. <0.001
Left Circumflex Artery Ref. 0.062 0.12 0.009
- Ref. 0.003 0.31
- - Ref. <0.001
Right Coronary Artery Ref. 0.98 <0.001 0.22
- Ref. <0.001 0.26
- - Ref. <0.001
Fractional Flow Reserve Ref. <0.001 <0.001 <0.001
- Ref. <0.001 0.22
- - Ref. <0.001

Legend: P-values for pairwise analyses of the variables from table 1 with p<0.05.



Table S2: Multivariable predictors of vessel oriented clinical endpoint (VOCE)
including SYNTAX

HR (95% ClI) p
Model 1: Average estimates

FFR<0.8 4.01(2.601t06.20) <0.001
DS 250% ~ 134(097t01.84) 0.074
~ SYNTAX ~ 1.12(0.93t01.36)  0.240
Model 2: Accounting for interaction of FFR with time

FFR<0.80
~ upto 90 days 6.65 (2.65t0 16.7)  <0.001
~ above 90 days 3.22(1.69t04.76)  <0.001
DS 250% 1.34(0.97to 1.84)  0.073
~ SYNTAX ~ 1.12(0.93t01.36)  0.241

HR, Hazard ratio; Cl, confidence interval; VOCE, Vessel oriented clinical endpoint; DS, diameter stenosis;
FFR, fractional flow reserve.
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