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Background: Vulnerable plaque features including lipidic plaque have been shown to affect fractional
flow reserve (FFR). Given that formation and propagation of lipid plaque is accompanied by endothelial
dysfunction which impairs vascular tone, the degree of lipidic burden may affect vasoreactivity during
hyperemia, potentially leading to reduced FFR. Our aim is to elucidate the relationship of the extent of
lipidic plaque burden with coronary physiological vasoreactivity measure.

Methods: We analyzed 89 subjects requeuing PCI due to angiographically intermediate coronary stenosis
with FFR <0.80. Near-infrared spectroscopy (NIRS) and intravascular ultrasound were used to evaluate
lipid-core burden index (LCBI) and atheroma volume at both target lesion (maxLLCBI,,,,; maximum value of
LCBI within any 4 mm segments) and entire target vessel (LCBI,;: LCBI within entire vessel). In addition
to FFR, delta-FFR was measured by difference of distal coronary artery pressure/aortic pressure (Pd/Pa)
between baseline and hyperemic state.

Results: The averaged FFR and delta-FFR was 0.74 (0.69-0.77), and 0.17£0.05, respectively. On
target lesion-based analysis, maxLCBI,,,,, was negatively correlated to FFR (p=-0.213, P=0.040), and
it was positively correlated to delta-FFR (p=0.313, P=0.002). Furthermore, target vessel-based analysis
demonstrated similar relationship of LCBI,., with FFR (p=-0.302, P=0.003) and delta-FFR (p=0.369,
P<0.001). Even after adjusting clinical characteristics and lesion/vessel features, delta-FFR (by 0.10 increase)
was independently associated with maxLLCBL,,,,, (B=57.2, P=0.027) and LCBI,.; (=24.8, P=0.007) by mixed
linear model analyses.

Conclusions: A greater amount of lipidic plaque burden at not only “target lesion” alone but “entire target
vessel” was associated with a greater delta-FFR. The accumulation of lipidic plaque materials at both local

site and entire vessel may impair hyperemia-induced vasoreactivity, which causes a reduced FFR.
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Introduction

Fractional flow reserve (FFR) has become the current
gold standard to evaluate myocardial perfusion (1,2).
Recent studies reported that, in addition to anatomical
characteristics, vulnerability of coronary lesions associated
with FFR (3,4). Given an increased plaque vulnerability
as a potential substrate causing future coronary events,
this finding could account in part for the ability of FFR
to predict subsequent cardiac outcome (5). However, its
detailed mechanism remains to be fully determined yet.

The proposed mechanisms behind this observation
is that vulnerable plaques could cause functional
stenosis under hyperemic agents which dilate not only
coronary resistance vessels but also epicardial coronary
arteries (6). This is because vulnerable features including
lipidic burden is triggered by endothelial dysfunction (7)
affecting vasodilatory property at lesions (8). However,
given the diffusely propagation of lipidic plaque
accumulation within epicardial arteries (9), vasodilatory
property at entire vessel may influence coronary physiology.

Delta-FFR, a change in Pd/Pa (distal coronary artery
pressure/aortic pressure) from baseline to hyperemic
status is a clinical measure to evaluate the degree of
vascular response to vasodilatory agent (10,11). In
addition, an intravascular near-infrared spectroscopy
(NIRS) imaging enables to quantitatively visualize
lipidic materials within vessel wall (12,13). Therefore,
we investigated the association of delta-FFR with NIRS-
derived lipid plaque measure in patients with stable CAD.
We present the following study in accordance with the
MDRA reporting checklist (available at: http://dx.doi.
org/10.21037/cdt-20-1024).

Methods

The study protocol conforms to the ethical guidelines of the
Declaration of Helsinki (as revised in 2013) and this study
protocol was approved by the institutional ethics committee
of National Cerebral and Cardiovascular Center (research
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project number: M30-084-2). Informed consent was not
obtained in each subject due to the observational analysis of
hospitalized patients.

Study subjects

This study is a single-center retrospective registry which
consecutively enrolled any patients with intermediate
coronary artery stenosis (FFR <0.80) who underwent
NIRS/intravascular ultrasound (IVUS) imaging prior to
percutaneous coronary intervention (PCI). Intermediate
stenosis was defined as a lesion with its percent diameter
stenosis (% DS) between 25% and 75% on quantitative
coronary angiography (QAngio® XA, Medis, Leiden,
the Netherlands). In patients with stable coronary artery
disease (CAD) receiving PCI at National Cerebral and
Cardiovascular Center from January 1%, 2017 to August
31%, 2019, 214 patients had intermediate stenosis according
to significant FFR value (<0.80) (Figure I). Of these, NIRS/
IVUS imaging was used in 124 patients for the guidance
of PCI procedure. We excluded the following patients
from the current analysis; subjects who had a history of
PCI within the target vessel (n=11) or target vessel-related
myocardial infarction (n=8), those with coronary artery
bypass graft (n=4), those who required pre-dilatation before
NIRS/IVUS imaging due to severe stenosis (n=13), and
subjects with insufficient image quality (n=1) or missing
delta-FFR values (n=3). As a consequence, the remaining 89
patients (94 vessels) were included into the current analysis
(Figure I).

FFER measurements

FFR measurement was performed to evaluate myocardial
ischemia prior to PCI as previously described (14). In
patients who required staged PCI, FFR measurements
were performed prior to the initial PCI procedure.
Briefly, after 5 or 6 French guide catheter (n=84/5) was
cannulated into the coronary artery, pressure-monitoring
guidewire (PressureWire ™ Cetus™ or Aeris'™, Abbot,
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214 patients (229 vessels) with stable coronary artery disease
received PCI due to FFR <0.80

Jan. 1% 2017-Aug. 31% 2019

L 5

NIRS/IVUS was not used during PCI: 90 patients (94 vessels)

y

NIRS/IVUS guided PCI: 124 patients (135 yessels)

A history of PCI within target vessel: 11 patients (12 vesselsa)

A history of MI within target vessel: 8 patients (8 vesselsa)

A history of CABG: 4 patients (4 vessels)

NIRS/IVUS imaging after balloon angioplasty: 13 patients (13 vessels)
Poor imaging quality: 1 patient (1 vessel)

Missing delta-FFR value: 3 patients (3 vessels)

A 4

Study subject:
89 patients (94 vessels)

Figure 1 Patients’ disposition. CABG, coronary artery bypass grafting; FFR, fractional flow reserve; IVUS, intravascular ultrasound; MI,

myocardial infarction; NIRS, near-infrared spectroscopy; PCI, percutaneous coronary intervention.

Abbott Park, IL, USA; Optowire®, ZEON MEDICAL,
Tokyo, Japan) was advanced to the most distal site of the
target vessel for PCI. Following the measurement of
Pd/Pa at rest, hyperemia was induced by administration of
intravenous adenosine 5’-triphosphate (ATP) at the rate of
180 ug/kg/min. If the use of ATP was inadequate,
intracoronary nicorandil with 2mg was alternatively
used (15). After hyperemic state was obtained, Pd/Pa was
measured again (= FFR). Additionally, delta-FFR was
calculated by using the following formula:

delta-FFR =Pd/Pa at rest — Pd/Pa at hyperemia . (1]

NIRS/IVUS imaging acquisition

The entire target vessel requiring PCI was evaluated
by NIRS/IVUS imaging after FFR measurement. The
median interval between FFR measurement and NIRS/
IVUS imaging was 35 days. In detail, after intracoronary
administration of nitroglycerin (100-300 pg), the imaging
catheter (TVC Insight™ or Dualpro™, Infraredx, Bedford,
MA, USA) was automatically pull backed from the most
distal site of the target artery at a speed of 0.5 mm/sec and
960 rpm (TVC Insight'™) or 2.0 mm/sec and 1,800 rpm
(Dualpro™) (12) The raw IVUS data was transferred to
commercially available software, QIvus® (Medis, Leiden,
the Netherlands) for quantitative analysis of IVUS images.
With regard to NIRS data, Makoto® system (Infraredx,
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Bedford, MA, USA) was used to analyze obtained
chemogram data. Both analyses were conducted by persons
who were blinded to the clinical characteristics of the
patients (KM and YK).

Quantitative analysis of IVUS and NIRS images

Quantitative analysis of IVUS and NIRS measures was
conducted at both target lesion (“lesion-based analysis”) and
entire target vessel (“vessel-based analysis”), respectively.
Target lesion was defined as the lesion where PCI was
performed. If multiple significant stenosis existed, the most
stenotic lesion was selected for the lesion-based analysis.
The entire target vessel was defined as the segment from
the ostium of the target artery to its most distal site where
imaging catheter was able to be delivered.

IVUS analysis was conducted at each 1-mm interval
cross-sectional image. The leading edges of the lumen
and external elastic membrane (EEM) were traced by
manual planimetry. Plaque area was defined as the area
occupied between these leading edges (16,17). Calcification
was also analyzed at each image. Calcification grade was
defined according to the arc of calcification; 0= no calcium,
1= calcification arc <90°, 2= calcification arc <90° but <180°;
3= calcification arc <180° but <270°, 4= calcification arc
<270° (18). With regard to NIRS analysis, lipid-core burden
index (LCBI) was automatically calculated as the number of
yellow pixels within region of interest (ROI), divided by the
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total pixel quantity within the corresponding ROI (19).
The current study conducted these imaging analyses at
target lesion and vessel, respectively.

Target lesion-based analysis

Minimum lumen area (MLA), maximum plaque area
and maximum value of LCBI within any 4 mm segment
(maxLCBI,,,,,) were analyzed through IVUS and NIRS
images at target lesion (13). The maximum calcification
grade at target lesion was used for this analysis.

Target vessel-based analysis

IVUS and NIRS measures at entire vessel were analyzed.
The total atheroma volume (TAV) was calculated by
summation of the plaque area calculated for each measured
image and subsequently normalized to account for
difference in segment length between subjects (16,17):

area )

TA V _ z (EEMCIVCLI - Lumen
Normalized ™ N1 mber of Images in Pullback (2]

x Median number of images in cohort

The percent atheroma volume (PAV) was calculated
as the proportion of vessel wall volume occupied by
atherosclerotic plaque (16, 17):

Z (EEM ,,, — Lumen
> EEM

PAV = "’e“)xlOO 3]

area

Volumes occupied by the lumen and EEM were similarly
calculated by summation of their respective areas in each
measured image and subsequently normalized to account
for differences in segment length between subjects. The
maximum calcification grade throughout the target vessel
was used for this analysis. With regard to NIRS analysis,
LCBI within the entire target vessel (LCBI,..) was
measured for vessel-based analysis.

Statistical analysis

Continuous values with normal distribution were expressed
as mean = SD. Normality of distribution was tested with the
Shapiro-Wilk test. Variables with non-normal distribution
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were expressed with median (interquartile range).
Categorical data were expressed with n (%). Comparisons
of continuous variables with normal distribution were
tested by 1-way ANOVA with Tukey’s multiple comparison,
and variables with non-normal distribution were tested by
Kruskal-Wallis test with Dunn’s nonparametric comparison
with Bonferroni adjustment. LCBI, ., was examined using
analysis of covariance (ANCOVA), with Pd/Pa at rest and
PAV as a covariate and grouping variable (tertile of delta-
FFR) as a factor. Similarly, maxL.CBIL,,,,, was examined with
Pd/Pa at rest and MLA as a covariate. Categorical variables
were analyzed by i’ test. Correlation analysis was performed
with Spearman’s correlation analysis.

We fit multivariable linear mixed-effects models for
lipidic burden (maxLCBI,,,,, LCBI,..) with subject-
specific random intercepts to evaluate the effect of clinical
characteristics, angiographical, IVUS, and physiological
measures per lesion and vessel. All statistical tests were 2
sided, and P<0.05 was regarded as statistically significant.
These analyses were performed with SPSS software version
21 (IBM Corporation, Armonk, NY, USA) and STATA
version 15 (StataCorp LP, College Station, TX, USA).

Results
Clinical characteristics of study subjects

Clinical demographics of study population are summarized
in Table 1. Patients had a mean age of 72 years, 85%
were male, and they had a high prevalence of risk factors
(hypertension: 75%, dyslipidemia: 84%, type 2 diabetes
mellitus: 42%). Almost a quarter of patients exhibited effort
angina pectoris and the remaining patients were diagnosed
as silent myocardial ischemia. The majority of study subjects
already received aspirin (97%), P2Y,, inhibitor (96%) and
statin (97 %) at the index of the procedure (Tuble 1).

Physiological measures

Table 2 summarizes physiological measures in the current
study subjects. Over 80% of analyzed target lesions was
located within left anterior descending artery, followed by
left circumflex artery (11%) and right coronary artery (7%).
ATP was used for FFR measurement in most of vessels. The
averaged FFR and delta-FFR were 0.74 (0.69-0.77), and
0.17+0.05, respectively. 56% of vessels exhibited FFR <0.75
(Tible 2).
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Table 1 Baseline characteristics (n=89)
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Table 2 FFR demographics

Characteristics Value Demographics Value

Age, years 72 [62-78] Location of target lesion

Male, n (%) 76 (85) LAD, n (%) 77 (82)

Body mass index, kg/m? 24.4+3.2 Proximal segment of LAD, n (%) 54 (57)

Effort angina pectoris, n (%) 23 (26) LCX, n (%) 10 (11)

Silent myocardial ischemia, n (%) 66 (74) Proximal segment of LCX, n (%) 2

Coronary risk factor, n (%) RCA, n (%) 7(7)
Hypertension 67 (75) Proximal segment of RCA, n (%) 3@
Dyslipidemia 75 (84) FFR measures
Diabetes mellitus 37 (42) ATP use, n (%) 91 (97)
Current smoking 14 (16) Nicorandil use, n (%) 3@
Family history of coronary artery disease 17 (19) Pd/Pa at rest 0.90 (0.87-0.92)
Previous myocardial infarction 16 (17) FFR 0.74 (0.69-0.77)

Laboratory data Delta-FFR 0.17+0.05
eGFR, mL/min/1.73 m? 62.9 +18.2 ATP, adenosine 5’-triphosphate; FFR, fractional flow reserve;
LDL-cholesterol, mg/dL 8134251 :;Ad/Dp left .anterior descending artery; LCX, Ieft. circumflex.artery;

a, distal coronary artery pressure/aortic pressure; RCA,

HDL-cholesterol, mg/dL 47.411.7 right coronary artery.
Hemoglobin Alc, % 6.0 (5.7-6.8)

Medication, n (%) [31-111], respectively (Tuble 3). Maximum calcification
Aspirin 86 (97) grade <3 was observed at 48% of target vessels.
P2Y,, inhibitor 85 (96)
Statin 86 (97) Association of LCBI with FFR and delta-FFR
Ezetimibe 10(11) Target lesion-based analysis
Beta blocker 58 (65) The relationship of maxL.CBIL,,,, at target lesions with
ACE-VARB 57 (59) FFR and delta-FFR was illustrated by scatterplots as

ACE-I, angiotensin-converting-enzyme inhibitor; ARB,
angiotensin Il receptor blocker; eGFR, estimated glomerular
filtration rate; HDL, high-density lipoproteins; LDL, low-density
lipoproteins.

NIRS/IVUS measures

At target lesions, their MLA, maximum percent plaque
area and maxL.CBIL,,,, were 1.7 (1.5-2.2) mm’, 84.1%
(79.4-87.3%) and 398.7+172.3, respectively (Table 3). In
addition, 45% of target lesions exhibited their maximum
calcification grade <3. Under the imaging of entire vessels
with its length of 79.2+17.9 mm, normalized TAV, PAV
and the corresponding NIRS-derived LCBI,, at target
vessel were 485.7 (409.5-643.9) mm’, 50.15%+7.4% and 73
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shown in Figure 24,B. FFR was significantly and negatively
correlated to maxLCBlL,,,, (p=-0.213, P=0.040, Figure 2A).
Furthermore, delta-FFR was significantly and positively
correlated to maxLCBL,,, (p=0.313 P=0.002, Figure 2B).

Target vessel-based Analysis

The aforementioned relationship was similarly observed
by vessel-based analysis. Both FFR and delta-FFR were
significantly associated with LCBI, . (p=-0.302, P=0.003
and p=0.369, P<0.001) (Figure 2C,D).

Atheroma characteristics and delta-FFR

Further analysis was conducted to elucidate plaque features
associated with delta-FFR. Imaged vessels were stratified
according to tertile of delta-FFR (delta-FFR <0.15, 0.15-
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Table 3 Angiographic and NIRS/IVUS Demographics

Value
Target lesion-based data (94 lesions)
QCA analysis
%DS, % 53.7+11.1

Lesion length, mm 12.0 (9.0-17.3)
IVUS measures

Minimum lumen area, mm® 1.7 (1.5-2.2)
Maximum percent plaque area, % 84.1 (79.4-87.3)

Maximum calcium grade, n (%)

0 6(6)
1,2 46 (49)
3,4 42 (45)

NIRS measure

maxLCBlmm 398.7+172.3
Target vessel-based data (94 vessels)
IVUS measures
Culprit vessel measures
Imaged length, mm 79.8+17.9

Vessel volume, mm?® 965.9 (780.4-1,225.9)

Lumen volume, mm® 487.7 (381.5-626.9)

Normalized TAV, mm® 485.7 (409.5-643.9)

PAV, % 50.1+7.4
Maximum calcium grade, n (%)
0 2(2)
1,2 47 (50)
3,4 45 (48)
NIRS measure
LCBlyessel 73 [31-111]

IVUS, intravascular ultrasound; LCBI, lipid core burden index;
NIRS, near-infrared spectroscopy; %DS, percent diameter
stenosis; QCA, quantitative coronary angiography; TAV, total
atheroma volume; PAV, percent atheroma volume.

0.18, and >0.18) (7able 4). Vessels with a larger delta-FFR
were more likely to exhibit a higher Pd/Pa at rest and a
reduced FFR. On NIRS/IVUS imaging, while there were
no significant differences in measures of %DS, atheroma
burden and maximum calcification grade across delta-FFR

values, maxL.CBIL,,,,, (P=0.01) and higher LCBI, ., (P=0.02)
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were observed pertinent to an increase in delta-FFR. These
observations were still consistent even after adjusting
atheroma volume and Pd/Pa at rest (Tiable 4).

Mixed linear model analyses were performed to identify
the relationship between delta-FFR and lipidic burden
(Table 5). On target-lesion based multivariate analysis
adjusting clinical characteristics and lesion/vessel features,
delta-FFR (P=0.020), %DS (P=0.013) and PAV (P<0.001)
were significant predictors of maxL.CBL,,,, (1able 5). Target-
vessel based multivariate analysis also revealed that these
measures predicted LCBI,, (delta-FFR: P=0.002, %DS:
P=0.015, PAV: P<0.001) (1able 5). Figure 3 illustrates two

representative cases.

Discussion

Recent studies have reported a potential role of plaque
vulnerability in reduced FFR (4,20). However, the
mechanism behind this observation remains to be fully
determined yet. In the current study, NIRS-derived LCBI
at both target lesions and entire vessels was associated with
not only FFR but delta-FFR. Even after adjusting atheroma
volume and angiographic features, these lipidic plaque
measure independently associated with delta-FFR. Our
findings suggest a pathophysiological role of lipidic plaque
component within entire vessel in determining FFR.

Current observation indicates the association of plaque
instability with coronary physiological abnormality. In
our analysis, LCBI affected delta-FFR, which reflects
vasoreactivity under vasodilatory agent. In general, lipid
plaque is formulated through the influx of atherogenic
inflammatory cytokines and oxidative stress, causing
endothelial dysfunction (21). This mechanism is supported
by another study which demonstrated severer endothelial
dysfunction at target lesion harboring a great amount of
necrotic core materials (20,22). Since the endothelium
regulates vascular tone (8), lipidic atheroma with endothelial
dysfunction may cause insufficient vascular response during
hyperemic status, potentially leading to a greater delta-
FFR. Our findings underscore the amount of lipid plaque
component as an additional determinant of coronary
physiology.

Another novel observation is that delta-FFR is associated
with LCBI at not only “target lesion” alone but “entire
target vessel”. Given that accumulation of lipid plaque
does not occur locally but normally propagate at coronary
tree (9), this nature of atherosclerosis could induce the
diffusely attenuated vascular response at entire vessel. In
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Figure 2 Physiological measures and LCBI at target lesion. (A) Correlation between FFR and maxLLCBI,,,,,; (B) Correlation between delta-
FFR and maxLCBI,,,,; (C) Correlation between FFR and LCBI,..;; (D) Correlation between delta-FFR and LCBI,,.,. FFR, fractional flow

reserve; LCBI, lipid core burden index.

other studies, diffuse coronary atherosclerosis has been
shown to cause abnormal epicardial coronary artery
resistance along with reduced myocardial blood flow (23,24).
These findings highlight that propagation of lipidic plaques
within whole coronary artery may play an important role in
negatively influencing coronary physiology.

In the current analysis, the correlation coefficient
between physiological measures and NIRS-derived measure
is low, although it is statistically significant. One of the
potential reasons behind this observation is that coronary
physiological measures could be affected by other multiple
factors such as stenosis severity, plaque burden, lesion
length (25). Further investigation will be warranted to
evaluate which factor is more dominant one associated with

delta-FFR.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

Coronary physiological evaluation may enable to predict
the presence of lipid-rich atheroma which requiring
intensive anti-atherosclerotic management. In our analysis,
CAD subjects with a larger delta-FFR more likely exhibited
an elevated LCBI. Given an increased risk for subsequent
coronary events in patients with a higher LCBI (26),
evaluation of not only FFR but also delta-FFR may help
to identify stable CAD patients who warrant intensified
optimal medical therapy including potent lipid-lowering
agent. Future dedicated studies will be required to elucidate
whether (I) delta-FFR could predict future cardiovascular
events and (IT) intensification of anti-atherosclerotic medical
therapies based on delta-FFR could improve cardiovascular
outcomes in patients with CAD.

The current study has several limitations. Firstly, this
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Table 4 Angiographic and NIRS/IVUS features, and delta-FFR
Delta-FFR <0.15 (n=34) 0.15< delta-FFR <0.18 (n=27) 0.18< delta-FFR (n=33) P value
FFR measures
Pd/Pa at rest 0.89 (0.85-0.91) 0.91 (0.88-0.93) 0.91 (0.87-0.94) 0.02
FFR 0.76 (0.74-0.78) 0.74 (0.71-0.77) 0.69 (0.64-0.72) <0.001
delta-FFR 0.12+0.02 0.17+0.01 0.23+0.04 <0.001
Angiographic analysis
LAD, n (%) 30 (88) 23 (85) 24 (73) 0.22
%DS at culprit lesion, % 53.0+10.0 53.5+10.5 54.4+12.8 0.88
Length of culprit lesion, mm 13.0 (9.8-17.3) 13.0 (11.0-18.0) 11.0 (8.0-17.0) 0.14
IVUS analysis
Normalized TAV, mm® 486.2 (410.0-636.8) 450.9 (394.1-624.9) 488.4 (430.4-693.8) 0.65
PAV, % 49.5+6.6 49.1+8.2 52.2+7.4 0.21
MLA at culprit lesion, mm?® 1.6 (1.5-2.1) 1.7 (1.4-2.2) 1.6 (1.5-2.3) 0.90
Maximum calcification grade within 2.5 [2-4] 2 [1-3] 3 [2-3] 0.21
target lesion
Maximum calcification grade within 3 [2-4] 2 [2-3] 3 [2-3] 0.13
target vessel
NIRS analysis
maxLCBlymm 336.1+151.0 405.8+168.0 457.3+179.1 0.01
Adjusted maxLCBl,,,," (mean = SE) 330.5+77.3 412.0+84.6 457.8+76.7 0.01
LCBl,essel 44 [20-79] 76 [39-114] 96 [46-127] 0.005
Adjusted LCBI,* (Mean = SE) 59.5+8.5 88.5+9.3 91.1+8.6 0.02

Values are mean + SD, % or median (interquartile range). FFR, fractional flow reserve; IVUS, intravascular ultrasound; LAD, left anterior
descending artery; LCBI, lipid core burden index; MLA, minimum lumen area; NIRS, near-infrared spectroscopy; PAV, percent atheroma
volume; %DS, percent diameter stenosis; Pd/Pa, distal coronary artery pressure/aortic pressure; SD, standard deviation; TAV, total
atheroma volume. #adjusted by Pd/Pa at rest and MLA; *adjusted by Pd/Pa at rest and PAV.

study was a single-center retrospective observational study.
Secondly, FFR measurement and the use of NIRS/IVUS
imaging were made according to the discretion of the
individual PCI operator. This may cause selection bias.
Thirdly, since we did not include patients with FFR >0.80,
whether the current findings can be applied to patients with
FFR >0.80 requires further investigation. Fourthly, given that
ATP or nicorandil was used to measure FFR, it is unknown if
the current findings can be translated to FFR data measured
by using papaverine or other vasodilatory agents.

© Cardiovascular Diagnosis and Therapy. All rights reserved.

In conclusion, a greater amount of lipidic plaque
burden at not only “target lesion” alone but “entire
target vessel” was associated with a reduced FFR in CAD
subjects with FFR <0.80. Of note, these lipidic features
predicted a greater delta-FFR in patients with stable
CAD. These findings indicate that the accumulation of
lipidic plaque materials at both local site and entire vessel
may impair hyperemia-induced vasoreactivity, which
causes a reduced FFR.
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Table 5 Univariate and multivariate linear mixed model analysis for LCBI

Univariable linear mixed model analysis Multivariable linear mixed model analysis
B 95% ClI P value B 95% Cl P value
Model predicting for maxLCBI,,
Age -1.0 -4.5-2.5 0.564 -0.9 -4.0-2.2 0.587
Female 39.9 -52.2-132.1 0.396 40.7 -40.2-121.7 0.324
%DS 2.3 -0.6-5.2 0.124 35 0.7-6.2 0.014
Lesion length 0.7 -2.1-34 0.623 -0.1 -3.5-3.4 0.961
PAV 8.4 4.0-12.8 <0.001 8.6 4.2-13.0 <0.001
MLA -10.1 -52.7-31.2 0.617 -4.2 -47.9-39.5 0.850
Delta-FFR (by 0.1 increase) 46.2 4.6-87.7 0.029 57.2 6.5-107.9 0.027
Model predicting for LCBI,¢se
Age -0.8 -1.9-0.2 0.129 -0.6 -1.5-0.3 0.173
Female 11.8 -17.7-41.2 0.433 16.1 -7.8-40.0 0.188
%DS 0.9 -0.1-1.9 0.076 1.1 0.2-1.9 0.013
Lesion length -0.2 -1.7-13 0.840 -0.8 -2.1-0.4 0.175
PAV 3.6 2.2-5.0 <0.001 3.4 2.1-4.7 <0.001
MLA -18.3 -34.3--2.2 0.026 -8.7 -22.3-5.0 0.212
Delta-FFR (by 0.1 increase) 36.2 15.9-56.5 <0.001 24.8 6.8-42.8 0.007

Cl, confidential interval; FFR, fractional flow reserve; LCBI, lipid core burden index; MLA, minimum lumen area; PAV, percent atheroma
volume; %DS, percent diameter stenosis.

maxLCBl = 645
proximal I distal
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Figure 3 Representative cases. (A) A 58 years old woman received elective PCI for intermediate stenosis at the proximal segment of LAD. (B)
NIRS imaging prior to PCI demonstrated extensive lipid accumulation, reflected by maxL.CBI,,,,, and LCBI, at 645 and 252, respectively.
(C and D) Distal coronary artery pressure/aortic pressure (Pd/Pa) substantially decreased from 0.86 to 0.60 during hyperemia, and its delta-
FFR was 0.26. (E) A 75 years old man exhibited intermediate stenosis at the proximal segment of LAD. (F) On NIRS imaging, lower levels
of maxLLCBL,,,, (=99) and LCBI,, (=12) were observed. (G and H) Reduction of corresponding Pd/Pa was identified from 0.82 to 0.72
under hyperemia. Its delta-FFR was 0.10, which was smaller than the first case. FFR, fractional flow reserve; LAD, left anterior descending

artery; LCBI, lipid core burden index; NIRS, near-infrared spectroscopy; PCI, percutaneous coronary intervention.
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