
Circulation: Cardiovascular Interventions

861

Circulation: Cardiovascular Interventions is available at www.ahajournals.org/journal/circinterventions

Circ Cardiovasc Interv. 2022;15:e012328. DOI: 10.1161/CIRCINTERVENTIONS.122.012328 November 2022

 
Correspondence to: Oriol Rodriguez-Leor, MD, PhD, Unitat de Cardiologia Intervencionista, Institut del Cor, Hospital Universitari Germans Trias i Pujol, Carretera de 
Canyet SN, 08926, Badalona, Spain. Email oriolrodriguez@gmail.com
*A list of researchers, institutions, and organizations participating in the iLITRO-EPIC07 Study are listed in the Supplemental Material.
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/CIRCINTERVENTIONS.122.012328.
For Sources of Funding and Disclosures, see page 870 & 871.
© 2022 The Authors. Circulation: Cardiovascular Interventions is published on behalf of the American Heart Association, Inc., by Wolters Kluwer Health, Inc. This is an 
open access article under the terms of the Creative Commons Attribution License, which permits use, distribution, and reproduction in any medium, provided that the 
original work is properly cited.

ORIGINAL ARTICLE
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BACKGROUND: There is little information available on agreement between fractional flow reserve (FFR) and instantaneous 
wave-free ratio (iFR) in left main coronary artery (LMCA) intermediate stenosis. Besides, several meta-analyses support 
the use of FFR to guide LMCA revascularization, but limited information is available on iFR in this setting. Our aims were to 
establish the concordance between FFR and iFR in intermediate LMCA lesions, to evaluate with intravascular ultrasound 
(IVUS) in cases of FFR/iFR discordance, and to prospectively validate the safety of deferring revascularization based on a 
hybrid decision-making strategy combining iFR and IVUS.

METHODS: Prospective, observational, multicenter registry with 300 consecutive patients with intermediate LMCA stenosis 
who underwent FFR and iFR and, in case of discordance, IVUS and minimal lumen area measurements. Primary clinical end 
point was a composite of cardiovascular death, LMCA lesion-related nonfatal myocardial infarction, or unplanned LMCA 
revascularization.

RESULTS: FFR and iFR had an agreement of 80% (both positive in 67 and both negative in 167 patients); in case of 
disagreement (31 FFR+/iFR– and 29 FFR−/iFR+) minimal lumen area was ≥6 mm2 in 8.7% of patients with FFR+ and 
14.6% with iFR+. Among the 300 patients, 105 (35%) underwent revascularization and 181 (60%) were deferred according 
to iFR and IVUS. At a median follow-up of 20 months, major adverse cardiac events incidence was 8.3% in the defer group 
and 13.3% in the revascularization group (hazard ratio, 0.71 [95% CI 0.30–1.72]; P=0.45).

CONCLUSIONS: In patients with intermediate LMCA stenosis, a physiology-guided treatment decision is feasible either with FFR 
or iFR with moderate concordance between both indices. In case of disagreement, the use of IVUS may be useful to indicate 
revascularization. Deferral of revascularization based on iFR appears to be safe in terms of major adverse cardiac events.
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Due to the limitations of the coronary angiogram in 
assessing functional relevance of intermediate left 
main coronary artery (LMCA) stenosis,1–3 invasive 

image modalities such as intravascular ultrasound (IVUS) 
or optical coherence tomography as well as invasive 
functional techniques (fractional flow reserve [FFR] or 
instantaneous wave-free ratio [iFR]) are recommended 
to guide revascularization decision.4 The LITRO study 
(Prospective Use of an Intravascular Ultrasound-Derived 
Minimum Lumen Area Cut-Off Value in the Assessment 
of Intermediate Left Main Coronary Artery Lesions) 
showed that a minimal lumen area (MLA) of 6 mm2 or 
more was a safe value for deferring revascularization.5 
Use of FFR in this setting is supported by a limited num-
ber of nonrandomized studies that confirmed that defer-
ral of LM stenosis revascularization when FFR shows 
nonischemic values is safe, with similar or better patient 
outcomes than patients undergoing treatment based on 
abnormal FFR values.6,7 Similarly to FFR, a nonrandom-
ized study on the value of iFR in the decision-making 
process regarding LMCA stenosis reported that LMCA 
revascularization deferral based on nonischemic iFR val-
ues is safe.8 Because none of the above-mentioned stud-
ies in LMCA stenoses performed measurements with 
both FFR and iFR, the frequency and meaning of dis-
cordant values between both indices remains unknown, 
although studies looking into the overall discordance in 
functional stenosis classification with FFR and iFR sug-
gest that it may be higher in LMCA than in other coronary 
locations.9,10 Thus, the frequency and clinical significance 
of discordant FFR and iFR values in LMCA stenoses 
remains unknown.

The objective of the iLITRO-EPIC 07 study (Con-
cordance Between FFR and iFR for the Assessment of 
Intermediate Lesions in the Left Main Coronary Artery: A 
Prospective Validation of a Default Value for iFR) was to 

Nonstandard Abbreviations and Acronyms

CABG coronary artery bypass grafting
iFR instantaneous wave-free ratio
IVUS intravascular ultrasound
FFR fractional flow reserve
LAD left anterior descending coronary artery
LCX left circumflex coronary artery
LMCA left main coronary artery
MACE major adverse cardiac events
MLA minimal lumen area
PCI percutaneous coronary intervention

WHAT IS KNOWN
• Angiographic assessment of a left main coronary 

artery (LMCA) stenosis is often difficult and unreli-
able, so it is recommended to confirm lesion sever-
ity with intracoronary imaging or physiology. The 
LITRO trial (Prospective Use of an Intravascular 
Ultrasound-Derived Minimum Lumen Area Cut-
Off Value in the Assessment of Intermediate Left 
Main Coronary Artery Lesions) demonstrated that 
deferred revascularization when intravascular ultra-
sound (IVUS) minimal lumen area was superior or 
equal to 6 mm2 was safe. Previous studies have 
shown that instantaneous wave-free ratio (iFR)-
guided coronary revascularization was not inferior 
to fractional flow reserve (FFR)-guided revascu-
larization with respect to the risk of major cardiac 
events, but these studies excluded patients with 
LMCA stenosis.

• Agreement between FFR and iFR in non-LMCA 
lesions is moderate, and there is little information 
on agreement in LMCA. Several meta-analyses 
support the use of FFR to guide left main coronary 
artery revascularization, but limited information is 
available on iFR in this setting.

WHAT THE STUDY ADDS
• We have shown that agreement between FFR 

and iFR in LMCA stenosis is moderate, but with a 
good correlation between the 2 indices, and that 
it was better when measured in the left circumflex 
than when measured in the left anterior descending 
coronary artery.

• In case of discordance, when FFR was positive 
IVUS showed an minimal lumen area <6 mm2 in 
69% of cases, whereas when iFR was positive, 
IVUS showed an minimal lumen area <6 mm2 in 
40% of cases.

• In patients with intermediate LMCA stenosis in 
whom revascularization was deferred on the basis 
of iFR results (combined with IVUS in case of FFR-
iFR discordance), the incidence of major adverse 
cardiac events during follow-up was low with no 
differences compared with patients treated with 
revascularization, whereas the incidence of myo-
cardial infarction related to LMCA lesion tended to 
be lower in patients with deferred revascularization.
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prospectively assess the degree of agreement between 
FFR and iFR in terms of functional classification of inter-
mediate LMCA stenosis, using IVUS evaluation in cases 
of disagreement between both physiology indices. It also 
was aimed to assess the safety of a hybrid decision-
making strategy combining iFR and IVUS in intermediate 
LMCA stenoses.

METHODS
Study Design
The design of the iLITRO-EPIC07 study has been described 
previously11 and is reported as supplementary material. Briefly, 
it is a prospective, observational, multicenter registry that 
enrolled consecutive patients with intermediate LMCA lesions 
(visual estimation 25–65% diameter stenosis5) in 33 cen-
ters between November 2018 and November 2021. Patients 
underwent both FFR and iFR measurements distal to LMCA 
stenosis. The study protocol recommended a specific physiol-
ogy and intravascular imaging-based algorithm to guide inter-
mediate LMCA stenosis management:

1. In patients with nonsignificant FFR and iFR values distal 
to LMCA stenosis (>0.80 and >0.89, respectively), optimal med-
ical treatment plus deferral revascularization was recommended. 
Other lesions outside LMCA with revascularization indication 
should be treated by percutaneous coronary intervention (PCI). 
By protocol, IVUS was recommended whenever possible.

2. In patients with significant FFR and iFR values distal to 
LMCA stenosis (≤0.80 and ≤0.89, respectively), revascularization 
of the LMCA lesion was recommended (either with PCI or coro-
nary artery bypass grafting [CABG]). Other lesions outside LMCA 
with revascularization indication should be treated by PCI or 
CABG. By protocol, IVUS was recommended whenever possible.

3. In case of discrepancy between FFR and iFR distal to 
LMCA (>0.80 and ≤0.89 or ≤0.80 and >0.89, respectively), 
IVUS was performed to decide on revascularization; if MLA<6 
mm2 revascularization of the LMCA lesion was recommended 
(PCI or CABG) and in case of MLA≥6 mm2, clinical follow-up 
without LMCA lesion revascularization was recommended.

The study was approved by the reference ethics committee 
and notified to the local ethics committee of all participant cen-
ters. The study was registered in Clinicaltrials.gov with registra-
tion number NCT03767621. Only devices with CE (Conformité 
Européenne) marking were used, and only for the indications 
already approved. The study observed the principles estab-
lished by the Declaration of Helsinki. All patients gave their 
written informed consent prior to participation in the study. The 
data that support the findings of this study are available from 
the corresponding author upon reasonable request.

Study Population
Patients with suspected or confirmed ischemic heart disease 
showing intermediate LMCA lesion in the coronary angiography 
(visual estimation between 25% and 60% diameter stenosis) 
were eligible. Inclusion and exclusion criteria have been pub-
lished previously11 and are reported as supplementary material.

In case of severe stenosis at left anterior descending cor-
onary artery (LAD) or left circumflex coronary artery (LCX), 
LMCA lesion was assessed after PCI of these lesions to avoid 

artifact in measurements (especially in FFR), provided that the 
investigators considered that no CABG indication was consid-
ered to exist in case of significant LMCA stenosis.

Technical aspects regarding intracoronary pressure wire 
measurements have been previously reported11 and are 
resumed in supplementary material.

A 12-months and 5-year follow-up were scheduled. 
Follow-up information was prospectively collected in on-site vis-
its and if required by reviewing clinical reports or by telephone, 
in all cases. The indication for repeated catheterization was 
driven clinically and was decided by the clinical cardiologists.

Objectives
The iLITRO-EPIC07 study had 2 primary objectives: (1) to 
establish the concordance between FFR and iFR in intermedi-
ate LMCA lesions to defer revascularization, with cut-off values 
>0.80 (with IV adenosine) for FFR and >0.89 for iFR; and (2) 
to prospectively assess the safety of a hybrid decision-making 
strategy for deferring revascularization in patients with interme-
diate LMCA lesion, based on an iFR cut-off value >0.89 and, in 
case of FFR and iFR discordance, an MLA≥6 mm2.

Primary end point was a composite of cardiovascular 
death, LMCA lesion-related nonfatal myocardial infarction or 
unplanned LMCA revascularization at maximum follow-up. All 
clinical events were adjudicated by an independent clinical 
event adjudication committee that was blinded to FFR, iFR, 
and IVUS results.

Statistical Analysis
Demographic, clinical, hemodynamic, and procedural data 
are presented for the entire group. Continuous variables are 
expressed as mean and SD. Categorical variables are expressed 
as frequencies and percentages. The data obtained are analyzed 
using the unilateral ANOVA or pairwise t test for continuous 
variables and χ2 test for categorical variables. The major adverse 
cardiac events (MACE)-free survival data were represented and 
analyzed using Kaplan-Meier curves and Cox regression analy-
sis. For the first study objective, concordance between functional 
and imaging techniques have been conducted using Cohen’s 
kappa coefficient. Also, sensitivity, specificity, positive and nega-
tive predictive values, and the area under the receiver operating 
characteristic curve are estimated. Given that iFR values do not 
follow a normal distribution, Spearman test has been used to 
establish correlation between FFR and iFR. For the secondary 
study objective, clinical outcomes have been reported separately 
between patients in whom LMCA revascularization was based 
on the iFR values, as per protocol, and those who were not. A  
P value of 0.05 is considered to set statistical significance. All 
analyses are performed with the use Stata 15.0 (Stata Corp, 
College Station, TX).

RESULTS
The study enrolled 300 consecutive patients with inter-
mediate LMCA lesions (visual estimation 25–65% diam-
eter stenosis). Both LMCA FFR and iFR were recorded 
in 293 (98%) patients (from LAD in 291 patients and 
from LCX in 257 patients) while in 6 patients only iFR 
from LAD and/or LCX was recorded.
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FFR/iFR Concordance
Figure 1 shows the 4 groups according to concor-
dant and discordant FFR and iFR measurements, per-
formed either from the LAD or LCX vessels, as well 
and the agreement with IVUS MLA significance (cut-
off≥6 mm2). Table 1 shows clinical, angiographical, 
physiological, and IVUS characteristics, according to 
FFR and iFR concordance. Figure 2 shows FFR and 
iFR correlation and values distribution when measured 
from LAD and LCX.

Concordance between FFR and iFR values was 
worse when measurements were performed from the 
LAD than from the LCX (79.7% of agreement with 
correlation r=0.70 and κ=0.54±0.06 versus 86.4% 
agreement with correlation r=0.65 and κ=0.57±0.06, 
respectively). According to physiologic indices, revascu-
larization deferral of LMCA would take place in 67.4% 
for iFR and 66.3% for FFR when indices measured from 
LAD (1.1% more deferral according to iFR). Alternatively, 
revascularization deferral would take place in 79.0% 
and 81.7% of patients according to iFR and FFR values 
performed in the LCX (2.7% more deferral according to 
FFR).

Figure S1 shows FFR and iFR correlation consider-
ing the grey zone for both indices (0.75–0.80 for FFR 
and 0.86–0.92 for iFR). With this approach, only 4% of 
cases were discordant when measured from LAD and 
3% when measured from LCX.

IVUS Concordance With FFR and iFR
IVUS imaging was performed in 192 patients (64%). 
According to the study protocol, 55 out of the 60 
patients (91.7%) with discordant FFR and iFR values 
were imaged with IVUS.

Figure 3 shows the FFR and iFR values obtained in 
the LAD according to the IVUS MLA (<6 mm2 or ≥6 mm2). 
When MLA was <6 mm2 (n=85, 42.5%), 30 patients 
(35.3%) had FFR>0.80 and 39 patients (45.9%) had 
iFR>0.89. When MLA was ≥6 mm2 (n=103, 54.8%), 
23 patients (22.3%) had FFR≤0.80 and 29 patients 
(28.2%) had iFR≤0.89.

An MLA cut point of 6.0 mm2 had the highest sen-
sitivity, specificity, and predictive accuracy to predict 
an FFR>0.80 measured from LAD (sensibility 73%, 
specificity 71%, predictive accuracy 72%), as well as 
to predict an iFR>0.89 measured from LAD (sensi-
tivity 66%, specificity 60%, predictive accuracy 63%; 
Figure S2).

Treatment Decision According to iFR, FFR, and 
MLA
Treatment decision was LMCA revascularization in 
105 patients (35%), and LMCA revascularization defer 
according to the protocol recommendation in 181 
patients (60.3%).

Figure 4 shows treatment decision according to iFR, 
FFR, and MLA values. Except for 1 patient with positive 
FFR, iFR, and MLA who refused revascularization, deci-
sion of treatment was based on local heart team recom-
mendation in all cases.

There were 15 patients (5%) with LMCA revascu-
larization and 14 patients (4.7%) with revascularization 
deferral in which decision disagreed to protocol recom-
mendation. Table S1 summarizes the reasons for not fol-
lowing the protocol recommendations.

Table 2 shows clinical, angiographical, physiological, 
and IVUS characteristics according to LMCA stenosis 
management decision (revascularization or defer accord-
ing to protocol recommendation).

Figure 1. Patient classification according to the concordance between fractional flow reserve (FFR) and instantaneous wave-
free ratio (iFR) as well as intravascular ultrasound (IVUS) significance.
FFR and iFR were measured from left anterior descending coronary artery (LAD) in 291 patients and from left circumflex coronary artery (LCX) 
in 257 patients. There were 3 patients with measurements from LCX but not from the LAD, and 6 patients only with iFR measurement. LMCA 
indicates left main coronary artery; and MLA, minimal lumen area.
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Safety of Deferring Revascularization Based on 
a Hybrid Decision-Making Strategy Combining 
iFR and IVUS
MACE incidence was 8.3% in the defer group and 13.3% 
in the revascularization group (hazard ratio, 0.71 [95% CI 
0.30–1.72]; P=0.45). Table 3 shows incidence of differ-
ent components of MACE in each group.

Incidence of nonfatal myocardial infarction related to 
LMCA lesion had a trend to be lower in the concordant 
defer group compared to revascularization group (1.7% 
versus 7.6%; hazard ratio, 0.28 [95% CI 0.07–1.11]; 
P=0.06).

Patients who underwent CABG showed higher inci-
dence of subsequent MACE compared to patients 
treated with PCI (21.2% versus 5.6%; hazard ratio, 8.16 
[95% CI 1.69–39.29]; P=0.009).

Figure 5 shows MACE-free survival at a median fol-
low-up of 20 months in patients with deferred LMCA 
revascularization according to the protocol recommenda-
tion compared to patients with LMCA revascularization.

DISCUSSION
To the best of our knowledge, this is the first prospec-
tive study investigating the concordance between FFR 
and iFR in patients with intermediate LMCA stenosis and 
the first study adding IVUS data for discordant cases. 
Moreover, this is the first study systematically assessing 
long-term outcomes in these challenging patients when 
decision to perform or defer revascularization was based 
on IVUS, and when FFR and iFR measurements were 
not concordant.

Our main findings are as follows. First, we have 
found an 80% of concordance between FFR and iFR 
to establish revascularization indication when measured 
from LAD and concordance was better when measured 
from LCX that from LAD. In case of discordance, when 
FFR was positive and iFR was negative, IVUS showed 
an MLA<6 mm2 in 69% of cases, while when FFR was 
negative and iFR was positive, IVUS showed an MLA<6 
mm2 in 40% of cases. Second, in patients with intermedi-
ate LMCA stenosis with discordance between FFR and 

Table 1. Clinical, Angiographical, Physiological, and IVUS Characteristics According to FFR and iFR Concordance

 FFR+/iFR+; n=67 FFR+/iFR−; n=31 FFR−/iFR+; n=29 FFR−/iFR−; n=167 P value 

Clinical characteristics

 Age, y 67±11 63±9 70±10 68±10 <0.001

 Female sex 11 (16.4) 0 (0) 6 (20.7) 26 (14.6) 0.091

 Hypertension 53 (79.1) 24 (77.4) 22 (75.9) 119 (71.3) 0.61

 Diabetes 24 (35.8) 11 (35.5) 9 (31.0) 49 (29.3) 0.76

 Hypercholesterolemia 46 (68.7) 22 (71.0) 15 (51.7) 119 (71.3) 0.22

 LVEF, % 56±11 56±9 52±11 54±11 0.29

 Previous MI 17 (25.4) 9 (29.0) 9 (31.0) 50 (29.9) 0.91

 Previous PCI 27 (40.3) 16 (51.6) 10 (34.5) 70 (41.9) 0.59

 STE-ACS 7 (10.6) 8 (25.8) 7 (24.1) 31 (18.6)  

 NSTE-ACS 26 (38.8) 14 (45.2) 12 (41.4) 48 (28.7) 0.07

 Stable angina/silent ischemia 34 (50.8) 9 (29.0) 10 (34.5) 88 (52.7)  

Angiography/physiology/IVUS characteristics

 LMCA ostial lesion 11 (16.4) 7 (22.6) 6 (20.7) 34 (20.4)  

 LMCA shaft lesion 9 (13.4) 2 (6.5) 1 (3.5) 24 (14.4) 0.62

 LMCA distal lesion 47 (70.2) 22 (71.0) 22 (75.9) 109 (65.3)  

 QCA LMCA diameter stenosis, % 50±11 45±11 43±12 42±10 <0.001

 iFR 0.80±0.08 0.93±0.02 0.85±0.05 0.95±0.03 <0.001

 FFR 0.72±0.07 0.76±0.05 0.86±0.04 0.89±0.05 <0.001

 IVUS MLA, mm2 5.2±1.4 5.8±2.1 6.3±2.0 7.2±2.3 <0.001

Revascularization characteristics

 PCI in LMCA 41 (61.2) 16 (51.6) 11 (37.9) 3 (1.8) <0.001

 CABG in LMCA 19 (28.4) 4 (12.9) 3 (10.3) 6 (3.6) <0.001

 PCI in other lesions 23 (34.4) 11 (35.4) 12 (41.4) 54 (32.3) 0.82

FFR+ means FFR≤0.80; FFR− means FFR>0.80; iFR+ means iFR≤0.89; iFR− means iFR>0.89. FFR and iFR were measured from LAD in 291 patients and from 
LCX in 257 patients. There were 3 patients with measurements from LCX but not from the LAD, and 6 patients only with iFR measurement. This Table reports data 
from 291 patients with measurements from LAD and 3 patients with measurement in LCX but not LAD. Values are mean±SD or n (%). CABG indicates coronary artery 
bypass grafting; FFR‚ fractional flow reserve; iFR, instantaneous free-wave ratio; IVUS, intravascular ultrasound; LAD, left anterior descending coronary artery; LCX, left 
circumflex coronary artery; LMCA, left main coronary artery; LVEF, left ventricle ejection fraction; MI, myocardial infarction; MLA, minimal lumen area; NSTE-ACS, non–ST-
elevation acute coronary syndrome; PCI, percutaneous coronary intervention; QCA, quantitative coronary analysis; and STE-ACS, ST-elevation acute coronary syndrome.
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iFR in whom revascularization was deferred on the basis 
of IVUS MLA≥6 mm2, MACE incidence during follow-
up was low without differences compared to patients 
treated with revascularization. Moreover, incidence of 
myocardial infarction related to LMCA lesion tend to be 
lower in patients with revascularization deferred.

Concordance Between FFR and iFR
Lesion location in LMCA has been described as a pre-
dictor of worse concordance between FFR and iFR. 
Kobayashi et al9 compared FFR and iFR in 760 patients, 
201 with lesion located in LMCA or proximal LAD, and 
found less agreement, taking FFR as gold standard, in 
LMCA or proximal LAD compared to other locations 
(r=0.66 and area under the curve by receiver operating 
characteristic 0.79). In our study, correlation between 
FFR and iFR was slightly higher (r=0.70 with area under 
the curve by receiver operating characteristic 0.86); this 
slight difference can be explained by the different patient 
clinical characteristics between both studies, with more 

diabetes and more acute coronary syndrome in iLITRO, 
and also by the absence of untreated distal severe ste-
noses in our study. Dérimay et al10 described concor-
dance in 587 patients and found that lesions in LMCA 
or proximal LAD were predictors of negative discordant 
iFR; in fact, in 150 patients with LMCA and proximal 
LAD lesions, they described only 51% of concordance. 
Other predictors of negative discordant iFR were more 
severe stenosis, younger age, and lower heart rate, while 
absence of beta-blocker, older age, and less severe ste-
nosis were predictors of a positive discordant iFR. In 
LAD, but not in other locations, physiologically diffuse 
disease assessed by pressure-wire pullback has been 
associated with FFR−/iFR+, while physiological focal 
disease has been associated with FFR+/iFR−.12 We 
observed a better concordance between FFR and iFR 
when measures were performed from LCX (87%), com-
pared to LAD (80%). This difference could be explained 
by the difference in flow between LAD and LCX (ratio 
2:1) and by a lesser amount of subtended myocardium in 
the LCX.13 This finding is similar to what was reported in 

Figure 2. Fractional flow reserve (FFR) and instantaneous wave-free ratio (iFR) correlation, receiver operating curve and values 
distribution when measured from left anterior descending coronary artery (LAD) and left circumflex coronary artery (LCX).
A, Measurements from LAD; (B) measurements from LCX. LMCA indicates left main coronary artery.
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the RESOLVE study that compared FFR and iFR in 1593 
lesions with concordance in 80% of cases.14 Despite 
this classification mismatch, 2 large-scale clinical trials, 
DEFINE-FLAIR and iFR-SWEDEHEART,15,16 showed 
clinical equivalence between FFR and iFR in patients 
with non-LMCA intermediate stenosis. Lee et al17,18 ana-
lyzed clinical outcomes in patients with discordant FFR 
and iFR results, and did not find differences in clinical 
outcomes when compared to patients with discordant 
FFR and iFR. The disagreement between FFR and iFR 
can be explained by differences in hyperemic flow veloc-
ity, as described by Cook et al,19 who showed also that 
coronary stenosis classified as FFR+/iFR− had similar 
coronary flow characteristics to angiographically unob-
structed vessels. In any case, physiological indices are a 

surrogate for the presence of ischemia and, as we have 
shown, most of the discordance occurs around the gray 
zone of both FFR and iFR. Besides, it should not be for-
gotten that FFR has some limitations compared to iFR, 
given that use of FFR is limited in presence of down-
stream LAD or LCX lesions, while iFR pullback may allow 
improved evaluation of tandem lesions.20,21 Limitations of 
FFR also include side effects due to adenosine admin-
istration as well as risk of false negative measurements 
due to failure to induce hyperemia.

Concordance Between IVUS and Physiology
IVUS MLA has a good correlation with FFR in LMCA 
lesions, although the optimal cut-off to predict an 

Figure 3. Concordance between fractional flow reserve (FFR) and instantaneous wave-free ratio (iFR) according to a minimal 
lumen area (MLA) cutoff of 6 mm2 in patients with intravascular ultrasound (IVUS) evaluation.
This analysis was performed in 188 patients with MLA, FFR, and iFR measurements (in 6 patients with IVUS study only iFR was measured). 
LMCA indicates left main coronary artery.

Figure 4. Treatment decision according to instantaneous wave-free ratio (iFR), fractional flow reserve (FFR), and minimal lumen 
area (MLA) values.
In patients with discordant FFR and iFR, protocol recommended to perform intravascular ultrasound (IVUS) and decide revascularization if 
MLA<6 mm2, but local heart team had the final decision. LMCA indicates left main coronary artery.
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abnormal FFR value is variable according to the popula-
tion characteristics. Jasti et al22 found that an MLA>5.9 
mm2 correlated with an FFR>0.75, while Park et al23 
found an MLA>4.5 mm2 in Asiatic population. Regard-
ing iFR, El Hajj et al24 recently described a good cor-
relation between an 0.89 iFR cutoff and 6 mm2 IVUS 
MLA. In our study, 192 patients had MLA assessed, and 
although sensitivity and specificity were good, 29% of 
patients with FFR+/iFR+ had MLA<6 mm2 and 23% of 
patients with FFR−/iFR− had MLA≥6 mm2. In patients 
with discordance between FFR and iFR, 69% of iFR− 
patients had an MLA<6 mm2 while 58% of iFR+ patients 
had an MLA≥6 mm2.

Interestingly, we have found that an MLA cutoff of 6.0 
mm2 best predicted an FFR>0.80 and an iFR>0.89, but with 
relatively low sensitivity, specificity, and predictive accuracy. 

Jasti et al22 described the same MLA cutoff to predict 
an iFR>0.75 but with higher sensitivity (93%), specificity, 
(95%) and predictive accuracy (94%). This best perfor-
mance of FFR could be expected because the 6 mm2 cut-
off was validated considering FFR as the gold standard.22

Safety of Deferral Based on a Hybrid Decision-
Making Strategy Combining iFR and IVUS in 
Intermediate LMCA Stenoses
Due to the limitations of coronary angiography to assess 
the severity of intermediate LMCA stenosis, different 
studies have evaluated intracoronary diagnostic tech-
niques to guide revascularization in these patients. More 
than 10 years ago, we demonstrated in the LITRO trial 
that deferring revascularization based on an MLA≥6 mm2 

Table 2. Clinical, Angiographical, Physiological, and IVUS Characteristics According to the LMCA Stenosis Man-
agement Decision

 

Deferred according 
to protocol recom-
mendation; n=181 

LMCA revasculariza-
tion; n=105 

Deferred in disagreement 
to protocol recommenda-
tion; n=14 P value* P value† 

Clinical characteristics

 Age, y 68±10 67±11 65±8 0.47 0.31

 Female sex 26 (14.4) 16 (15.2) 2 (14.3) 0.84 0.99

 Hypertension 133 (73.5) 77 (73.3) 13 (92.9) 0.98 0.11

 Diabetes 55 (30.4) 34 (32.4) 6 (42.9) 0.73 0.33

 Hypercholesterolemia 127 (70.2) 69 (65.7) 9 (64.3) 0.44 0.64

 LVEF, % 53±12 55±10 60±10 0.22 0.064

 Previous MI 53 (29.3) 32 (30.5) 2 (14.3) 0.83 0.23

 Previous PCI 78 (43.1) 42 (40) 5 (35.7) 0.61 0.59

 STE-ACS 36 (19.9) 16 (15.2) 2 (14.3)   

 NSTE-ACS 53 (29.3) 43 (41.0) 4 (28.6) 0.13 0.85

 Stable angina/silent ischemia 92 (50.8) 46 (43.8) 8 (57.1)   

Coronary angiography/coronary physiology/IVUS characteristics

 LMCA ostial lesion 38 (21.0) 18 (17.1) 3 (21.4)   

 LMCA shaft lesion 25 (13.8) 10 (9.5) 1 (7.1) 0.34 0.77

 LMCA distal lesion 118 (65.2) 77 (73.3) 10 (71.4)   

 QCA LMCA diameter stenosis, % 41±10 49±10 47±10 <0.001 0.068

 iFR from LAD 0.95±0.03 0.84±0.09 0.89±0.06 <0.001 <0.001

 FFR from LAD 0.89±0.05 0.76±0.09 0.76±0.09 <0.001 <0.001

 iFR from LCX 0.96±0.04 0.86±0.12 0.93±0.05 <0.001 0.015

 FFR from LCX 0.91±0.06 0.80±0.09 0.83±0.03 <0.001 <0.001

 IVUS LMCA evaluation 97 (53.6) 84 (0.80) 11 (78.6) <0.001 <0.001

 IVUS MLA, mm2 7.5±2.2 5.0±1.3 6.2±1.4 <0.001 0.069

Revascularization characteristics

 PCI in LMCA 0 (0) 72 (68.6) 0 (0) - -

 CABG in LMCA 0 (0) 33 (31.4) 0 (0) - -

 PCI in other lesions 59 (32.6) 42 (40.0) 4 (28.6) 0.21 0.76

Values are mean±SD or n (%).  CABG indicates coronary artery bypass grafting; FFR, fractional flow reserve; iFR, instantaneous free-wave ratio; 
IVUS, intravascular ultrasound; LAD, left anterior descending coronary artery; LCX, left circumflex coronary artery; LMCA, left main coronary artery; 
LVEF, left ventricle ejection fraction; MI, myocardial infarction; MLA, minimal lumen area; NSTE-ACS, non–ST-elevation acute coronary syndrome; PCI, 
percutaneous coronary intervention; QCA, quantitative coronary analysis; and STE-ACS, ST-elevation acute coronary syndrome.

*P values are deferred according to protocol recommendation vs revascularization.
†P values are deferred according to protocol recommendation vs deferred in disagreement with protocol recommendation.
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was safe.5 Regarding FFR, several meta-analyses sup-
port its use in LMCA disease.6,7 For iFR, however, infor-
mation is limited to a retrospective observational study 

with 314 patients, which showed no difference in clinical 
outcomes when revascularization decision was based on 
an iFR cutoff ≤0.89.8

Table 3. Clinical Outcomes Within 1-Year Follow-Up

 

Deferred according to 
protocol recommen-
dation; n=181 

LMCA revascular-
ization; n=105 

Deferred in disagree-
ment to protocol rec-
ommendation; n=14 P value* P value† 

MACE 15 (8.3) 14 (13.3) 1 (7.1) 0.17 0.88

Death 8 (4.4) 5 (4.8) 0 (0) 0.89 0.42

Cardiovascular death 5 (2.8) 2 (1.9) 0 (0) 0.65 0.53

Noncardiovascular death 3 (1.7) 3 (2.9) 0 (0) 0.49 0.63

Nonfatal myocardial infarction related to LMCA‡ 3 (1.7) 8 (7.6) 1 (7.1) 0.012 0.16

Nonfatal myocardial infarction nonrelated to LMCA 4 (2.2) 0 (0) 1 (7.1) 0.13 0.26

Unplanned LMCA revascularization 7 (3.9) 3 (2.9) 1 (7.1) 0.65 0.55

Unplanned repeated coronary angiography 21 (11.6) 14 (13.3) 3 (21.4) 0.67 0.28

LMCA in-stent restenosis … 0 (0) … … …

Coronary graft failure … 2 (1.9) … … …

Other lesions in-stent restenosis 1 (0.6) 1 (1) 0 (0) 0.70 0.78

Values are n (%).  MACE is a combination of death, nonfatal myocardial infarction or unplanned LMCA revascularization. LMCA indicates left main coronary artery; 
and MACE, major adverse cardiac events.

*P value for deferred according to protocol recommendation vs revascularization group. 
†P value for deferred according to protocol recommendation vs deferred in disagreement to protocol recommendation. 
‡Nonfatal myocardial infarction related to LMCA lesion or unknown.

Figure 5. Major adverse cardiac events (MACE) in follow-up.
Kaplan-Meier event-free curves showing major cardiac events in the 2 groups. There was no difference between the deferred according to
protocol recommendation and revascularized groups. HR indicates hazard ratio; and LMCA, left main coronary artery.
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In terms of practicality, intermediate LMCA steno-
sis can be evaluated by IVUS, pressure wire, or both. 
Recently, an expert consensus document from the 
European Association of Percutaneous Cardiovascu-
lar Interventions recommended an approach based on 
a combination of IVUS and physiology25 in intermedi-
ate LMCA lesions. Their advice was first do IVUS and, 
if MLA≥6 mm2 defer revascularization, if MLA<4.5 mm2 
proceed to revascularization, and for MLA 4.5 to 6 mm2 
decide according to physiology. At this point, it seems rea-
sonable to use either FFR or iFR, given that the evidence 
we have in the LMCA is similar, if we consider the results 
of both the DEFINE LM study and what was observed in 
iLITRO. Our study has shown good clinical outcomes in 
both groups, without differences in MACE incidence but 
with a trend to significant less LMCA-related nonfatal 
myocardial infarction in the deferred group, despite more 
than half patients had acute coronary syndrome as clini-
cal presentation. Noteworthy, both deferred (50%) and 
treatment (80%) groups had a high use of IVUS. In the 
revascularization group, up to 68.6% of patients under-
went PCI, with 87.5% use of IVUS to guide revascular-
ization procedure. This strategy could have an impact 
on outcome, given that patients who underwent CABG 
showed higher incidence of MACE. This finding is just 
hypothesis generating, but provides new insight into the 
safety of PCI for LMCA lesions.

Studies on the clinical impact of physiology in inter-
mediate LMCA lesions have a small number of patients. 
In this line, the number of patients included in our study 
is also limited; further studies with a much larger num-
ber of patients would be necessary to reach definitive 
conclusions.

Study Limitations
The first limitation of this study is its nonrandomized 
design, but as any all-comers registry, reflects clinical 
populations seen in real-world clinical practice. Second, 
patients were enrolled when LMCA stenosis was consid-
ered intermediate by the operator, and there was no core 
lab analysis for coronary angiography, IVUS, or physiol-
ogy. Nevertheless, again, the study presents patients in 
routine clinical practice, and this potential bias is reduced 
by the multicenter design. Third, discordance was identi-
fied by differences in functional classification according 
to a single binary cut point value, but myocardial isch-
emia is a continuum. Fourth, the number of patients with 
discordance between FFR and iFR was relatively small, 
making it difficult, if not impossible, to establish predic-
tors of discordance, but the vast majority of discordant 
cases were found around the grey zone for both FFR 
and iFR. Although in our study discordant values of FFR 
and iFR were assessed using IVUS, other physiological 
parameters of potential help to explain these discor-
dances (ie, CFR or IMR) were not obtained. Fifth, sample 

size is relatively small and underpowered for hard clini-
cal outcomes, but our results are in concordance with 
previous studies for iFR and FFR in LMCA intermediate 
lesions.8,26 Last, the investigators were not blinded to the 
indices and MLA values, and this might have influenced 
management in the follow-up; nevertheless, all clinical 
events were independently adjudicated by the clinical 
event adjudication committee that was blinded to the 
anatomic and physiological information.

Conclusions
In patients with intermediate LMCA stenosis, concor-
dance between FFR and iFR measured from LAD to 
establish revascularization indication was moderate 
(80%). In case of discordance, IVUS tended to be more 
similar to FFR to classify stenosis significance. Deferral 
of LMCA revascularization based on iFR (combined with 
IVUS in cases of FFR and iFR discordance) appears to be 
safe, with similar MACE rate as compared with patients 
in whom LMCA revascularization was performed.
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