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Aims There is a paucity of data on the performance of angiography-derived vessel fractional flow reserve (vFFR) in coronary artery
lesions of patients presenting with non-ST-segment elevation acute coronary syndrome (NSTE-ACS). Optical coherence
tomography (OCT) allows for visualization of lumen dimensions and plaque integrity with high resolution. The aim of
this study was to define the association between vFFR and OCT findings in intermediate coronary artery lesions in patients
presenting with NSTE-ACS.

Methods The FAST OCT study was a prospective, multicenter, single-arm study. Patients presenting with NSTE-ACS with intermedi-
and results ate to severe coronary artery stenosis in one or multiple vessels with TIMI 3 flow suitable for OCT imaging were eligible.
Complete pre-procedural vFFR and OCT data were available in 226 vessels (in 188 patients). A significant association be-
tween VFFR and minimal lumen area (MLA) was observed, showing an average decrease of 20.4% (95% Cl —23.9% to
—16.7%) in MLA per 0.10 decrease in vFFR (adjusted P < 0.001). vFFR < 0.80 showed a sensitivity of 56.7% and specificity
of 92.5% to detect MLA < 2.5 mm? Conversely, vFFR had a poor to moderate discriminative ability to detect plaque instabil-

ity (sensitivity, 46.9%; specificity, 71.6%).

Conclusion In patients with NSTE-ACS, vFFR is significantly associated with OCT-detected MLA, and vFFR < 0.80 is highly predictive of
the presence of significant disease based on OCT. Conversely, the sensitivity of vFFR < 0.80 to detect OCT-assessed sig-
nificant disease was low, indicating that the presence of significant OCT findings cannot be ruled out based on a negative
vFFR.

* Corresponding author. E-mail: j.daemen@erasmusmc.nl

© The Author(s) 2024. Published by Oxford University Press on behalf of the European Society of Cardiology.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.

20z Jequialdeg /g uo 1senb Aq zG8z///ZLzeral/9luys/c60L 0L /1op/ajonle-aoueape/Buibewiolys/woo dno-olwepeoe//:sdiy wolj pepeojumoq


https://orcid.org/0000-0001-8289-1393
https://orcid.org/0000-0002-3681-5207
https://orcid.org/0000-0001-9892-8752
https://orcid.org/0000-0003-3047-6707
https://orcid.org/0000-0002-2115-9745
https://orcid.org/0000-0002-2732-1205
https://orcid.org/0000-0001-8628-1410
mailto:j.daemen@erasmusmc.nl
https://creativecommons.org/licenses/by/4.0/

A.C. Ziedses des Plantes et al.

Graphical Abstract

GRAPHICAL ABSTRACT: Association of Vessel Fractional Flow Reserve (VFFR) with Luminal Obstruction and Plaque Characteristics as Detected
by Optical Coherence Tomography (OCT) in Patients With NSTE-ACS: the FAST OCT Study
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Average decrease of 20% in MLA per 0.10
decrease in vFFR (adjusted p<0.001)

Good specificity (92.5%) but poor
sensitivity (56.7%) of vFFR = 0.80 to

Poor sensitivity (46.9%) and moderate
specificity (71.6%) of vFFR <0.80 to detect
plaque rupture, thrombus or erosion

Treatment threshold: %AS275% or

%AS250% and MLA<2.5 mm? or presence of

plaque rupture and %AS 2 50%

MLA 1.70 mm? Thrombus

Plaque rupture

detect MLAS2.5 mm?*

90.8% in vFFR<0.80 versus 41.3% in
vFFR>0.80 (p<0.001)

Sensitivity 52.7%, specificity 92.6%

MLA, minimal lumen area; vFFR, vessel fractional flow reserve; NSTE-ACS, non-ST-elevation acute coronary syndrome; DS, diameter stenosis; OCT,

optical coherence tomography; AS, area stenosis.

Keywords optical coherence tomography (OCT) e angiography-derived fractional flow reserve e vessel fractional flow reserve
(VFFR) e non-ST-segment elevation acute coronary syndrome (NSTE-ACS)
Introduction

Recently, a number of angiography-derived fractional flow reserve
(FFR) indices have been validated as less invasive means to assess hemo-
dynamic lesion signiﬁcance.1'2 Among these indices, three-dimensional
quantitative coronary angiography (3D-QCA) based vessel FFR
(VFFR) has demonstrated a good diagnostic performance to detect an
FFR <0.80." However, there is a paucity of data on the performance
of vFFR in patients presenting with non-ST-elevation acute coronary
syndrome (NSTE-ACS).

Current guidelines recommending the use of physiology are largely
based on patients presenting with stable disease, whereas evidence
on the benefit of FFR in an ACS setting is scarce.* The latter forms
an important limitation given that up to 30% of NSTE-ACS patients
may present with a plaque rupture or erosion in angiographically non-
significant lesions.”

In contrast, optical coherence tomography (OCT) allows visualiza-
tion of plaque integrity with high resolution, a feature that is of

particular interest in case the culprit lesion is not readily identifiable
based on angiography.®

To date, the association between (angiography-derived) FFR and OCT
findings in intermediate coronary artery lesions in NSTE-ACS setting re-
mains unknown. Therefore, the aim of the present study was to define
the association between vFFR and OCT findings in intermediate to se-
vere coronary artery lesions in patients presenting with NSTE-ACS.

Methods

Study population

The FAST OCT study was a prospective, multicenter, single-arm,
investigator-initiated study designed to evaluate the association between
3D-QCA-based vFFR and luminal obstruction as detected by OCT in
pre- and post-PCl settings. The study was conducted at five sites in three
countries. The study protocol was approved by the local ethical committees
of all participating sites, and the study was conducted in accordance with
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both Good Clinical Practice and the Declaration of Helsinki. All patients
provided written informed consent. The study was registered on
ClinicalTrials.gov (NCT04683133).

Patients presenting with NSTE-ACS and intermediate to severe coron-
ary artery stenosis (30-90% by visual estimation or online QCA) in one
or multiple vessels suitable for OCT imaging were enrolled. Clinical exclu-
sion criteria included estimated glomerular filtration rate (eGFR) <30 mL/
min and known contrast allergy. Angiographic exclusion criteria included
distal thrombolysis in myocardial infarction (TIMI) flow <3, aorto-ostial le-
sion location, severe tortuosity or vessel overlap, chronic total occlusion of
the target vessel, and a target lesion located in or supplied by an arterial or
venous bypass graft.

Study procedures and image acquisition

All procedures were performed according to standard clinical practice.
Following the intracoronary injection of nitrates and recording of the aortic
root pressure, the target segments of the study vessels were assessed with
two orthogonal angiographic projections separated by at least 30° and by
OCT imaging with the Dragonfly Optis OCT catheter (Abbott, Santa
Clara, CA, United States). PCl was performed according to European guide-
line recommendations.*

OCT and vFFR analyses were performed by a blinded core laboratory
(Cardialysis, Rotterdam, The Netherlands).

OCT analysis

OCT analyses were performed with dedicated analysis software (Qlvus 3.0,
Medis, Leiden, The Netherlands) according to standard definitions.” A de-
tailed description of the OCT analysis methodology and applied definitions
is provided in Supplementary data online, Appendix S1.

Cut-offs of >75% for %AS and <2.5 mm? for MLA were applied for
OCT-defined significant lumen artery narrowing in line with applied defini-
tions in recent and ongoing trials.® In addition, an arbitrary treatment
threshold was defined as presence of either (1) %AS >75%, (2) MLA <
2.5 mm” and %AS > 50%, or (3) plaque rupture and %AS > 50%, in line
with the treatment criteria applied in the FORZA trial.®

VFFR analysis

The vFFR analysis method has been described previously." vFFR analyses
were performed using CAAS Workstation 8.2.4 (Pie Medical, Maastricht,
The Netherlands). The vessel contour was automatically delineated from
the ostium to the position of the lens of the OCT catheter. Manual correc-
tion was allowed if the automatic contour detection was suboptimal. Based
on the 3D-QCA model, percent diameter stenosis, minimal lumen diam-
eter, reference lumen diameter, MLA, and lesion length were calculated.
The vFFR value was calculated automatically based on the 3D reconstruc-
tion and the invasively measured aortic root pressure.

Culprit lesion assessment

Included lesions were retrospectively classified into three categories: (1)
clear angiographic culprit lesion defined as a lesion with >70% stenosis
(visually assessed) in the case of a single vessel disease or a lesion with clear
angiographic thrombus or 90% stenosis in case of multivessel disease; (2)
non-culprit lesion defined as a lesion not fulfilling the criteria of a culprit le-
sion with the presence of a clear culprit lesion (as defined above) in another
vessel; and (3) ambiguous/unclear culprit lesions defined as either absence
of any lesion fulfilling the criteria of an angiographic culprit lesion or pres-
ence of multiple lesions that fulfil the criteria of an angiographic culprit
lesion.

Study endpoints

The primary study endpoint was the association between vFFR and
OCT-detected MLA.

The secondary study endpoint was the association between vFFR- and
OCT-detected causes of luminal obstruction pre-PCl: (1) signs of plaque in-
stability (plaque rupture, plaque erosion, or thrombus); (2) calcified no-
dules; and (3) spontaneous dissection, spontaneous hematoma, spasm, or
bridging.

The post-PCl parameters will be described in detail as part of the
post-PCl sub-analysis.

Sample size

The sample size calculation for the FAST OCT study was based on the pre-
specified post-PCl analysis, for which the required sample size was esti-
mated to be 75 (with an alpha of 0.05 and 6 independent variables in multi-
variable linear regression) to detect a small to medium effect size (> = 0.1)
with a power of 80%, with MLA as a dependent variable and vFFR as an in-
dependent variable. With an estimated 40% of lesions warranting treat-
ment, a total required sample size of 188 patients was determined. The
sample size was enlarged to 200 to account for possible technical failures
and unsuitable vFFR or OCT acquisition.

Statistical analysis

Continuous variables were assessed for normality using Shapiro—Wilk tests
and presented as mean =+ standard deviation (SD) or medians with 25-75th
percentile, as appropriate. Categorical variables are presented as numbers
and percentages. Confidence intervals for proportions were calculated
using Wilson score intervals for clustered binary data.

To account for clustering of vessels within patients, mixed-effect models
with random intercepts were used for all vessel-level analyses. Normality
and homoscedasticity of residuals of linear models were assessed, and con-
tinuous variables were transformed where necessary. In the analysis of the
primary endpoint, log-transformed MLA was therefore used as dependent
variable. The estimates were back-transformed using the formula (exp(B) —
1)*100%, which can be interpreted as the average percentage change in the
outcome per unit increase in the predictor. For the analyses of binary end-
points, generalized linear mixed-effect models with logit link were used.
Analyses were adjusted for gender, age, presence of left anterior descending
(LAD) lesion, and presence of a clear angiographic culprit in the study vessel
with a maximum of one variable per 10 observations for linear models or
per 10 events for logistic models.

Receiver-operating characteristic (ROC) curve analysis was performed
to evaluate the diagnostic performance of vFFR to detect significant OCT
findings. Confidence intervals were adjusted to account for clustering of
vessels.'O"’

Statistical tests were two-sided, and P-values < 0.05 were considered
statistically significant. All statistical analyses were performed using SPSS
(version 25.0, SPSS Inc., Chicago, lllinois, US) and R (R Core Team 2021,
version 4.1.1, packages: Ime4, ImerTest, ggplot2, pROC, ggpubr; functions:
clusteredROC()).

Results

Patient characteristics

Between December 2020 and September 2022, 200 patients were in-
cluded. Mean age was 64.1 + 10.3 years, and 72% of patients were male.
The majority of patients presented with non-ST-elevation myocardial
infarction (NSTEMI) (72%) (Table 1).

Single vessel disease was present in 118 patients (59%), whereas 82
patients (41%) presented with multivessel disease.

Angiographic and OCT findings

In total, 242 vessels were included, out of which vFFR analyses were
available for 228 vessels, and analysed OCT data were available for
236 vessels (see Supplementary data online, Table S7). The LAD was
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Table 1 Baseline characteristics

Age (years), mean + SD
Male, n (%)
BMI, median [25-75th percentile]
Cardiovascular risk factors
Hypertension, n (%)
Diabetes mellitus, n (%)
Dyslipidaemia, n (%)
Smoking, n (%)

Current

Previous
Family history of CVD, n (%)
Medical history and comorbidity
Prior myocardial infarction, n (%)
Prior PCI, n (%)
Prior CABG, n (%)
Prior CVA/TIA, n (%)
Prior PVD, n (%)
PCl indication
Unstable angina, n (%)
NSTEMI, n (%)

64.13+10.32
144 (72.0%)

26.82 [24.57-30.44]

136 (68.0%)
45 (22.5%)
116 (58.0%)

61 (30.5%)
50 (25.0%)
70/178 (39.3%)

48 (24.0%)
54 (27.0%)
2 (1.0%)
16 (8.0%)
21 (10.5%)

56 (28.0%)
144 (72.0%)

Angiographic assessment
Single vessel disease, n (%) 118 (59.0%)
82 (41.0%)

49 (24.5%)

Multivessel disease, n (%)
Treated non-study vessel and one or multiple
intermediate lesions included as study vessels

Multiple study vessels with intermediate lesions 33 (16.5%)

BMI, body mass index; PCl, percutaneous coronary intervention; CABG, coronary
artery bypass graft; CVA, cerebrovascular accident; TIA, transient ischemic attack;
PVD, peripheral vascular disease; NSTEMI, non-ST-elevation myocardial infarction.

the analysed vessel in the majority of cases (61.8%). Median vFFR was
0.86 (25th-75th percentile 0.77-0.91), and median MLA was
2.38 mm” (25th-75th percentile 1.52-3.29) (Table 2). vFFR was signifi-
cant (<0.80) in 32.8% of vessels.

Figure 1 displays the prevalence of OCT-assessed plaque character-
istics in culprit, non-culprit, and ambiguous culprit lesions. In vessels
classified as angiographic culprits, an MLA < 2.5 mm? was observed in
91.9% of vessels, whereas 47.6% of non-culprit vessels and 45.2% of
vessels classified as ambiguous or unclear culprit had an MLA <
2.5 mm?®. Similarly, signs of plaque instability (plaque rupture, erosion,
or thrombus) were observed in 56.8% of angiographic culprits vs.
28.6 and 21.0% in non-culprit and ambiguous/unclear culprit vessels, re-
spectively (see Supplementary data online, Table S2).

Association between vFFR and (causes of)

luminal obstruction

Complete pre-procedural vFFR and OCT data were available for 226
vessels in 188 patients (see Supplementary data online, Table ST7). A sig-
nificant association between vFFR and MLA was found in univariable
and multivariable analyses, showing an average decrease of 20.4%
(95% Cl1 —23.9% to —16.7%) in MLA per 0.10 decrease in vFFR adjusting

for age, gender, LAD vessel, and presence of a clear angiographic culprit
in the study vessel (P < 0.001, Table 3, Figure 2).

In univariable analysis, a significant association was observed between
VFFR and presence of signs of plaque instability [OR 1.36 (95% Cl 1.07
to 1.74), P =0.014]. However, vFFR was not independently associated
with plaque instability in multivariable analysis.

Diagnostic performance of vFFR to detect
significant OCT findings

VFFR showed a good diagnostic performance in detecting MLA <
2.5 mm? (AUC 0.84) and predicting lesions with %AS > 75% (AUC
0.77) (Table 4). Applying a cut-off of 0.80, vFFR showed poor sensitivity
(56.7%), but an excellent specificity (92.5%) to predict MLA <25
(Figure 3, Table 4).

Conversely, VFFR showed a poor to moderate discriminative ability
in detecting plaque instability (AUC 0.61) with a sensitivity of 46.9%
and a specificity of 71.6% when using 0.80 as cut-off value, although
the diagnostic performance was better in case of single vessel disease
as compared to multivessel disease (AUC 0.67 vs. AUC 0.53,
Supplementary data online, Table S3).

Applying an arbitrary treatment threshold defined as the presence of
%AS > 75% or %AS > 50% combined with a plaque rupture or MLA <
2.5 mm?, VFFR showed a good discriminative ability with an AUC of
0.80. vFFR < 0.80 had a high specificity (92.6%), but a moderate sensi-
tivity (52.7%) to detect the presence of significant disease reaching this
treatment threshold.

Based on AUC analysis, a ‘grey zone’ of vFFR 0.80-0.91 was identified
which would result in both sensitivity and specificity of >90% of vFFR to
detect a significant treatment threshold (Figure 4, sensitivity 90%, spe-
cificity 93%). ‘Grey zone’ VFFR values were observed in 43% of
measurements.

Figure 5 presents the distribution of OCT-assessed plaque character-
istics in culprit, non-culprit, and ambiguous or unclear culprits with
vFFR <0.80 vs. vFFR > 0.80.

Whereas the association between vFFR and MLA and the diagnostic
performance of vFFR to detect a small MLA remained consistent, the
association between vFFR and signs of plaque instability was no longer
significant in sensitivity analyses excluding vessels that were classified as
angiographic culprits (see Supplementary data online, Tables $4 and S5).

Case examples of the association between vFFR and OCT findings
are presented in Supplementary data online, Figure S7.

Discussion

The findings of this study can be summarized as follows: 1) vFFR was
significantly associated with OCT-derived MLA; 2) vFFR <0.80 has a
high specificity to predict MLA <2.5 mm?, as well as an arbitrarily de-
fined treatment threshold defined as %AS > 75 or with %AS > 50%
combined with either presence of plaque rupture or MLA <2.5 mm?
and 3) vFFR showed a poor sensitivity to detect a small MLA, presence
of signs of plaque instability, and the combined treatment threshold, in-
dicating that significant OCT findings cannot be excluded based on a
negative vFFR.

With a growing body of evidence supporting their diagnostic per-
formance and clinical applicability, angiography-based FFR indices
have the potential to overcome the traditional limitations of wire-based
FFR and to improve the uptake of physiology into clinical |:>ractice.1'2'12
Among these indices, VFFR demonstrated a good diagnostic perform-
ance with pressure-wire-based FFR as a reference.’ However, only
17% of patients within this study presented with ACS. In the present
study, we demonstrated a strong association between vFFR and MLA
in a cohort exclusively consisting of patients presenting with
NSTE-ACS. More specifically, 89.5% of vFFR positive lesions had an
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Table 2 Angiographic and procedural characteristics and OCT findings (vessel level)

Vessels with VFFR and/or  Complete vFFR and OCT data (n=  P-value®
OCT (n=1238) 226)
vFFR < 0.80 vFFR > 0.80
(n=76) (n=150)
Study vessel, n (%) 0.50
Left anterior descending artery 147 (61.8%) 44 (57.9%) 97 (64.7%)
Left circumflex artery 39 (16.4%) 16 (21.1%) 22 (14.7%)
Right coronary artery 52 (21.8%) 16 (21.1%) 31 (20.7%)
Study vessel revascularization, n (%) 165 (69.3%) 70 (92.1%) 88 (58.7%) <0.001
3D-QCA findings n=228 n=76 n=150
Lesion length, median (25-75th percentile) 17.0 (10.8-26.4) 18.5 (11.8-28.7) 15.8 (10.5-24.1) 0.032
Minimum lumen diameter, mean + SD 1.68 +0.51 119+0.28 1.94 + 040 <0.001
Reference diameter, median (25-75th percentile) 2.97 (2.60-3.29) 2.65 (2.35-3.15) 3.05 (2.76-3.43) <0.001
% diameter stenosis, median (25—75th percentile) 42.0 (35.0-53.0) 56.0 (49.0-64.0) 38.0 (32.044.0) <0.001
Lesion severity, n (%) <0.001
%DS < 50% 157 (68.9%) 21 (27.6%) 136 (90.7%)
%DS 50-70% 60 (26.3%) 45 (59.2%) 14 (9.3%)
%DS>70% 11 (4.8%) 10 (100.0%) 0 (0.0%)
VFFR, median (25-75th percentile) 0.86 (0.77-0.91) 0.72 (0.61-0.77) 0.90 (0.86-0.93) <0.001
vFFR <0.80, n (%) 78 (32.8%)
OCT findings n=236 n=76 n=150
MLA (mm?), median (25-75th percentile) 238 (1.52-3.29) 1.36 (0.97-1.80) 2.83 (2.20-3.66) <0.001
MLA <2.5 mm?, n (%) 125 (53.0%) 68 (89.5%) 52 (34.7%) <0.001
Reference vessel area, median (25-75th percentile) 6.89 (5.31-8.90) 6.16 (4.71-7.98) 7.12 (5.75-9.37) <0.001
Proximal 745 (5.69-9.46) 6.73 (5.08-8.50) 7.87 (6.12-9.83) <0.001
Distal 6.12 (4.64-8.56) 4.99 (3.83-6.86) 6.60 (5.00-8.98) <0.001
%AS, median (25-75th percentile) 65.65 (53.27-75.55) 76.75 (64.12-82.95)  61.20 (50.40-70.17)  <0.001
9%AS > 75%, n (%) 62 (26.3%) 41 (53.9%) 20 (13.3%) <0.001
Plague instability, n (%) 66 (28.0%) 30 (39.5%) 34 (22.7%) 0.016
Plaque erosion, n (%) 32 (13.6%) 16 (21.1%) 16 (10.7%) 0.24
Plaque rupture, n (%) 33 (14.0%) 13 (17.1%) 18 (12.0%) 0.30
Thrombus, n (%) 46 (19.5%) 26 (34.2%) 19 (12.7%) 0.21
Calcified nodule, n (%) 26 (11.0%) 8 (10.5%) 16 (10.7%) 0.81
Luminal obstruction not related with native coronary 12 (5.1%) 2 (2.6%) 10 (6.7%) 0.83
atherosclerosis, n (%)
Spontaneous dissection, n (%) 1 (0.4%) 0 (0%) 1 (0.7%) *
Spontaneous hematoma, n (%) 2 (0.8%) 1(1.3%) 1(0.7%) 0.94
Spasm/bridging, n (%) 10 (4.2%) 1(1.3%) 9 (6.0%) 0.80
Treatment threshold: (1) %AS > 75%; (2) %AS > 50% and 136 (57.6%) 69 (90.8%) 62 (41.3%) <0.001

MLA <2.5 or (3) presence of plaque rupture and %AS > 50%

?Data provided for all 238 vessels with either OCT (n = 236) or vFFR (n = 228) data available. Complete pre-PCI vFFR and OCT data were available for 226 vessels.

®P_values obtained from (generalized) linear mixed-models.
*P-value could not be computed due to complete separation.

MLA, minimal lumen area; %AS, percentage area stenosis; VFFR, vessel fractional flow reserve; %DS, percentage diameter stenosis.

MLA of 2.5 mm” or smaller, and 90.8% had either %AS > 75% or %
AS >50% combined with either a plaque rupture or an MLA <
2.5 mm’. These results demonstrate that, also in NSTE-ACS setting,
vFFR is an excellent method to confirm significant disease.
Conversely, discrepancies between OCT- and vFFR-defined signifi-
cance occurred in approximately one out of four assessed lesions.
VFFR showed a moderate to poor diagnostic performance in

detecting plaque instability with the presence of plaque rupture, ero-
sion, and/or thrombus occurring in 22.7% of the vFFR-negative le-
sions. Moreover, an MLA <2.5mm® was found in one-third of
lesions with a VFFR > 0.80, and the OCT-defined treatment threshold
for significant disease was observed in 41% of lesions with a vFFR >
0.80. These discrepancies illustrate the shortcomings of (angiography-
based) physiology in assessing the severity of intermediate coronary
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rupture, thrombus)

Calcified nodule Spontaneous dissection, Presence of (1) %AS =
hematoma, spasm or  75% , (2) MLA 2.5 mm? and
bridging %AS = 50% or (3) Plaque
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Figure 1 Prevalence of OCT-assessed lesion characteristics in clear angiographic culprits, non-culprits, and ambiguous or unclear culprit lesions.
Error bars represent 95% confidence intervals. All available OCT data (N = 236) are presented, regardless of availability of vFFR data. MLA, minimal

lumen area; %AS, percentage area stenosis.

Table 3 Association between vFFR value (per 0.10 decrease) and MLA, presence of unstable plaque, calcified nodules

and spasm, bridging, spontaneous dissection, or hematoma

Univariable Multivariable®
Dependent variable B (95% CI) Average % change  P-value B (95% CI) Average % change  P-value
(95% CI)? (95% CI)?
Log(MLA)® —0.27 (-0.31, —0.23) —23.6% (—26.8%, —20.1%) <0.001 -0.23 (-0.27, —-0.24) —20.4% (-23.9%, —16.7%) <0.001
Univariable Multivariable®
Dependent variable B (95% CI) OR (95% CI) P-value B (95% CI) OR (95% CI) P-value
Plaque rupture, thrombus or 0.31 (0.06, 0.55) 1.36 (1.07, 1.74) 0.014 0.18 (-0.10, 0.45) 1.19 (091, 1.57) 0.21
plaque erosion
Calcified nodule 0.06 (—0.89, 1.00) 1.06 (0.41, 2.73) 0.90 — — —
Spasm, bridging, spontaneous —0.22 (—3.28, 2.84) 0.80 (0.04, 17.07) 0.89 — — —

dissection or spontaneous

hematoma

*The exponential of the coefficient in this log-linear model gives the multiplicative factor for every one-unit increase in the independent variable. The coefficient was back-transformed
using the formula (exp(f) —1)*100%, which can be interpreted as the average percentage change in the outcome (MLA) per unit increase in the predictor.
®The linear mixed model with random intercept for patient ID indicated a boundary fit due to negligible random intercept variance. Hence, a standard linear model was used for this

specific analysis.

“The multivariable analysis was adjusted for LAD vessel, gender, age, and presence of a clear angiographic culprit in study vessel.

MLA, minimal lumen area.

artery lesions in patients presenting with ACS and may provide an ex-
planation for the results of recent studies showing significantly higher
event rates after deferral of revascularization based on FFR in patients
presenting with ACS as compared to patients presenting with stable
angina.

The relatively high prevalence of high-risk lesions in vFFR-negative
culprit, as well as non-culprit or ambiguous lesions supports the poten-
tial benefit of OCT assessment of intermediate lesions in patients pre-
senting with ACS, even in case physiological evaluation is negative.
However, despite a growing body of evidence demonstrating the
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Figure 2 Scatterplots showing the relationship between vFFR, MLA, and OCT detected causes of luminal obstruction. *Treatment threshold:
(1) %AS > 75%; (2) MLA < 2.5 mm?* and %AS > 50% or (3) plaque rupture and %AS > 50%. %AS, percentage area stenosis; VFFR, vessel fractional
flow reserve.

Table 4 Diagnostic accuracy of vFFR to detect MLA and causes of luminal obstruction

AUC [95% CI] Sensitivity [95% CI] Specificity [95% CI] PPV [95% CI] NPV [95% CI]

MLA <25 0.84 [0.78-0.89]

%AS > 75% 0.77 [0.70-0.85]

Unstable plaque® 0.61 [0.53-0.69]
[

Treatment threshold® 0.80 [0.75-0.86]

56.7% [47.6-65.8%]
67.2% [54.5-79.9%]
46.9% [34.3-59.5%]
52.7% [43.6-61.7%]

92.5% [87.5-97.4%]
78.8% [72.3-85.2%]
71.6% [64.3-78.9%]
92.6% [87.4-97.7%]

89.5% [82.5-96.5%]
53.9% [42.0-65.9%]
39.5% [28.1-50.8%]
90.8% [84.2-97.4%]

65.3% [57.6-73.0%]
86.7% [81.0-92.3%]
77.3% [70.6-84.1%]
58.7% [50.6-66.7%]
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Defined as presence of thrombus, plaque erosion, or plaque rupture.
®Defined as (1) %AS > 75%; (2) %AS > 50% and MLA < 2.5 mm” or (3) %AS > 50% and plaque rupture.
MLA, minimal lumen area; %AS, percentage area stenosis.

OCT to determine the need for revascularization in an NSTE-ACS set-
ting are lacking.”'*"* Moreover, no uniform definitions or validated cut-
off values have been identified to establish the presence of significant

superiority of intravascular ultrasound (IVUS) or OCT vs. angiography-
guided stenting and two recent trials showing similar outcomes after in-
tracoronary imaging- vs. FFR-guided PCl, dedicated trials on the use of
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Figure 3 ROC curve of vFFR to predict OCT findings. ¥Treatment threshold: (1) %AS > 75%; (2) %AS > 50% and MLA < 2.5 mm” or (3) %AS > 50%
and plaque rupture. MLA, minimal lumen area; %AS, percentage area stenosis; VFFR, vessel fractional flow reserve.
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Figure 4 Diagnostic accuracy of vFFR with grey zone. MLA, minimal lumen area; %AS, percentage area stenosis; VFFR, vessel fractional flow reserve.

disease based on OCT. Although in patients presenting with stable an-
gina, a median MLA cut-off of 1.96 mm” to predict FFR was found in a
meta-analysis, the relevance of FFR and comparative roles of MLA and
FFR to predict clinical outcomes in ACS setting are unclear." For the
purpose of the present study, an MLA cutoff of 2.5 mm? was chosen
to represent significant disease as defined by OCT in line with definitions
applied in the FORZA, FLAVOUR (adjusted for the overestimation
of MLA based on IVUS), and the ongoing COMBINE-INTERVENE
(NCT05333068) studies.®’

The reliability and optimal timing of invasive FFR in ACS setting have
been topics of debate. In contrast, angiography-derived FFR is not influ-
enced by temporary microcirculatory changes, and vFFR appeared not
to be impacted by the time between ACS onset and invasive assess-
ment in non-culprit lesions of patients presenting with STEML.'®

Recently, the BIOVASC trial showed a significantly higher occur-
rence of myocardial infarction in patients who were assigned to staged

as compared to immediate complete revascularization."”” This result
was especially evident in the NSTE-ACS subgroup and was hypothe-
sized to be caused by missed culprit lesions during the index procedure
and unstable features of non-culprit lesions, leading to an acute coron-
ary syndrome in the period between the index and staged proce-
dures."® Along with the results from the present study, these findings
further strengthen the rationale for immediate OCT evaluation of all
ambiguous or non-culprit lesions in the acute NSTE-ACS setting.
Given the substantial prevalence of high-risk lesion morphologies in
VFFR negative lesions observed in the present study, the potential bene-
fit of OCT in (v)FFR-negative lesions in NSTE-ACS setting is an
important target for future research. Routine OCT evaluation of non-
culprit lesions may further improve outcomes through identification
and subsequent treatment of vulnerable plaques, which have been as-
sociated with worse clinical outcomes despite being physiologically
non-significant.’ Moreover, the results of this study are of particular
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A Clear angiographic culprit lesions

Prevalence (%)

MLA £ 2.5 mm? Y%AS z 75% Plaque instability Calcified nodule Spontaneous dissection, Presence of (1) %AS =
(erosion, rupture, hematoma, spasm or 75% , (2) MLA 2.5 mm?
thrombus) bridging and %AS = 50% or (3)

Plaque rupture and
%AS = 50%

mVFFR < 0.80 (N=28) mvFFR > 0.80 (N=9)
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1
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Figure 5 Prevalence of OCT-assessed lesion characteristics in culprit (A), non-culprit (B), and ambiguous or unclear culprits (C) with vFFR < 0.80 vs.
VFFR >0.80. Error bars represent 95% confidence intervals. MLA, minimal lumen area; %AS, percentage area stenosis; VFFR, vessel fractional flow
reserve.
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importance in the light of the results of the recent PREVENT trial,
showing superior outcomes after preventive PCl as compared to opti-
mal medical therapy in patients with non-flow limiting vulnerable cor-
onary |:>Iz:1c|ues.20 Results of the ongoing COMBINE-INTERVENE
(NCT05333068) and VULNERABLE (NCT05599061) trials are eagerly
awaited to provide further insights into the utility of revascularization of
non-ischemic vulnerable or unstable plaques as compared to guideline-
directed medical treatment. In addition, the INTERCLIMA
(NCT05027984) trial will demonstrate whether OCT is superior to
FFR to guide clinical decision-making in non-culprit lesions in patients
with ACS.

Finally, integrated assessment of (angiography-based) physiology and
imaging may lead to improved risk stratification, as recently demon-
strated in a sub-analysis of the FLAVOUR trial showing that a combin-
ation of plaque characteristics and low QFR best predicted clinical
outcomes.?’ Novel OCT-derived physiology indices may provide an ap-
pealing solution by combining anatomical and functional lesion assess-
ments into one single assessment. Although pivotal validation studies
on OCT derived physiology showed promising results, future research
is warranted to prove their clinical value 2>

Limitations

A number of limitations need to be mentioned. First of all, vFFR analysis
remains dependent on the quality of angiographic cine-images. As such,
despite dedicated guidelines for acquisition of adequate angiographic
projections, vFFR analysis could not be performed for 11 (5%) vessels.
Secondly, the decision to perform revascularization was based on angi-
ography and OCT data, whereas vFFR analyses were performed offline.
Thirdly, no pressure-wire based FFR measurements were performed as
reference, precluding any direct comparisons between vFFR and FFR in
their association with OCT findings. Finally, this study was not powered
to assess clinical outcomes.

Conclusion

In patients presenting with NSTE-ACS, vFFR is significantly associated
with OCT-detected MLA, and a vFFR <0.80 is highly predictive of a
small MLA based on OCT. Conversely, the diagnostic performance
of VFFR to predict plaque instability was moderate to poor.
Moreover, VFFR was unable to rule out the presence of significant dis-
ease based on OCT, underscoring the limitations of vFFR and the po-
tential value of OCT in intermediate lesions of patients presenting with
NSTE-ACS.

Supplementary data

Supplementary data are available at European Heart Journal -
Cardiovascular Imaging online.
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