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Abstract

Background: This study aimed to examine the prognostic value of pericoronary adipose tissue (PCAT) attenuation at three months af-
ter transcatheter aortic valve replacement (TAVR) in patients with aortic stenosis (AS) and obstructive coronary artery disease (CAD).
Methods: This retrospective study included 226 patients with both obstructive CAD and AS who underwent TAVR. PCAT attenuation
was measured three months post-TAVR using coronary computed tomography angiogram (CCTA) images. Univariable and multivari-
able Cox regression analyses were conducted to evaluate the association between PCAT attenuation and major adverse cardiac events
(MACE:s). Results: Of the 226 patients, 37 experienced MACEs during a median follow-up period of 1.5 years. High PCAT attenua-
tion was significantly associated with MACEs (-65.3 Hounsfield units (HU) vs. —71.6 HU; p < 0.01). The optimal PCAT attenuation
threshold of —67.5 HU, determined by receiver operating characteristic (ROC) curve analysis, showed 84% sensitivity and 75% speci-
ficity (area under the curve (AUC) = 0.88) for predicting MACEs. Multivariable Cox regression confirmed that higher PCAT attenuation
was independently associated with an increased risk of MACEs (hazard ratio (HR) = 1.83, 95% confidence interval (CI): 1.44-2.32; p
< 0.01). Inclusion of PCAT attenuation increased the C-index from 0.41 to 0.82 (p = 0.01) and the net reclassification improvement
(NRI) by 0.55 (95% CI: 0.34-0.78; p = 0.01). Conclusions: PCAT attenuation was independently associated with the risk of MACEs in
post-TAVR patients with obstructive CAD and AS, suggesting the potential utility of PCAT attenuation for risk stratification.

Keywords: aortic valve stenosis; coronary artery disease; adipose tissue; transcatheter aortic valve replacement; computed tomography
angiography

1. Introduction ysis of pericoronary adipose tissue (PCAT) has gained at-
tention as a promising non-invasive biomarker for vascular
inflammation [8]. PCAT serves as a novel tool for stratify-
ing patients with cardiovascular disease [9]. Extensive re-
search has shown that elevated PCAT attenuation, a marker
of increased inflammatory activity, is strongly correlated
with a higher risk of major adverse cardiac events (MACE)
and worse clinical outcomes [10,11]. This association high-
lights the critical involvement of inflammatory mediators,
such as interleukins and tumor necrosis factor-alpha, in the
processes of tissue remodeling, calcification, and plaque
instability, all of which contribute to cardiovascular risk
[12]. The role of PCAT in mediating these inflammatory
pathways underscores its potential utility as a prognostic
marker.

Based on prior literature, we hypothesized that PCAT
analysis of the culprit vessel or of the post-stent implanta-
tion vessel subsequent to TAVR could be instrumental in
identifying patients at high risk for MACE. Therefore, the

Transcatheter aortic valve replacement (TAVR) has
emerged as a transformative intervention in the manage-
ment of aortic stenosis (AS), significantly improving the
symptoms and survival outcomes of elderly patients af-
flicted by this progressive disease [1]. A notable propor-
tion of individuals with severe AS who undergo TAVR, esti-
mated to range from 60% to 80%, also present with concur-
rent coronary artery disease (CAD) [2]. This dual pathol-
ogy is largely driven by shared risk factors such as diabetes,
systemic inflammation, gender, and advancing age. The in-
terplay between AS and CAD is characterized by a height-
ened cardiac workload resulting from AS, which can then
exacerbate myocardial ischemia associated with CAD [3,4].
Conversely, the presence of CAD hampers the heart’s abil-
ity to compensate for the increased hemodynamic demands
imposed by AS, leading to an accelerated onset of symp-
toms and the emergence of more severe complications [5].

The use of computed tomography (CT) has become
increasingly widespread during the assessment of patients
with severe AS for TAVR. CT enhances the diagnostic ac-
curacy and facilitates more effective management strate-
gies [6,7]. Among the innovations in this area, the anal-

aim of this study was to evaluate the prognostic significance
of coronary PCAT measured three months post-TAVR in
predicting cardiovascular events among CAD patients.
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645 patients underwent complete preoperative and
postoperative CT examination after TAVR

Excluded (n=257)
Patients with angiography showing coronary stenosis <50%

388 obstructive coronary artery disease underwent TAVR

Excluded (n=162)

Loss followed-up (n=35)

Loss Complete laboratory and ultrasound data (n=19)

Previous MI, TIA and stroke (n=16)

CABG and PCI were performed before TAVR (n=20)

Deaths due to other causes (n=35)

CCTA does not satisfy the diagnosis (respiratory movement artifacts, image loss) (n=37)

| 226 patients were included in this study finally

| !
No MACE No MACE
(n=189) (n=37)

Fig. 1. Flowchart of study population. CT, computed tomography; TAVR, transcatheter aortic valve replacement; MI, Myocardial

infarction; TIA, Transient ischemic attack; CABG, Coronary artery bypass; CCTA, coronary computed tomography angiogram; MACE,

major adverse cardiac events.

2. Materials and Methods
2.1 Study Population

This retrospective study included consecutive patients
with severe AS and obstructive CAD, defined as at least one
stenosis >50% in a major epicardial coronary artery on in-
vasive angiography. The patients underwent TAVR at our
institution between January 2018 and September 2023, fol-
lowed by post-TAVR coronary CT angiography (CCTA) ap-
proximately 3 months after the procedure. All patients had
baseline diagnostic coronary angiography and were consid-
ered for revascularization by a heart team. Furthermore, all
diseased blood vessels underwent percutaneous coronary
intervention (PCI) before the TAVR procedure [13]. Ex-
clusion criteria were: (1) non-obstructive CAD (coronary
stenosis <50% on angiography); (2) incomplete key clin-
ical data (laboratory or echocardiographic measurements)
required for the study; (3) history of myocardial infarction,
transient ischemic attack, or stroke prior to TAVR (as these
could confound the outcomes); (4) prior coronary artery by-
pass grafting or valve surgery (since these could affect both
the procedure and outcomes); (5) death due to causes un-
related to cardiovascular disease during follow-up (thus al-
lowing a focus on CV outcomes); (6) lost to follow-up (i.c.,
no outcome data was obtained after the initial 3-month post-
TAVR CT scan and up to the end of the study period, or in-
complete data); and (7) CCTA images of insufficient quality
for PCAT analysis (due to artifacts or data loss). The flow
chart for patient selection is shown in Fig. 1.

2.2 CT Scanning Techniques

Patients underwent CCTA using a third-generation
dual-source CT scanner (Somatom Force; Siemens Health-
ineers, Forchheim, Germany) in dual-energy mode. The X-
ray tubes were set at 80 kV (387 mAs) and Sn150 kV (215
mAs with a 0.64-mm tin filter). The scan parameters in-
cluded a detector collimation of 192 x 0.6 mm, rotation
time of 0.25 seconds, slice thickness of 0.75 mm, incre-
ment of 0.5 mm, ADMIRE strength level 4, Kernel Bv36,
and a temporal resolution of 66 ms. The protocol spanned
from the thoracic entrance to the base of the diaphragm us-
ing retrospective electrocardiogram gating. For contrast,
50-65 mL of iodinated contrast medium (Ultravist 370 mg
I/mL, Bayer Schering Pharma) was injected intravenously
at4 to 5 mL/sec, followed by a saline flush at the same rate.
Scans commenced when the contrast density in the ascend-
ing aorta reached 210 Hounsfield units (HU). Images were
then processed at a dedicated workstation (Syngo.via, ver-
sion VB40, Siemens Healthineers, Forchheim, Germany).

2.3 Analysis of Pericoronary Adipose Tissue

As previously described in the literature, PCAT anal-
ysis was performed on a specialized workstation (Cardiac
Risk Assessment Prototype, Syngo.via Frontier, Siemens
Healthineers) and was based on 80 kV-generated images
[14,15]. Narrowed coronary vessels were analyzed, and in
the case of multi-vessel disease, vessels with the most se-
vere stenosis were selected. A 40 mm segment of the prox-
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Fig. 2. Pericoronary Adipose Tissue (PCAT) attenuation in obstructive CAD patients post-TAVR. (a) Obstructive CAD patients
after TAVR with or without major adverse cardiac events (MACE). (b) Whether to perform PCI in Obstructive CAD Patient after TAVR
with MACE, and (c) Whether to perform PCI in Obstructive CAD Patient after TAVR without MACE.

imal coronary vessel for the stenotic vessel (10 mm to 50
mm from its origin) was selected to avoid influence from the
aortic wall. Vessel lumen and wall boundaries were initially
identified automatically, then adjusted manually if neces-
sary. Perivascular adipose tissue was quantified as voxels,
with attenuation values between —190 and —30 HU. PCAT
attenuation was calculated as the mean CT attenuation, ad-
justed for technical factors [16]. Two blinded observers in-
terpreted the images after a half-day interval to ensure ob-
jectivity.

2.4 Outcomes

Follow-up assessments were conducted quarterly un-
til March 2024 through telephone interview and review of
medical records. MACE were defined as the composite of
cardiovascular death, non-fatal myocardial infarction, car-
diac arrest, ischemic stroke of cardiac origin, or acute coro-
nary syndrome requiring unplanned revascularization

2.5 Statistical Analysis

Baseline characteristics for categorical variables are
presented as rates and percentages, and for continuous
variables as medians with interquartile ranges (IQR). Chi-
square tests and Student’s #-tests were used to analyze cat-
egorical and continuous data, respectively. ROC curve
analysis was performed to determine optimal cutoff val-
ues using the Youden index. Survival was estimated with
the Kaplan-Meier proportional hazard’s method, and dif-
ferences assessed using the stratified log-rank test. Uni-
variable Cox regression analysis was used to identify clin-
ical factors associated with MACE. A multivariable Cox
model was constructed to assess the independent associa-
tion of PCAT with MACE. Clinical covariates associated
with MACE were included using a stepwise forward selec-
tion algorithm that retained variables with a p-value < 0.05.
PCAT was then added to the multivariable model to deter-
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mine its incremental prognostic value. The change in model
discrimination with the addition of PCAT was calculated
using Harrell’s c-statistic. Since the clinical risk categories
related to PCAT treatment are not well defined, we assessed
the net reclassification improvement (NRI).

3. Results

3.1 Patient Characteristics

The study cohort comprised 226 obstructive CAD pa-
tients who underwent TAVR. These were predominantly
male (59.5%) and had a mean age of 72.6 years (IQR, 68—
78.8). During a median follow-up period of 1.5 years (IQR,
0.7-2.4 years), 37 of the 226 participants (16.4%) expe-
rienced MACE. Table 1 shows the patient characteristics
for the overall cohort, as well as for the subgroups with
and without MACE. Of the 678 analyzed vessels, the right
coronary artery was the most frequently implicated vessel
(70.4%). However, it was not significantly associated with
MACE. Patients who experienced MACE were older (me-
dian age 78.0 vs. 72.0, p < 0.001) and had lower BMI (21.6
vs. 23.1, p = 0.008). Furthermore, laboratory results indi-
cated that MACE patients were more likely to be anemic
(119.0 g/L vs. 131.0 g/L, p = 0.004) and have elevated Pro-
BNP (2970 pg/mL vs. 1262 pg/mL, p =0.01). Echocardio-
graphy revealed that MACE patients had a smaller aortic
valve area (0.6 cm? vs. 0.7 cm?, p = 0.019). No signif-
icant differences in post-TAVR procedural outcomes (par-
avalvular leak and pacemaker implantation) were observed
between the two groups. CT imaging also revealed a higher
incidence of calcified valves (67.6% vs. 46.6%, p=0.031)
in the MACE group.

3.2 Findings for Pericoronary Adipose Tissue

As shown in Fig. 2a, patients who experienced MACE
following TAVR showed higher PCAT attenuation com-
pared to those without MACE (-65.3 HU vs. —71.6 HU,
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Table 1. Patient characteristics and imaging findings in patients with or without MACE.

Overall

No MACE

MACE

Characteristic p-value
(n=226) (n=189) n=37)
Age (years) 72.6 (68.0, 78.8) 72.0 (68.0, 76.0) 78.0 (72.0, 82.0) <0.01
Gender (male) 134 (59.3) 110 (58.2) 24 (64.9) 0.45
BMI (kg/m?) 22.9(3.2) 23.1(3.2) 21.6 (3.0) 0.01
BSA (m?) 1.6 (1.5, 1.7) 1.6 (1.5, 1.8) 1.6 (1.5, 1.6) 0.02
Smoking (Yes) 61 (27.0) 49 (25.9) 12 (32.4) 0.42
Dyslipidemia (Yes) 27 (12.0) 24 (12.8) 3 (8.1 0.61
Hypertension (Yes) 118 (52.2) 99 (52.4) 19 (51.4) 0.91
Diabetes (Yes) 41 (18.1) 34 (18.0) 7 (18.9) 0.89
Angina (Yes) 95 (42.0) 84 (44.4) 11 (29.7) 0.11
Syncope (Yes) 15 (6.7) 14 (7.4) 1(2.7) 0.49
NYHA III 3.0(2.0,3.0) 3.0(2.0,3.0) 3.0(3.0,4.0) <0.01
STS score 3.2(1.9,5.5) 2.9(1.8,4.8) 5.4(3.2,8.4) 0.01
Laboratory
Leukocytes (109/L) 6.1(4.8,7.3) 6.0(4.8,7.3) 6.6(5.1,7.4) 0.32
Hemoglobin (g/L) 130.0 (117.0, 140.1) ~ 131.0(119.0, 141.0) 119.0 (102.0, 137.0) 0.01
Platelet count (10%/L) 173.5(144.0,204.8)  171.0 (144.0, 204.0) 179.0 (156.0, 205.0) 0.46
ProBNP (pg/mL) 1377 (430.0,4594.1) 1262 (295.6,4022.3)  2970.0 (760.0, 7108.0) 0.01
TnT (ng/mL) 0.05 (0.12) 0.05 (0.13) 0.05 (0.05) 0.89
Echocardiography
Left atrial diameter (cm) 4.2 (3.9,4.6) 4.2(3.9,4.6) 42 (3.8,4.4) 0.12
Left ventricular ejection fraction (%) 59.1 (48.0, 64.9) 59.1 (49.2, 64.7) 56.8 (46.6, 64.9) 0.94
Max velocity (m/s) 45(4.0,5.2) 4.4(3.8,52) 4.6 (4.1,5.2) 0.22
Mean gradient (mmHg) 46.0 (37.0, 62.0) 46.0 (36.7, 61.0) 51.0 (39.0, 67.0) 0.16
Aortic valve area (cm?) 0.7 (0.5, 0.9) 0.7 (0.6, 0.9) 0.6 (0.5, 0.8) 0.02
Valve Type 0.51
I 109 (48.2) 93 (49.2) 16 (43.2)
111 117 (51.8) 96 (50.8) 21 (56.8)
STJ av. diameter (mm) 30.8 (27.9, 33.6) 31.0(28.1, 34.0) 30.3(27.3,32.8) 0.09
STJ height (mm) 21.4(19.1,24.1) 21.6 (19.1,24.2) 20.8 (19.1, 22.6) 0.05
Max ascend. aorta diameter (mm) 39.7 40.1 38.1 0.38
(36.2,43.7) (36.6, 43.6) (35.3,45.3)
Calcified 113 (50.0) 88 (46.6) 25 (67.6) 0.03
PCAT (HU) —69.9 -71.6 —65.3 <0.01
(-74.6, —66.6) (=75.5,-67.6) (-67.0,-63.1)
Coronary artery disease location
RCA 159 (70.4) 133 (70.4) 26 (70.3) 1.00
LCX 39(17.3) 33 (17.5) 6(16.2) 0.86
LAD 28 (12.4) 23 (12.2) 5(13.5) 0.99
PCI 116 (51.3) 100 (52.9) 16 (43.2) 0.28
Post TAVR
Paravalvular leak 28 (12.39) 23 (12.17) 5(13.51) 0.18
Pacemaker implantation 26 (11.51) 20 (10.69) 6(16.22) 0.06

Values are either n (%) or median (IQR). Statistically significant p-values are in bold.

BMI, body mass index; BSA, body surface area; NYHA, New York Heart Association; STS score, Society of Thoracic Surgeons

Score; Pro-BNP, Pro-B-type Natriuretic Peptide; STJ, sinotubular junction; PCAT, Pericoronary adipose tissue; RCA, right coro-

nary artery; LCX, left circumflex; LAD, left anterior descending; PCI, percutaneous coronary intervention; HU, Hounsfield units.

p < 0.001). However, no significant difference in PCAT
attenuation was observed between pre-TAVR patients with
MACE who did or did not undergo PCI (Fig. 2b), and sim-
ilarly for patients without MACE (Fig. 2¢). ROC curve

analysis identified an optimal PCAT attenuation threshold
of —67.5 HU for the prediction of MACE with 84% sensi-
tivity, 75% specificity, and an area under the curve (AUC)
of 0.88 (Fig. 3a). Kaplan-Meier survival analysis revealed
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Kaplan-Meier Survival Analysis of PCAT for MACE
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Fig. 3. Evaluation of PCAT attenuation as a prognostic indicator in obstructive CAD patients post-TAVR. (a) Receiver Operating

Characteristic (ROC) curve. (b) Kaplan-Meier survival analysis.

a significant association between PCAT attenuation and an
increased risk of adverse events (Fig. 3b). Table 2 shows
the clinical and laboratory characteristics of high and low
PCAT groups defined according to the threshold value of
—67.5 HU. Significantly higher ProBNP levels were ob-
served in the low PCAT group (5315.46 + 8371.55 wvs.
3293.08 4= 4909.42, p = 0.04). A greater proportion of pa-
tients in the low PCAT group experienced a worse status
(38.96% vs. 4.70%, p < 0.01). Furthermore, the follow-up
duration was significantly shorter in the low PCAT group
(9.86 £ 4.24 months vs. 12.33 + 2.32 months, p < 0.01).
Pacemaker implantation prevalence differed significantly
between groups (High PCAT: 12.75% vs. Low PCAT:
9.10%, p = 0.03). No significant differences between the
high and low PCAT groups were found for other clini-
cal characteristics, laboratory results, or echocardiographic
measurements.

3.3 Association of Clinical Characteristics With
Pericoronary Adipose Tissue

Table 3 shows the association of various clinical fac-
tors with MACE. In univariate analysis, the characteristics
of patient age, NYHA functional class, angina, hemoglobin
level, aortic valve area, sinotubular junction (STJ) height,
STJ diameter, valve calcification and PCAT attenuation
were all significantly associated with MACE. Following
adjustment for confounding factors, multivariate Cox re-
gression analysis revealed that Angina, Aortic valve area,
NYHA functional class, STJ diameter, STJ height, valve
calcification and PCAT attenuation remained significant
predictors of MACE. Fig. 4 presents the measurement re-
sults of PCAT for a patient.
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Statistical modeling results shown in Table 4 indicate
that Model 2 represents a significant improvement over
Model 1, with a C-index of 0.41 (p = 0.03) and an NRI of
0.24 (p = 0.02). Furthermore, Model 3 exhibited a marked
enhancement in both the C-index (0.82, p = 0.01) and NRI
(0.55,p=0.01).

4. Discussion

This study found that measurement of PCAT atten-
uation by CCTA three months after TAVR could effec-
tively predict MACE in patients with obstructive CAD. The
key finding was that high PCAT attenuation was associated
with a significantly increased risk of MACE, with a cutoff
threshold of —67.5 HU demonstrating high sensitivity and
specificity for predicting adverse outcomes. These results
highlight the potential of PCAT attenuation appears to be
a promising marker for risk stratification in this high-risk
patient population.

The risk factors for AS overlap significantly with
those for atherosclerosis, explaining why >50% of patients
with severe symptomatic AS also present with concurrent
CAD. However, the management of CAD in the context of
TAVR remains challenging due to the lack of large random-
ized controlled trials (RCTs) and the exclusion of patients
with significant CAD in previous studies on TAVR [17].
Steyer et al. [18] previously reported that PCAT attenuation
in the RCA, measured pre-TAVR, was a significant predic-
tor of outcomes in AS patients undergoing TAVR [19]. Our
study differs in that we assessed PCAT attenuation post-
TAVR and evaluated the most diseased coronary segment,
rather than focusing exclusively on the RCA. Contrary to
previous reports, we did not find that PCAT attenuation in
any specific coronary artery was singularly predictive of
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Table 2. Clinical and laboratory characteristics associated with high and low Pericoronary Adipose Tissue (PCAT) attenuation.

Overall

High PCAT

Low PCAT

Characteristic p-value
(n=226) (n=149) n=177)
Age (years) 73.00 £ 7.78 72.54 £ 7.48 73.88 £ 8.29 0.22
Gender (male) 134 (59.29) 88 (59.06) 46 (59.74) 0.92
BMI (kg/m?) 22.89 +3.25 23.07 £3.26 22.55+3.21 0.25
BSA (m?) 1.63 +£0.17 1.64 £0.18 1.62 £0.17 0.37
Smoking (Yes) 61 (26.99) 42 (28.19) 19 (24.68) 0.57
Dyslipidemia (Yes) 27 (11.95) 18 (12.08) 9 (11.69) 0.93
Hypertension (Yes) 118 (52.21) 77 (51.68) 41 (53.25) 0.82
Diabetes (Yes) 41 (18.14) 29 (19.46) 12 (15.58) 0.47
Angina (Yes) 95 (42.04) 65 (43.62) 30 (38.96) 0.50
Syncope (Yes) 15 (6.64) 13 (8.72) 2 (2.60) 0.08
NYHA III 195 (86.28) 131 (87.92) 64 (83.12) 0.42
STS score 431 £3.69 3.93 £2.96 5.04 +£4.74 0.06
Laboratory
Leukocyte (109/L) 6.22 +£2.14 6.22 +£2.21 6.21 £2.00 0.95
Hemoglobin (g/L) 127.47 +20.48 129.11 £ 19.99 124.32 + 21.19 0.10
Platelet count (10%/L) 178.35 + 58.32 179.44 + 54.68 176.24 + 65.10 0.70
ProBNP (pg/mL) 3982.12 + 6359.97  3293.08 +4909.42  5315.46 4+ 8371.55 0.04
TnT (ng/mL) 0.05+0.12 0.05 £ 0.08 0.06 £ 0.17 0.37
Echocardiography
Left atrial diameter (cm) 4.24 £ 0.58 4.26 £ 0.60 4.20 £ 0.52 0.49
Left ventricular ejection fraction (%) 56.45 £ 11.68 56.39 £+ 12.06 56.57 £ 10.99 0.91
Max velocity (m/s) 4.43 £1.22 425 +£1.27 0.29
Mean gradient (mmHg) 48.34 1+ 24.03 49.36 4 23.59 46.37 4+ 24.89 0.38
Aortic valve area (cm?) 0.82 + 0.50 0.82 + 0.54 0.81 +0.44 0.87
Valve Type 0.38
I 109 (48.23) 75 (50.34) 34 (44.16)
111 117 (51.77) 74 (49.66) 43 (55.84)
STJ average diameter (mm) 31.36 £4.72 31.50 £+ 4.80 31.08 £ 4.59 0.53
STJ height (mm) 22.24 +£5.10 22.12+4.33 22.47 + 6.36 0.63
Max ascend. aorta diameter (mm) 40.23 £ 6.53 40.31 £6.15 40.08 £ 7.25 0.80
Calcified valve 169 (74.78) 106 (71.14) 63 (81.82) 0.08
Coronary artery disease location
RCA 28 (12.39) 20 (13.42) 8(10.39) 0.51
LCX 39 (17.26) 25 (16.78) 14 (18.18) 0.79
LAD 159 (70.35) 104 (69.80) 55(71.43) 0.80
PCI 116 (51.33) 81 (54.36) 35 (45.45) 0.20
Post-TAVR
Paravalvular leak 28 (12.39) 20 (13.42) 8(10.39) 0.55
Pacemaker implantation 26 (11.51) 19 (12.75) 7(9.10) 0.03
Patient experienced MACE 37 (16.37) 7 (4.70) 30 (38.96) <0.01
Follow-up time (months) 11.49 + 3.31 12.33 +£2.32 9.86 + 4.24 <0.01

Values are either n (%) or median (IQR). Statistically significant p-values are printed in bold.

BMI, body mass index; BSA, body surface area; NYHA, New York Heart Association; STS score, Society of Thoracic Surgeons
Score; Pro-BNP, Pro-B-type Natriuretic Peptide; STJ, sinotubular junction; PCAT, Pericoronary adipose tissue; RCA, right coro-

nary artery; LCX, left circumflex; LAD, left anterior descending; PCI, percutaneous coronary intervention.

MACE. This observation aligns with the findings of Meng
et al. [20] and Napoli ef al. [21] who reported that higher
PCAT attenuation was associated with adverse outcomes in
CAD patients, including myocardial infarction and cardio-
vascular mortality. However, our study advances the field

by specifically addressing TAVR patients, a subgroup with
both AS and CAD. These patients present a unique chal-
lenge in risk stratification. Our results suggest that PCAT
attenuation could prove valuable in determining the prog-
nosis of post-TAVR patients, thereby improving risk predic-
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Table 3. Univariable and multivariable Cox regression analysis of the association of clinical characteristics and imaging

findings with MACE.
o o Univariable Multivariable
Clinical characteristics
Hazard ratio (95% CI)  p-value  Hazard ratio (95% CI) p-value

Age (years) 1.07 (1.02, 1.12) 0.01 1.06 (0.98, 1.15) 0.17
Gender (male) 1.14 (0.55, 2.36) 0.72 - -
BMI (kg/m?) 0.90 (0.81, 1.01) 0.07 - -
BSA (m?2) 0.15(0.02, 1.18) 0.07 - -
Smoking (Yes) 1.30 (0.61, 2.75) 0.49 - -
Dyslipidemia (Yes) 1.22 (0.37, 4.05) 0.74 - -
Hypertension (Yes) 0.66 (0.32, 1.38) 0.27 - -
Diabetes (Yes) 1.11 (0.47, 2.58) 0.82 - -
Angina (Yes) 0.53 (0.25, 1.13) 0.04 0.95(0.92, 1.99) <0.01
Syncope (Yes) 0.77 (0.10, 5.66) 0.80 - -
NYHA 2.25(1.30,3.91) <0.01 4.53(1.34, 8.38) 0.02
STS score 1.06 (1.00, 1.12) 0.06 - -
Laboratory

Leukocyte (109/L) 1.04 (0.90, 1.20) 0.62

Hemoglobin (g/L) 0.97 (0.36, 1.36) <0.01 0.98 (0.95, 1.01) 0.07

Platelet count (10%/L) 1.00 (1.00, 1.01) 0.37 - -

ProBNP (pg/mL) 1.00 (1.00, 1.00) 0.29 - -

TnT (ng/mL) 0.57 (0.10, 2.29) 0.52 - -
Echocardiography

Left atrial diameter (cm) 0.79 (0.43, 1.45) 0.45 - -

Left ventricular ejection fraction (%) 1.01 (0.98, 1.04) 0.72 - -

Max velocity (m/s) 1.35(0.99, 1.85) 0.06 - -

Mean gradient (mmHg) 1.01 (1.00, 1.03) 0.11 - -

Aortic valve area (cm?) 0.11 (0.02, 0.58) 0.01 0.18 (0.01, 0.95) 0.04

Valve type 1.20 (0.59, 2.44) 0.61 - -

STJ average diameter (mm) 0.88 (0.81, 0.97) <0.01 0.92 (0.84, 1.92) 0.02

STJ height (mm) 0.88(0.79, 0.98) 0.02 1.01 (0.87,2.17) 0.01

Max ascend. aorta diameter (mm) 1.05(0.93, 1.19) 0.41 - -

Calcified valve 2.74 (1.27,5.90) 0.01 1.78 (1.14, 3.25) 0.04
PCAT 1.46 (1.30, 1.64) <0.01 1.83 (1.44,2.32) <0.01
Coronary artery disease location

LAD 1.60 (0.71, 3.61) 0.26 - -

LCX 0.31 (0.09, 1.05) 0.06 - -

RCA 1.49 (0.57,3.91) 0.41 - -

PCI 0.92 (0.45, 1.86) 0.81 - -
Post TAVR

Paravalvular leak 1.62 (0.79, 3.31) 0.18 - -

Pacemaker implantation 1.30 (0.63, 2.65) 0.47 - -

BMI, body mass index; BSA, body surface area; NYHA, New York Heart Association class; STS score, Society of
Thoracic Surgeons Score; Pro-BNP, Pro-B-type Natriuretic Peptide; STJ, sinotubular junction; PCAT, Pericoronary

adipose tissue; RCA, right coronary artery; LCX, left circumflex; LAD, left anterior descending; PCI, percutaneous

coronary intervention.

tion. Furthermore, when integrated into multivariable mod-
els, PCAT attenuation enhanced the prognostic value of tra-
ditional clinical and imaging markers, such as valve calcifi-
cation and NYHA functional class, thus offering incremen-
tal predictive value over established markers. This under-
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scores the potential of PCAT attenuation as a non-invasive
and robust biomarker in the post-TAVR setting, which may
contribute to better patient management and outcomes.

PCAT has emerged as a promising biomarker for as-
sessing coronary inflammation and plaque stability [22].
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Fig. 4. Representative examples of Pericoronary Adipose Tissue (PCAT) attenuation. The CCTA image from a 75-year-old male

patient 3 months after TAVR. (a) PCAT surrounding left anterior descending in axial plane. (b) Curved reconstruction of the left anterior

descending. (c) PCAT around left anterior descending (red area).

Table 4. Multivariable analysis of patient characteristics and imaging findings for the prediction of MACE.

Model  C-index (95% CI)  p-value NRI (95% CI) p-value

1 0.23 (0.11, 0.37) - - -
2 041(0.23,0.57)  0.03  024(0.15,029)  0.02
3 0.82(0.68,0.95)  0.01  0.55(0.34,0.78)  0.01

Model 1: Traditional clinical risk model (Angina+NYHA + Aortic valve
area + STJ average diameter).

Model 2: Traditional clinical risk model + Calcified valve.

Model 3: Traditional clinical risk model + Calcified + PCAT.

NRI, Net reclassification improvement; PCAT, Pericoronary adipose tis-
sue; NYHA, New York Heart Association class.
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With the increasing incidence of AS and subsequent rise in
TAVR procedures, the need for reliable markers to predict
postoperative outcomes in CAD patients is becoming more
critical. The utility of PCAT in this context has been sub-
stantiated by numerous studies, including the Comprehen-
sive Risk Prediction in Surgery (CRISP-CT) study, which
underscores the ability of PCAT attenuation to predict mor-
tality risk [23]. Furthermore, Elnabawi ef al. [24] high-
lighted the versatility of PCAT by demonstrating its effec-
tiveness in tracking therapeutic responses in CAD, thus ex-
panding its application beyond mere prognostication [25].

The role of PCAT has assumed greater significance in
the post-TAVR landscape, with the procedure itself capable
of inducing biological and physical stresses on the coro-
nary vessels. This is particularly evident in the hemody-
namic changes brought about by the newly implanted aortic
valve, which directly influence myocardial oxygen supply
and demand [26]. In the case of a prosthesis-patient mis-
match or suboptimal deployment of the valve, the antici-
pated alleviation of myocardial ischemia may not be fully
realized. Such instances can lead to inadequate coronary
perfusion, especially in patients with existing CAD [27].
Moreover, the postoperative phase can invoke systemic in-
flammatory responses, potentially accelerating the progres-
sion of atherosclerosis and contributing to plaque vulnera-
bility [28,29]. Collectively, these factors have significant
implications for the long-term cardiac prognosis of CAD
patients post-TAVR.

Currently, there is significant debate regarding prog-
nostic markers for CAD combined with AS after TAVR.
Examples of such markers include the Duke Myocardial
Jeopardy Score (DMIJS) and the QCA-derived SYNTAX
Score (SS), both of which are based on invasive angiogra-
phy [30,31]. However, these scoring systems were devel-
oped based on CAD patients without consideration of the
overall impact on the heart when AS is also present. Spatial
changes in PCAT attenuation in CCTA images can reflect
changes in the entire heart after TAVR. Our study found
that PCAT attenuation levels were notably higher in patients
who suffered a MACE. The elevated attenuation reflects a
heightened inflammatory state within the coronary vascu-
lature, which is detectable and quantifiable through CCTA.
After adding PCAT as a predictor, the C-index and IDI of
conventional clinical models increased by 0.82 and 55%, re-
spectively. Interestingly, we also found that revasculariza-
tion in CAD patients does not influence PCAT attenuation.
This relationship persisted irrespective of whether patients
had undergone revascularization procedures, underscoring
the robustness of PCAT as an independent prognostic tool.

Our study has several limitations. Firstly, as this ret-
rospective study derived the PCAT threshold from a single-
center cohort and the same study population, the results
lack external validation and may overestimate real-world
performance. Thus, future multicenter studies with large
sample sizes are needed to confirm the generalizability of
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these findings. Since this study focused on CAD patients
post-TAVR, the applicability of our findings to other pop-
ulations, such as patients with acute coronary syndrome or
prior revascularization, remains to be determined. The me-
dian follow-up of 1.5 years may not be sufficient to fully
capture long-term events, and insufficient time may have
elapsed for patients with shorter follow-up to experience
late complications. Furthermore, PCAT attenuation was
measured three months post-TAVR, thus excluding patients
with early events and introducing potential immortal time
bias that could overestimate the prognostic value of PCAT.
Studies with longer follow-up times are needed to confirm
the sustained predictive ability of PCAT post-TAVR.

5. Conclusions

In conclusion, the ability of PCAT to serve as a non-
invasive, quantifiable marker of coronary inflammation
makes it a promising candidate for predicting the outcome
of obstructive CAD following TAVR. The sensitivity of
PCAT to changes in the inflammatory state and its corre-
lation with clinical outcomes highlight its superiority and
potential as a standard component of post-TAVR patient as-
sessment.
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