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BACKGROUND: Although ischemic heart disease has a complex and multilevel origin, the diagnostic approach is mainly focused 
on focal obstructive disease as assessed by pressure- derived indexes. The prognostic relevance of coronary flow over coro-
nary pressure has been suggested and implies that identification of relevant perfusion abnormalities by invasive physiology 
techniques is critical for the correct identification of patients who benefit from coronary revascularization. The purpose of 
this study was to evaluate the diagnostic potential of a sequential approach using pressure- derived indexes instantaneous 
wave- free ratio (iFR), fractional flow reserve (FFR), and coronary flow reserve (CFR) measurements to determine the number 
of intermediate lesions associated with flow abnormalities after initial pressure measurements. 

METHODS AND RESULTS: A total of 366 intermediate lesions were assessed with simultaneous intracoronary pressure and flow 
velocity measurements. Contemporary clinical iFR, FFR, and CFR cut points for myocardial ischemia were applied. A total 
of 118 (32%) lesions were FFR+ and 136 (37%) lesions were iFR+. Subsequent CFR assessment resulted for FFR in a total of 
91 (25%) FFR+/CFR+ and for iFR a total of 111 (30%) iFR+/CFR+ lesions. An iFR, FFR, and invasive flow velocity assessment 
approach would have yielded 20% of lesions (74 of 366) as ischemic.

CONCLUSIONS: Ultimately, 20% of intermediate lesions are associated with flow abnormalities after applying a pressure and flow 
velocity sequential approach. If iFR is borderline, FFR has limited additional value, in contrast with CFR. These results empha-
size the use of coronary physiology in assessing stenosis severity but may also further question the contemporary reputation 
of a pressure- based approach as a gold standard for the detection of myocardial ischemia in ischemic heart disease.
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In contrast with a historical stenosis- centered ap-
proach to angina pectoris, ischemic heart disease 
(IHD) is now recognized to be a complex disease in-

volving multiple levels of the coronary circulation. As a re-
sult, coronary angiography (CAG) alone fails to properly 
select patients who will benefit from revascularization. 

The coronary pressure- derived fractional flow reserve 
(FFR) has emerged as an important addition to CAG 
in clinical decision making regarding IHD,1 where its 
routine use to guide coronary intervention leads to the 
swift alleviation of angina2 while reducing the number 
of revascularizations.3–7 The instantaneous wave- free 
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ratio (iFR), a pressure- derived alternative to FFR ob-
tained during resting conditions, was documented to 
be noninferior to FFR in terms of the 1- year occurrence 
of major adverse cardiac events (MACEs).8,9 However, 
ultimately the purpose of invasive physiological assess-
ment is the identification of perfusion abnormalities that 
are associated with the occurrence of myocardial isch-
emia and its clinical sequelae. Thus, it is important to 
realize that pressure- derived estimates of perfusion im-
pairment, such as FFR and iFR, are not the same as the 
direct assessment of coronary flow or flow reserve that 
represent the critical determinants of myocardial isch-
emia. This is illustrated by low FFR values without the 
occurrence of signs of ischemia as long as coronary 

flow remains above ischemic levels.10,11 The prognos-
tic relevance of coronary flow over coronary pressure 
has now been suggested in several clinical studies and 
implies that the identification of relevant perfusion ab-
normalities by invasive physiology techniques is criti-
cal for the correct identification of patients who benefit 
from coronary revascularization. Coronary flow reserve 
(CFR) is a well- studied coronary flow- based index 
that represents the available vasodilator reserve of the 
coronary circulation and has strong prognostic value. 
Moreover, its accuracy for clinically relevant perfusion 
abnormalities has recently been enhanced by the in-
corporation of CFR and hyperemic flow in the concept 
of coronary flow capacity (CFC).

Accordingly, using the international multicenter 
IDEAL (Iberian- Dutch- English) registry, we sought to 
determine the association of contemporary coronary 
pressure indexes with coronary perfusion abnormalities 
identified by the direct invasive measurement of coro-
nary flow expressed by CFR and CFC. Moreover, we 
sought to identify a sequential approach of coronary 
pressure and flow measurements to improve the iden-
tification of patients with clinically pertinent perfusion 
impairment.

METHODS
We used data from the IDEAL study, where combined 
pressure and Doppler flow velocity measurements were 
performed in 567 vessels (of which 366 vessels with an 
angiographically visible stenosis between 40% and 70% 
and 201 angiographically unobstructed vessels with a 
diameter stenosis on visual estimation <30%) of 301 
consecutive enrolled patients who were scheduled for 
elective angiography in 4 international hospitals.10 The 
study was approved by the institutional review board, 
and written informed consent was obtained before the 
intervention. The data that support the findings of this 
study are available from the corresponding author upon 
reasonable request. Recruitment and inclusion criteria 
were different for each enrolling site, and the exclusion 
criteria were similar: severe valvular heart disease, body 
weight >200 kg, previous coronary artery bypass sur-
gery, and vessels with evidence of myocardial bridging 
during angiography or collateral arteries and vessels 
with prior myocardial infarction or myocardial infarction 
within 48 hours before inclusion. For the current analy-
ses, we only included the 366 stenosed vessels.

Cardiac Catheterization and Coronary 
Physiology Assessment
As described previously,10 CAG was performed ac-
cording to American Heart Association guidelines.11 
Prior to physiology assessment, 200 to 300  μg. in-
tracoronary nitrates were administered. Combined 

CLINICAL PERSPECTIVE

What Is New?
• Ischemic heart disease has an origin of focal, 

diffuse, and microvascular diseases, and the 
improved selection of which lesions are truly 
ischemia inducing and will benefit from revas-
cularization is warranted.

• We show that after a sequential approach of 
invasive pressure and flow measurements, a 
small number of all intermediate lesions are as-
sociated with inducible myocardial ischemia.

What Are the Clinical Implications?
• Contemporary clinical decision making in the 

catheterization laboratory is mainly driven by 
pressure-derived physiology parameters such 
as instantaneous wave-free ratio and fractional 
flow reserve in addition to coronary angiography.

• In this era, where instantaneous wave-free 
ratio and fractional flow reserve are used inter-
changeably, flow assessment provides valuable 
information regarding which lesions will benefit 
from revascularization and in the future may be 
included in clinical revascularization guidelines. 
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pressure and Doppler flow velocity wires (ComboWire 
XT, Volcano/Philips Corporation, San Diego, CA) were 
used for physiology assessments of coronary lesions. 
The ComboWire, with the pressure and Doppler flow 
sensor at 1.5  cm offset, was equalized and normal-
ized with aortic pressure before measurements were 
performed. Hyperemia was induced by intracoronary 
(bolus injection of 60–150 μg) or intravenous infusion 
(140 μg/kg per minute) of adenosine in, respectively, 
196 (53.6%) and 170 (46.4%) measurements.

FFR was calculated as the ratio of the mean coro-
nary artery pressure distal of the stenosis divided by 

the mean aortic pressure during hyperemia. Lesions 
with FFR ≤0.80 are presented as FFR+, and lesions 
with FFR >0.80 as FFR−. iFR was calculated as the 
mean pressure distal of the stenosis divided by the 
mean aortic pressure during the wave- free period of 
the diastole. Lesions with iFR ≤0.89 are presented as 
iFR+, and lesions with iFR >0.89 as iFR−. CFR was cal-
culated as the ratio of hyperemic average peak velocity 
(hAPV) and basal average peak flow velocity. Lesions 
with CFR <2.0 are presented as CFR+, and lesions with 
CFR ≥2.0 as CFR−. The definition of CFC categories 
is determined as previously described by van de Hoef 
et al12 and Kern et al13 and are shown in Table 1. Normal 
CFC was defined as a CFR ≥2.8, as encountered in 
patients with risk factors for IHD without epicardial nar-
rowing,13 with its corresponding hAPV of ≥49.0 cm/s. 
Mildly reduced CFC was defined as a CFVR <2.8 but 
>2.1, which reflects the upper limit of reported CFR 
cut- off values for inducible ischemia,14 and the corre-
sponding hAPV of <49.0 and >33.0 cm/s, respectively. 
Moderately reduced CFC was defined as CFR ≤2.1 and 
>1.7, analogous to the reported range of CFR cut- off 
values for inducible myocardial ischemia,14 and the cor-
responding hAPV of ≤33.0 and >26.0  cm/s, respec-
tively. Finally, severely reduced CFC was defined as a 
CFR ≤1.7, which is the lower limit of CFR cut- off values 
reported for inducible myocardial ischemia and analo-
gous to the ischemic CFR threshold in noninvasive im-
aging,14,15 and the corresponding hAPV of ≤26.0 cm/s. 
Lesions with a moderately to severely reduced CFC are 
with great certainty associated with inducible myocar-
dial ischemia12 and therefore will be reported combined 
as “reduced CFC” in the sequential approach. 

Statistical Analysis
Data were analyzed on a per- vessel basis for all calcu-
lations. Normality of the variance was tested using the 
Shapiro–Wilk test. Continuous variables are presented 
as mean± SD. Categorical variables are presented 
as counts and percentages, and mean±SE (95% CI). 

Table 1. Patient (n=222) and Stenosis (n=366) 
Characteristics

No. (%) or Mean±SD

Age, y 61.8±9.7

Male 281 (76.8)

Hypertension 196 (53.6)

Hyperlipidemia 236 (64.6)

Current or ex- smoker 148 (40.4)

Diabetes mellitus 92 (25)

Chronic renal impairment 13 (3.5)

Family history of CAD 147 (40)

Previous myocardial infarction 47 (12.8)

Impaired left ventricle function (LVEF 
<30%)

3 (0.8)

Stable angina 346 (94.5)

Unstable angina 20 (5.5)

Multivessel disease 115 (31.4)

Coronary artery physiology assessment

Left anterior descending 207 (56.6)

Left circumflex coronary artery 90 (24.6)

Right coronary artery 69 (18.8)

Adenosine administration

Intravenous infusion 196 (53.6)

Intracoronary bolus 170 (46.4)

CAD indicates coronary artery disease; and LVEF, left ventricle ejection 
fraction.

Figure 1. The iFR, FFR, and CFR ranges and means.
A, iFR distribution, mean iFR 0.86±0.18. B, FFR distribution, mean FFR 0.81±0.16. C, CFR distribution, mean CFR 2.1±0.86. Values are 
displayed as mean±standard deviation (SD). CFR indicates coronary flow reserve; FFR, fractional flow reserve; and iFR, instantaneous 
wave- free ratio. 

A B C
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Categorical variables were compared using the Fisher 
exact test. Sensitivity, specificity, positive predictive 
value, and negative predictive value of iFR, FFR, and 
CFR with contemporary cut- off values were calculated 
against moderately to severely reduced CFC as the ref-
erence. The Student t test was used to compare means 
of continuous variables. A P value below 0.05 was con-
sidered statistically significant. All data were analyzed 
by using Stata 14.2 (StataCorp LP, College Station, TX).

RESULTS
Patient and vessel characteristics are shown in Table 1. 
iFR, FFR, and CFR ranges and means can be found in 
Figure 1. The distribution of iFR, FFR, and CFR accord-
ing to CFC category is shown in Figure 2 and Table 2, 
with a subdivision for iFR, FFR, and CFR cut- off val-
ues in Table 3. The distribution of physiology measure-
ments was 207 vessels for the left anterior descending 
artery (LAD) (56.6%), 90 vessels for the left circumflex 
artery (LCx) (24.6%), and 69 vessels for the right coro-
nary artery (RCA) (18.8%).

Sequential Approach of iFR and Invasive 
Flow Measurements
iFR and the subsequent CFR assessment is shown in 
Figure 3A. After initial iFR assessments with iFR ≤0.89, 
the majority of all lesions (63%) were iFR−, of which 
also the majority were CFR− (n=156, 68%). Direct iFR 
assessment yielded 136 of 366 lesions as iFR+ (37%). 

Subsequent CFR assessments in iFR+ lesions resulted 
in a total of 111 of 136 iFR+/CFR+ lesions (82%), of 
which 75 lesions (68%) had reduced CFC. CFC dis-
tribution after an iFR and CFR approach is shown in 
Figure 4A. iFR ≤0.89 had a sensitivity of 84.6%, speci-
ficity of 60.4%, positive predictive value of 55.8%, and 
negative predictive value of 86.9% for the identification 
of moderately to severely reduced CFC (Table S1).

Sequential Approach of FFR and Invasive 
Flow Measurements
FFR and subsequent CFR assessment is shown in 
Figure 3B. Direct assessment of FFR with a cut- off value 
≤0.80 would have identified 118 of 366 lesions (32%) as 
FFR+, and subsequent assessment of CFR with CFR 
<2.0 would have yielded a total of 91 lesions (77%) as 
FFR+/CFR+ (25%) (Figure 2B). Of these 91 lesions, the 
majority (n=65, 71%) had a reduced CFC. CFC distri-
bution after the FFR and CFR approach is shown in 
Figure 4B. FFR ≤0.80 had a sensitivity of 46.6%, speci-
ficity of 86.3%, positive predictive value of 81.4%, and 
negative predictive value of 55.7% for the identification 
of moderately to severely reduced CFC (Table S2).

Value of FFR After Initial iFR Assessment
After selecting iFR ≤0.89, FFR ≤0.80, and CFR <2.0 
lesions, 85 of 366 lesions (23%) remained (Figure 3C). 
Of these iFR+, FFR+, and CFR+ lesions, 60 had a re-
duced CFC (71%). The direct selection of FFR+ or iFR+ 
lesions would have resulted in the revascularization of 

Figure 2. Distribution of iFR (A), FFR (B), and CFR (C) with normal (blue), mildly reduced (green), moderately reduced 
(orange), and severely reduced CFC (red).
Horizontal and vertical dashed lines indicate contemporary cut- off values for iFR (≤0.89), FFR (≤0.80), and CFR (<2.0). CFC 
indicates coronary flow capacity; CFR, coronary flow reserve; FFR, fractional flow reserve; hAPV, hyperemic average peak 
velocity; and iFR, instantaneous wave- free ratio.

A B C

Table 2. iFR, FFR, and CFR Measurement Distributions in the Different CFC Categories

Normal CFC 
Mean±SD (n=88)

Mildly Reduced CFC 
Mean±SD (n=94)

Moderately Reduced CFC 
Mean±SD (n=80)

Severely Reduced CFC 
Mean±SD (n=104)

iFR 0.95±0.06 0.92±0.11 0.89±0.13 0.72±0.24

FFR 0.88±0.09 0.85±0.13 0.81±0.13 0.70±0.19

CFR 3.17±0.80 2.27±0.44 1.85±0.28 1.27±0.27

CFC indicates coronary flow capacity; CFR, coronary flow reserve; FFR, fractional flow reserve; and iFR, instantaneous wave- free ratio.
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25% and 30% of CFR+ lesions. FFR assessment with 
FFR ≤0.80 after initial iFR assessment with iFR ≤0.89 
identified 32 extra iFR+ and FFR+ lesions, of which 25 
lesions were CFR+ with a CFR <2.0. Of 136 iFR+ and 
CFR− lesions, 25 (18%) would be revascularized based 
on iFR alone (Figure 3A). For FFR+ lesions, 27 of 118 
FFR+ and CFR− lesions (23%) would be revascularized 
based on FFR assessment alone (Figure 3B). Of 366 
lesions, 50 (14%) were iFR/FFR discordant, either iFR+/
FFR− (n=28) or iFR−/FFR+ (n=22) (Figure 5A and 5B). 
Eventually, 24 lesions were iFR+/FFR−/CFR+, 6 lesions 
were iFR−/FFR+/CFR+ (P<0.001). Both iFR+ and FFR+ 
lesions had a significant lower hAPV (24±14.8  cm/s, 
P<0.001 and 24±13.8  cm/s, P<0.001 [mean±SD]) 
compared with iFR− and FFR− lesions (33±18.7 cm/s 
and 33±18.8 cm/s). Baseline average peak velocity did 

not significantly differ between iFR (15±7.1  cm/s ver-
sus 15±8.2 cm/s for iFR− and iFR+, P=0.807) and FFR 
(15±7.6 cm/s versus 15±7.4 cm/s for FFR− and FFR+, 
P=0.298) lesions. CFC distributions after the iFR, FFR, 
and CFR approach are shown in Figure 4C.

Direct CFR Assessment
Direct CFR assessment with CFR <2.0 results in 185 of 
366 CFR+ (51%), of which 124 lesions had a reduced 
CFC (67%) (see Figure 3D). After CFR assessment, 181 
lesions (49%) were CFR−. CFC distribution after a CFR 
approach is shown in Figure 4D. CFR <2.0 had a sen-
sitivity of 89.8%, specificity of 100%, positive predictive 
value of 55.8%, and negative predictive value of 88% 
for the identification of moderately to severely reduced 
CFC (Table S3).

Table 3. iFR, FFR, and CFR Measurement Distributions With Contemporary Cut- Off Values in the Different CFC Categories

Normal CFC 
Mean±SD (n)

Mildly Reduced CFC 
Mean±SD (n)

Moderately Reduced CFC 
Mean±SD (n)

Severely Reduced CFC 
Mean±SD (n)

iFR ≤0.89 (n=136) 0.82±0.05 (13) 0.76±0.14 (21) 0.77±0.17 (29) 0.63±0.24 (73)

FFR ≤0.80 (n=68) 0.74±0.11 (3) 0.59±0.13 (9) 0.55±0.08 (10) 0.54±0.14 (46)

CFR <2.0 (n=185) 1.55±0.31 (8) 1.57±0.35 (20) 1.73±0.27 (53) 1.27±0.27 (104)

CFC indicates coronary flow capacity; CFR, coronary flow reserve; FFR, fractional flow reserve; and iFR, instantaneous wave- free ratio.

Figure 3. Sequential approach based on contemporary clinical cut- off values to evince myocardial ischemia.
A, iFR and CFR approach. Of the 366 lesions, 111 (30.3%) were iFR+ and CFR+. B, FFR and CFR approach. Of the 366 lesions, 
91 (24.9%) were FFR+ and CFR+. C, iFR, FFR, and CFR approach. Of the 366 lesions, 85 (23%) were iFR+, FFR+, and CFR+. D, 
CFR approach. After a sequential approach, 185 of the 366 lesions (50.5%) were CFR+. CFR indicates coronary flow reserve; 
FFR, fractional flow reserve; and iFR, instantaneous wave- free ratio.

A B

C D
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DISCUSSION
We evaluated a sequential approach of pressure and 
flow indexes in intermediate lesions in patients with 
stable IHD to determine what number of lesions would 
be significant according to invasive pressure and flow 
assessment. We found that (1) solely 20% of all lesions 
were iFR+, FFR+, CFR+, and CFC+; (2) 37% of all sten-
oses were iFR+, and the added diagnostic value of FFR 
after initial iFR approach is limited; and (3) iFR and FFR 
were discordant in 14% of all lesions.

Pressure- Based Approach in Stenosis 
Severity: Why the Shift to Flow Is 
Important
Coronary physiology assessment in addition to CAG 
has proven its value over CAG alone in clinical decision 
making in the cardiac catheterization laboratory.16–18 
Currently, several physiology indexes are available 
to guide the revascularization of coronary lesions, 

of which the pressure- derived iFR and FFR indexes 
are most renowned. It is commonly neglected that 
pressure- derived indexes only estimate the number of 
coronary flow impairment attributed to a coronary le-
sion, which is not the same as direct flow assessment. 
In addition, several studies have confirmed that coro-
nary flow is more important than coronary pressure in 
maintaining myocardial function.5,19 Coronary flow re-
mains stable because of coronary autoregulation even 
up to 80% epicardial narrowing; hereafter, coronary 
flow starts to decrease.10,20 Vessels with severe myo-
cardial blood flow impairment and thus a low CFR may 
show signs of inducible ischemia, whereas this is less 
likely in those areas of the myocardium that are per-
fused by vessels with high myocardial flow as repre-
sented by high CFR.15,21 In our analysis, 27 of 118 (23%) 
FFR+/CFR− lesions, or non- flow- limiting lesions, would 
be revascularized while coronary flow is not reduced, 
and 94 of 248 FFR− lesions (38%), which are CFR+ or 
flow limiting, would not be revascularized. Hence, a low 

Figure 4. CFC distribution after different sequential approaches.
A, iFR and CFR approach. A total of 111 lesions were iFR+/CFR+. Of these lesions, n=73 (66%) had a 
severely reduced CFC, n=21 (19%) a moderately reduced CFC, n=10 (9%) a mildly reduced CFC, and n=7 
(6%) a normal CFC. B, FFR and CFR approach. A total of 91 lesions were FFR+/CFR+. Of these lesions, 
n=62 (68%) had a severely reduced CFC, n=17 (19%) a moderately reduced CFC, n=8 (9%) a mildly 
reduced CFC, and n=4 (4%) a normal CFC. C, iFR, FFR, and CFR approach. A total of 85 lesions were 
iFR+/FFR+/CFR+. Of these lesions, n=60 (71%) had a severely reduced CFC, n=14 (16%) a moderately 
reduced CFC, n=7 (8%) a mildly reduced CFC, and n=4 (5%) a normal CFC. D, CFR approach. A total 
of 185 lesions were CFR+. Of these lesions, n=104 (56%) had a severely reduced CFC, n=53 (29%) a 
moderately reduced CFC, n=20 (11%) a mildly reduced CFC, and n=8 (4%) a normal CFC. CFC indicates 
coronary flow capacity; CFR, coronary flow reserve; FFR, fractional flow reserve; and iFR, instantaneous 
wave- free ratio.

A B

C D
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FFR is not necessarily associated with myocardial flow 
impairment and thus a low CFR; moreover, lesions with 
an abnormal FFR but normal CFR are less at risk for 
MACEs than high FFR but low CFR lesions.5 Therefore, 
the current pressure- derived approach in assessing 
stenosis severity seems to fail in accurately selecting 
lesions that benefit most by revascularization. The cur-
rently available and most widely used pressure- derived 
indexes are FFR and iFR, which have similar diagnostic 
accuracy to assess stenosis severity.8,9 In our study, 
the diagnostic accuracy for iFR and FFR was similar, 
where eventually ≈7% of all lesions would be revascu-
larized while these are not flow limiting, that is, with a 
CFR ≥2.0. In addition, the concept of non- flow- limiting 
lesions is confirmed by the FAME (Fractional Flow 
Reserve Versus Angiography for Multivessel Evaluation) 
II study, which compared FFR- guided percutaneous 
coronary intervention (PCI) with angiography- guided 
PCI. The FAME II trial showed that 50% of patients with 
a FFR ≤0.80 treated with optimal medical therapy did 
not require revascularization nor did 70% suffer from 
MACEs during the 5 years of follow- up.18 FFR seems to 
fail to properly distinguish which lesions are associated 
with flow abnormalities—as FFR is based on pressure- 
derived estimates of coronary flow impairment, and not 
on direct flow measurement itself as assessed by CFR. 
In addition, adding CFC in the sequential approach re-
sults in an improved selection of lesions that will benefit 
from revascularization and subsequently more refined 
risk stratification in terms of MACEs.12

Dealing With Discordance Between 
Pressure and Flow: Putting Flow First
Of 366 lesions, 50 (14%) showed iFR–FFR discord-
ance in our study. This number is similar to other 

studies that reported 80% to 90% agreement be-
tween iFR and FFR in >2000 lesions.22–25 iFR and FFR 
are currently applied concomitantly and assumed to 
have equal diagnostic value. Nonetheless, no clear 
approach on the management of discordance be-
tween iFR and FFR exists. Discordance between iFR 
and FFR is thought to originate from a lower hAPV 
because iFR positive lesions frequently have a lower 
CFR that is driven by a reduced hAPV,26 which sug-
gests that a reduced hyperemic response is likely the 
explanation for discordance between pressure and 
flow.27 In our study, both iFR+ and FFR+ lesions had 
a significantly reduced hAPV compared with iFR− 
and FFR− lesions. Aside from hyperemic flow, sev-
eral other factors play an important role in iFR/FFR 
discordance. Focal disease is frequently present in 
iFR−/FFR+ lesions, whereas diffuse disease is fre-
quently present in iFR+/FFR− lesions.28  In addition, 
stenosis- specific characteristics (location, severity) 
heart rate, age, and beta blocker use affect FFR and 
should be anticipated when assessing both FFR and 
iFR.29

Discordance between FFR and CFR occurs more 
frequently in 30% to 40% of all cases.3 A stenosis 
with an abnormal pressure measurement but normal 
CFR suggests the presence of a non- flow- limiting 
stenosis and vice versa. Our findings further address 
the importance of coronary flow rather than coro-
nary pressure as >75% of all lesions had a normal 
to mildly impaired CFC—and among those lesions, 
the majority had a normal to mildly reduced CFC 
and were thus not associated with ischemia based 
on invasive flow velocity assessment. Moreover, we 
have shown that FFR assessment after iFR has only 
limited value, as this resulted solely in 9% more le-
sions that were ischemia inducing, of which 22% had 

Figure 5. Distribution of iFR - FFR discordance.
A, Scatterplot showing iFR—FFR discordance. The dashed lines represent the cut- off values for FFR (≤0.80) and iFR (≤0.89). 
Concordant cases are colored blue, and discordant cases are colored orange. B, iFR+/FFR− and iFR−/FFR+ discordance and 
distribution of CFR. A total of 24 iFR+/FFR− lesions were CFR+, and 6 iFR−/FFR+ lesions were CFR+. CFR indicates coronary flow 
reserve; FFR, fractional flow reserve; and iFR, instantaneous wave- free ratio. 

A B
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a CFR ≥2.0. In addition, contemporary clinical cut- off 
values of FFR and to a lesser extent iFR showed rel-
atively low diagnostic accuracy against moderately 
to severely reduced CFC, which could potentially 
lead to inappropriate revascularization of vessels.30 
Interestingly, the ORBITA (Objective Randomized 
Blinded Investigation with Optimal Medical Therapy 
of Angioplasty in Stable Angina) trial, comparing 
pressure- guided versus sham PCI in 200 patients 
with stable CAD and at least 1 vessel with ≥70% di-
ameter stenosis, did not lead to a significant allevia-
tion of angina driven by iFR nor FFR after 6 weeks of 
follow- up, whereas the mean iFR was 0.76 and mean 
FFR was 0.69.31 Hence, these findings give rise to 
the need to revise contemporary iFR and FFR cut- off 
values or revascularization guidelines. 

Clinical and Future Implications
The aim of this study was to determine which number 
of intermediate lesions are associated with flow abnor-
malities and are assumed to be ischemia inducing by 
applying coronary pressure and flow indexes through a 
sequential approach. After pressure and flow assess-
ment, a small number of lesions were positive accord-
ing to all assessed indexes. If initial iFR assessment is 
(borderline) significant, subsequent CFR assessment 
provides diagnostic value and guidance regarding 
revascularization than another pressure- derived as-
sessments such as FFR, especially because iFR cor-
relates better with CFR.27 If this results in CFR <2.0, it 
is probably better to perform PCI because lesions with 
impaired CFR are highly associated with MACEs after 
up to 10 years of follow- up.5,32,33 Because myocardial 
flow is important in maintaining myocardial pressure, 
our study implicates that the current pressure- based 
clinical guidelines for revascularization may be recon-
sidered to a complemental pressure and flow- based 
approach in the future to further improve the selection 
of patients who may truly benefit from PCI. Therefore, 
the follow- up of the DEFINE FLOW (Distal Evaluation 
of Functional Performance With Intravascular Sensors 
to Assess the Narrowing Effect - Combined Pressure 
and Doppler FLOW Velocity Measurements) study 
(NCT02328820), a large clinical trial that assessed 
combined pressure and flow measurements and de-
ferred patients from treatment if FFR was ≤0.80 and 
CFR ≥2.0 and vice versa, is eagerly awaited as this 
study may further endorse the prognostic value of cor-
onary flow rather than coronary pressure in IHD. 

Limitations
This study has several limitations. First, this study as-
sesses the abstract decision tree of assumed ischemia 
based on the contemporary clinical cut- off values for 
iFR, FFR, and CFR. This results in second quantities 

where inducible myocardial ischemia is assumed, but 
not confirmed in terms of MACEs, as follow- up in this 
particular article is lacking. The decision to perform 
PCI was left at the operator’s discretion. Moreover, as-
sessing coronary flow can be challenging as it requires 
operator- specific experience. Nonetheless, all opera-
tors contributing to this study have comprehensive ex-
perience in measuring coronary flow at the beginning of 
the study. Next, wedge pressure was not measured in 
a majority of the lesions, leaving the attribution of collat-
eral flow to the physiology indexes uncertain. Individual 
differences in diffuse coronary artery disease and mi-
crocirculatory involvement are not deemed impossible 
based on physiological assessment alone and thus 
have not been accounted for in the present study.

CONCLUSIONS
Ultimately, 20% of intermediate lesions are associated 
with flow abnormalities according to a iFR+, FFR+, 
CFR+, and reduced CFC approach based on contem-
porary cut- off values. iFR already identifies ischemia 
in 37% of lesions, and the added diagnostic value of 
FFR in this approach is limited. In addition, if initial iFR 
assessment is (borderline) significant, subsequent FFR 
assessment has no added diagnostic value in contrast 
with coronary flow assessment by CFR. These results 
emphasize the use of coronary physiology assessment 
in assessing stenosis severity over CAG alone, but may 
also further question the contemporary reputation of a 
pressure- based approach as a gold standard for the 
detection of myocardial ischemia in the cardiac cath-
eterization laboratory.
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SUPPLEMENTAL MATERIAL 
 



Table S1. iFR: PPV, NPV, sensitivity and specificity. 

 

 iFR≤0.89 (+) iFR>0.89 (-) Total 

CFC + 115 91 206 

CFC -  21 139 160  

Total 136 230  

 

PPV: 115/206 = 55.8%  

NPV: 139/160 = 86.9% 

Sensitivity: 115/136 = 84.6% 

Specificity: 139/230 = 60.4 % 

 

CFC   Coronary Flow Capacity  

CFR   Coronary Flow Reserve 

FFR   Fractional Flow Reserve 

iFR   instantaneous wave-free ratio 

NPV   Negative Predictive Value 

PPV   Positive Predictive Value  

 

 



Table S2. FFR: PPV, NPV, sensitivity and specificity. 

 

 FFR≤0.80 (+) FFR>0.80 (-) Total 

CFC + 96 22 118 

CFC -  110 138 248 

Total 206 160  

 

PPV: 96/118 = 81.4% 

NPV: 138 /248 = 55.6% 

Sensitivity: 96/206 = 46.6% 

Specificity: 138/160 = 86.3%  

 

CFC   Coronary Flow Capacity  

CFR   Coronary Flow Reserve 

FFR   Fractional Flow Reserve 

iFR   instantaneous wave-free ratio 

NPV   Negative Predictive Value 

PPV   Positive Predictive Value  

 

 

 



Table S3. CFR: PPV, NPV, sensitivity and specificity. 

 

 CFR<2. (+) CFR≥2.0 (-) Total 

CFC + 185 0 185 

CFC -  21 160 1 

Total 206 160  

 

PPV: 185/185 = 100% 

NPV: 160/181 = 88% 

Sensitivity: 185/206 = 89.8%  

Specificity: 160/160 = 100%  

 

CFC   Coronary Flow Capacity  

CFR   Coronary Flow Reserve 

FFR   Fractional Flow Reserve 

iFR   instantaneous wave-free ratio 

NPV   Negative Predictive Value 

PPV   Positive Predictive Value  

 


