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Abstract
Background: Evaluating prospectively the feasibility, accuracy and reproducibility of optical flow ratio 
(OFR), a novel method of computational physiology based on optical coherence tomography (OCT).
Methods and results: Sixty consecutive patients (76 vessels) underwent prospectively OCT, angio
graphybased quantitative flow ratio (QFR) and fractional flow ratio (FFR). OFR was computed offline 
in a central corelab by analysts blinded to FFR. OFR was feasible in 98.7% of the lesions and showed 
excellent agreement with FFR (ICCa = 0.83, r = 0.83, slope = 0.80, intercept = 0.17, kappa = 0.84). 
The area under curve to predict an FFR ≤ 0.80 was 0.95, higher than for QFR (0.91, p = 0.115) and for 
minimal lumen area (0.64, p < 0.001). Diagnostic accuracy, sensitivity, specificity, positive predictive 
value, negative predictive value, positive likelihood ratio and negative likelihood ratio were 93%, 92%, 
93%, 88%, 96%, 13.8, 0.1, respectively. Median time to obtain OFR was 1.07 (IQR: 0.98–1.16) min, 
with excellent intraobserver and interobserver reproducibility (0.97 and 0.95, respectively). Pullback 
speed had negligible impact on OFR, provided the same coronary segment were imaged (ICCa = 0.90, 
kappa = 0.697).
Conclusions: The prospective computation of OFR is feasible and reproducible in a realworld series, 
resulting in excellent agreement with FFR, superior to other imagebased methods. (Cardiol J 2020; 27, 
4: 350–361)
Key words: optical flow ratio, optical coherence tomography, fractional flow reserve, 
coronary heart disease

Editorial p. 345

Introduction

The utility and safety of physiology-guided 
percutaneous coronary intervention (PCI) has 
been proved in several large randomized trials and 

in different clinical scenarios, consistently trans-
lating into better clinical outcomes than merely 
angiography-guided PCI [1–3]. Notwithstanding 
this compelling evidence, the penetrance of physi-
ology in clinical routine is still low [4]. Data from  
a National German registry reported that fractional 
flow reserve (FFR) was used in only 3.2% of pa-
tients undergoing coronary angiography [5]. The 
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reasons for this evidence-reality mismatch rely on 
the need for an additional wire, often with limited 
steerability and navigability, the eventual infusion 
of adenosine prolonging the procedure and produc-
ing discomfort to the patient, or on restrictions 
in the reimbursement [6]. Most health systems 
indeed reimburse only one adjuvant tool for PCI, 
either FFR or an invasive imaging tool in the best 
of cases, but not both. Thus, some operators give 
priority to imaging if they anticipate a likely PCI, 
because imaging can be more useful to assess the 
PCI result or to guide optimisation.

Among all invasive imaging modalities, optical 
coherence tomography (OCT) has the highest reso-
lution and enables an accurate assessment of ex-
pansion and apposition of the stent [7–9], thus aris-
ing as a paramount tool for PCI optimisation [10]. 
Nonetheless, its ability to assess the functional 
significance of a stenosis is negligible hitherto [11]. 
An OCT-based morphofunctional method enabling 
both accurate estimation of coronary physiology 
and high resolution imaging for PCI optimisation 
within a single catheter [12] could spare time and 
weariness to the interventional team, discomfort to 
the patient, whilst being instrumental to overcome 
the reimbursement restraints that are prevent-
ing physiology and imaging to expand up to the 
boundaries where current evidence recommends 
their use [6, 13]. 

A novel OCT-based morphofunctional compu-
tational method dubbed optical flow ratio (OFR) has 
been recently developed, combining an estimation 
of physiology with high resolution imaging in the 
same OCT pullback [14–16]. OFR showed optimal 
agreement with FFR in post-hoc retrospective 
analysis [15, 16]. Furthermore, OFR might improve 
the accuracy of angiography-based morphofunc-
tional computational methods [16–18] by overcom-
ing the intrinsic limitations of angiography, namely 
overlapping vessels, foreshortening and calcium 
interfering with an accurate edge detection of the 
vessel lumen, because OCT renders the most ac-
curate lumen reconstruction currently available.

We aimed to assess the feasibility and accu-
racy of OFR in a prospective cohort of consecutive 
unselected patients, compared with other morpho-
functional approaches.

Methods 

Study design
This was a prospective and multicenter study 

to evaluate the feasibility, diagnostic accuracy and 
reproducibility of OFR analysis in a real-world 

cohort of consecutive unselected patients, taking 
FFR as reference standard. Secondary objectives 
of the study were the comparison of the diagnostic 
accuracy of OFR (an OCT-based computational 
method) vs. quantitative flow ratio (QFR, an an-
giography-based computational method) and the 
potential impact of OCT pullback speed on the 
diagnostic accuracy of OFR. Finally, the diagnostic 
accuracy of computational methods was compared 
vs. the approach of estimating severity by means 
of a minimal lumen area (MLA) cutoff.

The study was performed at two centers: 
Campo de Gibraltar Health Trust, Algeciras (Spain) 
and Chinese PLA General Hospital, Beijing (Chi-
na), complying with the principles of good clinical 
practice and with the Declaration of Helsinki for 
investigation in human beings. The study protocol 
was approved by the institutional review boards of 
these two hospitals. All patients provided written 
informed consent.

Study population
Patients with coronary artery disease and  

a clinical indication for FFR measurement (40% 
to 90% diameter stenosis by visual estimation, 
without evidence of ischemia by non-invasive 
tests) were included into the study in the two 
participating centers between November 2018 and 
April 2019, with varying enrolment periods in each 
center depending on the corresponding initiation 
dates. Exclusion criteria comprised aorta-ostial 
lesion, prior coronary artery bypass grafting, con-
traindication for intravenous adenosine, hemody-
namic or electrical instability, moderate or severe 
valvular heart disease, acute coronary syndrome 
< 72 h depending on the target vessel and the 
presence of a chronic total occlusion in any other 
coronary vessel. 

Invasive coronary angiography
Coronary angiography was performed through 

femoral, radial or ulnar approaches, with a ≥ 6 F 
catheter. After administration of intracoronary 
nitroglycerine, two angiographic projections of the 
target vessel at least 25° apart were acquired at  
≥ 25 frames/s by a flat panel system, including the 
whole coronary artery from ostium to distal vessel, 
minimising vessel overlap and foreshortening, to 
warrant the highest quality in QFR analysis. 

OCT acquisition
An OCT DragonflyTM catheter (Abbott, St. 

Paul, Minnesota, USA) was advanced at least  
15 mm distally to the stenosis. Then a pullback 
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was acquired with an OPTISTM Fourier-domain 
OCT system at a rotation speed of 180 Hz and 
a pullback speed of 36 mm/s with non-occlusive 
technique [19], including the whole vessel up to the 
guiding catheter. The minimal amount of contrast 
required to ensure optimal quality was calculated 
by means of a validated formula [20]. The cases 
from one center were similarly acquired with  
a F-1 system and a T-1 catheter (Forssmann Medi-
cal Co. Ltd., Nanjing, China), both with analogous 
technical characteristics to the abovementioned 
system except for a rotation speed of 100 Hz and 
a pullback speed of 18 mm/s. 

Lesions imaged with the DragonflyTM catheter 
(Abbott, St. Paul, Minnesota, USA) underwent  
a second pullback at 18 mm/s following the same 
protocol, unless clinically contraindicated due to 
excessive amount of contrast or instability of the 
patient. In case of sequential lesions or diffuse 
coronary heart disease, two consecutive OCT 
pullbacks could be acquired to cover the whole 
stenotic segment.

FFR measurement
An Aeris pressure wire (Abbott, St. Paul, 

Minnesota, USA) was used for FFR measurement. 
Distal pressure was equalised with the aortic 
pressure at the tip of the guiding catheter, filled 
with saline, before advancing the wire distally to 
the lesion. Hyperemia was induced by means of  
a continuous intravenous infusion of 140 μg/kg/min  
adenosine and FFR was then recorded as the 
minimal distal coronary pressure to aortic pressure 
ratio (Pd/Pa) value in maximal stable hyperemia. 
The pressure transducer was then pulled back 
again to the tip of the guiding catheter: a pressure 
drift of ± 3 mmHg was considered acceptable. If 
the pressure drift exceeded this margin, the FFR 
recording was repeated. For sequential lesions, 
the FFR at the most distal position was used for 
comparison with OFR.

OFR and QFR analysis
Optical coherence tomography recordings 

were centrally analysed in a core-lab setting (Card-
Hemo, Med-X Research Institute, Shanghai Jiao 
Tong University, China). OFR analysis was per-
formed in all OCT pullbacks unless the OCT cath-
eter were occlusive, thus precluding an optimal 
visualization of the vessel distally to the stenosis. 
However, OFR was excluded for comparison vs. 
FFR if any of the following was present: 1) Vessel 
spasm or injury during OCT acquisition; 2) Myo-
cardial bridge in the angiography; 3) OCT pullback 

not covering the entire lesion; 4) Intracoronary 
thrombus.

Optical flow ratio analysis and QFR analysis 
were separately performed by two independent 
analysts in a blinded fashion, using the OctPlus 
software (version 1.0) and the AngioPlus system, 
respectively (both from Pulse Medical Imaging 
Technology, Shanghai, China), following a method-
ology previously described [14, 15, 21, 22]. Briefly, 
for OFR computation, lumen contours were auto-
matically delineated in the OCT pullback to render 
a tubular three-dimensional (3D) reconstruction 
of the lumen. The ostia of side branches were au-
tomatically detected and outlined to calculate the 
corresponding cross-sectional areas [23]. Manual 
edition was allowed in case of misleading contour 
detection. The reference lumen area at the distal 
part of the bifurcation was then derived according 
to the principles of fractal geometry [24]. Finally, 
the reference lumen area was multiplied by a fixed 
flow velocity of 0.35 m/s to obtain the hypothetic 
volumetric flow used as boundary condition for the 
OFR algorithm [15, 16], thus enabling the computa-
tion of OFR (i.e., the estimated FFR value) along 
the reconstructed vessel [14, 15]. For sequential 
stenosis requiring two different pullbacks, both 
pullbacks were combined using a fiduciary land-
mark. Considering OFR1 as the OFR calculated in 
the proximal pullback at the fiduciary landmark, and 
considering OFR2 as the OFR in the distal pullback 
after excluding the vessel proximal to the fiduciary 
landmark, the combined OFR was calculated as 
OFR1 + OFR2 – 1.0.

For QFR analysis, the lumen contour of the 
coronary vessel was automatically detected in 
two angiographic projections for 3D angiographic 
reconstruction. Manual correction was allowed 
in case of suboptimal image quality, following  
a standard operational procedure [18, 21]. The 
contrast flow model was used for the computations, 
calculating the coronary flow as the product of ref-
erence lumen area and contrast velocity estimated 
by Thrombolysis in Myocardial Infarction (TIMI) 
frame count [18]. The resulting coronary flow was 
used as boundary condition for the QFR algorithm 
to compute the estimated FFR value along the 
reconstructed vessel [18, 21, 22].

Figure 1 shows an example of OFR and QFR 
analysis. OFR and QFR were compared head-to- 
-head vs. FFR, taking the respective values  
obtained at the same position where FFR was 
recorded. 

Optical flow ratio analysis was repeated by the 
first OFR analyst 1 month later and by a second 
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analyst, following the same operational procedure 
and blinded to each other’s results and to previ-
ously calculated OFR. The analysis time for OFR 
was recorded, starting from the moment in which 
OCT images were uploaded into the computation 
software and ending when the OFR value was 
finally obtained. 

Statistical analysis
Descriptive statistics of continuous variables 

were reported as mean ± standard deviation (SD) 
or as median (quartiles) as appropriate, while 
those of categorical variables were presented as 
counts (percentages). Continuous variables were 
compared with unpaired t-test or Mann-Whitney 
U test, as appropriate, whilst categorical variables 
were compared with Fisher’s exact test. Correla-
tion was evaluated using Pearson’s correlation 
coefficient and linear regression analysis, taking 

FFR as standard reference. Constant bias was 
evaluated as the deviation of the intercept from 0, 
whilst proportional bias was evaluated as the devia-
tion of the slope from 1 in the linear regression. 
Agreement of the different continuous parameters 
in the study was reported as intraclass correla-
tion coefficient for the absolute value (ICCa) and 
by means of Bland-Altman plots. The agreement 
between OFR, QFR and FFR as dichotomous vari-
ables (significant ≤ 0.80, non-significant > 0.80) 
was reported as kappa coefficient. Diagnostic 
accuracy, sensitivity (Se), specificity (Sp), posi-
tive and negative predictive values (+PV, –PV), 
positive and negative likelihood ratios (+LR, –LR) 
were reported. The diagnostic performance was 
assessed by the area under the curve (AUC) in the 
receiver-operating characteristic (ROC) curve. An 
optimal cutoff value of the MLA in OCT to detect 
a hemodynamically significant FFR was calculated 

Figure 1. Computation of optical flow ratio (OFR) and quantitative flow ratio (QFR) in an intermediate stenosis in the 
left anterior descending artery. Cross-sections A1–A3 correspond to the angiography positions showed in panel B 
(arrow heads), with A2 as minimal lumen area (MLA). Fractional flow reserve (FFR) measured at a distal position (B,*) 
was 0.84. The computed QFR (B) and optical flow ratio (OFR) (C) along the vessel are color-coded and superimposed 
on a three-dimensional reconstruction, both with a value of 0.83 at the marked point (*).The software renders a virtual 
pressure pullback within the coronary artery (D) for optimal co-registration between pressure-drop and anatomy. 
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with the Youden index in the series and the corre-
sponding AUC calculated. AUC of the different di-
agnostic methods were compared with the Delong 
method using MedCalc 14.12 (MedCalc Software, 
Ostend, Belgium). For all other statistics the IBM 
SPSS 24.0 software package (SPSS Inc., Chicago, 
Illinois) was employed.

Sample size was calculated by Liao’s method 
for studies of agreement [25], assuming an AUC 
of 0.93, as previously reported [15], and an a error 
0.05. Under these premises, n ≥ (log [1-0.93] / log  
[1-0.05]), resulting in a minimal sample size of  
52 patients for a reliable estimation of the AUC. Ac-
counting for a 10% of cases unsuitable for analysis, 
the sample size increased to 58 patients.

Results

Baseline clinical and lesion characteristics
Sixty patients (76 vessels) were prospectively 

enrolled into the study, but 1 patient withdrew in-
formed consent before FFR acquisition. OCT was 
occlusive in 1 vessel, but OFR could be computed 
in the remaining 74 vessels (feasibility 98.7%). 
Five vessels were however excluded by the core-
lab for comparison vs. FFR due to myocardial 
bridge (n = 2), intracoronary thrombus (n = 2) 

or incomplete OCT imaging of the lesion (n = 1)  
(Fig. 2), resulting in 55 patients (69 vessels) for 
paired comparison vs. FFR. OCT was acquired at 
different pullback speeds in 27 vessels, as previ-
ously described. QFR computation was successful 
in 72 out of 75 vessels (feasibility 96.0%). Unsuc-
cessful QFR computations were due to severe 
overlap at the interrogated vessel (n = 2) or 
insufficient difference in angulation between the 
angiographic projections (n = 1). Two vessels were 
discarded in the corelab due to myocardial bridge, 
resulting in 56 patients and 70 vessels for paired 
comparison QFR vs. FFR. 

Baseline characteristics are presented in 
Tables 1 and 2. Most of the cases corresponded 
to stable coronary heart disease (72.9%, compris-
ing stable angina, silent ischemia or a prognostic 
indication), although there were also acute coro-
nary syndromes older than 72 h and provoked by 
morphologically stable plaques (Table 1). The 
left anterior descending (LAD) artery was the 
most commonly interrogated vessel (52.0%), fol-
lowed by the right coronary artery (RCA) (30.7%).  
A significant proportion of lesions corresponded to 
bifurcations (54.7%) or sequential stenosis (46.7%). 

The average FFR value was 0.83 ± 0.09. In 
26 (34.7%) lesions FFR was ≤ 0.80 and 33 (44.0%) 

76 vessels in 60 patients
November 2018–April 2019

75 vessels in 59 patients
sent to core lab

QFR computed
72 vessels in 58 patients

Feasibility 96.9%

QFR vs. FFR
70 vessels in 56 patients

OFR vs. FFR
69 vessels in 55 patients

OFR–QFR–FFR available
67 vessels in 53 patients

OFR computed
74 vessels in 59 patients

Feasibility 98.7%

1 patient excluded
— withdraw informed consent

Severe overlap (n = 2)
Insufcient angulation (n = 1)

2 vessels excluded
— myocardial bridge (n = 2)

5 vessels excluded
— myocardial bridge (n = 2)
— intracoronary thrombus (n = 2)
— OCT not covering the entire lesion (n = 1)

1 OCT pullback occlusive

• Campo de Gibraltar Health Trus, Algeciras, Spain
• Chinese PLA General Hospital, Beijing, China

Figure 2. Study flow chart; FFR — fractional flow reserve; OCT — optical coherence tomography; OFR — optical flow 
ratio; QFR — quantitative flow ratio.
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lesions had a central FFR value between 0.75 and 
0.85 (Table 2).

Agreement between OFR and FFR
Optical flow ratio had the same average value 

as FFR 0.83 ± 0.09. In the linear regression analy-

sis, taking FFR as reference (y), OFR showed good 
correlation (r = 0.83), with neither proportional 
(slope = 0.80) nor constant bias (intercept = 0.17) 
(Fig. 3). Bland-Altman analysis is presented in 
Figure 3, showing no significant difference be-
tween OFR and FFR (mean difference = 0.00, SD 
of the difference 0.05). The agreement between 
both methods was excellent (ICCa = 0.83; 95% 
confidence interval [CI]: 0.74–0.89).

The agreement between OFR and FFR  
as dichotomous variables was also excellent  
(kappa = 0.84; 95% CI: 0.71–0.98).

Agreement between QFR and FFR
In linear regression, taking FFR as reference (y),  

QFR showed good correlation (r = 0.78), although 
sensibly more deviated from unbiasedness (slope =  
= 0.61, intercept = 0.33) (Fig. 3). Bland-Altman 
analysis is presented in Figure 3, showing no sig-
nificant difference between QFR and FFR (mean 
difference = 0.00, SD of the difference 0.07). The 
agreement between both methods was very good 
(ICCa = 0.75; 95% CI: 0.63–0.84).

The agreement between QFR and FFR as di-
chotomous variables was excellent (kappa = 0.78; 
95% CI: 0.63–0.93).

Diagnostic performance of OFR,  
QFR and OCT-MLA

The diagnostic accuracy of OFR was 93% 
(95% CI: 86–99), with 22 true positives, 42 true 
negatives, 3 false positives and 2 false negatives, 
corresponding to a sensitivity, specificity, positive 
predictive value (PPV), negative predictive value 
(NPV), positive likelihood ratio (+LR) and nega-
tive likelihood ratio (–LR) of 92% (95% CI: 73–99), 
93% (95% CI: 82–99), 88% (95% CI: 69–98), 96% 
(95% CI: 85–99), 13.8 (95% CI: 4.6–41.3), and 0.1 
(95% CI: 0.0–0.3). This diagnostic performance 
was slightly better than that of QFR: diagnostic ac-
curacy, sensitivity, specificity, PPV, NPV, +LR, and 
–LR of 90% (95% CI: 83–97), 91% (95% CI: 72–99), 
89% (95% CI: 77–97), 81% (95% CI: 61–93), 96% 
(95% CI: 85–99), 8.6 (95% CI: 3.7–19.8), and 0.1 
(95% CI: 0.0–0.4), respectively (Table 3).

The AUC of OFR was 0.95, tendentially higher 
than that of QFR (0.91, p = 0.115) and signifi-
cantly higher than that of OCT-derived MLA (0.64,  
p < 0.001), taking for the latter the best cut-off 
value found in the ROC analysis of the series  
(1.63 mm2) (Fig. 4).

In the subgroup analysis (Fig. 5), the diag-
nostic accuracy of OFR was independent of the 
coronary vessel (LAD 92%; 95% CI: 83–100, 

Table 1. Baseline clinical characteristics (patients, 
n = 59).

Age [years] 63.4 ± 10.1 

Women 9 (15.3%) 

Body mass index [kg/m2] 28.1 [25.4, 30.6] 

Diabetes mellitus 23 (39.0%) 

Hypertension 40 (67.8%) 

Hyperlipidemia 31 (52.5%) 

Current smoker 17 (28.8%) 

Family history of CAD 6 (10.2%) 

Previous PCI 40 (67.8%) 

Previous CABG 2 (3.4%) 

Previous MI 28 (47.5%) 

Clinical presentation:

  Silent ischemia/prognostic indication 32 (54.2%)

  Stable angina 11 (18.6%)

  Unstable angina 12 (20.3%)

  NSTEMI 4 (6.8%)

Patients with FFR measurement  
in > 1 vessel

15 (25.4%)

Data are presented as mean ± standard deviation, median (Q1–Q2), 
or number (%), as appropriate; CAD — coronary artery disease; 
CABG — coronary artery bypass surgery; NSTEMI —non-ST-eleva-
tion myocardial infarction; MI — myocardial infarction; PCI — per-
cutaneous coronary intervention; FFR — fractional flow reserve

Table 2. Baseline vessel characteristics (lesions, 
n = 75).

Target vessel:

Left anterior descending 39 (52.0%) 

Diagonal 5 (6.7%) 

Left circumflex 4 (5.3%) 

Obtuse marginal 2 (2.7%) 

Ramus intermedius 2 (2.7%) 

Right coronary artery 23 (30.7%) 

Bifurcation lesions 41 (54.7%) 

Sequential stenosis 35 (46.7%) 

Fractional flow reserve (FFR) data:

FFR 0.83 ± 0.09

FFR ≤ 0.80 26 (34.7%) 

0.75 ≤ FFR ≤ 0.85 33 (44.0%) 

Data are presented as mean ± standard deviation or number (%), 
as appropriate.
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Figure 3. Correlation and agreement between fractional flow reserve (FFR) and optical flow ratio (OFR). Agreement 
between OFR and FFR: lineal regression (A) and Bland-Altman plot (B). Agreement between QFR and FFR: lineal 
regression (C) and Bland-Altman plot (D); SD — standard deviation.

Table 3. Diagnostic performance of optical flow ratio, quantitative flow ratio (QFR) and optical coher-
ence tomography (OCT)-derived minimum lumen area (MLA) to identify fractional flow reserve ≤ 0.80.

OFR ≤ 0.80 QFR ≤ 0.80 MLA ≤ 1.63 mm2

Accuracy 93 (86–99) 90 (83–97) 68 (57–79)

Sensitivity 92 (73–99) 91 (72–99) 54 (33–74)

Specificity 93 (82–99) 89 (77–97) 76 (61–87)

PPV 88 (69–98) 81 (61–93) 54 (33–74)

NPV 96 (85–99) 96 (85–99) 76 (61–87)

+LR 13.8 (4.6–41.3) 8.6 (3.7–19.8) 2.2 (1.2–4.2)

–LR 0.1 (0.0–0.3) 0.1 (0.0–0.4) 0.6 (0.4–1.0)

Data for +LR and –LR presented as ratio (95% CI) or for the rest of parameters as % (95% CI); CI — confidence interval; NPV — negative pre-
dictive value; PPV — positive predictive value; +LR — positive likelihood ratio; –LR — negative likelihood ratio
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non-LAD 94%; 95% CI: 85–100, p = 0.866), pres-
ence of a bifurcation lesion (bifurcation 92%; 95% 
CI: 83–100, no bifurcation 94%; 95% CI: 85–100,  
p = 0.866), sequential stenosis (tandem stenosis 
91%; 95% CI: 81–100, single stenosis 94%; 95% 
CI: 87–100, p = 0.920), history of myocardial in-
farction (previous myocardial infarction 89%; 95% 

CI: 79–100, no previous infarction 97%; 95% CI: 
91–100, p = 0.445) or the study center (Fig. 5).

Time consumption of OFR computation
The median time required for the computa-

tion of OFR once the OCT data were loaded into 
the software was 1.07 (interquartile range [IQR]: 
0.98–1.16) min.

OFR reproducibility
The computation of OFR showed excellent 

intraobserver and interobserver reproducibility 
(ICCa = 0.97; 95% CI: 0.95–0.98, ICCa = 0.95; 
95% CI: 0.92–0.97, respectively). 

Impact of pullback speed
The agreement between OFR of the same 

vessel acquired at different pullback speed  
(18 vs. 36 mm/s) was excellent (r = 0.87; 95%  
CI: 0.73–0.94, ICCa = 0.85; 95% CI: 0.69–0.93, 
kappa = 0.697) (Fig. 6). The agreement improved 
if the computation was restricted to the same 
coronary segment imaged by both pullbacks  
(r = 0.90; 95% CI: 0.80–0.96, ICCa = 0.90; 95% 
CI: 0.80–0.95, kappa = 0.697) (Fig. 6).

Discussion

The main findings of this study can be summa-
rised as follows: 1) OFR computation is feasible in  
a prospective real-world series; 2) OFR has excel-
lent agreement with FFR and high reproducibility; 
3) OFR has an excellent diagnostic performance to 
detect functionally-significant stenosis, tendentially  
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Figure 4. Comparison of receiver-operating curves for 
optical flow ratio (OFR), quantitative flow ratio (QFR) and 
optical coherence tomography-derived minimal lumen 
area (MLA) (cutoff 1.63 mm2) to identify a flow-limiting 
coronary stenosis (fractional flow reserve ≤ 0.80). Re-
sults presented as area under curves (95% confidence 
interval).

Subgroups No. of vessels (%) OFR-FFR

OFR-FFR
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Centers
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   Chinese PLA General Hospital
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33 (47.8%)
36 (52.2%)

37  (53.6%)
32 (46.4%)

Figure 5. Subgroup analysis, presented as the paired difference optical flow ratio-fractional flow reserve (OFR-FFR). 
Analysed variables: center, coronary artery, bifurcation vs. non-bifurcation, sequential vs. single lesion, previous myo-
cardial infarction (MI) vs. no previous MI characteristics; LAD — left anterior descending artery; LCX — left circumflex 
artery; RCA — right coronary artery.

www.cardiologyjournal.org 357

Juan Luis Gutiérrez-Chico et al., Diagnostic accuracy of OFR in a prospective series



superior to angiography-based morphofunctional 
methods and significantly better than using a MLA 
cut-off; 4) The pullback speed has negligible effect 
on the computation of OFR, provided the pullbacks 
are obtained on the same coronary segment.

To the best of our knowledge, this is the first 
study to prove the feasibility of OFR prospectively 
in a real-world scenario, confirming the excellent 
diagnostic performance of previous retrospective 
reports [15, 16]. Actually, the diagnostic accuracy 
in this prospective series was even better than 
in previous post-hoc studies that had reported  

a diagnostic accuracy of 90–92% [15, 16], increas-
ing to 93% in the current study. This observation 
can be likely explained by a more careful and 
dedicated OCT acquisition, specifically aiming to 
optimise the quality of OFR computation [20]. The 
consistent accuracy of OFR used on a prospective 
fashion is of paramount importance to outline 
the clinical usefulness and the limitations of this 
novel technology for routine use in the cathlab. As 
expected, morphofunctional methods outweighed 
the diagnostic performance of purely morphologi-
cal methods, like MLA. Measuring MLA to assess 

Figure 6. Correlation and agreement between optical flow ratio (OFR) acquired at different pullback speeds. A. Cor-
relation and lineal regression of OFR acquired at 36 mm/s (abscises) and OFR acquired at 18 mm/s (ordinates);  
B. Bland-Altman plot for the agreement; Lower panels present the same lineal regression (C) and Bland-Altman plot 
(D) after matching the same coronary segment in the optical coherence tomography pullbacks acquired at different 
pullback speeds.

O
FR

18
 m

m
/s

O
FR

 –
 O

FR
18

 m
m

/s
36

 m
m

/s
O

FR
 –

 O
FR

18
 m

m
/s

36
 m

m
/s

O
FR

18
 m

m
/s

0.5 –0.2

0.5

0.5 0.6

0.5

0.6 0.7

0.6

0.7 0.8

0.7

0.8 0.9

0.8

OFR36 mm/s

Unmatched segments

Matched segments

(OFR  + OFR )/218 mm/s 36 mm/s

OFR36 mm/s

0.9 1.0

0.9

1.0 1.1 1.2

1.0

0.6

–0.1

0.6

0.7

0.0

0.7

0.8

0.1

0.8

0.9

0.2

0.9

1.0

1.0

A B

C

y = 0.82 × + 0.17 
r = 0.87

+1.96 SD

0.10

–1.96 SD

–0.06

Mean

0.02

0.6 0.7 0.8 0.9

(OFR  + OFR )/218 mm/s 36 mm/s

1.0 1.1 1.2

–0.2

–0.1

0.0

0.1

0.2D

+1.96 SD

0.07

–1.96 SD

–0.07

Mean

0.00

y = 0.83 × + 0.15 
r = 0.90

358 www.cardiologyjournal.org

Cardiology Journal 2020, Vol. 27, No. 4



the severity of coronary stenosis was indeed com-
mon practice in the past, but this approach is cur-
rently discouraged [13]. Relying on the area in just  
a cross-section is probably too simplistic and disre-
gards many other parameters (lesion length, refer-
ence vessel areas, flow, microvascular resistance, 
amount of subtended myocardium, excentricity of 
the lesion, etc.) that play a crucial role in determin-
ing the functional relevance of a stenosis and can 
be however integrated in both virtual and wire-
based physiology [26]. Remarkably, OFR showed 
outstanding accuracy in challenging scenarios 
like bifurcations or sequential lesions, confirming 
the validity of the computational method in these 
specific settings [12, 27].

Among morphofunctional methods, OFR 
tended to show better diagnostic performance 
than QFR (AUC 0.95 vs. 0.91, p = 0.115), in line 
with the retrospective studies [16]. The lack of 
statistical significance can be explained by the 
difference in sample size between both studies, 
as AUC values are consistently similar. This pro-
spective study was powered to estimate the AUC 
in OFR rather than for a comparison vs. QFR, that 
was only an exploratory secondary objective. Both 
morphofunctional methods rely on an accurate 
reconstruction of the coronary anatomy to enable 
a precise computation of physiology. Nonetheless, 
angiography-based methods like QFR share all the 
intrinsic limitations of angiography itself, namely 
foreshortening, vessel overlap or calcium inter-
fering with adequate edge detection. Conversely, 
OFR can overcome all these limitations and render 
high-resolution luminograms, thus offering a clear 
advantage for an optimal computation of physiology 
that can be instrumental in some particular cases.

Pullback speed during the OCT acquisition 
had negligible effect on computation of OFR. The 
diagnostic accuracy remained excellent irrespec-
tive of the pullback speed, provided the same coro-
nary segment was imaged. High pullback speed 
(36 mm/s) is however preferred because it allows 
longer pullbacks and less contrast, so the compu-
tation takes into account the true luminogram in 
a longer coronary segment that is otherwise as-
sumed as physiologically inert in the lower speed 
(shorter pullback).

The possibility to integrate physiology within 
an ordinary OCT catheter opens new perspectives 
in interventional cardiology. It will be reassuring 
for QFR in case of challenging borderline lesions. 
Moreover, OFR permits the operator to conform 
to the highest standards currently recommended 
by guidelines, while complying with most of reim-

bursement policies in developed countries, where 
a single adjuvant tool for PCI can be invoiced.  
A single catheter can be used to assess the functional 
severity of all pertinent lesions, other morphologi-
cal features (ruptured plaque, dissection, etc.) and 
finally to guide and optimise PCI. This is particularly 
interesting for the assessment of lesions with a high 
priori likelihood of PCI. Finally, OFR does not re-
quire hyperemia, like other computational methods 
[18], sparing the patient discomfort and circumvent-
ing the contraindications of vasodilator drugs.

Limitations of the study
This is a pivotal general study of agreement 

performed on an unselected real-world population 
of patients with an indication for FFR. The impact of 
microvascular resistance, plaque composition, col-
laterals and other relevant variables on the accuracy 
of OFR needs to be understood in future dedicated 
studies. The feasibility reported for OFR refers to 
patients with a coronary anatomy considered a priori 
suitable for OCT imaging by the operator.

All the OFR computations in this study were 
performed offline in a central corelab. This ap-
proach optimises the performance of the new 
method and guarantees methodological homogene-
ity. The diagnostic performance of OFR calculated 
on-site by trained local staff of the cathlab is hith-
erto unknown and will require specific evaluation 
in further dedicated studies.

Conclusions

The prospective computation of OFR is feasi-
ble and reproducible in a real-world series, result-
ing in excellent agreement with FFR and better 
diagnostic performance than angiography-based 
morphofunctional methods or than a MLA cut-off, 
irrespective of the pullback speed used in the OCT 
acquisition.

Impact on daily practice
Optical flow ratio appears as the most accurate 

morphofunctional method hitherto to estimate 
FFR. This enables the integration of accurate 
physiology and high-resolution imaging within  
a single catheter. This information is instrumental 
for modern PCI guidance, in order to comply with 
current evidence-supported and guidelines-recom-
mended standards, as with the principles of person-
alised medicine. Morphofunctional methods allow 
the reconcilement between precision PCI and the 
reimbursement policy of many countries, where  
a single adjuvant tool for PCI can be invoiced.
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