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ABSTRACT

BACKGROUND Pericoronary fat attenuation index (FAI) assessed on computed tomography is associated with the
inflammation of the pericoronary artery.

OBJECTIVES This study aimed to investigate whether pericoronary FAI predicts hospitalization for heart failure with
preserved ejection fraction (HFpEF).

METHODS This retrospective single-center study included 1,196 consecutive patients who underwent clinically
indicated coronary computed tomography angiography (CCTA) and transthoracic echocardiography. We assessed the FAI
of proximal 40-mm segments for each major epicardial coronary vessel. The primary outcome was the incidence of
hospitalization for HFpEF. Patients were divided into groups based on the optimal cutoff value for predicting
hospitalization for HFpEF by receiver operating characteristic curve analysis.

RESULTS During a median follow-up of 4.3 years, 29 hospitalizations for HFpEF occurred. Multivariable Cox regression
analysis revealed that a left anterior descending artery (LAD)-FAl =—63.4 HU and a left circumflex artery-FAl =—61.6 HU
were significantly associated with hospitalization for HF after adjustment for age and sex (HR: 4.8; 95% Cl: 2.1-10.8 and
HR: 4.5; 95% Cl: 2.1-9.4, respectively). The addition of LAD-FAI >-63.4 HU to a model incorporating other risk factors,
including hypertension, estimated glomerular filtration rate <60 mL/min/1.73 m?, and significant stenosis on CCTA,
increased the C-statistic for predicting hospitalization for HFpEF from 0.646 to 0.750 (P = 0.010).

CONCLUSIONS LAD- and left circumflex artery-FAl can predict hospitalization for HFpEF in patients undergoing clinically
indicated CCTA. Pericoronary inflammation may be useful for identifying patients at high risk of developing HFpEF.
(JACC Adv. 2025;4:101685) © 2025 The Authors. Published by Elsevier on behalf of the American College of Cardiology
Foundation. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ABBREVIATIONS
AND ACRONYMS

CAD = coronary artery disease

CCTA = coronary computed
tomography angiography

CT = computed tomography

E/e’ = peak early diastolic
velocities LV inflow/early
diastolic myocardial velocities

eGFR = estimated glomerular
filtration rate

FAI = fat attenuation index

HFpEF = heart failure with
preserved ejection fraction

LAD = left anterior descending
artery

LAVI = left atrial volume index
LCx = left circumflex artery

LASSO = Least Absolute
Shrinkage and Selection
Operator

LVEF = left ventricular ejection
fraction

LVMI = left ventricular mass
index

RCA = right coronary artery

ROC = receiver operating
characteristic

TTE = transthoracic
echocardiography

eart failure with preserved ejection
fraction (HFpEF) has become prev-
alent owing to the aging popula-
HFpEF has been reported to be
associated with systemic inflammatory or
metabolic disorders, which can directly
impair the endothelial function of the coro-
nary microvasculature.”® These disorders

tion."

may alter the epicardial adipose tissue,
further amplifying the effects of the systemic
disorders on the underlying myocardium.
The secretion of adipocytokines from
dysfunctional epicardial adipose tissue leads
to inflammation, microvascular dysfunction,
and fibrosis of the underlying myocardium.”

Pericoronary fat attenuation index (FAI)
assessed on coronary computed tomography
angiography (CCTA), which reflects the peri-
vascular fat inflammation of the coronary
artery, is reported to be a risk factor for car-
diac mortality or coronary artery disease
(CAD).® " In addition, increased pericoronary
FAI is associated with coronary microvas-
cular dysfunction in patients without
obstructive CAD."” The change in pericoro-
nary FAI could be linked to myocardial
dysfunction, leading to HFpEF.>'* We re-
ported that pericoronary FAI on computed
tomography (CT) was significantly higher in

patients with HFpEF than in those without HFpEF in
a cross-sectional study.'* However, the relationship
between pericoronary FAI and the development of
HFpEF has not been elucidated.

In this study, we aimed to evaluate the prognostic
value of pericoronary FAI in the incidence of hospi-
talization for HFpEF in patients undergoing clinically
indicated CCTA.

METHODS

STUDY POPULATION. This was a single-center
retrospective study. Patients who underwent clini-
cally indicated CCTA and transthoracic echocardiog-
raphy (TTE) for suspected CAD from August 2011 to
December 2016 at Okayama University Hospital were
enrolled. Suspected CAD was defined by clinical
symptoms such as chest pain and dyspnea or by
abnormal electrocardiogram findings, including ST
segment depression. Patients with histories of CAD,
thoracic surgery, and hospitalization for HF, with left
ventricular ejection fraction (LVEF) <50%, and un-
dergoing hemodialysis were excluded. History of CAD
was defined by a clinical history of known CAD, prior
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myocardial infarction, percutaneous coronary inter-
vention, or coronary artery bypass grafting. We also
excluded those with poor image quality for mea-
surement of pericoronary FAI of any major epicardial
coronary vessel and those lost to follow-up af-
ter CCTA.

This study conformed to the principles outlined in
the Declaration of Helsinki and was approved by the
ethics committee of Okayama University Graduate
School of Medicine (approval number: 2203-024). The
requirement for informed consent was waived
because of the low-risk nature of the study and the
inability to directly obtain consent from all enrolled
patients. The study protocol was announced at the
Okayama University Hospital, and patients were
provided with the opportunity to withdraw from the
study.

CLINICAL OUTCOMES. The primary outcome was the
incidence of first hospitalization for HFpEF after
CCTA. HF was diagnosed by experienced cardiovas-
cular physicians according to clinical signs and
symptoms. HFpEF was defined as HF with
LVEF =50%. The secondary outcome was cardiovas-
cular death (defined as death from CAD or other car-
diovascular causes) after CCTA. Death from an
unknown cause without obvious noncardiovascular
cause was also included as a cardiovascular death in
this study. The incidence of the outcomes was
investigated through a retrospective review of medi-
cal records.

CCTA, CORONARY ARTERY CALCIUM SCORE, AND
PERICARDIAL FAT VOLUME. CT scans were per-
formed using a 128-slice CT scanner (SOMATOM
Definition Flash, Siemens Medical Solutions), as pre-
viously described.”” We evaluated the plaque char-
in accordance with the Society of
Cardiovascular Computed Tomography.'® High-risk
plaque was defined as the presence of two or more
features of positive remodeling, low-attenuation
plaques, and spotty calcification. Positive remodel-

acteristics

ing was defined as a remodeling index >1.1, whereas
low-attenuation plaques were defined as plaques
with a CT attenuation number <30 HU. Spotty calci-
fication was defined as a calcium burden length <1.5
times the vessel diameter and a width less than two-
thirds the vessel diameter. Significant stenosis was
defined as luminal narrowing >50% of any coronary
artery. Coronary artery calcium in epicardial coronary
arteries was assessed in 3.0-mm slices throughout the
coronary artery regions, and the coronary artery cal-
cium score was calculated using the Agatston
method."” Pericardial fat volume was quantified as
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FIGURE 1 Representative Case Showing Fat Attenuation Index by Coronary Computed Tomography Angiography
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CT = computed tomography.

Three-dimensional reconstruction of the heart (A) and (E); pericoronary adipose tissue attenuation between —190 HU and —30 HU in the
longitudinal view (B) and (F) and cross-sectional view (C) and (G); around the proximal 40 mm of the left anterior descending artery; his-
togram of CT attenuation within the traced area (D) and (H). A to D show pericoronary fat attenuation index in a case with the incidence of
heart failure during follow-up. E to H show pericoronary fat attenuation index in a case without incidence of heart failure during follow-up.

the total volume of the tissues whose CT density
ranged from -190 to —30 HU within the pericar-
dium.'® These parameters were evaluated on a dedi-
cated workstation (AZE Virtual Place; Canon Medical
Systems Corporation).

PERICORONARY FAI. Pericoronary FAI was measured
for all 3 major epicardial coronary vessels, right cor-
onary artery (RCA), left anterior descending artery
(LAD), and left circumflex artery (LCx), in all patients
using a dedicated workstation (Aquarius iNuition
Edition version 4.4.13, TeraRecon Inc). FAI was
measured on the proximal 40-mm segments and
traced with additional manual adjustments of the
automatic delineation of each coronary vessel wall.
The most proximal 10 mm of the RCA was excluded to
avoid the effects of the aortic wall; thus, only the
proximal 10 to 50 mm of the vessel was analyzed.
Pericoronary fat was defined as the adipose tissue
within a radial distance from the outer vessel wall
equal to the diameter of the vessel.® Adipose tissue
was defined as all voxels with an attenuation
between —190 HU and —30 HU. As shown in Figure 1,
pericoronary FAI was automatically calculated as the
mean CT attenuation value of pericoronary fat.®'°

TRANSTHORACIC ECHOCARDIOGRAPHY. TTE using

a 2.5- to 3.5-MHz probe with harmonic imaging (iE33
with an S5-1 probe, Philips Medical Systems, and

Artida with a PST-25BT probe, Canon Medical Sys-
tems) was performed according to the American
Society of Echocardiography guidelines.”® Two-
dimensional measurements were performed and

FIGURE 2 Patient Flow Diagram

Patients who underwent clinically indicated CCTA and
TTE for suspected CAD (n = 1668)

Excluded those with:

- a history of PCI (n = 207)

- a history of thoracic surgery (n = 47)

- a history of hospitalization for HF (n = 5)
- LVEF <50 % (n = 24)

- hemodialysis (n = 17)

- poor image quality (n = 66)

- lost to follow-up (n = 106)

Eligible patients (n = 1196) |

Among 1,670 patients without a history of CAD and who underwent CCTA and TTE for
suspected CAD, those with histories of CAD, thoracic surgery, and hospitalization for HF,
with LVEF <50%, undergoing emodialysis, with poor image quality for measurement of
pericoronary FAI of any major epicardial coronary vessel, and lost to follow-up after the
day of CCTA were excluded. A total of 1,196 patients were finally enrolled.

CAD = coronary artery disease; CCTA = coronary computed tomography angiography;
FAl = fat attenuation index; HF = heart failure; LVEF = left ventricular ejection fraction;
PCl = percutaneous coronary intervention; TTE = transthoracic echocardiography.
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TABLE 1 Baseline Clinical Characteristics of the Participants
LAD-FAI

All Patients =-63.4 <63.4

(N =1,196) (n = 354) (n = 842)
Age, y 63 +15 64 + 16 63 +15
Male 700 (58.6) 230 (65.0) 470 (55.9)
Body mass index, kg/m? 234 £3.9 221 £3.2 24.0 £+ 41
Hypertension 678 (58.4) 197 (57.8) 481 (58.7)
Diabetes mellitus 346 (30.0) 92 (27.5) 254 (31.1)
Dyslipidemia 489 (43.0) 95 (28.7) 394 (48.8)
Atrial fibrillation 80 (6.7) 40 (11.3) 40 (4.8)
Current smoker 263 (22.5) 81 (23.5) 182 (22.1)
Medications

B-blockers 208 (18.5) 71 (21.1) 137 (17.4)

ACEIs/ARBs 407 (36.3) 127 (37.8) 280 (35.7)

Statins 301 (26.9) 57 (17.0) 244 (31.1)
Laboratory data

eGFR, mL/min/1.73 m? 72 +18 72 +19 72 +18

Total cholesterol, mg/dL 190 + 37 184 + 40 192 + 36

LDL-cholesterol, mg/dL 13 +£32 108 + 33 15 + 32

HDL-cholesterol, mg/dL 59 +£17 60 £18 59 +16

Triglyceride, mg/dL 110 (80, 157) 96 (71, 134) 117 (84, 166)

BNP, pg/mL 32 (14, 77) 49 (22, 116) 26 (12, 61)
Echocardiography findings

LAVI, mL/m? 37.3 £13.1 41.6 +16.0 355+ 11.2

LVMI, g/m? 85.0 + 23.4 90.2 + 26.9 82.8 +21.4

LVEF, % 653 £ 74 64.0 + 8.5 65.8 +£ 6.9

E/e' 1.4 £53 125+ 75 12.0 + 4.0
Coronary CTA findings

Significant stenosis 311 (26.0) 91 (25.8) 220 (26.2)

High-risk plaque 176 (14.7) 43 (12.5) 133 (16.3)

CACS 15 (O, 236) 24 (0, 243) 11 (0, 225)

Pericardial fat volume, mm? 120.3 + 51.7 97.2 £45.8 120.3 £ 54.2
Values are mean + SD, n (%), or median (25th, 75th percentile).

ACEl = angiotensin-converting enzyme inhibitor; ARB = angiotensin Il receptor blockers;
BNP = B-type natriuretic peptide; CACS = coronary artery calcium score; CTA = computed to-
mography angiography; E/e' = early diastolic filling velocity/early diastolic velocity of the mitral
annulus; eGFR = estimated glomerular filtration rate; FAI = fat attenuation index; HDL = high-
density lipoprotein; LAD = left anterior descending artery; LAVI = left atrial volume index;
LDL = low-density lipoprotein; LVEF = left ventricular ejection fraction; LVMI = left ventricular
mass index.

analyzed using standard views and techniques. The
left atrial volume index (LAVI) was measured using B-
mode presentation in the apical 2- and 4-chamber
views. The left ventricular mass index (LVMI) was
calculated as follows: LVMI = left ventricular mass/
body surface area. The left ventricular mass was
calculated using this formula: 0.8 x (1.04 x [(left ven-
tricular end-diastolic diameter + intraventricular
septum diameter + posterior wall diameter)® - (left
ventricular end-diastolic diameter)3]) + 0.6. LVMI was
divided by the upper normal range: male, 115 g/m?;
female, 95 g/m>.>° Body surface area was calculated
using this formula: body weight®#*> x height®7*> x
0.007184.”' LVEF was measured by the modified

TABLE 2 Spearman Rank Correlation Between Pericoronary FAI
and Various Clinical Parameters
LAD-FAI LCx-FAI

r P Value r P Value
Age 0.095 0.001 0.126 <0.001
Male 0.125 <0.001 0.173 <0.001
BMI -0.264 <0.001 -0.264 <0.001
Hypertension 0.018 0.55 0.039 0.19
Diabetes mellitus —0.034 0.24 —0.020 0.51
Dyslipidemia —0.195 <0.001 -0.183 <0.001
Current smoker —0.008 0.79 0.044 0.14
B-blockers 0.042 0.16 —0.032 0.29
ACEIs/ARBs —0.004 0.88 —0.027 0.38
Statin —0.146 <0.001 -0.116 <0.001
eGFR —0.039 0.18 —0.046 0.12
Total cholesterol -0.122 <0.001 -0.179 <0.001
LDL-cholesterol -0.133 <0.001 —-0.161 <0.001
HDL-cholesterol 0.053 0.096 -0.014 0.67
Triglyceride —0.182 <0.001 -0.197 <0.001
BNP 0.265 <0.001 0.250 <0.001
LAVI 0.217 <0.001 0.193 <0.001
LVMI 0.138 <0.001 0.188 <0.001
LVEF —0.069 0.017 —0.044 0.14
E/e’ 0.078 0.007 0.081 0.006
Significant stenosis —0.0m 0.71 —-0.017 0.56
High-risk plaque —-0.070 0.016 -0.047 0.12
CACS 0.034 0.23 0.017 0.56
Pericardial fat volume  -0.242  <0.001 -0.273  <0.001
BMI = body mass index; LCx = left circumflex artery; other abbreviations as in
Table 1.

Simpson technique using B-mode presentation in the
apical 2- and 4-chamber views. We measured the peak
early diastolic velocities (E) of left ventricular inflow
and early diastolic myocardial velocities (e’). The ratio
of E and e’ (E/e’) was calculated.

STATISTICAL ANALYSIS. Categorical variables are
presented as numbers (%) and were compared using
the chi-square test. Continuous variables with a
normal distribution are presented as mean + SD and
were compared using Student’s t-test. Continuous
variables without a normal distribution are pre-
sented as the median with 25th-75th percentiles
(Q1-Q3) and were compared using the Mann-
Whitney U test. Data normality was evaluated
using the Shapiro-Wilk test. We assessed the asso-
ciation between pericoronary FAI and other clinical
parameters, including TTE, using Spearman rank
correlation (r) analyses.

For survival analysis, Harrell’s C-statistics were
calculated as the area under the receiver operating
characteristic (ROC) curves at the median follow-up
period and presented with a 95% CI for the FAI of
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and Early Revascularization

FIGURE 3 Comparison of Pericoronary Fat Attenuation Index of the Left Anterior Descending Artery According to Significant Stenosis

Patients suspected CAD
n=1196

————— significant stenosis

J

Absent
n=885
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n=311

—{ Early revascularization I—

Absent
n=236
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n=75

| Hospitalization for HFpEF |

| Hospitalization for HFpEF |

| Hospitalization for HFpEF |

Absent Present
n=866 n=16

Absent
n=227

Absent Present
n=71 n=4

Present
n=9

The values of pericoronary FAI of the LAD were compared between pat|

ations as in Figure 2.

without significant stenosis. HFpEF = heart failure with preserved ejection fraction; LAD = left anterior descending artery; other abbrevi-

ients with and without hospitalization for heart failure among those

each major epicardial coronary vessel. The optimal
cutoff value was defined as the point maximizing
the Youden index. We estimated the cumulative
incidence of HF hospitalization by HFpEF account-
ing noncardiovascular deaths as competing outcome
with the comparison between the groups using
Gray’s tests. Then, we quantified the association
between pericoronary FAI and HF hospitalization
and other outcomes using multivariable Cox
regression models. To avoid overfitting, each model
included limited potential confounding factors (=3)
for the risk of HFpEF: Model 1 as unadjusted model;
Model 2 adjusted for age and sex; Model 3 adjusted
for atrial fibrillation and estimated glomerular
filtration rate (eGFR) as the presence of comorbid-
ities that would affect hemodynamics; Model 4
adjusted for LVMI as the degree of left ventricular
hypertrophy; Model 5 adjusted for LVEF and E/e’ as
left ventricular systolic and diastolic function;
Model 6 adjusted for the presence of significant
stenosis and coronary artery calcium score
measured by CCTA; and Model 7 adjusted for vari-
ables selected by a Least Absolute Shrinkage and
Selection Operator (LASSO) regression model

including variables in Models 2 to 6. In the Cox
regression analysis, continuous variables
categorized using established cutoff or median
values of this study population."?*?

We further assessed the incremental predictive

were

value of pericoronary FAI over established predictors
for HF hospitalization by HFpEF." The base model
included variables selected by LASSO-Cox regression
analysis from the following predictors: age (=65 years),
sex, higher body mass index (=25 kg/m?), hyperten-
sion, diabetes mellitus, eGFR <60 mL/min/1.73 m?, and
significant stenosis on CCTA. Incremental prognostic
values were assessed using ROC curve analysis and
global chi-square tests. C-statistics were compared
using the Delong test, and the category-free net
reclassification index was also calculated.

As sensitivity analysis, we also evaluated the as-
sociation between pericoronary FAI and cardiovas-
cular mortality. The same analytic method as the
original analysis was applied. Statistical significance
was set at P < 0.05. These analyses were performed
using SPSS statistical software (version 25, IBM Corp.)
and R, version 4.3.2 (R Foundation for Statistical
Computing) software.
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FIGURE 4 The Cumulative Incidences of Hospitalization for Heart Failure With Preserved Ejection Fraction According to the Optimal
Cutoff Value of Left Anterior Descending Artery-Fat Attenuation Index
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Abbreviations as in Figures 1, 2, and 3.

Patients with a higher LAD-FAI had a significantly higher cumulative incidence of hospitalization for HFpEF than those with a lower LAD-FAI.

RESULTS

PATIENT CHARACTERISTICS. Figure 2 presents the
study flowchart. After excluding 472 patients who
met the exclusion criteria, 1,196 patients (mean age:
63 £ 15 years; n = 700 males [58.6%]) were included
in the analysis. Table 1 shows the clinical character-
istics of the patients. The mean RCA-, LAD-, and LCx-
FAI were —65.1 + 8.3, —67.2 + 7.3, and —64.6 + 7.2,
respectively. Significant correlations were observed
between the FAI values of each major epicardial cor-
onary vessel (Supplemental Figure 1).

CORRELATION BETWEEN PERICORONARY FAI AND
CLINICAL PARAMETERS. As shown in Table 2, sig-
nificant correlations of LAD- and LCx-FAI with age,
male sex, body mass index, dyslipidemia, statin use,
total cholesterol, low-density lipoprotein cholesterol,
triglyceride, brain natriuretic peptide, LAVI, LVMI,
and pericardial fat volume (all P < 0.001) and E/e’
(P =0.006) were observed. LAD-FAI, but not LCx-FAI,
was significantly correlated with LVEF. In contrast,

RCA-FAI showed a reverse correlation with age and
did not exhibit significant correlations with echocar-
diographic LAVI

parameters, except for

(Supplemental Table 1).

INFLUENCE OF SIGNIFICANT STENOSIS AND EARLY
REVASCULARIZATION ON THE ASSOCIATION BETWEEN
PERICORONARY FAI AND INCIDENCE OF HOSPITALIZATION
FOR HFPEF. Figure 3A shows a patient flow diagram
according to the presence of significant stenosis and
early revascularization for significant stenosis.
Among 311 patients with significant stenosis, 75 pa-
tients underwent early revascularization (percuta-
neous coronary intervention, n = 72; coronary artery
bypass grafting, n = 3).

ASSOCIATION BETWEEN PERICORONARY FAl AND
HOSPITALIZATION FOR HFpEF. During the follow-
up period (median: 4.3 years, range: 2.4-5.8 years),
hospitalization for HF occurred in 29 patients, all of
whom had HFpEF. ROC curve analysis revealed that
the C-statistics for predicting hospitalization for
HFpEF were 0.769 (95% CI: 0.669-0.869) for LAD-FAI,
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0.658 (95% CI: 0.512-0.805) for LCx-FAI, and 0.516
(95% CI: 0.378-0.655) for RCA-FAI The optimal cutoff
values for LAD-FAI and LCx-FAI were —-63.4 HU
and -61.6 HU, respectively. Figure 4 shows that the
cumulative incidence of hospitalization for HFpEF
was significantly higher in patients with high LAD-
FAI than in those with low LAD-FAI. As shown in
Table 3, multivariable Cox regression analyses
demonstrated that LAD-FAI =-63.4 HU was signifi-
cantly associated with the incidence of hospitaliza-
tion for HFpEF after adjustment for age and sex (HR:
4.7; 95% CI: 2.2-10.2; P < 0.001), consistent with the
results of other models, including Model 7, in which
variables were selected using LASSO-Cox regression
analysis: atrial fibrillation, eGFR, LVMI, LVEF, E/e’,
significant stenosis on CCTA, and LAD-FAIL

PREDICTION OF FUTURE HEART FAILURE HOSPITALIZATION
BY HFpEF. The addition of LAD-FAI =-63.4 HU
to the base model including hypertension,
eGFR <60 mL/min/1.73 m?, and significant stenosis
on CCTA can improve the predictive performance of
future HF hospitalization by HFpEF (the C-statistic
improvement from 0.646 to 0.750 [P = 0.010]).
Similarly, adding LAD-FAI =-63.4 HU to the base
model significantly increased the global chi-square
value and net reclassification index (8.0-14.6 and
0.368 [95% CI: 0.011-2.876]; P = 0.001 and P < 0.001,
respectively). Similar results were obtained for
LCx-FAI according to the optimal cutoff value
(Supplemental Figure 2, and Supplemental Table 2).
Multivariable Cox regression analyses demonstrated
that LCx-FAI =-61.6 HU was significantly associated
with the incidence of hospitalization for HFpEF
after adjustment for age and sex (HR: 4.5; 95% CI:
2.1-9.4; P < 0.001), consistent with the results of
other models.

SENSITIVITY ANALYSIS. During the follow-up period,
cardiovascular death occurred in 23 patients. Patients
with LAD-FAI =-63.4 HU had a significantly higher
cumulative incidence of cardiovascular death
(P < 0.001); however, no significant association
was observed with LCx-FAI (Figure 4, Supplemental
Figure 3) (Central Illustration).

DISCUSSION

This study investigated the potential relationship
between pericoronary FAI and hospitalization for
HFpEF. High LAD- and LCx-FAI were associated with
a higher incidence of hospitalization for HFpEF.
Moreover, the addition of LAD-FAI to other risk fac-
tors for HF significantly improved the risk classifica-
tion ability for future incidence of hospitalization for

Nakashima et al

Pericoronary Fat Attenuation Index and HFpEF

TABLE 3 Cox Regression Analysis for Pericoronary FAI of the LAD and
Hospitalization for HFpEF

Hazard Ratio 95% CI P Value C-Index (95% CI)
LAD-FAl =—63.4 HU
Model 1° 4.91 2.28-10.6 <0.001 0.696 (0.605-0.787)
Model 2° 4.7 2.18-10.2 <0.001 0.732(0.631-0.833)
Model 3¢ 4.29 1.98-9.32 <0.001 0.766 (0.685-0.848)
Model 4¢ 4.43 2.04-9.65 <0.001 0.737 (0.648-0.826)
Model 5° 3.93 1.79-8.60 <0.001 0.747 (0.652-0.842)
Model 6" 4.79 2.22-10.30 <0.001 0.733 (0.618-0.849)
Model 7° 3.44 1.57-7.57 0.002 0.803 (0.716-0.890)

LVMI, LVEF, E/e', and significant stenosis on CCTA. ®Unadjusted. "Adjusted for age and sex.
“Adjusted for atrial fibrillation and eGFR <60 mL/min/1.73 m2. “Adjusted for LVMI. ®Adjusted for
LVEF and E/e". Adjusted for significant stenosis on CCTA and log-transformed CACS. Adjusted
for variables selected by LASSO-Cox regression analysis:
<60 mL/min/1.73 m2.

CCTA = coronary computed tomography angiography; HFpEF = heart failure with preserved
ejection fraction; LASSO = Least Absolute Shrinkage and Selection Operator; other abbreviations

atrial fibrillation, eGFR

as in Table 1.

HFpEF in patients with suspected CAD. To the best of
our knowledge, this is the first study to demonstrate
that pericoronary FAI is a predictive marker of hos-
pitalization for HFpEF.

Systemic and local inflammation play important
roles in the development of HF, especially HFpEF.>*©
Patients with HFpEF have systemic complications or
dysfunctions that cause chronic, low-grade inflam-
mation, including aging, obesity, diabetes, hyperten-
sion, and chronic kidney disease.”® Pericoronary FAI
represents early and chronic inflammation in peri-
coronary artery adipose tissue,’ indicating its role as a
surrogate measure of coronary focal inflammation.
Local cardiac inflammation leads to interstitial fibrosis
or cardiac dysfunction.®> Meanwhile, a previous study
reported a significant correlation with serum inflam-
matory mediators.”* Several serum biomarkers of
systemic inflammation, such as interleukin-6 and sol-
uble suppression of tumorigenesis-2, are reportedly
associated with an increased risk of HF.?>2° These
results suggest that high pericoronary FAI represents
coronary focal and systemic inflammation, key con-
tributors to HFpEF.

Pericoronary FAI is increased in case of epicardial
CAD abnormalities, such as culprit lesions of acute
coronary syndrome or obstructive CAD.%'%*” Mean-
while, increased pericoronary FAI is reportedly asso-
ciated with coronary microvascular dysfunction in
patients without obstructive CAD.?® Coronary micro-
vascular dysfunction leads to an increase in reactive
oxygen species and a decrease in nitric oxide pro-
duction, resulting in vascular endothelial dysfunc-
tion, cardiomyocyte hypertrophy, and stiffening.?
Recently, we presented a significant association

between increased pericoronary FAI levels and
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CENTRAL ILLUSTRATION Pericoronary Fat Attenuation Index Predicts Hospitalization for

Heart Failure With a Preserved Ejection Fraction

©

Performed computed
tomography scans

Retrospective
single-center study

-

(LAD)

Median follow-up:
4.3 years

LAD-FAI 2-63.4 HU

LCx 2-61.6 HU
Addition of LAD-FAI 2-63.4 HU
to the model of risk factors
including:
* Hypertension
* eGFR <60 mL/min/1.73 m?2
« Significant stenosis

Nakashima M, et al. JACC Adv. 2025;4(5):101685.

m coronary computed tomography angiography

Measurement of pericoronary
fat attenuation index (FAI) of
proximal 40-mm segments for:
« Right coronary artery (RCA)

« Left circumflex artery (LCx)

« Left anterior descending artery

Patients who underwent clinically indicated

and transthoracic echocardiography (TTE)

(N =1,196)
=

Performed TTE

Statistical
analysis

Hospitalizations for heart
failure (HF) (n = 29)

Significant association with
hospitalization for HF

Increased the C-statistics from
0.646 to 0.750 (P = 0.001)

eGFR = estimated glomerular filtration rate; other abbreviation as in Figure 1.

peripheral endothelial dysfunction, as assessed by
flow-mediated dilation of the brachial artery.>® Pre-
vious studies have revealed a significant correlation
between flow-mediated dilation-assessed peripheral
endothelial function and coronary artery endothelial
function.?® Thus, high pericoronary FAI may reflect
coronary microvascular dysfunction, a preceding
factor of HFpEF. Additionally, patients who were
hospitalized for HFpEF during the follow-up period
exhibited significantly higher LAVI and E/e’ at base-
line. These findings suggest that these patients may
have underlying cardiac abnormalities, even in the

absence of a history of HF hospitalization. We previ-
ously reported that patients with HFpEF had signifi-
cantly higher FAI compared to those without
HFpEF.'* Furthermore, this study revealed that LAD-
and LCx-FAI were significantly correlated with LAVI
and E/e’. Thus, high FAI may reflect potential cardiac
abnormalities, such as left atrial dilation and left
ventricular diastolic dysfunction, and may be associ-
ated with a worse prognosis in HF.

In a previous study, LAD- and RCA-FAI were
associated with cardiac mortality.® In another study,
RCA-FAI but not LAD- and LCx-FAI, was significantly
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associated with all-cause death and nonfatal
myocardial infarction." Interestingly, this study
illustrated that LAD- and LCx-FAI, but not RCA-FAI,
were significantly associated with the incidence of
hospitalization for HFpEF. In this study, LAD-FAI and
LCx-FAI had a significant correlation with echocar-
diographic parameters associated with the incidence
of hospitalization for HFpEF, whereas RCA-FAI
correlated significantly only with LAVI. This sug-
gests that LAD-FAI and LCx-FAI may be more
important for the development of HFpEF than RCA-
FAI As LAD has the broadest myocardial perfusion
lesion of the left ventricle among the 3 major epicar-
dial coronary vessels, the incidence of HFpEF may be
higher. Furthermore, in the multivariate Cox regres-
sion analysis including LVMI, LVEF, and E/e’, high
pericoronary FAI was significantly associated with the
incidence of hospitalization for HFpEF, indicating
that pericoronary FAI relates to the development of
HFpEF irrespective of baseline left ventricular
function.

Anti-inflammatory therapy is a promising
treatment for chronic HF. The canakinumab anti-
inflammatory thrombosis outcomes (CANTOS) sub-
study examining the effect of canakinumab on HF
showed improved maximal oxygen uptake and LVEF
after 3 and 12 months, respectively, compared with
placebo.?' Meanwhile, statins, eicosapentaenoic acid,
and biological therapies, including antitumor necro-
sis factor o, have been shown to lower pericoronary
FAL>?? Further studies are needed to investigate
whether the effects of these therapies on pericoro-
nary FAI could translate to a reduction in the hospi-
talization for HFpEF.

STUDY LIMITATIONS. This study has some limita-
tions. First, this was a retrospective and single-center
study that included Japanese patients only. It is un-
clear whether the results of this study may be appli-
cable to other ethnic populations. Second, the
number of outcomes was relatively small, thus
limiting the use of several statistical analyses, such as
stratification or adjustment of many variables for
multivariable analysis. Third, we evaluated peri-
coronary FAI at a single time point; therefore,
changes in pericoronary FAI after the day of CCTA
remain unclear. Fourth, we did not obtain informa-
tion about medication therapy after the day of CCTA
despite reports that pericoronary FAI is influenced by
the use of statins or biologic therapy for psoriasis.>*3*

Nakashima et al
Pericoronary Fat Attenuation Index and HFpEF

In addition, recently developed medications for the
prevention or treatment of HFpEF, such as sodium-
glucose cotransporter-2 inhibitors or angiotensin
receptor-neprilysin inhibitors, may have influenced
HFpEF progression during this study.' Finally, this
study comprised only Japanese patients for whom the
prognostic value of pericoronary FAI is less reported.
As Japanese people have a relatively small body size
and a lower rate of obesity, the prognostic value of
pericoronary FAI might differ from that of other
populations, which warrants further investigation.

CONCLUSIONS

LAD- and LCx-FAI predict hospitalization for HFpEF,
and the addition of LAD-FAI to other risk factors for
HF significantly improved the risk classification abil-
ity for future incidence of hospitalization for HFpEF
in patients with suspected CAD. Pericoronary
inflammation may be useful for identifying patients
at high risk of HFpEF. However, the mechanism un-
derlying pericoronary inflammation and HFpEF
should be investigated in future research.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: FAI for the LAD
and LCx can predict hospitalization for HFpEF. The addition of
LAD-FAI to other risk factors for HF significantly improved the
risk classification ability for future incidence of hospitalization for
HFpEF.

TRANSLATIONAL OUTLOOK: Pericoronary inflammation
assessed on CT may be useful for identifying patients at high risk
of HFpEF.
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