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Abstract

Background: Current guidelines recommend the use of either fractional flow reserve (FFR) or instantaneous wave-free ratio (iFR)
for assessing intermediate coronary stenoses. However, FFR/iFR discordance occurs in approximately 20% of cases. This systematic
review and meta-analysis aimed to investigate whether deferring lesions with discordant FFR/iFR classification is associated with worse
prognosis compared to those with negative concordant results (FFR—/iFR—). Methods: A systematic search was conducted in literature
repositories to identify all studies that compared the clinical prognosis of deferred lesions with discordant and concordant FFR/iFR
results. The primary endpoint was a composite clinical outcome of the individual secondary endpoints (death, myocardial infarction, and
revascularization). Results: Three eligible observational studies (1735 deferred vessels) were included in the meta-analysis. Overall,
deferred lesions with FFR/iFR discordance presented numerically higher event rates for all primary and secondary endpoints compared to
deferred lesions with negative concordance; however, none reached statistical significance. Deferred lesions with FFR—/iFR+ discordance
were significantly associated with an increased risk of death (odds ratio [OR]: 3.19; p = 0.049), while deferred lesions with FFR+/iFR—
discordance were associated with a greater risk of revascularization compared to deferred lesions with negative concordance (OR: 3.24;
p = 0.01). Conclusions: Compared to deferred lesions with negative concordant results, deferred lesions with discordant FFR/iFR
results were overall not significantly associated with worse clinical outcomes; however, there was a significantly greater risk of death for
deferred lesions specifically with FFR—/iFR+ discordance, and an increased risk of revascularization for deferred lesions with FFR+/iFR—
discordance. Further dedicated trials are needed to improve guidance in clinical decision-making. The PROSPERO Registration:
CRD420251135424, https://www.crd.york.ac.uk/PROSPERO/view/CRD420251135424.

Keywords: coronary artery disease; coronary stenoses; clinical decision; fractional flow reserve; instantaneous wave-free ratio; mortal-
ity; percutaneous coronary intervention; revascularization

1. Introduction instantaneous wave-free ratio (iFR), a non-hyperemic pres-
sure ratio (NHPR) not requiring the use of a hyperemic
agent such as adenosine, has been developed. DEFINE-
FLAIR and iFR SWEDEHEART are two landmark ran-
domized control trials comparing FFR- vs. iFR-guided PCI
approaches, showing that iFR-guided revascularization is
non-inferior to FFR-guided revascularization [5,6]. Both
the European Society of Cardiology (ESC) and American

The diagnostic performance of elective invasive coro-
nary angiography is limited because visual assessment dur-
ing coronary angiography cannot precisely evaluate the
functional significance of intermediate stenoses [1,2]. A
visual-functional mismatch is evident in 42-57% of non-
left main lesions and 35-55% of left main lesions, while a

. . 1o i .
reverse mismateh is apparent n 14. 16% of non-left main College of Cardiology (ACC) guidelines on chronic coro-
lesions and 14—40% of left main lesions [1,2]. . s
i . nary syndromes have given a class I indication (level of ev-
Fract.lonal. ﬂf’W reserve (FFR) is the .most.commonly idence A) for the equivalent use of FFR or iFR for the func-
used physiologic index to assess the functional importance  {jonal assessment of angiographically intermediate coro-
of intermediate coronary lesions. Landmark trials have nary lesions before deciding on deferring or proceeding to
demonstrated that deferral of FFR-based non-significant le- PCI [7,8]. Although other NHPRs (e.g., resting full-cycle
sions is safe [3], and FFR-guided percutaneous coronary in- ratio [RFR], diastolic hyperemia-free ratio [DFR], and di-

tervention (PCI) leads to improved clinical outcomes com- astolic pressure ratio [DPR]) have also been lately proposed
pared to optimal medical treatment [4]. More recently, the
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and show very high correlation to iFR results, they have not
been tested for outcomes in a randomized clinical setting;
thus, they have been given a much lower class indication
(ITb; level of evidence C) and are not recommended equiv-
alently to FFR or iFR [7].

Despite the equivalent recommendation for FFR and
iFR, FFR/iFR discordance occurs in approximately 20% of
functionally assessed lesions, with the incidence of discor-
dance ranging from 8% to 40% according to the cut-off val-
ues used in each study [9]. Several factors have been iden-
tified as predictors of FFR/iFR discordance, including sex,
age, insulin-treated diabetes mellitus, chronic kidney dis-
ease, angiographic lesion characteristics, elevated left ven-
tricular end-diastolic pressure, and atrial fibrillation [10-
16].

It has not been established whether FFR/iFR discor-
dance has clinical implications and what the appropriate
treatment strategy should be for such discordant lesions.
Evidence remains unclear, given that some studies showed
similar mid-term clinical outcomes between the discordant
and negative concordant groups, and other studies showed
that the former may be associated with worse clinical prog-
nosis in the long-term [17,18]. Until now, no meta-analytic
data focusing on FFR/iFR discordance have been presented.

The aim of our study was to conduct a systematic re-
view and meta-analysis that compares the clinical outcomes
between deferred lesions with discordant FFR/iFR results
(i.e., FFR+/iFR— or FFR—/iFR+) and deferred lesions with
negative concordance (FFR—/iFR-).

2. Materials and Methods

The systematic review and meta-analysis fol-
lowed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines
[19,20], and were registered in the PROSPERO database
(CRD420251135424).

2.1 Search Strategy

We screened PubMed, Cochrane (CENTRAL), Web
of Science, and Epistemonikos.org for all eligible stud-
ies with both FFR and iFR measurements, comparing the
clinical outcomes of FFR/iFR concordance and discor-
dance. The following query string was used: (“FFR” OR
“fractional flow reserve’) AND (“iFR” OR “instantaneous
wave-free ratio”). Additionally, we used the “snowball
technique” to identify other relevant studies. Finally, we
searched grey literature by scanning abstracts of major car-
diology meetings and the ClinicalTrials.gov database. No
study design or language restrictions were placed, ensuring
a comprehensive search strategy.

2.2 Eligibility Criteria

The meta-analysis included studies that assessed the
clinical outcomes between deferred lesions with negative
concordance (i.e., FFR—/iFR—) and deferred lesions with

discordant FFR/iFR results (either FFR+/iFR— or FFR—
/iFR+); FFR+ corresponds to FFR <0.80 with FFR—to FFR
>0.80, and iFR+ corresponds to iFR <0.89 with iFR- to
iFR >0.89. Given our specific focus on FFR and iFR, i.e.,
the NHPR which is recommended equivalently to FFR by
the American and European guidelines, any study which
presented NHPR results without separately providing out-
comes for iFR was not included. The primary endpoint was
a composite clinical outcome consisting of death (either car-
diac or all-cause death), myocardial infarction, and revas-
cularization (either target-lesion revascularization or revas-
cularization, irrespective of lesion location). The secondary
endpoints were death, myocardial infarction, and revascu-
larization.

2.3 Study Selection and Data Extraction

After data retrieval, all studies were imported into the
reference management software (EndNote 20.5, Clarivate
Analytics, Philadelphia, PA, USA). Then, the deduplication
process occurred, and the abstracts were initially screened
for relevance to the research question. The remaining stud-
ies were assessed according to the inclusion criteria. Two
independent reviewers were responsible for the whole study
selection process, and a third senior reviewer resolved any
disparities by reaching a consensus.

Then, the data extraction process took place. Two in-
dependent reviewers were responsible for data extraction,
and any discrepancies were resolved by a third senior re-
viewer who reached a consensus to ensure the reliability of
the data extraction process.

Qualitative outcomes were measured as frequencies
and percentages. The full text and appendices were re-
viewed in accordance with the Cochrane guidelines for sys-
tematic reviews and meta-analyses [21].

2.4 Risk of Bias Assessment

Two independent reviewers used the appropriate tools
(the revised Robins-I tool for observational studies and
the ROB2 tool for randomized trials), as proposed by the
Cochrane Collaboration guidelines, to assess the risk of bias
regarding the composite clinical outcome [21-23]. The re-
sults were visualized using the “robvis” tool (accessible at
https://mcguinlu.shinyapps.io/robvis/).

2.5 Data Analysis and Statistics

The primary analysis consisted of a fixed-effects
model meta-analysis comparing deferred lesions with dis-
cordant FFR/iFR results to deferred lesions with negative
concordance. The effect estimates for the clinical outcomes
were presented as odds ratios and 95% confidence intervals.
Statistical inconsistency was assessed using the Q-test (chi-
squared test) and the 12 statistic. An I? metric <25% sig-
nified low heterogeneity, 25-50% signified moderate, and
>50% signified high heterogeneity. In the case of high het-
erogeneity, a sensitivity analysis (with exclusion of stud-
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ies with a high risk of bias) was planned. Additionally, a
leave-one-out analysis was planned to assess the individual
influence of each study on the results of the meta-analysis.
Publication bias was evaluated by examining the funnel plot
asymmetry of the comparison-adjusted funnel plot and by
conducting Egger’s test in cases where more than 10 com-
parisons were made for the outcome of interest [24,25].

A secondary analysis consisted of a common effects
network meta-analysis. The effect estimates for the clini-
cal outcomes were presented as odds ratios and 95% confi-
dence intervals. Statistical inconsistency was assessed us-
ing both a local and global approach. The local approach
involved using the node-splitting or SIDE (Separating In-
direct from Direct Evidence) method, as per the Cochrane
Collaboration guidelines [26]. The global inconsistency as-
sessment was conducted using the Q-test (chi-squared test)
and the I statistic. In the case of high heterogeneity, a sen-
sitivity analysis (with exclusion of studies with a high risk
of bias) was planned. The P-metric was utilized to rank
treatments. This metric signifies the proportion of certainty
that a treatment is more effective than another treatment,
taking into account all the treatment options compared [27].
Furthermore, we assessed each study’s impact on the net-
work by measuring the percentage decrease in precision fol-
lowing the removal of the study from the network [28]. Fi-
nally, publication bias was evaluated [29].

For the analysis, the cut-off for statistical significance
was defined as a p-value less than 0.05 and a 95% CI that
did not include the unit of measure. The analysis was con-
ducted using the R statistical software (version 4.2.3; R
Core Team 2023, R Foundation for Statistical Computing,
Vienna, Austria) and the packages “meta”, “metafor”, and
“netmeta”.

3. Results

Following the search strategy, 1331 reports were re-
trieved. After the deduplication and the initial screening
of titles and abstracts for relevance, 47 reports remained.
These articles were assessed against the eligibility criteria,
and ultimately, only 5 reports of 3 observational studies
were included in the analysis [17,18,30-32]. Details about
the screening process can be found in Fig. 1.

Regarding the risk of bias assessment, all included
studies were observational, and were thus evaluated using
the Robins-I tool; the evaluation showed a low risk of bias

(Fig. 2).

3.1 Systematic Review

Firstly, Lee JM et al. [18,30,31,33] have published a
series of 3 reports that investigated the clinical outcomes
of deferred coronary lesions with either discordant or con-
cordant FFR/iFR results, including participants from either
the 3V FFR—FRIENDS study or the 3V FFR-FRIENDS
study combined with the !3N-ammonia positron emission
tomography (PET) registry. The 3V FFR—FRIENDS study
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included adult patients with visually estimated coronary
stenosis greater than 30% who underwent FFR/iFR mea-
surement in all three coronary vessels, and its goal was to
assess whether a low total sum of FFR in all three coronary
vessels (3V FFR) is associated with worse outcomes com-
pared to high FFR [34]. The 13N-ammonia PET registry in-
cluded patients with stenosis in the left anterior descending
artery (LAD) who underwent FFR and iFR measurements,
and subsequently underwent *N-ammonia PET to assess
coronary flow reserve (CFR) and relative flow reserve
(RFR) [35]. Their first report, which included a total of
821 deferred coronary vessels from the 3V FFR-FRIENDS
study alone, investigated the two-year clinical outcomes
of lesions with discordant and concordant results [30].
They demonstrated that deferred lesions with discordant re-
sults (either FFR+/iFR— or FFR—/iFR+) were not signifi-
cantly associated with a greater risk of death, vessel-related
ischemia-driven revascularization, vessel-related myocar-
dial infarction, and major adverse cardiac events (MACE)
compared to deferred lesions with negative concordant re-
sults [30]. Their second report included a larger sample
size than the first report; it included a total of 864 deferred
vessels from both the 3V FFR-FRIENDS study and the
N-ammonia PET registry [31]. In the second report, they
concluded that deferred lesions with discordant FFR/iFR
results do not have an increased risk of cardiac death,
ischemia-driven revascularization, myocardial infarction,
or vessel-oriented clinical outcomes (VOCO) at two years
of follow-up [31]. Their third report investigated the long-
term clinical prognosis of deferred lesions with negative
concordant and discordant results compared to revascular-
ized lesions [18]. It included 790 deferred vessels from both
the 3V FFR-FRIENDS study and the N-ammonia PET reg-
istry [18]. The main difference from the previous report is
that the follow-up period was substantially longer (5 years),
and that the authors made derivations of all NHPRs and ex-
cluded cases with discordant classification among NHPRs
in order to present comparative clinical outcomes regard-
ing FFR/NHPR discordance/concordance [18]. Notably, it
demonstrated that deferred coronary lesions with discordant
FFR/NHPR results had a greater risk of ischemia-driven
revascularization and VOCO compared to deferred lesions
with negative concordant results; however, this risk was
comparable to that of revascularized lesions [18]. For the
purpose of our meta-analysis, we decided to include the
second report of Lee JM ef al. [31], because it included
a larger population than both the first [30] and third [18]
reports. Also, the second report included individual results
regarding the different FFR/iFR discordance groups (either
FFR+/iFR— or FFR—/iFR+), which could be used for the
secondary analysis; this piece of information was not avail-
able in the third report with the longer follow-up [18].

The study by De Filippo et al. [32] included 160 de-
ferred coronary lesions assessed with FFR and iFR, aiming
to identify tailored cut-offs for iFR that predicted a positive
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Fig. 1. PRISMA flow chart. The chart depicts the processes of database searching and study selection. 926 studies were screened,

and only 5 reports of 3 observational studies were included in the final systematic review, while only 3 reports were included in the

meta-analysis. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

FFR and to evaluate the impact of lesion reclassification on
MACE. The study showed that deferred lesions with discor-
dant results were not significantly associated with a greater
risk of MACE, compared to negative concordant lesions.
Finally, the study by Lee SH ef al. [17] included a
total of 711 deferred vessels with available FFR and iFR
data, and showed that lesions with discordant results were
not associated with a significantly higher risk of clinical
outcomes, including all-cause mortality, revascularization
and myocardial infarction, when compared to lesions with
negative concordant results. However, deferred lesions

with iFR—/FFR+ discordance had a trend of a greater risk
of revascularization compared to negative concordant le-
sions; of note, the revascularization rate in deferred lesions
with iFR—/FFR+ discordance was similar to the risk of re-
peat revascularization of lesions with positive concordance
which had been initially treated/revascularized [17].

3.2 Primary Analysis

In the primary analysis, a total of 1735 deferred ves-
sels from 3 studies were considered; the overall weighted
mean follow-up duration was 2.8 years.
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Risk of bias domains
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Fig. 2. Risk of bias assessment. This figure illustrates the results of the risk of bias assessment using the Robins-I tool proposed by the

Cochrane Collaboration. Overall, all three studies were assessed as having low risk of bias.

Regarding the primary endpoint, there was a numeri-
cally higher rate of the composite outcome for deferred le-
sions with discordant FFR/iFR results compared to the ref-
erence group of deferred lesions with negative concordance
(FFR—/iFR-) without reaching statistical significance (OR:
1.68, 95% CI 0.87-3.24, p = 0.13; Fig. 3A).

Regarding the secondary endpoints, deferred lesions
with discordant FFR/iFR results were not significantly as-
sociated with an increased risk of death (OR: 1.47, 95%
CI10.47-4.63, p = 0.51; Fig. 3B) and myocardial infarction
(OR: 2.12, 95% CI 0.56-8.03, p = 0.27; Fig. 3C), but pre-
sented a trend for a higher revascularization rate (OR: 1.97,
95% CI1 0.88—4.4, p = 0.098; Fig. 3D) compared to deferred
lesions with negative concordance.

Heterogeneity was low (I2 = 0%, Q-test p-value >
0.5) for all endpoints (Fig. 3) justifying the use of a fixed-
effects model. The leave-one-out analysis did not de-
tect the presence of highly influential studies for any out-
come (Supplementary Fig. 1). Lastly, by visually in-
specting the funnel plots for each outcome, we can appar-
ently conclude that there is no noteworthy publication bias
(Supplementary Figs. 2,3,4,5), although the limitation of
the small number of studies makes it difficult to assess pub-
lication bias.

3.3 Secondary Analysis

The network graph for the primary endpoint is pre-
sented in the Supplementary Fig. 2. Deferred lesions
with FFR+/iFR— (OR: 1.67; 95% CI 0.68-4.11, p = 0.27;
P-metric = 0.34) or FFR—/iFR+ (OR: 1.76, 95% CI 0.74—
4.15, p = 0.2; P-metric 0.28) discordance were not signifi-
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cantly associated with increased risk for the composite clin-
ical outcome compared to the reference group with negative
concordance (Fig. 4). Heterogeneity was low with 12 = 0%
(Q-test p-value = 0.94).

Regarding death, the group of deferred lesions with
FFR+/iFR- did not have any events in the included stud-
ies. Therefore, this group was excluded from the analy-
sis of death. Deferred lesions with FFR—/iFR+ discordance
were significantly associated with an increased risk of death
(OR:3.19,95% CI11.004-10.16, p = 0.049; P-metric =0.02)
compared to the reference FFR—/iFR— group (Fig. 4). No
test for heterogeneity was done for the outcome of death,
based on the recommendations of the Cochrane collabora-
tion, since a Mantel-Haenszel common effects model was
used due to the fact that one group did not have any death
events [25].

Regarding myocardial infarction in the network meta-
analysis (Supplementary Fig. 2), compared to the refer-
ence group with negative concordance (FFR—/iFR-), de-
ferred lesions with either FFR—/iFR+ (OR: 2.07, 95% CI
0.41-10.48, p = 0.38; P-metric = 0.27) or FFR+/iFR— (OR:
1.22, 95% CI 0.15-10.2, p = 0.85; P-metric = 0.54) were
not significantly associated with increased odds (Fig. 4).
No test for heterogeneity was done for the endpoint of
myocardial infarction, based on the recommendations of
Cochrane collaboration, since a Mantel-Haenszel common
effects model was used due to the fact that there were only
few events documented [25].

Lastly, the network analysis for revascularization
(Supplementary Fig. 2; FFR—/iFR— group used as the ref-
erence), showed that deferred lesions with FFR+/iFR— were
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A. Composite outcome

FFR/iFR discordance FFR-/iFR- Odds Ratio Odds Ratio
Study Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
De Filipo et al (2022) 4 26 8 93 26.2% 1.93[0.53; 7.01] ——E—*——
Lee JM et al (2019) 2 75 10 735 18.4% 1.99[0.43; 9.24] T
Lee SH et al (2019) 7 73 23 344 55.4% 1.48 [0.61; 3.59] —
|
|
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C. Myocardial infarction
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Study Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
[
De Filipo et al (2022) 1 26 3 93 33.4% 1.20[0.12; 12.04] —I-*—%—
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Heterogeneity: Tau? = 0; Chi® = 1.25, df = 2 (P = 0.5356); I = 0.0%
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D. Revascularization
FFR/iFR discordance FFR-/iFR- Odds Ratio Odds Ratio
Study Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI
De Filipo et al (2022) 3 26 5 93 28.6% 2.30[0.51; 10.32] ——:*—
Lee JM et al (2019) 1 75 4 735 13.3% 2.47[0.27; 22.38] T
Lee SH et al (2019) 5 73 14 344 58.1% 1.73[0.60; 4.97] —
1
1
Total (95% Cl) 174 1172 100.0% 1.97 [0.88; 4.40] i
I T T 1

Heterogeneity: Tau? = 0; Chi? = 0.14, df = 2 (P = 0.9338); 1> = 0.0%

0.1 051 2 10
Favours FFR/iFR discordance Favours FFR-/iFR-

Fig. 3. Forest plots for all the endpoints of the meta-analysis. (A) Composite clinical outcome (primary endpoint). (B) Death. (C)

Myocardial infarction. (D) Revascularization. FFR, fractional flow reserve; IFR, instantaneous wave-free ratio.

significantly associated with an increased risk of revascu-
larization (OR: 3.24, 95% CI 1.3-8.05, p = 0.01; P-metric
= 0.08), while deferred lesions with FFR—/iFR+ were not
significantly associated with a greater risk of revasculariza-
tion (OR: 1.52, 95% CI 0.46-5.05, p = 0.49; P-metric =
0.55) (Fig. 4). Heterogeneity was low with 1% = 0% (Q-test
p-value = 0.89).

Lastly, by visually inspecting the funnel plots for
each outcome, we can apparently conclude that there
is no noteworthy publication bias (Supplementary Figs.
9,12,15,18), although the limitation of the small num-
ber of studies makes it difficult to assess publication
bias accurately. Local inconsistency was assessed by
visually inspecting the direct-indirect comparisons plots
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Comparison: other vs 'FFR-/iFR-'

Treatment (Common Effects Model) OR 95%-ClI
FFR-/iIFR+

Composite outcome 1.76 [0.74; 4.15]
Death L 3.19 [1.00; 10.16]
Myocardial infarction 2.07 [0.41;10.48]
Revascularization 1.52 [0.46; 5.05]
FFR+/iFR-

Composite outcome 1.67 [0.68; 4.11]
Myocardial infarction 1.22 [0.15; 10.02]
Revascularization I | | | 3.24 [1.30; 8.05]

0.1 0.5

Favours other

2 10
Favours IFR-/FFR-

Fig. 4. Forest plot of the network meta-analysis for all endpoints. Deferred lesions with FFR+/iFR— discordance were significantly

associated with increased risk of revascularization compared to deferred lesions with negative concordance (iFR—/FFR-). Deferred

lesions with FFR—/iFR+ were borderline significantly associated with increased risk of death compared to deferred lesions with negative

concordance (iFR—/FFR-). FFR, fractional flow reserve; IFR, instantaneous wave-free ratio.

(Supplementary Figs. 7,10,13,16) and the SIDE tables
(Supplementary Figs. 8,11,14,17). Regarding the com-
posite primary endpoint and revascularization, it is essen-
tial to note that the local inconsistency analysis yielded
extremely wide confidence intervals for both the primary
composite endpoint and revascularization. Therefore, al-
though the consistency assumption is met for these out-
comes by inspecting the direct-indirect comparisons plot
and the SIDE tables, the available data are too sparse to al-
low a reliable evaluation of inconsistency. Additionally, re-
garding death and myocardial infarction, there were no indi-
rect comparisons; consequently, local inconsistency could
not be assessed, and the network meta-analysis reduces to
a pairwise direct synthesis for these two outcomes.

4. Discussion

We conducted a meta-analysis examining the clinical
prognosis of deferred lesions with discordant FFR and iFR
results compared to those with negative concordance, and
the main findings are as follows: (1) Regarding the primary
composite clinical outcome of deferred lesions, there was
not a significant difference in adverse events between le-
sions with FFR/iFR discordance and lesion with negative
concordant results, albeit with a numerically higher event
rate for the former group; (2) although the primary analy-
sis did not show a significant difference in death between
lesions with discordant FFR/iFR classification and concor-
dant negative results, the secondary analysis demonstrated
that deferring lesions specifically with FFR—/iFR+ results
was associated with an increased risk of death compared to
deferring lesions with negative concordance; (3) there was
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a trend for a higher rate of revascularization in deferred le-
sions with FFR/iFR discordance compared to deferred le-
sions with negative concordance, and the secondary anal-
ysis demonstrated that deferred lesions specifically with
FFR+/iFR— were significantly associated with an increased
risk of revascularization compared to deferred lesions with
negative concordance.

The previously published observational studies over-
all show similar results with numerically higher event rates
(in the groups with discordant FFR/iFR classification com-
pared to the negative concordant ones) without reaching
statistical significance [17,30-32]. Our meta-analysis takes
advantage of the synthesis of data further highlighting the
numerical differences in event rates. Additionally, our
network meta-analysis demonstrated that deferred lesions
with discordant FFR+/iFR— results are significantly asso-
ciated with an elevated risk of revascularization compared
to the concordant FFR—/iFR— results. This is partly in ac-
cordance with the significantly higher rate of ischemia-
driven revascularization and VOCO in cases with discor-
dant FFR/NHPR classification (compared to the group with
negative concordant results) observed in the study by Lee
IM et al. [18] with the longer clinical follow-up.

Several clinical and angiographic characteristics are
associated with the presence of discordance between
FFR/iFR results. Atrial fibrillation and insulin-treated dia-
betes mellitus have been described as predictors of FFR/iIFR
discordance [10]. Additionally, an angiographically diffuse
disease has been associated with FFR—/iFR+ discordance,
while a focal disease has been linked to FFR+/iFR— dis-
cordance [11]. Lesions in the LAD are also related to dis-
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cordant FFR/iFR classification [11]. Other predictors of
discordant results include chronic kidney disease and age
[14]. Notably, the ADVISE II study demonstrated that the
hyperaemic response is age-dependent; thus, FFR values
tend to increase as age increases, while iFR values remain
unchanged [36]. This finding needs to be taken into con-
sideration when evaluating borderline lesions with discor-
dant values in the elderly before deciding to either defer
or proceed to revascularization. Another critical factor to
consider is that chronic kidney disease, especially in the
lower eGFR ranges, is related to an attenuated hyperaemic
response, a finding more pronounced in non-LAD lesions
[16]. Therefore, the decision to treat such lesions must be
taken cautiously. Additionally, diastolic dysfunction, eval-
uated by the E/E’ ratio, is another factor related to discor-
dant FFR/iFR results and should be taken into consideration
when conducting physiology measurements [37].

Many studies have investigated the patterns of lesions
with discordant and concordant FFR/iFR results, focusing
on physiology, ischemia, and vascular parameters. When
the physiologic characteristics of lesions with discordant
FFR/iFR results were studied, it was shown that lesions
with FFR—/iFR+ had similar results regarding CFR, resis-
tive reserve ratio (RRR), and the index of microcircula-
tory resistance (IMR) to those with positive concordance
(FFR+/iFR+) [17,38], possibly indicating a similarly un-
favourable physiological pattern between these groups of
lesions. Such a finding may be the reason for the higher
risk of death associated with deferring lesions with FFR—
/iFR+ results. Furthermore, investigation of lesions with
concordant and discordant FFR/iFR and their patterns in
13N-ammonia PET has demonstrated that lesions with dis-
cordant results had similar unfavourable PET-derived pa-
rameters to those with concordant abnormal results [39].
This finding supports that discordant lesions may have a
similar adverse pattern of behavior to lesions with concor-
dant abnormal results (i.e., concordant positive values).

Additionally, lesions with abnormal FFR and normal
NHPRs have been associated with atherosclerotic systemic
vascular damage as assessed by the ankle-brachial pres-
sure index (a marker of arterial stenosis) and brachial-ankle
pulse wave velocity (a marker of arterial stiffness) [40],
while endothelial dysfunction, as evaluated by the reac-
tive hyperemia index, has also been associated with dis-
cordance between FFR/iFR [41]. Of note, although both
FFR and iFR abnormal values are associated with a higher
risk of high-risk plaque characteristics, FFR has a more pro-
nounced discriminatory capacity [42]. This finding may ex-
plain why lesions with FFR+/iFR— results were associated
with a greater risk of revascularization compared to lesions
with FFR—/iFR+ or FFR—/iFR- results. A myocardial per-
fusion scintigraphy (MPS) study demonstrated that lesions
with discordant results of FFR and NHPR have lower MPS-
driven ischemia than lesions with concordant abnormal val-
ues, but greater ischemia than lesions with concordant nor-

mal values [43]. Therefore, such lesions may be a target
for revascularization, even though the decision to proceed
to PCI or defer is not straightforward.

There are limited literature data regarding studies that
directly compare a deferral or revascularization approach
for lesions with discordant FFR/iFR results and evaluate
the comparative efficacy and safety of these approaches.
The study by Lee et al. [18] examined the long-term safety
of deferred lesions with either negative concordant or dis-
cordant results, as well as revascularized lesions, provid-
ing a first indirect insight. The study demonstrated that de-
ferred lesions with negative concordant results were associ-
ated with a significantly lower risk of adverse clinical out-
comes [18]. In contrast, revascularized lesions and deferred
lesions with discordant results were associated with an in-
creased risk of such outcomes [18]. However, it showed
that despite a similar risk profile of lesions with at least one
abnormal result of physiology indices, a deferral approach
may be comparable to a revascularization approach.

Another clinically important issue is whether iFR-
guided management is indeed non-inferior to FFR-guided
management. According to the DEFINE-FLAIR [5] and
iFR-SWEDEHEART [6] trials, iFR-guided management
was shown to be non-inferior to FFR-guided management
based on the 12-month analysis, albeit a pooled meta-
analysis of these two trials regarding death and myocardial
infarction showed a statistical trend for higher rate of death
and myocardial infarction in the iFR-guided management
group [44]. When the 5-year results of the two trials were
published [45,46], a repeat pooled meta-analysis which
demonstrated that iFR-guided management was associated
with a significantly higher rate of death compared to FFR-
guided management [47]. Another pooled analysis of the 5-
year results of DEFINE-FLAIR and iFR-SWEDEHEART
by Eftekhari ef al. [48] demonstrated that iFR-guided revas-
cularization was associated with increased risk of all-cause
mortality and MACE compared to FFR-guided manage-
ment. These findings are of paramount importance and re-
quire further evaluation through dedicated studies. Large
and well-designed trials are necessary to investigate further
whether a revascularization or deferral approach for lesions
with discordant FFR/iFR classification is superior in terms
of safety and efficacy, and to shed light on this controversial
topic.

Limitations

The lack of any randomized trials designed to answer
the research question is a weakness of this meta-analysis,
given that all the evidence used in our analysis is based
on observational studies. Furthermore, the included stud-
ies were not designed prospectively to answer the clinical
issue in question, and they may have been underpowered
to detect differences between deferred lesions with concor-
dant and discordant FFR/iFR results. Another limitation of
our meta-analysis is the rather small number of included
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studies. However, only a small number of studies includ-
ing focused FFR and iFR assessment in deferred lesions are
available in the literature. Although the rather small num-
ber of studies may limit the statistical power, our meta-
analytic results enhance the findings of the original stud-
ies and highlight clinically important differences. Lastly,
there was variability regarding the definition of the out-
comes among the different studies included in the analy-
sis, in particular the outcome of death, with some studies
reporting all-cause death and others cardiac death; this is-
sue may have diluted the ability to detect cardiac-specific
death. However, the heterogeneity for all outcomes among
the studies included in the meta-analysis was low for both
the primary and secondary analyses.

5. Conclusions

Our meta-analytic data indicate that FFR/iFR discor-
dance in deferred lesions may not be benign. Deferred le-
sions with discordant results of FFR/iFR are not signifi-
cantly associated with an increased risk of the composite
clinical outcome, death, myocardial infarction, and revas-
cularization compared to deferred lesions with negative
concordant results, albeit presenting numerically higher
event rates. Deferred lesions with FFR+/iFR— are signif-
icantly associated with an increased risk of revasculariza-
tion compared to lesions with negative concordant results.
Conversely, deferred lesions with FFR—/iFR+ seem to be
associated with an increased risk of death. Dedicated and
large studies are needed to provide definitive evidence on
whether deferring lesions with discordant FFR/iFR results
is associated with an increased risk of clinical outcomes
compared with deferred lesions with negative concordance,
while randomized trials with long-term follow-up that di-
rectly compare deferring or proceeding to PCI for lesions
with discordant iFR/FFR results are necessary to shed light
on this topic and potentially improve clinical decision mak-

ing.
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