
SUBMITTED ON 03/10/2020 - REVISION RECEIVED ON 1st 18/12/2020 / 2nd 03/03/2021 - ACCEPTED ON 08/03/2021

757

EuroIntervention 2
0

2
1
;17:75

7-76
4  published online 

 M
arch 2

0
2
1

 
D

O
I: 10

.4
2

4
4

/E
IJ-D

-2
0

-0
116

3

CL IN ICAL  RESEARCH
C O R O N A R Y  I N T E R V E N T I O N S

© Europa Digital & Publishing 2021. All rights reserved.

*Corresponding author: Interventional Cardiology, Hospital Clinico San Carlos, Calle del Prof Martín Lagos, 28040 Madrid,
Spain. E-mail: escaned@secardiologia.es

Age and functional relevance of coronary stenosis: 
a post hoc analysis of the ADVISE II trial
Daniel Candeias Faria1,2, MD; Joo Myung Lee3, MD, PhD; Tim van der Hoef4, MD, PhD; 
Hernán Mejía-Rentería1, MD; Mauro Echavarría-Pinto1,5, MD, PhD; Sérgio Bravo Baptista2,6, MD, PhD; 
Enrico Cerrato7,8, MD, PhD; Hector García-García9, MD, PhD; Justin Davies10, MD, PhD; 
Yoshinobu Onuma11, MD, PhD; Habib Samady12, MD, PhD; Jan J. Piek4, MD, PhD; 
Patrick W. Serruys13, MD, PhD; Amir Lerman14, MD, PhD; Javier Escaned1*, MD, PhD; 
on behalf of the ADVISE II investigators

1. Interventional Cardiology Unit, Hospital Clinico San Carlos IDISSC, Complutense University of Madrid, Madrid, Spain;
2. Department of Cardiology, Hospital Professor Doutor Fernando Fonseca, Amadora, Portugal; 3. Heart Vascular Stroke
Institute, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea; 4. Amsterdam UMC,
University of Amsterdam, Heart Center, Department of Interventional Cardiology, Amsterdam Cardiovascular Sciences,
Amsterdam, the Netherlands; 5. Hospital General ISSSTE Querétaro, Facultad de Medicina, Universidad Autónoma de
Querétaro, Santiago de Querétaro, México; 6. University Clinic of Cardiology, Faculty of Medicine at University of Lisbon,
Lisbon, Portugal; 7. Interventional Cardiology Unit, San Luigi Gonzaga University Hospital, Orbassano, Italy; 8. Rivoli Infermi
Hospital, Turin, Italy; 9. Interventional Cardiology, Medstar Washington Hospital Center, Washington, DC, USA; 10. Faculty of
Medicine, National Heart & Lung Institute, Imperial College London, London, United Kingdom; 11. Department of
Interventional Cardiology, Thoraxcenter, Erasmus Medical Center, Rotterdam, the Netherlands; 12. Department of Medicine,
Emory University School of Medicine, Atlanta, GA, USA; 13. Department of Cardiology, National University of Ireland, Galway,
Ireland; 14. Department of Cardiovascular Disease, Mayo Clinic, Rochester, MN, USA

This paper also includes supplementary data published online at: https://eurointervention.pcronline.com/doi/10.4244/EIJ-D-20-01163

Abstract
Background: The influence of age-dependent changes on fractional flow reserve (FFR) or instantaneous 
wave-free ratio (iFR) and the response to pharmacological hyperaemia has not been investigated.
Aims: We investigated the impact of age on these indices.
Methods: This is a post hoc analysis of the ADVISE II trial, including a total of 690 pressure recordings 
(in 591 patients). Age-dependent correlations with FFR and iFR were calculated and adjusted for stenosis 
severity. Patients were stratified into three age terciles. The hyperaemic response to adenosine, calculated 
as the difference between resting and hyperaemic pressure ratios, and the prevalence of FFR-iFR discord-
ance were assessed.
Results: Age correlated positively with FFR (r=0.08, 95% CI: 0.01 to 0.15, p=0.015), but not with iFR 
(r=–0.03, 95% CI: –0.11 to 0.04, p=0.411). The hyperaemic response to adenosine decreased with patient 
age (0.12±0.07, 0.11±0.06, 0.09±0.05, for the 1st [33-58 years], 2nd [59-69 years] and 3rd [70-94 years] age 
tertiles, respectively, p<0.001) and showed significant correlation with age (r=–0.14, 95% CI: –0.21 to 
–0.06, p<0.001). The proportion of patients with FFR ≤0.80+iFR >0.89 discordance doubled in the first age
tercile (14.1% vs 7.1% vs 7.0%, p=0.005).
Conclusions: The hyperaemic response of the microcirculation to adenosine administration is age depend-
ent. FFR values increase with patient age, while iFR values remain constant across the age spectrum. These
findings contribute to explaining differences observed in functional stenosis classification with hyperaemic
and non-hyperaemic coronary indices.
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Abbreviations
ACS acute coronary syndrome
CAD coronary artery disease
FFR fractional flow reserve
GEE generalised estimating equation
iFR instantaneous wave-free ratio
LAD left anterior descending
Pa aortic pressure
PCI percutaneous coronary intervention
Pd distal pressure

Introduction
As a result of shifting demographics, the proportion of elderly 
patients in whom coronary revascularisation is considered has 
increased considerably over the last two decades. Currently, both 
fractional flow reserve (FFR) and instantaneous wave-free ratio 
(iFR) are recommended by societal guidelines to manage percu-
taneous coronary interventions (PCI). However, there is growing 
evidence that the boundary conditions for these pressure-derived 
measurements are not similar between young and old individuals: 
experimental coronary perfusion studies found that ageing induces 
several structural and functional changes in the microcirculatory 
and epicardial domains, as shown by important differences in 
hyperaemic flow and myocardial perfusion reserve after vasodila-
tor administration1,2. Furthermore, recent research has shown the 
fundamental role of microcirculation homeostasis in the vasodila-
tory response to pharmacological hyperaemia3,4.

Of note, the influence of patient age on invasive functional 
coronary physiology has yet to be addressed. The purpose of our 
study was to investigate the impact of ageing in pressure-derived 
coronary physiology indices with focus on hyperaemic and non-
hyperaemic indices and to address its influence on FFR and iFR 
binary classification discordance.

Editorial, see page 703

Methods
STUDY POPULATION
This is a post hoc analysis of the ADVISE II study, a prospec-
tive, international, multicentre, controlled, core laboratory-based 
study of 591 patients and 690 lesions, that aimed to assess the 
diagnostic value of iFR to characterise, without pharmacologi-
cally induced hyperaemia, coronary stenosis severity as deter-
mined by FFR5. Briefly, this trial enrolled patients with stable 
angina or acute coronary syndromes (ACS) who had coronary 
stenosis (at least 40% diameter lesion by visual assessment) in 
one or more major epicardial vessels or its branches, suitable 
for PCI. In patients with ACS, only non-infarct-related vessels 
were interrogated during the first 48 hours following admission. 
The detailed inclusion and exclusion criteria were provided in 
a Supplementary Appendix published along with the original 
study5. A list of ADVISE II investigators and participating cen-
tres is provided in Supplementary Appendix 1. The study proto-
col was reviewed and approved by the local ethics committees.

INTRACORONARY PHYSIOLOGY
Patients underwent wire-based recordings of aortic (Pa) and 
intracoronary distal (Pd) pressures. FFR was obtained and cal-
culated after inducing hyperaemia with intravenous adenosine 
perfusion at 140 mcg/kg/min for a minimum of two minutes. 
Haemodynamic severity was defined as FFR ≤0.80. All the pres-
sure recordings were analysed by an independent core labora-
tory and iFR was calculated as the Pd/Pa ratio before hyperaemia 
induction in the time period between 25% into diastole and 5 ms 
before diastole ending.

RELATIONSHIP BETWEEN AGE AND PRESSURE-DERIVED 
INDICES
Patients were stratified into three groups based on age terciles. 
All correlations between intracoronary physiology indices and age 
were addressed. The respective prevalence of FFR-iFR discord-
ance, defined as FFR ≤0.80+iFR>0.89 and FFR >0.80+iFR ≤0.89, 
were calculated and compared between groups. The difference 
between resting Pd/Pa and FFR was used as an indicator of the 
vasodilator reserve within each age tercile.

STATISTICAL ANALYSIS
Continuous variables with normal distribution were expressed 
as mean and standard deviation. Categorical variables were 
expressed as absolute counts and respective percentages. The 
95% confidence intervals (CIs) of the means of continuous vari-
ables and percentages of categorical variables were calculated 
with t-tests and Clopper-Pearson (exact) approaches, respectively. 
Correlations between coronary physiology indices and age were 
adjusted for several potential confounders, including visual lesion 
severity, interrogated target vessel with proximal left anterior 
descending (LAD) artery lesion, presence of hypertension, diabe-
tes, renal failure, number of vessels interrogated per patient and 
patients presenting with an ACS. The t-test was used to compare 
variables with normal. The one-way ANOVA test and Tukey’s post 
hoc analysis were used to compare mean FFR and iFR values, and 
the chi-square test was used to compare prevalences between dif-
ferent groups. Logistic regression analysis was applied to relate 
a broad range of admission parameters to predict FFR-iFR dis-
cordance. Generalised estimating equations (GEE) were then used 
to correct for possible unknown effects between more than one 
vessel interrogated per patient. Statistical analysis was performed 
using commercially available software (SPSS, Version 23.0 [IBM 
Corp., Armonk, NY, USA] and Stata 13.2 [StataCorp, College 
Station, TX, USA]). Statistical significance was defined as a bilat-
eral p-value <0.05.

Results
STUDY POPULATION
Clinical and angiographic characteristics of the study population are 
shown in Table 1. Stratification of the total population into terciles 
of age resulted in the following groups – 1st tercile: 33-58 years; 
2nd tercile: 59-69 years; and 3rd tercile: 70-94 years. Importantly, 
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there were no significant differences among the groups regarding the 
interrogated coronary artery. However, stenosis severity by visual 
assessment was significantly lower in older patients (61.4±12.5% vs 
59.6±14.8% vs 50.8±12.8%, respectively, for the 1st, 2nd and 3rd age 
terciles; p=0.028) (Table 2).

HAEMODYNAMIC PARAMETERS
The interrogated vessel population (n=690) comprised intermediate 
angiographic (diameter stenosis by visual assessment: 59.7±13.2%) 
and physiological severity (FFR 0.83±0.11 and iFR 0.90±0.11), 
representing the most frequent scenario in everyday practice when 

Table 1. General characteristics of the study population.

Population  
(n=598)

[33-58] years 
(n=207)

[59-69] years 
(n=208)

[70-94] years 
(n=183)

p-value

Baseline demographics
Age, years 63.6±10.8 51.7±5.4 64.5±3.1 75.7±4.4 -

Male 68.9 73.4 76.1 58.6 <0.001

SBP, mmHg 139.0±21.6 134.0±19.8 138.6±23.0 144.3±20.8 <0.001

DBP, mmHg 76.3±12.0 78.8±11.7 76.0±12.0 73.5±11.7 <0.001

Heart rate, bpm 69.3±12.8 70.4±12.5 67.5±12.0 70.0±13.6 0.060

BMI, kg/m2 29.7±5.4 31.3±5.7 29.3±5.1 28.6±5.0 <0.001

Medical history
Prior MI 35.2 38.8 30.3 29.8 0.147

Prior PCI 49.1 49.4 52.5 43.3 0.209

Prior CABG 4.7 3.4 3.8 7.4 0.158

Hypertension 78.8 73.4 79.4 82.3 0.052

Congestive heart failure 8.4 5.5 7.6 10.7 0.164

Diabetes mellitus 35.0 36.7 31.1 33.0 0.755

Renal dysfunction 2.9 3.0 2.1 3.7 0.536

Pulmonary disease 12.0 9.3 9.7 15.8 0.362

Clinical presentation
STEMI 2.5 1.0 4.5 2.2 0.117

NSTEMI 5.6 6.2 5.0 3.8 0.527

Unstable angina 25.3 31.0 20.6 24.2 0.081

Stable angina 53.5 50.0 51.3 30.8 0.682

Silent ischaemia 13.1 13.3 19.6 22.5 0.094

Data are presented as mean ± standard deviation and percentage. BMI: body mass index; CABG: coronary artery bypass grafting; DBP: diastolic blood 
pressure; MI: myocardial infarction; NSTEMI: non-ST-segment myocardial infarction; PCI: percutaneous coronary intervention; SBP: systolic blood 
pressure; STEMI: ST-segment elevation myocardial infarction

Table 2. General characteristics of the epicardial stenosis and pressure-derived indices of functional stenosis relevance.

Population 
(n=690)

[33-58] years 
(n=237)

[59-69] years 
(n=238)

[70-94] years 
(n=215)

p-value

Vessel

Left anterior descending 54.5 55.3 56.7 49.8 0.299

Left circumflex 25.7 23.2 25.6 28.4 0.454

Right coronary artery 19.9 21.5 17.2 20.9 0.449

Stenosis severity by visual assessment, % 59.7±13.2 61.4±12.5 59.6±13.2 58.0±13.2 0.028

Stenosis >50% 85.5 89.0 83.2 84.2 0.135

Physiological indices

FFR 0.83±0.11 0.81±0.12 0.82±0.10 0.84±0.09 0.003

iFR 0.90±0.11 0.90±0.12 0.89±0.11 0.91±0.10 0.217

Pd/Pa 0.93±0.07 0.92±0.08 0.93±0.07 0.93±0.06 0.164

Pd-Pa-FFR difference 0.11±0.06 0.12±0.07 0.11±0.06 0.09±0.05 <0.001

Data presented as mean ± standard deviation and percentage. FFR: fractional flow reserve; iFR: instantaneous wave-free ratio; Pd/Pa: resting distal to 
aortic pressure ratio
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using FFR and iFR, namely for establishing the functional rele-
vance of intermediate coronary stenoses. A good linear correlation 
between both indices was found in the total population (r=0.81, 
95% CI: 0.78 to 0.83, p<0.001). The linear regressions for FFR and 
iFR are presented in Supplementary Table 1. Globally, FFR and 
iFR results were discordant in 121 (17.5%) lesions, including 67 
(9.7%) lesions with an FFR ≤0.80+iFR >0.89 and 54 (7.8% lesions 
with an FFR >0.80+iFR ≤0.89 (Table 2).

EFFECT OF AGE ON PRESSURE-BASED FUNCTIONAL 
INDICES
We found a weak positive correlation between age and FFR val-
ues (r=0.08, 95% CI: 0.01 to 0.15, p=0.015) (Figure 1A), but not 
with iFR (r= –0.03, 95% CI: –0.11 to 0.04, p=0.411) (Figure 1B). 
A significant increase in FFR values was noted in patients older 
than 70 years (p=0.003), while mean iFR values did not dif-
fer significantly between age terciles (p=0.217) (Table 2). The 
Central illustration shows the agreement/discordance relationship 

between FFR and iFR, in terms of functional stenosis relevance, 
per age stratum. The first tercile had a twofold increase in the 
prevalence of discordance due to abnormal FFR (14.8% vs 7.1% 
vs 7.0%, for the 1st, 2nd and 3rd terciles, respectively; p=0.005) 
(Table 2). Interestingly, no significant differences were noted in 
the prevalence of discordance due to abnormal iFR across the 
three age groups, although a non-significant trend towards incre-
ment with age was noted (5.5% vs 8.1% vs 10.2%, for the 1st, 2nd 
and 3rd terciles, respectively; p=0.171) (Table 2, Supplementary 
Figure 1, Supplementary Figure 2). This relationship persisted 
even when considering only “grey-zone” iFR values (0.86-0.93) 
(Supplementary Table 2, Supplementary Figure 3).

AGEING AND HYPERAEMIC RESPONSES TO ADENOSINE 
ADMINISTRATION
We used the difference between resting Pd/Pa and FFR as an index 
of the hyperaemic response to adenosine, or hyperaemic reserve, 
within each age tercile. A significant decrease in the hyperaemic 
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Figure 1. Age correlation with physiologic pressure indices. A) Age correlation with FFR. B) Age correlation with iFR. C) Combined 
regression lines from panels A and B.
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response to adenosine with age was noted (0.12±0.07 vs 0.11±0.06 
vs 0.09±0.05, for the 1st, 2nd and 3rd terciles, respectively, p<0.001). 
The difference between resting Pd/Pa and FFR showed a significant 
negative correlation with age (r= –0.14, 95% CI: –0.21 to –0.06, 
p<0.001), while resting Pd/Pa did not (r= –0.02, 95% CI: –0.09 to 
0.06, p=0.662). This relationship was independent of visual steno-
sis severity (Supplementary Figure 4, Supplementary Figure 5). 
Figure 2 is a combined graph showing the age-associated decrease 
in vasodilatory response overlapped with the percentage of dis-
cordant FFR/iFR cases due to abnormal FFR values, suggesting 
a potential mechanism of differences in adenosine response for the 
observed age-related discrepancy between both indices. A similar 
representation regarding discordance due to abnormal iFR is pro-
vided in Supplementary Figure 1-Supplementary Figure 3.

FACTORS INFLUENCING FFR-iFR DISCORDANCE
The results from the univariate analysis and GEE binary logis-
tic model to identify predictors of discrepancy between dichot-

omous FFR and iFR classification (FFR ≤0.80+iFR >0.89 
and FFR >0.80+iFR ≤0.89), presented in Supplementary 
Table 3-Supplementary Table 5, indicate a significant and independ-
ent association between younger age (OR 0.97, 95% CI: 0.95-0.99, 
p=0.016) and FFR ≤0.80+iFR >0.89 discordance, despite the 
increased visual lesion severity in this group (OR 1.03, 95% CI: 
1.01-1.05, p=0.001). Figure 3 illustrates the marginal effects plots 
of age on the probability of both types of FFR-iFR discordance 
adjusted for epicardial coronary stenosis severity, showing that the 
probability of discordance due to abnormal FFR increases as age 
decreases. Conversely, the probability of discordance due to abnor-
mal iFR increases with increasing age, thus showing that, under 
the same epicardial stenosis severity, age is a major determinant 
of discordance between hyperaemic and non-hyperaemic indices.

Discussion
Our findings suggest that older age is associated with a significant 
increase in FFR values, which appears to be linked to a decreased 
hyperaemic response to adenosine administration. Conversely, iFR 
values are not influenced by patient age, presumably due to its 
non-hyperaemic nature. These findings have potential implications 
in the interpretation of the results of hyperaemic and non-hyperae-
mic pressure indices in different age strata.

As a result of shifting patient demographics, the reported mean 
ages in contemporary trials using intracoronary physiology are, on 
average, more than five years higher than in the pivotal DEFER 
trial6. As this demographic trend is likely to continue, and since 
there is a paucity of data on the effect of ageing on physiological 
indices used routinely in clinical practice, we focused our research 
on the influence of age on the values of both hyperaemic and non-
hyperaemic indices of functional stenosis severity.

We hypothesise that the age-FFR dependency phenomenon is 
largely caused by an age-related impairment of the vasodilatory 
capacity of the coronary microcirculation. Ageing induces struc-
tural and functional changes in the microcirculation that may 
explain the diminishing pharmacological hyperaemic response in 
older subjects3,7-10, with baseline and hyperaemic myocardial blood 
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flow remaining unchanged up to 60 years of age, but decreas-
ing sharply beyond that age1,2. The age-related patterns of athero-
sclerosis accounting for differences in coronary haemorrheology 
are another potential contributing mechanism11. On average, focal 
stenoses and thin-cap fibroatheromas are more frequent in younger 
individuals, while diffuse narrowing and vessel calcification occur 
more frequently in the elderly. As pressure loss due to turbulence 
or flow separation increases during hyperaemia12, differences in 
stenosis geometry related with ageing might also contribute to our 
findings, with focal stenosis generating larger translesional pressure 
gradients during hyperaemia than diffuse stenoses. In that regard, 
non-hyperaemic indices might reflect in a more balanced way the 
contribution of friction and turbulence to flow energy loss in stenotic 
vessels in the elderly. This hypothesis is supported by the influence 
of focal and diffuse patterns of epicardial disease on the discrepancy 
between FFR and iFR values13. Finally, a third mechanism might be 
that the hyperaemic effect of adenosine on the coronary microcir-
culation varies with age, as a consequence of age-related changes 
in cardiac adenosine receptor expression or sympathetic drive14-16.

Age also modifies the relative contribution of epicardial stenoses 
and microcirculatory disease to abnormal coronary haemodynamics 
in patients with atherosclerotic disease3. A decrease in the proportion 
of patients with abnormal FFR and normal CFR values with age-
ing was found. Mirroring that finding, we now describe a decrease 
in the proportion of patients with an abnormal FFR despite a nor-
mal iFR with increasing age. Other authors have previously identi-
fied age as one of the factors associated with FFR-iFR discrepancy, 
although a detailed analysis of the relationship between ageing and 
such a discrepancy was not performed17,18. In this regard, we used 
the resting Pd/Pa-FFR difference as a surrogate for vasodilator 
reserve and microcirculation function since other, better, dedicated 
indices, such as hyperaemic microvascular resistance or index of 
microcirculatory resistance, were not performed in the ADVISE 
II trial. Interestingly, a sub-analysis of the FAME trial docu-
mented that higher FFR values occurred in patients >65 years old19.

An explanation of why flow- and iFR-based correlations with 
FFR resemble each other can be found in previous studies show-
ing that iFR correlates better with flow indices than FFR, from the 
standpoint either of intracoronary Doppler measurements20, or of 
13N-ammonia positron emission tomography21. These findings are 
also supported by a previous work from our group investigating 
dichotomous classification of stenosis severity based on FFR and 
Pd/Pa, in which patients with abnormal FFR but non-ischaemic 
Pd/Pa values (defined as Pd/Pa >0.91) were significantly younger 
than any of the other three groups generated by dichotomous clas-
sification of both indices22.

The clinical implications of all the points discussed above trig-
ger the important question of whether revascularisation is required 
in younger patients with stenoses showing an FFR ≤0.80 with non-
ischaemic iFR values. Flow-based studies have shown that, on 
average, myocardial blood supply was preserved in patients with 
discordant FFR/iFR due to abnormal FFR value and, therefore, 
iFR values may reflect better the need for revascularisation in the 

younger age stratum that has a higher prevalence of this type of dis-
cordance between FFR and iFR. A patient-pooled analysis of two 
large randomised trials has shown that, indeed, revascularisation is 
more frequent when FFR is used in decision making, compared with 
iFR23. We can hypothesise that the higher rate of revascularisation 
deferral with iFR was related to the findings of our investigation. 
More research will be needed to understand the clinical implica-
tions of these findings, as evidence addressing this key aspect is 
lacking. For example, a stratified analysis of the FAME trial did not 
show a statistically significant difference in events between FFR-
guided and angio-guided revascularisation for patients >65 years 
or ≤65 years; however, no firm conclusions can be drawn due to 
lack of statistical power and the lack of a comparator iFR arm19.

Overall, the clinical consequences of the discussed depend-
ence of FFR on patient age might result either from an excess 
of unneeded PCI procedures, or from omission of revascularisa-
tion in large myocardial territories. Current clinical practice guide-
lines recommend both FFR and iFR in routine clinical practice, 
a fact that is tied to decision making on revascularisation in mil-
lions of patients worldwide. As reported previously, the overall 
effect of age in FFR is small (approximately 1%)24. However, as 
its contribution to FFR-iFR discrepancy is clinically significant, 
we strongly believe that further investigations on this pheno-
menon should be undertaken to optimise the benefits of physio-
logy-guided revascularisation.

Limitations
Our study is limited in that it is a retrospective subgroup analysis 
of the ADVISE II study. Therefore, our conclusions are mainly 
hypothesis-generating rather than hypothesis testing. Nevertheless, 
there was a clear biological and clinical rationale for performing 
this analysis, as the microcirculatory and epicardial modifications 
associated with age had been described previously. Another limi-
tation might be lack of invasive coronary flow data, which would 
explain the differences in coronary flow and vasodilatory capacity 
such as resistive reserve ratio across age.

Conclusions
Ageing is associated with a lower vasodilatory response of the 
microcirculation to adenosine administration, causing age-related 
modification of FFR values that is not observed with iFR. This 
fact influences the degree of concordance between hyperaemic 
and non-hyperaemic indices in terms of functional stenosis clas-
sification. Further research is needed to clarify the adenosine 
responses in different age groups.

Impact on daily practice
FFR values increase with age and this appears to be associated 
with an age-related decrease in the hyperaemic response of the 
microcirculation to adenosine. iFR values are not influenced by 
patient age. The discrepancy between FFR and iFR in terms of 
stenosis classification is age-related.
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Supplementary Appendix 1. Participating centres and site principal investigators of the 

ADVISE II trial. 

 
Al-Dorrah Heart Care, Egypt      A. Khashaba 

 
Allegheny-Singer Research Institute, USA    D. Lasorda  
 
Amsterdam Medical Center, NL     J. Piek 
 
Amphia Ziekenhuis, NL      M. Meuwissen 
 
AtlantiCare Regional Medical Center, USA    H. Levite 
 
Aurora St. Luke's Medical Center, USA    S. Allaqaband 

 
Baptist Hospital of Miami/Baptist Cardiac and Vascular Inst, USA J. Roberts 

 
Chandler Regional Medical Center     G. Nseir 

 
Gilbert Medical Center, USA      G. Nseir 

 
Duke University, USA       S. Jones 
 
Emory University, USA      H. Samady 

 
Erasmus Medical Center, NL      R. van Geuns 

 
Fairview, University of Minn, USA     G. Raveendran 

 
Forsyth Medical Center, USA      R. Preli 
 
Geisinger Clinic Danville, USA     J. Blankenship 

 
Greenville Memorial Hospital, USA     J. Baucum 
 
UPMC Hamot, USA       Q. Orlando 
 
Hosp. Clinico San Carlos, Spain     J. Escaned 

 
Hosp. Univ San Juan, Alicante, Spain    R. Palop 

 
Hosp. Univ. La Paz, Madrid, Spain     R. Moreno 
 
Szpitala Uniwersyteckiego w Krakowie, Poland   J. Legutko 

 
Kerckhoff-Klinik, Germany      H. Möllmann 
 
LLC and North Florida Hospital     M. Tulli 

 
Liverpool Heart & Chest Hospital NHS, UK    R. Stables 
 



 

 

Mayo Clinic, USA       R. Gulati 

 
Medical University of South Carolina, USA    E. Powers 

 
MSWiA Warsawza Woloska, Poland     R. Gil 

 
Cardiovascular Research of North Florida, USA   M. Tulli  
 
East Carolina University- Pitt County Memorial Hospital, USA B. Carrabus 

 
Polikliniką SP ZOZ we Wrocławiu, Poland    B. Carrabus 

 
Regions Hospital, USA      J. Brechtken 

 
Rex Hospital        J. Schneider 

 
Victoria Heart Institute, Canada     A. Della Siega 

 
Sentara Cardiovascular Research Institute, USA   P. Mahoney 

 
Colorado Heart and Vascular, PC- St. Anthony Hospital, USA J. Altman 

 
St. John's Hospital, USA      G. Mishkel 

 
State University of New York, USA     A. Jeremias 

 
Medisch Spectrum Twente, NL     C. von Birgelen 

 
University of North Carolina at Chapel Hill, USA   P. Kaul 

 
Ralph H. Johnson VA Medical Center, USA    V. Fernandes 

 
Wake Heart Research, LLC, USA     J. Schneider 

 
Washington University - Barnes Jewish, USA   H. Kurz 

 
Wellmont Holston Valley Medical Center, USA   M. Mayhew 

 
Winter Haven Hospital, USA      Z. Tai 



 

 

 

 

 
 

 



 

 

 
 

 



 

 

 
 

 

 
 



 

 

 
 

 



 

 

 
 



 

 

Supplementary Table 1. Linear regressions for predictors of FFR and iFR values.  
 

  

Linear regression for 

FFR    

Linear regression for 

iFR   
               

Predictors Slope  Beta-coefficient   p-value  Slope  Beta-coefficient   p-value  
               

Age, years 0.001  0.092   0.015  -0.00001  -0.001   0.973  
               

Hypertension -0.003  -0.011   0.772  -0.008  -0.027   0.468  
               

Diabetes -0.007  -0.030   0.425  -0.018  -0.075   0.047  
               

Renal failure -0.024  -0.035   0.347  -0.052  -0.075   0.055  
               

Presenting with ACS -0.004  -0.019   0.612  0.001  0.003   0.943  
               

Visual stenosis diameter 
-0.001 

 
-0.251 

  
<0.001 

        
     

-0.001 
 

-0.282 
  

<0.001 
 

            
               

Number of vessels per patient -0.008  -0.031   0.415  -0.006  -0.021   0.569  
               

Proximal LAD artery lesion -0.033  -0.108   0.004  -0.035  -0.111   0.003  
               

Constant  0.832      0.978     
                

 
ACS: acute coronary syndrome; FFR: fractional flow reserve; iFR: instantaneous wave-free ratio; LAD: left anterior descending 

 
 
 
 

 



 

 

Supplementary Table 2. Distribution of pressure-wire index values when considering only “grey-zone” iFR values (0.86-0.93).  
 
 
 

 

 
Physiological indices 

  Population   [33-58] years   [59-69] years   [70-94] years   
p-value 

 
   

(n=213) 
  

(n=75) 
  

(n=72) 
  

(n=66) 
   

              
                  

 FFR 0.81±0.07  0.78±0.06  0.82±0.06  0.82±0.07  0.020  
            

 iFR 0.90±0.02  0.90±0.02  0.90±0.02  0.89±0.02  0.776  
                 

 FFR/iFR discordance                

 FFR ≤0.80 + iFR 0.90-0.93 20.7  28.0  16.7  16.7  0.149  

 FFR >0.80 + iFR 0.86-0.89 17.4  12.0  22.2  18.2  0.257  

 Total 38.0  40.0  38.9  34.8  0.807  
                  

 
FFR: fractional flow reserve; iFR: instantaneous wave-free ratio 



 

 

Supplementary Table 3. Univariate analysis for predictors of FFR ≤0.80 + iFR >0.89 and FFR >0.80 + iFR ≤0.89 discordance. 
 

Univariate analysis FFR ≤0.80 + iFR >0.89 FFR >0.80 + iFR ≤0.89 
           

Predictors 
Yes 
(n=67)  No (n=623)  p-value 

Yes 
(n=54)  No (n=636)  p-value 

           

Age, years 60.4±9.7  64.1±10.7  0.007 66.4±10.3  63.5±10.7  0.057 
           

Male sex 80.6  68.5  0.041 51.8  71.2  0.005 
           

SBP, mmHg 136.2±22.7  140.7±21.2  0.128 136.4±17.7  140.6±22.5  0.199 
           

DBP, mmHg 74.6±11.3  76.7±12.2  0.183 73.1±10.1  76.8±12.2  0.039 
           

Heart rate, bpm 66.0±12.5  69.4±12.4  0.040 72.2±10.9  68.6±12.5  0.037 
           

BMI, kg/m2 29.5±4.6  29.7±5.5  0.796 29.7±5.9  29.7±5.4  0.998 
           

Prior MI 38.8  32.4  0.355 25.9  33.6  0.226 
           

Prior PCI 47.7  48.6  0.629 44.4  48.9  0.547 
           

Prior CABG 5.9  4.7  0.722 9.3  4.4  0.236 
           

Congestive heart failure 4.5  8.2  0.562 11.1  7.5  0.286 
           

Hypertension 77.6  78.3  0.612 77.8  78.3  0.685 
           

Diabetes mellitus 22.4  34.8  0.067 35.2  33.5  0.697 
           

Renal dysfunction 0.0  3.2  0.208 3.7  2.8  0.824 
           

Pulmonary disease 10.4  11.6  0.583 7.4  11.8  0.408 
           

Visual lesion severity 65.3±11.5  59.1±11.4  <0.001 59.7±12.8  59.7±13.3  0.998 
           

ACS presentation 40.3  29.5  0.093 25.9  31.0  0.539 
           

Proximal LAD artery 14.9  14.9  1.000 18.5  14.6  0.428 
             
ACS: acute coronary syndrome; BMI: body mass index; CABG: coronary artery bypass grafting; DBP: diastolic blood pressure; LAD: left 
anterior descending; MI: myocardial infarction; PCI: percutaneous coronary intervention; SBP: systolic blood pressure



 

 

Supplementary Table 4. Generalised estimating equations binary logistic model for FRR ≤0.80 + iFR >0.89 discordance prediction. 
 

FFR ≤0.80 + iFR >0.89 B OR 95% CI Chi2 p-value 
      

Patient*number of vessels 1.91*10-6 1.00 1.00-1.00 0.73 0.395 
      

Age, years -0.04 0.97 0.95-0.99 5.80 0.016 
      

Male sex 0.03 1.03 1.01-1.05 10.43 0.001 
      

SBP, mmHg 1.99*10-4 1.00 1.00-1.01 0.08 0.777 
      

DBP, mmHg 1.40*10-3 1.00 1.00-1.01 1.19 0.275 
      

Heart rate, bpm 1.34*10-3 1.00 1.00-1.01 0.99 0.320 
      

BMI, kg/m2 6.5*10-4 1.00 1.00-1.01 0.01 0.765 
      

Prior MI 0.02 1.02 0.96-1.09 0.52 0.469 
      

Prior PCI -0.02 0.98 0.93-1.04 0.33 0.567 
      

Prior CABG surgery 0.05 1.05 0.92-1.20 0.54 0.463 
      

Congestive heart failure -0.02 0.99 0.92-1.06 0.16 0.688 
      

Hypertension 0.01 1.01 0.94-1.08 0.03 0.866 
      

Diabetes mellitus -0.04 0.96 0.91-1.01 2.40 0.121 
      

Renal dysfunction -0.08 0.92 0.88-0.97 9.82 0.002 
      

Pulmonary disease 0.02 1.02 0.95-1.10 0.34 0.562 
      

Visual lesion severity 0.03 1.03 1.01-1.05 10.44 0.001 
      

ACS presentation 0.03 1.03 0.98-1.09 1.10 0.293 
      

Proximal LAD artery -0.01 0.99 0.93-1.06 0.10 0.747 
       

 
ACS: acute coronary syndrome; BMI: body mass index; CABG: coronary artery bypass grafting; DBP: diastolic blood pressure; FFR: fractional flow reserve; 
iFR: instantaneous wave-free ratio; LAD: left anterior descending; MI: myocardial infarction; PCI: percutaneous coronary intervention; SBP: systolic blood 
pressure 

 
 
 



 

 

Supplementary Table 5. Generalised estimating equations binary logistic model for FRR >0.80 + iFR ≤0.89 discordance prediction. 
 

FFR >0.80 + iFR ≤0.89 B OR 95% CI Chi2 p-value 

      
      

Patient*number of vessels 3.65*10-5 1.00 1.00-1.00 0.73 0.298 
      

Age, years 0.02 1.02 0.98-1.05 1.17 0.279 
      

Male sex 0.80 2.23 1.11-4.45 5.17 0.023 
      

SBP, mmHg 0.01 1.01 0.99-1.03 1.71 0.191 
      

DBP, mmHg 0.02 1.02 0.88-1.06 1.40 0.237 
      

Heart rate, bpm -0.03 0.97 0.95-0.99 5.08 0.024 
      

BMI, kg/m2 3.0*10-3 1.00 0.94-1.07 0.01 0.920 
      

Prior MI 0.21 1.24 0.56-2.72 0.28 0.599 
      

Prior PCI 0.42 1.52 0.75-3.08 1.33 0.248 
      

Prior CABG surgery -1.03 0.36 0.10-1.30 2.44 0.119 
      

Congestive heart failure -0.39 0.68 0.22-2.03 0.49 0.484 
      

Hypertension -0.05 0.95 0.43-2.12 0.01 0.906 
      

Diabetes mellitus -0.05 0.95 0.45-2.02 0.02 0.895 
      

Renal dysfunction -0.26 0.77 0.17-3.46 0.12 0.732 
      

Pulmonary disease 1.12 3.06 0.98-9.45 3.74 0.053 
      

Visual lesion severity 1.0*10-3 0.99 0.97-1.02 0.42 0.516 
      

ACS presentation 0.10 1.11 0.55-2.24 0.08 0.775 
      

Proximal LAD artery -0.05 0.96 0.42-2.21 0.01 0.921 
       

 
ACS: acute coronary syndrome; BMI: body mass index; CABG: coronary artery bypass grafting; DBP: diastolic blood pressure; FFR: fractional flow reserve; 
iFR: instantaneous wave-free ratio; LAD: left anterior descending; MI: myocardial infarction; PCI: percutaneous coronary intervention; SBP: systolic blood 
pressure 

 
 


