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Key questions

What is already known about this subject?
►► Measurement of the contrast-flow quantitative flow 
ratio (cQFR) is a novel method for rapid computa-
tional estimation of the fractional flow reserve (FFR) 
derived from three-dimensional quantitative cor-
onary angiography. The cQFR has been developed 
and validated to estimate the FFR and showed high 
accuracy for estimating the FFR in previous studies.

What does this study add?
►► Despite the high agreement rate, discrepancy be-
tween the FFR-guided and cQFR-guided decision-
makings was documented in 20% of patients when 
the cut-off value of 0.80 was used. We demonstrat-
ed that microvascular resistance influenced the dis-
cordant functional assessment between the cQFR 
and FFR, whereas no significant difference was 
found in the subtended cardiac mass.

How might this impact on clinical practice?
►► Larger prospective studies are warranted to clar-
ify the potential utility of cQFR-guided versus 
FFR-guided decision-making, especially in the iden-
tification of microvascular dysfunction and coronary 
flow.

Abstract
Background  Measurement of the contrast-flow 
quantitative flow ratio (cQFR) is a novel method for rapid 
computational estimation of fractional flow reserve 
(FFR). Discordance between FFR and cQFR has not been 
completely characterised.
Methods  We performed a post-hoc analysis of 504 
vessels with angiographically intermediate stenosis in 504 
patients who underwent measurement of FFR, coronary 
flow reserve (CFR), the index of microcirculatory resistance 
(IMR) and Duke jeopardy score.
Results  In total, 396 (78.6%) and 108 (21.4%) lesions 
showed concordant and discordant FFR and cQFR functional 
classifications, respectively. Among lesions with a reduced 
FFR (FFR+), those with a preserved cQFR (cQFR−) showed 
significantly lower IMR, shorter mean transit time (Tmn), 
shorter lesion length (all, p<0.01) and similar CFR and Duke 
jeopardy scores compared with lesions showing a reduced 
cQFR (cQFR+). Furthermore, lesions with FFR+ and cQFR− 
had significantly lower IMR and shorter Tmn compared with 
lesions showing a preserved FFR (FFR−) and cQFR+. Of 
note, in cQFR+ lesions, higher IMR lesions were associated 
with decreased diagnostic accuracy (high-IMR; 63.0% and 
low-IMR; 75.8%, p<0.01). In contrast, in cQFR− lesions, 
lower IMR lesions was associated with decreased diagnostic 
accuracy (high-IMR group; 96.8% and low-IMR group; 
80.0%, p<0.01). Notably, in total, 31 territories (6.2%; ‘jump 
out’ group) had an FFR above the upper limit of the grey zone 
(>0.80) and a cQFR below the lower limit (≤0.75). In contrast, 
five territories (1.0%; ‘jump in’ group) exhibited opposite 
results (FFR of ≤0.75 and cQFR of >0.80). The ‘jump out’ 
territories showed significantly higher IMR values than ‘jump 
in’ territories (p<0.01).
Conclusions  FFR− with cQFR+ is associated with increased 
microvascular resistance, and FFR+ with cQFR− showed 
preservation of microvascular function with high coronary 
flow. Microvascular function affected diagnostic performance 
of cQFR in relation to functional stenosis significance.

Introduction
Measurement of the fractional flow reserve 
(FFR) has become a standard practice for 

revascularisation decision-making in evalu-
ating the functional significance of angio-
graphically intermediate epicardial coronary 
stenosis.1 2 Despite the supporting evidence 
for the FFR, adoption and penetration of 
FFR measurements has been limited.3 4 This 
may be related to the cost of the pressure 
wire and limitations associated with induc-
tion of hyperaemia. A practical tool that 
facilitates FFR calculation without a pressure 
wire or hyperaemic induction could supple-
ment FFR-guided revascularisation decision-
making. Invasive quantitative coronary angi-
ography (QCA)-based computational FFR by 
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various methods has been reported. The contrast-flow 
quantitative flow ratio (cQFR) was recently developed and 
validated to estimate the FFR.5 6 The Functional Assess-
ment by Various Flow Reconstructions (FAVOR) pilot 
study showed the potential of QFR calculation in iden-
tifying the functional stenosis by core laboratory-based 
calculations.5 In the Functional Diagnostic Accuracy of 
Quantitative Flow Ratio in Online Assessment of Coro-
nary Stenosis study (FAVOR China II study), the cQFR 
was compared with the FFR and exhibited an overall 
diagnostic accuracy of more than 90% for detecting an 
FFR of ≤0.80.7 Subsequent studies showed similar results 
for online assessment of intermediate stenosis or the 
use of myocardial perfusion imaging as the reference 
standard to define myocardial ischaemia.7 8 Despite the 
high agreement rate, the FFR and cQFR show a discrep-
ancy of 10%–20% when an FFR cut-off value of 0.80 is 
used to guide revascularisation.5 9 The cQFR is calculated 
based on a contrast-flow hyperaemic flow velocity model 
derived from coronary angiography (CAG) without phar-
macologically induced hyperaemia. The contrast-flow 
is converted to virtual hyperaemic flow obtained from 
previous studies and applied as if vasodilator drugs had 
been administered.5 6 We hypothesised that discordant 
decision-making between FFR and cQFR might be related 
to the difference in the individual microvascular function 
represented by the index of microcirculatory resistance 
(IMR), both resulting in the decreased diagnostic accu-
racy in lesions with increased microvascular resistance 
as reported,10 and also resulting in lower agreement in 
lesions with decreased microvascular resistance. Further-
more, because the IMR is reportedly inversely associated 
with the amount of myocardium subtended by a coronary 
stenosis, we also evaluated the influence of myocardial 
mass subtended by an intermediate stenosis and other 
clinical factors on the discordant decisions between these 
two measures.11

Materials and methods
Study population
This post-hoc analysis included patients from the data 
sets of previous studies from our institution performed 
from January 2011 to June 2017.12 All screened patients 
had suspected or known stable coronary artery disease 
and underwent invasive CAG with physiological lesion 
assessment using a pressure–temperature sensor-tipped 
guide wire (PressureWire; St. Jude Medical, St. Paul, 
MN, USA). Lesions showing an angiographically visible 
stenosis of 30%–80% by visual estimation were included. 
In multivessel coronary artery disease, a single vessel with 
the lowest FFR value was included for the current anal-
ysis. The exclusion criteria were presented in an online 
supplementary file methods 1. This study was performed 
in compliance with the Declaration of Helsinki for 
investigation in human beings. The study protocol was 
approved by the institutional review board, and all patients 
provided written informed consent for enrolment in the 

institutional database for potential future investigations. 
All patient data and procedural details were obtained 
from the patients’ medical records.

Coronary catheterisation and physiological measurements
Coronary catheterisation and physiological measure-
ments were performed as previously described,13 14 and 
shown in an online supplementary file methods 2.

Computation of cQFR
Computation of the cQFR was performed offline using a 
proprietary software package (QAngio XA 3D Research 
Edition 1.1; Medis Specials BV, Leiden, The Netherlands). 
First, two angiographic images at least 25° apart were 
transferred to a computer equipped with a QFR system, 
and three-dimensional reconstruction of the interrogated 
vessel was performed with a few steps with observer inter-
action as previously described.5 6 The concept and basis 
of the underlying principles of QFR have been described 
elsewhere.5 6 The contrast-flow model uses a Thrombol-
ysis in Myocardial Infarction (TIMI) frame count model 
to derive the contrast flow velocity from CAG. Frame 
count analysis was separately performed on the two angi-
ographic projections without pharmacologically induced 
hyperaemia. Previous studies reported that cQFR showed 
a better diagnostic accuracy compared with fixed-flow 
QFR. Thus, we used cQFR values in this study. The cQFR 
value was obtained at the position where the FFR value 
was measured by referring to the fluoroscopic image for 
the sensor position documentation. cQFR analysis was 
performed by two well-trained investigators (YKanno and 
MHo) blinded to the FFR data.

Reference standard of functionally significant stenosis and 
discordance of decision-making between FFR and cQFR
The pressure–temperature sensor-tipped wire-derived 
FFR was used as the reference standard, and the diag-
nostic accuracy of the cQFR was assessed. The ischaemic 
threshold was defined as 0.80 for both measures. Further-
more, we investigated the occurrence and frequency 
of functional assessment that jumped beyond the grey 
zone (0.75–0.80) into the opposite decision-making 
zone between FFR-guided and cQFR-guided decision-
making. The ‘jump out’ group was defined as a cQFR of 
≤0.75 with an FFR of >0.80, and the ‘jump in’ group was 
defined as a cQFR of >0.80 with an FFR of ≤0.75. Repre-
sentative cases in the ‘jump out’ and ‘jump in’ groups 
are shown in figure 1. We assessed whether hyperaemic 
microvascular resistance represented by the IMR and the 
cardiac mass subtended by the lesion described by the 
Duke jeopardy score were associated with discordance 
between FFR-based and cQFR-based decision-making. We 
also compared cQFR-based decision-making with QCA 
assessment by 50% diameter stenosis.

Statistical analysis
The statistical analysis was performed using the SPSS 
V.23.0. Categorical data are expressed as absolute 
frequencies and percentages, and were compared using 
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Figure 1  Representative cases in ‘jump out’ and ‘jump in’ groups. Representative cases with cQFR ≤0.75 and FFR >0.80 (A, 
‘jump out’) and cQFR >0.80 and FFR ≤0.75 (B, ‘jump in’). The ‘jump out’ case of LAD lesion showed cQFR of 0.75 nevertheless 
FFR of 0.83. This ‘jump out’ lesion had high IMR. The ‘jump in’ case of LCx had cQFR of 0.83 nevertheless FFR of 0.74. 
This jump in’ lesion had low IMR. cQFR, contrast-flow quantitative flow ratio; FFR, fractional flow reserve; IMR, index of 
microcirculatory resistance; LAD, left anterior descending artery; LCx, left circumflex artery.

the χ2 test or Fisher’s exact test, as appropriate. Contin-
uous variables are expressed as mean±SD for normally 
distributed variables and as median (25th–75th percen-
tile) for non-normally distributed variables. Analysis was 
performed with the Mann–Whitney U test or Kruskal–
Wallis test for variables with a non-normal distribution 
and with Student’s t test or analysis of variance for vari-
ables with a normal distribution. Correlations between 
the two parameters were evaluated using linear regres-
sion analysis. Receiver operating characteristic curves 
were analysed to assess the best cut-off values of the cQFR 
to predict an FFR of ≤0.80. A two-sided p-value of <0.05 
indicated statistical significance. To assess reproducibility 
between cQFR and coronary flow reserve (CFR), or FFR 
and CFR, we calculated Cohen’s kappa coefficient.

Results
Patient and vessel angiographic characteristics
Among 643 lesions of 643 patients for cQFR calculations, 
139 lesions were excluded from the final analysis. The 
reasons for exclusion were as follows: insufficient wave-
form quality, pressure drift, or missing/suboptimal phys-
iological data set (56 lesions), insufficient angiograms 
for cQFR calculations (57 lesions in total; 27 lesions: 
vessel overlap and shortening, 18 lesions: suboptimal 
contrast flow and 12 lesions: lack of two angiographic 
projections>25° apart) and no fluoroscopic documen-
tation of the wire position of FFR measurement for use 
as a point of cQFR calculations (26 lesions). Therefore, 
the final analysis included 504 lesions of 504 patients. 
The median FFR, CFR and IMR values were 0.81 (0.74–
0.87), 2.7 (1.8–3.7) and 19.0 (12.6–27.5), respectively. 
Among all 504 lesions, 67.7% of the FFR values were 
distributed within the intermediate range of 0.70–0.90. 
Table  1 shows the baseline and clinical characteristics. 
Table  2 shows per-patient and per-vessel characteristics 

in categories divided according to FFR and cQFR. The 
mean age of the patients was 66.9±9.4 years, 88 (17.5%) 
were women and 210 (41.7%) had diabetes. Among the 
504 lesions, 193 (38.3%) showed concordantly preserved 
results in the FFR and QFR measurements (FFR of 
>0.80 and cQFR of >0.80; FFR−/cQFR−), and 203 lesions 
(40.3%) showed concordantly reduced results in the 
FFR and cQFR measurements (FFR of ≤0.80 and cQFR 
of ≤0.80; FFR+/cQFR+). Among 108 (21.4%) discordant 
results, 73 lesions (14.5%) showed a preserved FFR and 
decreased cQFR (FFR of >0.80 and cQFR of ≤0.80; FFR−/
cQFR+), and 35 lesions (6.9%) showed a reduced FFR 
and preserved cQFR (FFR of ≤0.80 and cQFR of >0.80; 
FFR+/cQFR−) (figure  2). When the total cohort was 
divided into a concordant group (396 lesions, 78.6%) 
and discordant group (108 lesions, 21.4%), no signif-
icant difference in clinical or physiological characteris-
tics was found between these two groups. The diagnostic 
sensitivity, specificity, accuracy, positive predictive value 
and negative predictive value of the cQFR for predicting 
an FFR of ≤0.80 were 85.3%, 72.6%, 78.6%, 73.6% and 
84.6%, respectively. The area under the receiver oper-
ating characteristic curve using the cut-off threshold of 
≤0.80 for the FFR was 0.84 (95% CI, 0.81 to 0.88) for the 
cQFR. Cohen’s kappa coefficient between FFR and cQFR 
categorisation was moderate (0.57, p<0.001). The linear 
correlations between FFR/CFR and cQFR/CFR were 
similar (R=0.32, p<0.01 and R=0.35, p<0.01, respectively).

Characteristics of FFR+/cQFR− lesions
FFR+/cQFR− lesions showed significantly milder 
anatomical stenosis severity than FFR+/cQFR+ lesions 
(area stenosis: 59.2% vs 75.3%, respectively, p<0.01; 
diameter stenosis: 44.6% vs 57.3%, respectively, p<0.01) 
as well as a trend for shorter lesion length (18.0 vs 
20.4 mm, respectively; p=0.15), similar subtended 
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Table 1  Baseline characteristics

A. Patient characteristics Total (n=504)

Age (y) 66.9±9.4

Female gender 416 (82.5%)

Diabetes mellitus 210 (41.7%)

Hypertension 352 (69.8%)

Dyslipidaemia 316 (62.7%)

Smoking 116 (23.0%)

eGFR (mL/min/1.73m2) 71.9 (59.5–83.7)

HbA1c (%) 5.5 (4.6–5.9)

hs-cTnI (ng/L) 15.0 (5.3–15.0)

NT-proBNP (ng/L) 106.0 (53.5–236.0)

LDL cholesterol (mg/dL) 94.0 (78.0–112.0)

Ejection fraction (%) 64 (58–69)

eGFR, estimated glomerular filtration rate; HbA1c, glycosylated 
hemoglobin; hs-cTnI, high-sensitivity cardiac troponin I; LDL, low-
density lipoprotein; NT-proBNP, N-terminal pro B-type natriuretic 
peptide.

B. Interrogated vessel features Total (n=504)

Lesion location

 � LAD 348 (69.0%)

 � LCx 56 (11.1%)

 � RCA 100 (19.8%)

Three-dimensional QCA

RD (mm) 2.8 (2.5–3.1)

 � MLD (mm) 1.4 (1.1–1.7)

 � Diameter stenosis (%) 49.6±12.0

 � Area stenosis (%) 66.7 (55.6–75.3)

 � Lesion length (mm) 18.4 (13.1–24.0)

fQFR 0.78 (0.72–0.87)

cQFR 0.79 (0.74–0.88)

Invasive physiological indices

 � FFR 0.81 (0.74–0.87)

 � CFR 2.7 (1.8–3.7)

 � IMR 20.1 (13.4–30.0)

 � Corrected IMR 19.0 (12.6–27.5)

 � Baseline, Tmn (s) 0.84 (0.59–1.18)

 � Hyperaemic, Tmn (s) 0.30 (0.21–0.46)

Duke jeopardy score 2 (2–6)

Variables are expressed as n (%), median (IQR) or mean±SD. IMR 
correction was performed using Yong’s formula.
CFR, coronary flow reserve; cQFR, contrast-flow quantitative flow 
ratio; FFR, fractional flow reserve; fQFR, fixed-flow quantitative 
flow ratio; IMR, index of microcirculatory resistance; LAD, left 
anterior descending artery; LCx, left circumflex artery; MLD, 
minimal lumen diameter; QCA, quantitative coronary angiography; 
RCA, right coronary artery; RD, reference diameter; Tmn, mean 
transit time.

myocardial mass as indicated by the Duke jeopardy 
score (4.0 vs 4.0, respectively; p=0.46), significantly 
higher hyperaemic coronary flow velocity represented 
by a shorter mean transit time (Tmn) (0.22 vs 0.36, 
respectively; p<0.01), and a lower IMR (13.1 vs 18.8, 
respectively; p=0.011).

Characteristics of FFR−/cQFR+ lesions
FFR−/cQFR+ lesions showed significantly milder anatom-
ical stenosis severity than FFR+/cQFR+ lesions (area 
stenosis: 71.1% vs 75.3%, respectively, p=0.011; diameter 
stenosis: 53.8% vs 57.3%, respectively, p=0.034), similar 
subtended myocardial mass fraction and physiological 
indices including coronary flow velocity represented as the 
inverse of Tmn.

Comparison between FFR+/cQFR− and FFR−/cQFR+ lesions
FFR−/cQFR+ lesions showed a significantly greater 
anatomical stenosis severity (area stenosis: 71.1% vs 
59.2%, respectively, p<0.01), a significantly lower coronary 
flow velocity (Tmn: 0.33 vs 0.22, respectively; p=0.023), 
and a significantly higher IMR (22.1 vs 13.1, respectively; 
p<0.001) than FFR+/cQFR− lesions. Figure 3 shows the 
linear correlation between the difference in the FFR and 
cQFR measured as a function of the anatomical stenosis 
severity and the physiological and subtended myocardial 
mass indices. According to the current cQFR calculation 
algorithm, an increasing anatomical stenosis severity 
represented by the area stenosis or diameter stenosis was 
associated with increasing magnitudes of the difference 
between the FFR and cQFR (FFR >cQFR). Similarly, a 
decreasing coronary flow velocity (elongation of Tmn) 
was associated with increasing magnitudes of the differ-
ence between the FFR and cQFR. Increasing IMR values 
were associated with an increasing difference between 
the FFR and cQFR (R=0.19, p<0.01). In this cohort, no 
significant linear relationship was detected between 
the FFR and IMR (R=0.01, p=0.82), while a significant 
although weak relationship was found between the cQFR 
and IMR (R=0.15, p<0.01). Figure 4 shows the relation-
ship between the Duke jeopardy score and FFR or cQFR. 
Both measures showed a significant relationship with the 
subtended cardiac mass (FFR: R=0.41, p<0.01 and cQFR: 
R=0.41, p<0.01), while no significant trend in the differ-
ence between the two measures was detected according 
to the increasing subtended cardiac mass.

In total, 31 territories (6.2%; ‘jump out’ group) had an 
FFR above the upper limit of the grey zone (>0.80) and a 
cQFR below the lower limit (≤0.75). In contrast, five terri-
tories (1.0%; ‘jump in’ group) exhibited opposite results 
(FFR of ≤0.75 and cQFR of >0.80). The clinical and physi-
ological findings of these territories are shown in table 3. 
The territories in the ‘jump out’ group showed signifi-
cantly higher IMR values, lower coronary flow (elonga-
tion of Tmn) and longer lesion length (p<0.01 for all) 
than the territories in the ‘jump in’ group. The anatom-
ical stenosis severity and subtended myocardial mass were 
similar between the groups.
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Table 2  Patient and lesion characteristics in categories divided according to FFR and cQFR

FFR>0.80/cQFR≤0.80 FFR>0.80/cQFR>0.80
FFR≤0.80/
cQFR≤0.80 FFR≤0.80/cQFR>0.80 P value

Demographics

 � Age (y) 68.4±9.2 67.5±9.0 66.5±9.6 63.2±9.9 0.039

 � Male gender 61 (83.6%) 152 (78.8%) 172 (84.8%) 31 (88.6%) 0.35

 � Diabetes mellitus 28 (38.4%) 87 (45.1%) 77 (37.9%) 18 (51.4%) 0.29

 � Hypertension 53 (72.6%) 138 (71.5%) 139 (68.5%) 22 (62.9%) 0.67

 � Dyslipidaemia 44 (60.3%) 120 (62.2%) 128 (63.1%) 24 (68.6%) 0.87

 � Smoking 20 (27.4%) 51 (26.4%) 37 (18.2%) 8 (22.9%) 0.18

Laboratory data

 � eGFR (mL/min/1.73m2) 71.2 (59.0–79.7) 70.9 (59.5–85.0) 73.0 (59.6–83.6) 73.6 (62.3–83.9) 0.83

 � HbA1c (%) 5.8 (5.5–6.6) 5.9 (5.5–6.8) 5.8 (5.5–6.4) 6.2 (5.5–6.8) 0.15

 � hs-cTnI (ng/L) 15.0 (5.0–15.0) 15.0 (4.0–15.0) 15.0 (8.0–15.0) 15.0 (5.0–15.0) 0.08

 � NT-proBNP (ng/L) 75.0 (21.0–145.0) 115.5 (54.0–231.3) 97.0 (48.0–228.3) 63.0 (39.5–203.5) 0.041

 � LDL cholesterol (mg/dL) 99.5 (83.8–116.0) 92.0 (77.5–109.0) 93.0 (75.8–113.3) 101.0 (82.0–118.0) 0.13

 � Ejection fraction (%) 61.5 (53.3–68.0) 64.0 (59.5–69.5) 64.0 (58.0–70.0) 65.0 (60.0–70.8) 0.15

Lesion location

 � LAD 44 (60.3%) 124 (64.3%) 149 (73.4%) 31 (88.6%)

 � LCx 8 (11.0%) 27 (14.0%) 19 (9.4%) 2 (5.7%) 0.81

 � RCA 21 (28.8%) 42 (21.8%) 35 (17.2%) 2 (5.7%)

Three-dementional QCA

 � RD (mm) 3.0 (2.7–3.3) 2.8 (2.5–3.2) 2.8 (2.5–3.1) 2.8 (2.5–3.2) 0.21

 � MLD (mm) 1.4 (1.1–1.6) 1.6 (1.4–1.9) 1.2 (0.9–1.4) 1.5 (1.1–1.6) <0.001

 � Diameter stenosis (%) 53.8±7.7 40.9±9.3 57.3±10.1 44.6±7.9 <0.001

 � Area stenosis (%) 71.1 (64.2–75.6) 56.8 (45.6–65.1) 75.3 (67.3–81.8) 59.2 (52.4–63.9) <0.001

 � Lesion length (mm) 22.1 (15.4–27.2) 15.9 (11.0–21.2) 20.4 (14.8–26.0) 18.1 (12.9–23.1) <0.001

fQFR 0.73 (0.71–0.76) 0.88 (0.83–0.94) 0.72 (0.65–0.77) 0.84 (0.81–0.89) <0.001

cQFR 0.77 (0.73–0.79) 0.89 (0.85–0.95) 0.73 (0.68–0.77) 0.85 (0.83–0.89) <0.001

Invasive physiological indices

 � FFR 0.85 (0.83–0.88) 0.87 (0.84–0.90) 0.72 (0.65–0.77) 0.77 (0.75–0.80) <0.001

 � CFR 2.5 (1.8–3.7) 3.1 (2.3–4.1) 2.2 (1.5–3.0) 3.1 (2.2–4.1) <0.001

 � IMR 23.0 (14.8–33.5) 20.0 (13.3–28.8) 21.1 (13.9–32.1) 13.9 (13.0–20.3) <0.001

 � Corrected IMR 22.1 (14.8–32.6) 19.4 (13.0–28.4) 18.8 (12.3–27.2) 13.1 (12.0–18.9) <0.001

 � Baseline, Tmn (s) 0.85 (0.61–1.11) 0.89 (0.58–1.31) 0.83 (0.60–1.14) 0.73 (0.49–1.04) 0.26

 � Hyperaemic, Tmn (s) 0.33 (0.21–0.49) 0.27 (0.18–0.39) 0.36 (0.23–0.56) 0.22 (0.20–0.29) <0.001

Duke jeopardy score 2 (0–6) 2 (0–4) 4 (2–6) 4 (2–4) <0.001

Variables are expressed as n (%), median (IQR) or mean±SD.
Baseline and angiographic characteristics in four quadrants were divided based on an FFR of 0.80 and cQFR of 0.80.
CFR, coronary flow reserve; cQFR, contrast-flow quantitative flow ratio; eGFR, estimated glomerular filtration rate; FFR, fractional flow 
reserve; fQFR, fixed-flow quantitative flow ratio; HbA1c, glycosylated hemoglobin; hs-cTnI, high-sensitivity cardiac troponin I; IMR, 
index of microcirculatory resistance; LAD, left anterior descending artery; LCx, left circumflex artery; LDL, low-density lipoprotein; MLD, 
minimal lumen diameter; NT-proBNP, N-terminal pro B-type natriuretic peptide; QCA, quantitative coronary angiography; RCA, right 
coronary artery; RD, reference diameter; Tmn, mean transit time.

The difference of diagnostic accuracy of cQFR between 
cQFR+ and cQFR− lesions stratified by IMR
When categorising 228 cQFR− lesions into two subgroups 
according to the reported increased IMR threshold value 
of 2515 (low IMR group; 165 lesions, high IMR group; 
63 lesions), the diagnostic accuracy of cQFR in low IMR 
group was significantly lower than that in high IMR 

group (high IMR; 96.8% and low IMR; 80.0%, p<0.01) 
(figure  5C). In contrast, when 276 cQFR+ lesions were 
categorised into two subgroups according to the IMR 
value of 25 (low IMR group; 184 lesions, high IMR 
group; 92 lesions), high IMR group was associated with 
significantly lower diagnostic accuracy of cQFR than in 
low IMR group (high IMR; 63.0% and low IMR; 75.8%, 
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Figure 2  Agreement between FFR and cQFR. Scatter 
plot showing linear correlation between the FFR and cQFR. 
A good correlation was observed between the FFR and 
cQFR. However, among 504 lesions, 108 (21.4%) showed 
discordant results in the FFR and cQFR measurements 
when the threshold of 0.80 was used. cQFR, contrast-flow 
quantitative flow ratio; FFR, fractional flow reserve.

Figure 3  Linear correlation between difference in FFR/
cQFR and anatomical stenosis severity and physiological and 
subtended myocardial mass indices. Scatter plot showing 
linear relationships between the difference in the FFR and 
cQFR and area stenosis (A), diameter stenosis (B), Tmn at 
hyperaemia (C), IMR (D) and lesion length (E). A significant 
association was documented in the FFR−cQFR difference 
and area stenosis, diameter stenosis, Tmn at hyperaemia, 
IMR and lesion length (all p<0.01). cQFR, contrast-flow 
quantitative flow ratio; FFR, fractional flow reserve; IMR, 
index of microcirculatory resistance.

p<0.01) (figure 5D). In any subsets of these categorisa-
tions, cQFR consistently showed better diagnostic perfor-
mance than angiographic assessments (cQFR–: 63.8%, 
cQFR+: 73.2%, cQFR–/high IMR: 82.5%, cQFR–/low 
IMR: 69.7%, cQFR+/high IMR: 56.5%, cQFR+/low IMR: 
67.4%) (online supplementary file figure 1).

Discussion
The important findings of the present study are as 
follows. First, in the present cohort of patients with angi-
ographically intermediate stenoses, discordance in the 
functional stenosis classification between FFR and cQFR 
was observed in 21.4% (108/504). Second, FFR+/cQFR− 
lesions showed significantly lower hyperaemic microvas-
cular resistance, higher coronary flow velocity and signif-
icantly milder anatomical stenosis severity compared 
with FFR−/cQFR+ lesions, indicating a possibility of 
lesions similar to non-flow-limiting stenoses. Third, in the 
current cQFR calculation algorithm, increasing anatom-
ical stenosis severity was associated with a greater differ-
ence between the FFR and cQFR (FFR >cQFR). Similarly, 
decreasing coronary flow velocity was associated with a 
greater difference between the FFR and cQFR (FFR 
>cQFR). Fourth, no significant linear relationship was 
detected between the FFR and IMR, while a significant 
although weak relationship was found between the cQFR 
and IMR. Increasing IMR values were associated with an 
increasing difference between the FFR and cQFR (FFR 
>cQFR). Fifth, both measures showed a significant rela-
tionship with the subtended cardiac mass, while no signif-
icant difference was detected in relation to an increasing 
subtended cardiac mass. Microvascular function bidirec-
tionally influence cQFR diagnostic accuracy, indicating 
that decreased hyperaemic microvascular resistance 
lowered diagnostic performance of cQFR in cQFR− 
lesions, and increased microvascular resistance worsened 

accuracy in cQFR+ lesions. Finally, in 36 lesions (7.1%), 
which corresponded to about one-third of discordant 
functional assessment between FFR and cQFR in the 
present cohort, each measure jumped over the classifica-
tion beyond the grey zone (0.75–0.80).

Our results suggest that the cQFR may be influenced 
more by increasing anatomical stenosis severity and 
microvascular function compared with the FFR. Since 
the flow rate represented by the TIMI frame count was 
taken into consideration in the integrated calculation 
algorithm, the value of cQFR decreased as the hyper-
aemic microvascular resistance increased. This may be 
an important feature of the cQFR in which coronary 
flow is integrated in the estimation of functional stenosis 
severity as well as three-dimensional anatomical stenosis 
severity in comparison with the FFR. Moreover, our 
results clearly indicate that the cQFR was associated with 
microvascular function as represented by the IMR. This 
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Figure 4  Linear correlation between Duke jeopardy score 
and FFR, cQFR and difference between FFR and cQFR. 
Scatter plot showing liner relationship between Duke 
jeopardy score and FFR (A), cQFR (B) and the difference 
between FFR and cQFR (C). FFR and cQFR showed 
significant relationships with subtended cardiac mass, 
while FFR−cQFR difference was not associated with the 
jeopardised mass. cQFR, contrast-flow quantitative flow 
ratio; FFR, fractional flow reserve.

is in contrast to the FFR, which reportedly has no signifi-
cant relationship with the IMR, as was also shown in our 
study.16 Interestingly, however, unlike the difference in 
the relationships of the CFR with the FFR and iFR, the 
relationship between the cQFR and CFR was similar to 
that between the FFR and CFR (R=0.41, p<0.01 and 
R=0.41, p<0.01, respectively).17 Recently, Mejia-Renteria 
and Escaned et al reported that patients with coronary 
microvascular dysfunction showed significantly lower 
diagnostic performance of cQFR, compared with those 
without microvascular dysfunction.10 Our findings are 
partly in line with their results, indicating microvascular 
dysfunction (high IMR) lowered diagnostic performance 
of cQFR. We further demonstrated that decreased hyper-
aemic microvascular resistance represented by lower IMR 
similarly worsened classification agreement between FFR 
and cQFR. Therefore, our results extended their findings 
and showed that microvascular function represented by 
IMR bidirectionally influence cQFR diagnostic accuracy 
with FFR as a reference (figure 5C and D). Furthermore, 
in the present study, a significant relationship between 
myocardial mass and cQFR was documented. Impor-
tantly, we found that ‘jump out’ and ‘jump in’ groups, 

which jumped beyond the grey zone (0.75–0.80) into 
the opposite decision-making zone between FFR-guided 
and cQFR-guided decision-makings, existed in a non-
negligible portion of patients.

We found that increasing IMR values were associ-
ated with an increasing difference between FFR and 
cQFR. Furthermore, our results indicated that an 
increasing anatomical stenosis severity represented by 
the area stenosis or diameter stenosis was associated with 
increasing magnitudes of the difference between the FFR 
and cQFR (FFR>cQFR), while both measures similarly 
showed a significant relationship with the subtended 
cardiac mass. Interestingly, no significant trend in the 
difference between the two measures was detected 
according to the increasing subtended cardiac mass. Of 
note, a decreasing coronary flow velocity (elongation of 
Tmn) was associated with increasing magnitudes of the 
difference between the FFR and cQFR, leading to the 
trend for FFR−/cQFR+ and lower CFR. Therefore, cQFR 
may be more dependent on the stenosis severity than 
invasive FFR in case of significant microvascular disease. 
Considering this basis, in territory of significant micro-
vascular disease but with measurable epicardial coronary 
anatomical stenosis, the likelihood of demonstrating 
FFR−/cQFR+ might be higher than that of FFR+/cQFR−. 
Conversely, in territory of well-preserved vasodilatory 
capacity, represented by shorter hyperaemic Tmn and low 
IMR, induction of hyperaemia resulted in higher pressure 
gradient even in the milder stenosis and resulted in FFR+. 
In contrast, cQFR cannot fully account patient-specific 
coronary flow, and therefore, the likelihood of demon-
strating FFR+/cQFR− lesions might be higher than that 
of FFR−/cQFR+. This is, at least, one of the reasons that 
the diagnostic performance of cQFR and the agreement 
with invasive FFR were different depending on the IMR 
values. When considering the prognostic importance of 
CFR and IMR in FFR-negative lesions, territories with 
FFR−/cQFR+ lesions might indicate high-risk group for 
future adverse cardiac events due to severe microvascular 
dysfunction and/or diffuse lesion with slow coronary 
flow even if these lesions may be deferred on the basis of 
FFR-guided decision-making.18 In addition, considering 
higher stenosis severity in FFR−/cQFR+ lesions, plaque 
burden would be high in these lesions.

Notably, the present study showed that both measures 
exhibited a ‘jumped-out’ functional classification beyond 
the grey zone in a non-negligible proportion of lesions 
(7.1% in the total cohort). The clinical population indi-
cated for FFR-guided decision-making is predominantly 
based on the presence of intermediate lesions with FFR 
values showing a unimodal concentration close to the 
cut-off value of 0.80 or within the grey zone. In addition, 
measurement errors including technical imprecision and 
bias such as pressure drift can have an important effect 
on clinical decision-making regarding revascularisation, 
particularly in cases near the decision cut-off or close to 
the boundaries of the grey zone, and may affect the clas-
sification of patients for therapeutic management.14 19 
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Table 3  Characteristics of ‘jump in’ and ‘jump out’ groups

Jump out (n=31) Jump in (n=5) P value

Lesion location 0.078

 � LAD 16 (51.6%) 3 (50.0%)

 � LCx 3 (9.7%) 2 (40.0%)

 � RCA 12 (38.7%) 0 (0%)

fQFR 0.71 (0.64–0.73) 0.84 (0.84–0.89) 0.0017

cQFR 0.73 (0.68–0.74) 0.85 (0.83–0.88) <0.001

FFR 0.85 (0.83–0.91) 0.74 (0.72–0.74) <0.001

CFR 2.2 (1.6–3.0) 3.5 (3.4–4.2) 0.13

IMR 28.9 (17.9–43.0) 13.4 (12.9–14.1) 0.019

Corrected IMR 28.3 (17.5–41.7) 12.3 (11.7–12.9) <0.001

Baseline, Tmn (s) 0.58 (0.20–0.84) 0.72 (0.46–0.96) 0.65

Hyperaemic, Tmn (s) 0.26 (0.13–0.49) 0.21 (0.19–0.24) <0.001

Diameter stenosis (%) 73.4 ± 5.3 46.2±7.7 0.21

Area stenosis (%) 56.5 (52.7–59.6) 59.4 (58.3–62.5) 0.095

Lesion length (mm) 23.5 (18.6–26.3) 17.8 (17.4–18.1) 0.0025

MLD (mm) 1.40 (1.33–1.58) 1.10 (1.10–1.25) 0.97

RD (mm) 2.9 (2.7–3.2) 2.9 (2.5 –3.2) 1

Duke jeopardy score 2 (2 – 6) 4 (2– 4) 1

Variables are expressed as n (%), median (IQR) or mean±SD.
CFR, coronary flow reserve; cQFR, contrast-flow quantitative flow ratio; FFR, fractional flow reserve; fQFR, fixed-flow quantitative flow ratio; 
IMR, index of microcirculatory resistance; IMR, index of microvascular resistance; LAD, left anterior descending artery; LCx, left circumflex 
artery; MLD, minimal lumen diameter; RCA, right coronary artery; RD, reference diameter; Tmn, mean transit time.

We demonstrated that in 7.1% of lesions, which corre-
sponded to about one-third of discordant functional 
assessment between FFR and cQFR in the present cohort, 
one metric was above the upper limit of the grey zone 
and the other was below the lower limit, which might 
raise a critical concern when using the cQFR as an inter-
changeable marker of the FFR during revascularisation 
decision-making or therapeutic management.

The FFR is determined both by the anatomical stenosis 
severity and by the amount of subtended myocardial mass 
distal to the lesion.20 Our results are in line with previous 
studies and showed that the FFR and cQFR were both 
significantly and similarly associated with the jeopardised 
myocardium, suggesting that the amount of myocardial 
mass subtended by a coronary stenosis is appropriately 
incorporated into the cQFR algorithm similar to the FFR.

The QFR computation was recently developed and 
validated to estimate the FFR value without pressure wire 
and pharmacologically induced hyperaemia. These are 
favourable aspects of QFR in the clinical practice. In addi-
tion, QFR measurements could shorten the procedure 
time and reduce wire-related cost and risks. However, 
discrepancy between the FFR-guided and cQFR-guided 
decision-making was documented in 20% of patients 
when the cut-off value of 0.80 was applied in the present 
study. Outcome date are still scarce, and further studies 
should clarify if cQFR-based decision-making is supe-
rior or non-inferior to FFR-based revascularisation 

decision-making. In addition, we could use QFR as a part 
of hybrid approach for decision-making without wire-
based functional measurements.

As mentioned above, our study demonstrated that, in 
36 (7.1%) lesions, in which the functional assessment 
jumped beyond the grey zone (0.75–0.80) into the oppo-
site decision-making zones. This observation would be 
important, whereas there could be a potential to take 
full advantage of this feature to identify patients at high 
risk with slow coronary flow and high microvascular resis-
tance that will lead to worse prognosis, even though these 
lesions have FFR>0.80.

Lesions with a discordant FFR and cQFR classifica-
tion may need to be considered as a different functional 
and anatomical entity, not merely as an imprecision or 
technical error. Further studies are needed to elucidate 
whether these discordances can provide prognostic 
information.

Study limitations
The results of the present study should be interpreted 
with some limitations. This was a retrospective study and 
its inherent selection bias and limitations regarding the 
retrospective analysis of stored angiograms may exist. 
This might have also affected the accuracy of cQFR in 
the current study. Although care was taken to match the 
measurement points of the FFR and cQFR, small differ-
ences in location may have occurred in some cases. No 
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Figure 5  The difference in diagnostic accuracy in lesions 
classified by cQFR and IMR. (A) A total cohort was classified 
by cQFR and IMR. (B) The agreement between cQFR 
and FFR was better in cQFR− lesions. (C) The diagnostic 
accuracy was better in lesions with increased microvascular 
resistance in cQFR− lesions. (D) In cQFR+ lesions, increased 
microvascular resistance was associated with lower 
diagnostic accuracy. cQFR, contrast-flow quantitative flow 
ratio; IMR, index of microcirculatory resistance.

outcome data were obtained to assess the clinical value 
of the cQFR. Further studies are required to elucidate 
whether the cQFR may provide a prognostic benefit 
compared with angiographic guidance or whether cQFR-
guided revascularisation decision-making shows non-
inferiority to FFR guidance.

Conclusions
Microvascular function and the anatomical stenosis 
severity were significantly associated with discordant FFR 
and cQFR values, while the subtended myocardial mass 
showed no impact on the difference between the FFR 
and cQFR. When using the FFR as a reference, the cQFR 
overestimated functional stenosis severity with increasing 
microvascular resistance and anatomical stenosis severity. 
Microvascular function bidirectionally influenced classi-
fication agreement between FFR and cQFR according to 
functional significance of lesions. Care should be taken 
when the cQFR is used for revascularisation decision-
making because the cQFR and FFR values may result in 

completely different decisions beyond the grey zone in 
more than one-third of discordant classifications between 
two measures.
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