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Abstract: Background and Objectives: The modified Duke index derived from coronary computed
tomography angiography (CCTA) was designed to predict cardiovascular outcomes based on the
severity of coronary stenosis. However, it does not take into consideration the presence or severity of
peri-coronary inflammation. The peri-coronary fat attenuation index (FAI) is a novel imaging marker
determined by CCTA which reflects the degree of inflammation in the coronary tree in patients
with coronary artery disease. To assess the association between the modified Duke index assessed
by CCTA, cardiovascular risk factors, and peri-coronary inflammation in the coronary arteries of
patients with coronary artery disease. Materials and Methods: One hundred seventy-two patients who
underwent CCTA for typical angina were assigned into two groups based on the modified Duke
index: group 1—patients with low index, <3 (n = 107), and group 2—patients with high index, >3
(n = 65). Demographic, clinical, and CCTA data were collected for all patients, and FAI analysis of
coronary inflammation was performed. Results: Patients with increased values of the modified Duke
index were significantly older compared to those with a low index (61.83 £ 9.89 vs. 64.78 + 89,
p = 0.002). No differences were found between the two groups in terms of gender distribution,
hypertension, hypercholesterolemia, or smoking history (all p > 0.5). The FAI score was significantly
higher in patients from group 2, who presented a significantly higher score of inflammation compared
to the patients in group 1, especially at the level of the right coronary artery (FAI score, 20.85 + 15.80
vs. 14.61 + 16.66; p = 0.01 for the right coronary artery, 13.85 + 8.04 vs. 1091 + 6.5; p = 0.01 for
the arcumflex artery, 13.26 + 10.18 vs. 11.37 £ 8.84; p = 0.2 for the left anterior descending artery),
CaRi-Heart™ analysis identified a significantly higher risk of future events among patients with
a high modified Duke index (34.84% + 25.86% vs. 16.87% + 15.80%, p < 0.0001). ROC analysis
identified a cut-off value of 12.1% of the CaRi-Heart” risk score for predicting a high severity of
coronary lesions, with an AUC of 0.69. Conclusions: The CT-derived modified Duke index correlates
well with local perilesional inflammation as assessed using the FAI score at different levels of the

coronary circulation.
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1. Introduction

Cardiac computed tomography angiography (CCTA) has emerged in .thc latest years
as a first-line option to investigate coronary artery disease (CAD) [1]. Besides pmvfdmg
accurate anatomic information regarding coronary arteries via a non-invasive route, it can
reliably identify features of increased vulnerability in the coronary circulation. Various
studies investigated the association between these features and different cardiovasculqr
pathologies, such as acute coronary syndromes (ACSs), atrial fibrillation, or heart fail-
ure [2,3].

Several CCTA-derived scores have been proposed to characterize the severity of
coronary stenoses in an attempt to better stratify the risk of cardiovascular events and
restrict invasive coronary imaging to those who really need it. For instance, the modified
Duke index derived from CCTA was designed to predict the cardiovascular outcome based
on the severity of coronary stenosis. An increased Duke index was proved to be associated
with a higher risk of fatal events, validating the role of CCTA as a reliable tool for predicting
cardiovascular risk [4].

However, the Duke CAD index does not take into consideration the presence or
severity of peri-coronary inflammation. An increased level of inflammation at this level
may trigger plaque vulnerabilization, ultimately leading to plaque rupture and acute
myocardial infarction [5].

It is well-known that not all unstable plaque progresses to rupture. However, persis-
tently high inflammation at the level of the epicardial fat may lead to plaque progression
with high potential for vulnerabilization and rupture in a close future [6,7]. Therefore,
assessment of coronary inflammation may have a strong clinical impact, contributing to a
superior evaluation of plaque-associated risk. It has been suggested that inflammation may
be different at various levels of the coronary circulation, underlining the role of regional
flow hemodynamic and shear stress in the complex process of plaque vulnerabilization [5].
Inlight of this, in addition to the traditional risk factors for CAD, pathologies that cause an
increased inflammatory state in the body have recently been identified as risk factors for
CAD, emphasizing the major role of inflammation in the progression to ACS. [4,10]. Thus,
increased attention should be paid to patients whose associated comorbidities imply an
increased inflaimmatory syndrome.

Nowadays, inflammation may be measured at the level of epicardial fat surround-
ing coronary arteries using a novel technology patented by Caristo (Oxford, UK) which
measures the computed tomography attenuation gradient, which is in direct relationship
with the inflammation-mediated change in adipocyte composition and phenotype. This
technique measures the peri-coronary fat attenuation index (FAI) validated as a novel
imaging marker determined by CCTA which reflects the degree of inflammation in the
coronary tree in patients with CAD [11]. A recent analysis published in 2022 indicated that
the FAT is associated not only with coronary stenosis, where a stenosis with a diameter
=50% had significantly higher FAI values compared to those with a diameter <50%, but
also with vulnerable plaque features [12).

While the association between the severity of coronary lesions and cardiovascular risk
is well-known, there are very few data so far regarding the role of inflammation in the
progression of coronary lesions towards a higher severity.

The aim of this study was to investigate the association between two CCTA-derived
scores associated with increased cardiovascular risk: peri-coronary inflammation at the
level of epicardial fat expressed by CaRi-Heart"” analysis and severity of coronary lesions
expressed by the Duke CAD index in patients with CAD.

l
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2. Materials and Methods
2.1. Study Population

This single-center retrospective analysis included 172 adult patients aged over 18 who
underwent CCTA at the Center of Advanced Research in Multimodality Cardiac Imag-
ing, Cardiomed Targu Mures, Romania, for typical chest pain and a low-to-intermediate
likelihood of CAD. Patients with a history of coronary artery disease or non-cardiac chest
pain were excluded. Demographic data and risk factors related to coranary artery dis-
ease (hypertension, hyperlipidemia, smoking, and diabetes) were obtained prior to the
CCTA examination.

Based on the modified Duke index assessed on CCTA, the study population was
divided into two groups as follows: group 1—patients with a modified Duke index <3
(n=107), and group 2—patients with a modified Duke index >3 (n = 65).

All the study procedures were carried out in compliance with the Declaration of
Helsinki, with the prior approval of the local ethics committee of the Emergency Clini-
cal County Hospital Targu Mures (Ad. 26884/10.11.2021) and the George Emil Palade
University of Medicine, Pharmacy, Science and Technology Targu Mures (1515/09.12.2021).

2.2. Coronary Computed Tomography Angiography Acquisition

Image acquisition was performed using a 128-slice high-definition scanner (Siemens
Healthcare, Erlangen, Germany) before and after intravenous administration of iodinated
contrast according to the patient’s weight (60 to 100 mL). The images were obtained under
continuous ECG monitoring in the three bipolar limb leads and after prior determination
of blood pressure, heart rate, and O, saturation. Oral metoprolol tartrate was previously
administered when needed to achieve a target heart rate below 65 bpm.

2.3. Image Analyses

The obtained images were analyzed independently by two randomly selected CCTA
interpreters blinded to the clinical data in order to obtain the modified Duke index using a
dedicated software (Syngo.via Frontier, Siemens Healthcare, Erlangen, Germany). Based
on the atherosclerotic burden, the patients were classified according to the modified Duke
index, a coronary plaque severity score for predicting 5-year cardiovascular survival.
Calculation of the Duke index has been described previously [4] (Table 1).

Table 1. Modified Duke prognostic coronary artery disease index based on coronary computed
tomography angiography findings [4].

™

Modified Duke Prognostic

CAD Index

CCTA Findings

Stenosis < 50%

At least two non-obstructive stenoses (including a coronary artery with proximal stenosis or a
stenosis of 50-69%)

Two coronary arteries with 50-69% stenosis or one coronary artery with 70% stenosis

Trivascular disease with 50-69% stenoses, or bivascular disease with 70% stenosis, or proximal
LAD stenosis of at least 70%

Trivascular disease with stenoses of at least 70% or bivascular disease with at least 70% sienoscs
involving proximal LAD

Left main stenosis of at least 50%

CAD—coronary artery disease; CCTA—coronary computed tomography angiography; LAD—left anterior de-
scending artery.

All the images were subsequently transferred to the Centre of CARISTO Diagnostics,
Oxford, United Kingdom, for assessment of perivascular adipose tissue (PVAT) and related
inflammation. Using artificial intelligence algorithms, the PVAT-fat attenuation index
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(PVAT-FAI) reckons attenuation measurements of perivascular adipose tissue surrounding
the coronary arterial wall with high accuracy [13,14]. The FAI HU, FAI score, and FAI score
centile were assessed for each of the major coronary arteries. Further, the CaRi-Heart" risk,
a score validated to predict a fatal cardiac event within the next 8 years, was assessed for
each patient.

2.4. Statistical Analysis

The GraphPad InStat 3.10 software (GraphPad Software Inc., San Diego, CA, USA)
was used to conduct statistical analysis. Prior to statistical analysis, all the data underwent
normality tests. All the data are reported as the absolute values and percentages, or as
the medians and standard deviations. For numerical data, unpaired [-test or ANOVA test
was used for between-group comparisons, and chi-squared test was used for categorical
data. Pearson correlation analysis was performed to investigate the association between the
modified Duke index and PVAT-FAL Afterwards, receiver operating characteristic (ROC)
analysis was employed to evaluate the ability of the CaRi-Heart “ risk to predict a high
modified Duke index. The a-value was set at 0.05 for statistical significance.

3. Results
3.1. Baseline Characteristics of the Study Population

The baseline characteristics of the study population and the differences between the
low and high modified Duke index groups are presented in Table 2. The patients with a
Duke index > 3 were significantly older (64.78 y.o. vs. 60.03 y.0.; p = 0.002) and were more
frequently diabetic (36.96% vs. 21.50%; p = 0.02). There were no significant differences
between the two groups in terms of gender distribution, hypertension, hyperlipidemia,
and smoking status (all p > 0.05).

Table 2. Baseline characteristics of the study population.

™

All Group 1 Group 2

n=172 n= 157 n= 6PS OR pelen

Age (years) 61.83 + 9.89 60.03 + 10.08 64.78 -+ 8.90 N/A 0.002*
Gender (male) 119 (69.18%) 70 (58.82%) 49 (41.18%) 0.61 017"
Hypertension 147 (85.46%) 89 (83.18%) 58 (89.23%) 0.59 027"
Hyperlipidemia 90 (52.32%) 54 (50.47%) 37 (56.92%) 0.77 0437
Smoker 31 (18.02%) 17 (15.89%) 14 (21.54%) 0.68 034"
Diabetes mellitus 47 (27.32% 23 (21.50%) 24 (36.92%) 0.46 0.02°
HbA1c (%) 5.76 + 0.87 570 + 0.84 594 +0.82 N/A 0.06*

The values are expressed as the means + standard deviation and as absolute values and percentages, respectively;
« p-values refer to between-group comparisons based on the unpaired -test. * p-values refer to between-group
comparisons based on the chi-squared test. OR—odds ratio.

3.2. Coronary Inflammation and CT-Derived Duke Index

Table 3 summarizes the differences between the two groups in terms of peri-coronary
inflammation magnitude and derived risk using standard adipose tissue CT density and
percentile curves for the FAI score for each coronary artery analyzed. Based on the standard
adipose tissue Hounsfield units (HU), which ranged between — 190 to — 30 HU, the coronary
FAI index values did not differ significantly between the patients with low or high modified
Duke index in any of the three coronary arteries analyzed: left anterior descending (LAD),
left circumflex (LCX), and right coronary artery (RCA).
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Table 3. PVAT-FAI values in the low and high modified Duke index patients
Group 1 Group 2 v

n=107 n=65 peYalue
LAD 7531 £ 7.65 77.23 £+ 730 0.10
FATHU LCX 7087 + 728 ~-71.50 £ 7.88 0.59
RCA 7310 £ 903 7272 + 9.07 0.79
LAD 1137 £ 884 1326 £ 10.18 0.20
FAI score LCX 1091 + 656 13.85 + 8.04 0.01
RAD 1461 + 1666 2085 + 15.83 0.01
LAD 064 + 027 055 + 029 0.06
FAT score centile LCX 072 £ 024 0.68 £ 029 029
RCA 070 + 029 0.70 £ 030 097

The values are expressed as the means + standard deviation; p-values refer to between-group comparisons based
on the unpaired 1-test. FAI—fat attenuation index; HU—Hounsheld units; LAD—left anterior descending artery;
LOX~—left circumflex artery; RCA-right caronary artery.

Interestingly, FAI scores of coronary inflammation at the level of the RCA and LCX
differed significantly between the two studied groups, while this difference was not ob-
served for the LAD. The patients with a Duke index > 3 presented a significantly higher
FAI score at the level of the RCA (20.85 + 1583 vs. 14.61 + 16.66; p =0.02) and LCX
(13.85 = 8.04 vs. 10.91 =+ 6.56; p = 0.02) compared to the patients with a Duke index < 3, as
showed in Figure 1. However, this was not reflected in an increased risk per coronary artery
compared with reference standards for the same age group. FAI score percentiles were
not significantly different between the two analyzed groups at any of the three coronary
arteries analyzed (all p > 0.05).
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Figure 1. FAl score in the low vs. high modified Duke index patients. (A) FAI score at the level of
the right coronary artery (RCA). (B) FAl score at the level of the left circumflex artery (LCX). (C) FAIL
score at the level of the left anterior descending artery (LAD).

3.3. Coronary Inflammation and Risk of Fatal Cardiac Events as Assessed using the CaRi-Heart"
Risk Score

The nisk of future fatal cardiac events was determined using the CaRi-Heart™ risk
score, integrating the global risk, the individual risks related to inflammation at the level of
the three coronary arteries, and the risk factors of the patients (smoker status, hypertension,
diabetes, and hypercholesterolemia). CaRi-Heart™ analysis identified a significantly higher
risk of future events among the patients with a high modified Duke index (34.84% + 25 86%
vs. 16.87% + 15.80%; p < 0.0001) as shown in Figure 2.
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Figure 2. CaRi-Heart" risk in the low vs. high modified Duke index patients.

ANOVA analysis identified a very good association between the CaRi-Heart " risk and
the modified Duke index, with higher levels of the CaRi-Heart” score for each superior level
of the Duke index (6.46% + 5.26% for Duke 1; 7.26% + 14.64% for Duke 2; 22.24% = 18.65%
for Duke 3; 30.15% = 23.16% for Duke 4; 42.47% + 29.93% for Duke 5; and 42.95% =+ 28.13%
for Duke 6; p < 0.0001) (Figure 3.).

p < 0.0001

(<]
o

[=2]
o

CaRi-Heart® risk (%)
N B
o o

1 2 3 4 5 6
modified Duke index

Figure 3. CaRi-Heart” risk in the six classes of the modified Duke index patients.

3.4. Correlation between Coronary Inflammation, Cardiac Computed Tomography Lesion Severity,

and the CaRi-Heart®™ Risk

The correlation between the modified Duke index, coronary inflammation, and the
CaRi-Heart” risk is presented in Table 4. A high positive correlation was observed between
the modified Duke index and the CaRi-Heart” risk as revealed by the Pearson correlation
coefficient of 0.75. Weak but significant correlations were also observed between the
modified Duke index and the FAI score at the level of all three coronary vessels (all
p <0.05).
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Table 4. Correlahons between the modified Duke index and the PVAT-FAI values, score, and the
CaRi-Heart” risk.

R 95% Confidence Interval p-Value
CaRi-Heart” Risk 075 0.70-0.82 <0.0001
LAD 0.15 0.29-0.00 0.04
FAIHU LCX 012 026-0.03 011
RCA 0.03 0.11-0.18 0.65
LAD 0.15 0.00-0.29 0,04
FAI score LCX 023 0.08-0.37 0.002
RAD 019 0.04-034 0.01
LAD ~0.12 0.27-0.02 0.09
FAI score centile LCX 015 0.30-0.00 0.04
RCA 0.05 ~0.09-0.20 046

Note: p-values refer to Pearson correlation analysis; R—Pearson correlation coefficient, FAI—fat attenuation
index; HU—Hounsfield units; LAD—left anterior descending artery; LCX—left circumflex artery; RCA—right
coronary artery.

Q Receiver operating characteristic (ROC) curve analysis (Figure 4) was used to assess
the CaRi-Heart" risk’s ability to predict a modified Duke index above 3. The CaRi-Heart”
risk’s optimal cut-off value for predicting a high Duke index was set at 12.1%, with a
sensitivity of 61.83% and a specificity of 61.65%, with an AUC of 0.69.

AUC = 0.69
p< 0.0001

100,

@
(=

Sensitivity %
8 8

N
=

0 -
0 20 40 60 80 100

100% - Specificity%

Figure 4. ROC analysis for the accuracy of the CaRi-Heart” risk in predicting a high modified Duke
index. AUC = area under the curve

Based on this cut-off value, the mean modified Duke index was calculated in the
patients with a high CaRi-Heart™ risk (below 12.1%) and in the patients with a high CaRi-
Heart" risk >12.1%. The mean modified Duke index was significantly higher in the group
with CaRi-Heart” risk >12.1% (2.42 + 1.22 vs. 3.46 + 1.28; p < 0.0001), indicating a very
strong association between high inflammation, lesion severity, and future risk of fatal
cardiovascular events (Figure 5).
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Figure 5. Modified Duke index in the low vs. high CaRi-Heart” risk patients.

4. Discussion

In the present study, we report the results of a CCTA study in patients with a low-
to-intermediate likelihood of CAD. QOur study is focused on the importance of coronary
inflammation in predicting the severity of CAD and indicates that both high inflammatory
burden expressed by the FAI index and high CaRi-Heart" risk are associated with coronary
lesion severity as revealed by the modified Duke index assessed on the CCTA.

4.1. Modified Duke Coronary Artery Disease Index Assessed Using Coronary Computed
Tomography Angiography

Over the past ten years, CCTA has become established clinical medicine more than
any other non-invasive imaging technique [15]. To identify patients who are at high risk
of adverse events, a number of composite risk scores based on CCTA has been proposed
lately. The previously reported modified Duke index and prognostic CAD index are used to
assess the atherosclerotic burden on CCTA. According to the original Duke index, patients
are given a risk score ranging from 0 to 100, which takes into account the severity of
stenoses and both the proximal LAD stenosis and the left main stenosis [16]. In a study of
1127 people with a low-to-intermediate risk of CAD, the Duke index was highly correlated
with the risk of all-cause mortality [4]. According to data from the ISCHEMIA trial which
included over 5000 patients, the severity of ischemia determined by functional tests was
not associated with an increased risk of adverse outcomes, while the severity of coronary
lesions assessed using the CCTA Duke CAD index was associated with an increased risk of
mortality, underlining the significance of this score in the prediction of a poor outcome [17].
A study conducted in China on a population of over 9500 patients with CAD which reported
a mortality rate of more than 5% after 4 years found that the risk of death from any cause
was proportional to the Duke CAD index [15].

However, the Duke CAD index only includes CCTA-derived information and no
information on patients’ risk factors or peri-coronary inflammation. For a better clinical
decision and improved outcomes, developing risk scores in combination with the patient’s
history and data regarding peri-coronary inflammation are of great importance.

4.2. Coronary Inflammation and the Severity of Lesions Expressed by the Duke Index

In the present study, several important findings arise regarding the association between
coronary inflammation and the severity of coronary lesions, as indicated by the modified
Duke index. Demographic characteristics reveal that individuals with a higher Duke
index, indicating more severe coronary lesions, tend to be of older age and have a higher
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prevalence of diabetes. This aligns with the existing literature, which suggests that both
age and diabetes are risk factors of more severe CAD [19,20]

The study’s analysis of peri-coronary inflammation as measured by the FAT using CT
imaging reveals nuanced insights. The FAl scores indicative of the degree of inflammation
were significantly higher in the RCA and LCX in the patients with a Duke index > 3
compared to those with a lower score. This suggests a correlation between the severity of
coronary lesions and the level of inflammation in these specific arteries. However, the LAD
did not show this trend, indicating that the relationship between coronary inflammation
and lesion severity might be artery-specific, as suggested by previous studies [21,22]

The lack of a significant difference in the FAI score percentiles between the two groups
across all three coronary arteries despite the observed differences in the FAI scores suggests
that while inflammation is indeed higher in patients with more severe lesions, it may
not exceed the expected range for their age group. This could imply that the extent of
inflammation in CAD might be more related to individual patient characteristics rather
than the severity of the disease itself [23].

The CaRi-Heart® risk score, which integrates the risks associated with coronary arteries
and patient-specific risk factors, showed a significantly higher risk of future fatal cardiac
events in patients with a high Duke index. This finding underscores the importance of
comprehensive risk assessment in patients with CAD considering not just the anatomical
severity of the disease, but also the inflammatory milieu and other patient-related factors.

ROC curve analysis for the CaRi-Heart” risk in predicting a high Duke index estab-
lishes a specific cut-off value with moderate sensitivity and specificity. This indicates the
potential utility of the CaRi-Heart” risk score in clinical settings for predicting lesion sever-
ity. Moreover, the significantly higher mean Duke index in the patients with a CaRi-Heart”
risk above the cut-off point solidifies the link between higher inflammation, more severe
coronary lesions, and an increased risk of fatal cardiac events.

4.3. Coronary Inflammation and Cardiovascular Risk

CAD, recognized as the primary contributor to global morbidity and mortality rates [24],
is now comprehensively perceived as a process characterized by multiple steps and factors,
with chronic inflammation playing a crucial role at each phase [25]. The diverse clinical
presentations of CAD, spanning from initial atherosclerotic changes to the advancement
of plaques and sudden coronary incidents, highlight the disease’s intricate nature. This
underscores the necessity for all-encompassing evaluation methods that prioritize inflam-
mation as the central element, especially in the onset of ACSs via triggering cardioembolic
events [26,27].

Recent progress in precision medicine for cardiovascular discase has been marked
by significant enhancements in risk assessment methodologies. Contemporary models
integrating a range of biomarkers, including those related to inflammation, have improved
the accuracy and subtlety of cardiovascular risk predictions. Notably, a link has been
established between various inflammatory biomarkers such as fibrinogen, interleukin 6
(IL-6), C-reactive protein (CRP), and galectin-3 and the onset of CVD [25].

A separate meta-analysis investigating the role of vascular inflammation biomarkers
in cardiovascular risk prediction further supports this trend. The analysis found that incor-
porating these biomarkers alongside traditional clinical risk factors significantly improves
the prediction of cardiovascular events. This finding accentuates the critical role of inflam-
mation markers in both the evaluation and management of the CVD risk [29]. Additionally,
contemporary research is reshaping the understanding of atherosclerosis. New lmdmg;
challenge the established behefs and bring to light a range of non-conventional risk factors
and intricate biological mechanisms underlying the disease. This evolving perspective
emphasizes the complexity of atherosclerosis and the necessity for advanced diagnostic
and management strategies in cardiovascular medicine [30].
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An emerging focus in cardiovascular research is the measurement of the FAI which
carries important clinical implications. Recent investigations have underscored the FAI's
significance as an innovative biomarker for evaluating cardiovascular risk [11,32]. The FA.I
score, recognized as a proprietary biomarker and a key component of the CaRi-Heart”
report, plays a pivotal role in quantifying coronary inflammation. It also serves to gauge an
individual's risk in comparison to a similar demographic group [13].

The development of the peri-coronary FAI as a biomarker for imaging coronary in-
flammation represents a significant advance in the field. Utilized in conjunction with
standard CTA, the FAI plays a crucial role in detecting vulnerable plaques, key indicators
for predicting and managing cardiovascular risks [33]. Beyond plaque identification, the
FAI's standardized application in CTA allows for non-invasive monitoring of coronary
artery inflammation. This method involves analyzing spatial variations in the composition
of perivascular fat, thus offering deeper insights into the inflammatory processes central to
CAD[11]. Additionally, this approach enhances prognostic accuracy beyond what tradi-
tional risk factors provide, highlighting the critical role of inflammation in comprehensive
cardiovascular risk evaluation [34]. Beside inflammation, we should also take into account
that CAD displays some differences regarding risk factors and pharmacological treatment,
which may influence the outcome [35,36].

The results of the current study must also be seen from the perspective of some lim-
itations. The present study is an observational one; while it can identify associations,
establishing a direct cause-and-effect relationship is challenging due to the potential influ-
ence of confounding variables. Another limitation of the study is the lack of follow-up data,
which would have been of great importance in monitoring the relationship between the
imaging markers studied and the cardiovascular outcome.

The present study indicates a correlation between the modified Duke index and per-
ilesional inflammation as assessed by the FAI score. The more pronounced inflammation
observed in patients with a modified Duke score >3 should lead to a more aggressive strat-
egy regarding statin treatment as a secondary prevention measure and to reduce mortality
in this category of patients. Quantifying both, the modified Duke score and peri-coronary
inflammation using the FAI could guide the decision of revascularization strategy for some
borderline lesions which present a high degree of inflammation and consequently constitute
lesions with an increased vulnerability. The current study emphasizes the additive role of
the FAI in the modified Duke score in making an optimal therapeutic decision.

5. Conclusions

The CT-derived modified Duke index correlates well with local perilesional inflamma-
tion as assessed by the FAI score at different levels of the coronary circulation. The CCTA
assessment of coronary inflammation may identify dangerous plaques and reveal increased
inflammation in the coronary tree of patients with a low-to-intermediate likelihood of CAD
and consequently guide the therapeutic decision.
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Abstract: Computed tomography angiography (CTA) has validated the use of pericoronary adipose
tissue (PCAT) attenuation as a credible indicator of coronary inflammation, playing a crucal role in
coronary artery disease (CAD). This study aimed to evaluate the long-term effects of high-dose statins
on PCAT attenuation at coronary lesion sites and changes in plaque distribution. Our prospective
observational study included 52 patients (mean age 60.43) with chest pain, a low-to-intermediate like-
lihood of CAD, who had documented atheromatous plaque through CTA, performed approximately
1 year and 3 years after inclusion. We utilized the advanced features of the CaRi-Heart™ and syngo.via
Frontier” systems to assess coronary plaques and changes in PCAT attenuation. The investigation of
changes in plaque morphology revealed significant alterations. Notably, in mixed plaques, calafied
portions increased (p < 0.0001), while non-calcified plaque volume (NCPV) decreased (p = 0.0209).
PCAT attenuation generally decreased after one year and remained low, indicating reduced inflam-
mation in the following arteries: left anterior descending artery (LAD) (p = 0.0142), left circumflex
artery (LCX) (p = 0.0513), and right coronary artery (RCA) (p = 0.1249). The CaRi-Heart” nisk also
decreased significantly (p = 0.0041). Linear regression analysis demonstrated a correlation between
increased PCAT attenuation and higher volumes of NCPV (p < 0.0001, r = 0.3032) and lipid-rich
plaque volume (p < 0.0001, r = 0.3281). Our study provides evidence that high-dose statin therapy
significantly reduces CAD risk factors, inflammation, and plaque vulnerability, as evidenced by the
notable decrease in PCAT attenuation, a critical indicator of plaque progression

Keywords: pericoronary adipose tissue inflammation; computed tomography angiography; fat
attenuation index score; atherosclerosis; coronary artery disease; high-dose statin

1. Introduction

Coronary artery disease (CAD) is a major global health challenge and the leading cause
of death worldwide, responsible for over nine million deaths in 2019 [1,2]. It manifests in
various forms, such as stable and unstable angina, myocardial infarction (MI), and sudden
cardiac death [3]. Significantly, a quarter of MI patients develop heart failure, which has a
high five-year mortality rate of 50%, placing considerable strain on healthcare systems [4].

Pericoronary adipose tissue (PCAT) is a specific type of epicardial adipose tissue (EAT)
that surrounds the coronary arteries, with distinct morphological and functional charac-
teristics despite its close proximity to EAT [5,6]. Emerging research suggests that PCAT
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plays a unique role in cardiovascular diseases, making both its quantitative and qualitative
assessment crucial for evaluating an individual’s risk of cardiometabolic disorders [5,7.8].
Vascular inflammation within PCAT is a hallmark of unstable “vulnerable” coronary
plaques and a key contributor to the progression of coronary atherosclerosis [9-11]. Utiliz-
ing computed tomography angiography (CTA) to measure the fat attenuation index (FAI)
has become clinically important for identifying high-risk patients [12,13] and assessing the
impact of anti-inflammatory treatments, such as how statins have been shown to reduce
the CT attenuation in EAT, indicating their therapeutic effect [ 11].

CTA serves as a noninvasive method for evaluating PCAT, using the FAI to monitor
changes in PCAT and track coronary plaque progression. An increase in PCAT density
often signifies various stages of CAD [13] and is associated with vulnerable plaque charac-
teristics, predictors of clinical incidents [15,16], especially in acute coronary syndrome [17].
However, the study of PCAT’s role in plaque progression is still emerging, limited by
patient numbers and follow-up duration, leaving the full impact of PCAT density changes
on plaque progression yet to be fully understood [15,19].

Statin therapy plays a crucial role in stabilizing plaques in CAD, mainly by reducing
low-density and fibro-fatty plaque volumes and increasing denser, calcium-rich plaques.
This increase in calcium in heart arteries further lowers plaque detachment risk [20]. Statins
waork through various mechanisms, including reducing lipid accumulation in plaques,
decreasing inflammation, and enhancing endothelial function [21,22]. They effectively
decrease plaque and external elastic membrane volumes without impacting the lumen
volume, primarily due to their anti-inflammatory properties. However, there are some
associated risks with intensive statin use [27].

Against this backdrop, our objective was to investigate the effects of extended high-
dose statin therapy on the FAI of PCAT at coronary lesion sites. Additionally, we sought to
assess alterations in plaque distribution over time, utilizing a 128-slice contrast-enhanced
CTA during follow-up appointments.

2. Results
2.1. Baseline Characteristics of the Study Population

In this study, we enrolled 52 participants who met all the previously outlined inclusion
criteria. The average age of these patients at the initial scan was 60.43 + 9.21 years, with
males constituting 65.38% (1 = 34) of the cohort. The cohort had a high prevalence of
traditional risk factors for CAD, with hypertension being the most prevalent at 84.61% (11 = 44).
Additionally, 63.46% (1 = 33) of the patients had hypetlipidemia, while diabetes mellitus and
smoking were present in 26.92% (1 = 14) and 17.30% (1 = 9) of the patients, respectively. A
considerable number of patients, accounting for 42.30% (1 = 22), indicated a family history
of CAD, underscoring the hereditary aspect of the disease in their familial background. The
composition of plaque types within the selected coronary arteries was categorized as follows:
54.06% (1 = 80) were calcified plaques, 4.73% (1 = 7) were non-calcified plaques, and 41.21%
(n = 61) were mixed plaques featuring both calcified and non-calcified components. The mean
calaum score among the participants was 127.5 + 72.96. The distribution across different
calcium score ranges was as follows: scores < 10 were observed in 5.77% (11 = 3), scores ranging
from 10 to 400 comprised the majority at 69.23% (1 = 36), and scores > 400 were found in
25.00% (n = 13). These findings are presented in Table 1.

Table 1. Clinical characteristics, comorbidities, and risk factors of the study population at baseline.

Parameters

Age at time of scan, year, mean + SD 6043 + 921 :
Male gender, 1 (%) 34 (65.38)

Body mass index (kg/m?), mean + SD 2857 + 436
Time until the second CTA scan (days), mean + SD 3724 + 68.06
Time until the last CTA scan (days), mean + SD 1103 + 1084

LVEF ! (%), mean + SD 4821 + 537
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Table 1. Cont

Parameters

Cardiovascular risk factors

Hypertension, 1 (%) 44 (8461)
Hypercholesterolemia, n (% 33 (63.46)
Diabetes mellitus, n (%) 14 (2692)
Smoking, n (%) 9(17.30)
Familial history of CAD 2, » (%) 22 (42.30)
Plague types
Caldified plaque, 1 (%) 80 (54.06)
Non-calafied plaque, 1 (%) 7(4.73)
Mixed plaque, n (%) 61 (41.21)
Lesion location:
LAD?, n (%) 87 (58.78)
LCX 4, n (%) 16 (10.81)
RCA S, n (%) 45 (30.41)

Calcium score, mean + SD 127.5 + 72.96

<10, n (%) 3(5.77)
10400, 1 (%) 36 (69.23)
>400, 1 (%) 13 (25.00)

! LVEF—left ventncular ejection fraction; 2 CAD—coronary artery disease; ' LAD—left anterior descending artery,
# LOX—lett circumflex artery; * RCA—right coronary artery.

2.2. Serial Changes in the Lipid Panel Outcontes during Follow-Up

After commencing statin therapy, the blood tests conducted during the first-year
follow-up revealed significant changes in lipid profiles. The average total cholesterol levels
decreased significantly from 194.3 + 66.76 to 145.2 = 34.7 (p = 0.0003). Notable alterations
were also observed in LDL-Cho and HDL-Cho levels, with LDL-Cho decreasing from
105.9 + 33.97 to 87.69 = 32.99 (p < 0.0001) and HDL-Cho increasing from 38.11 + 8.72 to
47.10 = 7.97 (p < 0.0001).

Long-term analysis at the time of the last visit revealed persistent significant differ-
ences in these parameters when comparing initial and final visits, with total cholesterol
(p < 0.0001), LDL-Cho (p < 0.0001), and HDL-Cho (p < 0.0001) all showing notable differ-
ences. Triglyceride levels also changed significantly after one year and showed a significant
long-term decrease from 188.7 £ 66.01 to 171.9 + 53.76 (p < 0.0001), reflecting effective
anti-triglyceride therapy. These findings are detailed in Table 2.

Table 2. Comparison of lipid panel outcomes across various follow-up appointments.

LiPidﬁl’roﬁle Parameters o st Visit 2nd yisii K-Va!ue s ’__Last Visﬁ - Ap-Valuei
T-Cho ! (mg/dL), mean + SD, [95% Cl] :?;631 > 2(]’(;:‘1’ []14225 S (3471 0.0003 :152771-14523 <0.0001
LDLCho? (mg/dL)mesn+SD, oSN Cl)  WSIEBT  FOLRB gy MR gy
 HDL-Cho ® (mg/dL, mean + 5D, 95% C1] fedhs lasedemy  ou 2L sian <0001
T mg/dmen 5D, BNCH  TASO0L IRALmA g, TLSAST o

! T-Cho—total chalesterol;  LDL-Cho—low-density lipoprotein cholesteral; * HDL-Cho—high-density lipoprotein
cholesterol; * TGs—triglycerides. * sec the description in the statistical analysis section of Section 4

2.3. Senal Changes of Plaque Features before and after Statin Treatment

Subsequently, we examined the morphological changes in plaque features during the
follow-up period. However, due to the minimal changes experienced during the short
(1 year) follow-up and the very time-consuming evaluation procedure, we only performed
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plaque analysis on the baseline CTA scans and the last multi-year control scans The study
observed an overall increase in the volume of calcified plaques, though this change was
not statistically significant between the initial and final follow-up CTA scans (p = 0.0773).
Regarding non-calcified plaques, changes were also noted, highlighting the dynamic and
variable nature of plaque morphology. However, only seven plaques were analyzed in this
category, and a significant transformation was observed solely in the CPV over a period of
3 years.

Figure 1 presents the TPV values for each plaque type, illustrating the shifts in
plaque morphology during the follow-up period. However, these changes were not
statistically significant.

In our longitudinal analysis of plaque morphology, we found the mixed plaques
particularly intriguing due to their dynamic Lhanges Specifically, the CI’V within these
plaques significantly increased from 53.92 + 31.29 mm? to 87.42 + 43. 48 mm? (p < 0.0001). ln

contrast, the NCPV significantly decreased from 180.5 + 66.81 mm” to 155.4 = 59,51 mm’

(p = 0.0209). Although the TPV increased, this chan,,e was not statistically significant,
moving from 237.4 + 70.0 mm® to 256.9 + 79.84 mm® (p = 0.1454). Further analysis ot

the NCPV showed an increase in the volume of fibrotic plaques from 154.8 + 63.04 mm’
” to 179.8 + 63.46 mm? (p = 0.0324), while lipid-rich plaques significantly decreased from
2094 +9.93 mm’ to 16,62 + 7.69 mm® (p = 0.0057). In summary, during the follow-up
period, there was a decrease in NCPV with significant changes in the FP'V and LRPV,
alongside a significant increase in CPV in mixed plaques. These findings are further

detailed in Table 3 and Figure 2.

The findings we have discussed are best validated by a specific instance from our
patient pool, which is depicted in detail in Figure 3. This illustration provides a clear view
of how statin therapy contributes to the reduction in FAl score and the alteration of plaque
characteristics, showcasing the changes in a patient over the course of treatment.

Table 3. Comparison of plaque changes at the baseline and final follow-up appointments

Serial Changes of Plaque Components 1st Scan Last Scan p-Value
Calcified phques (n = 80)
185.1 + 78.70 206.8 = 86.03
1 TPV 3 3 ’
TPV (mm?), mean + SD, [95% CI] [167 5-202.5] [187.7-226.0] 0.0773
Non-calcified plaques (1 =7)
__— 57.23 + 2696 55.51 + 24.25 .
3 N o, 2
m TPV (mm™), mean + SD, [95% Cl] (32.30-82.16] (33.09-77.94] 09122
L e R 47.36 + 31.04 49.70 + 2514 §
2 N/ 3 o §iE 9% el
RV (a6 ST 1%l B (18 65-76.06] [26.45-72.95] 0.8859
T W = 514 + 265 470 + 334 _
LRPV (inn1 ), mean + SD, [95% CI] _ [2.68-7.60] [1.60-7.79] 0.2070
S e 247 £ 189 ’
CPV (mm”), mean + SDi 195 ..CI! - 7 0 (071-4.22] 0.0137
Mixed p | plaques (1 = 61) .
23744 700 2569 + 7981
PV an + SD, [95% C1
TPV (mm?), mean + SD, | Cl] [219.5-255 4] [236.5-277.4] 0.1454
r— o 180.5 + 66,81 155.4 + 5951
NCPV (mm?), mean + SD, [95% CI] [163.3-197.6] [140.1-170.6] 0.0209

L TPv—total plaguc volume; * FP'V—tibrotic plaque volume; * LRPV—lipid-rich plaque volume; * CPV—calcified
NCI'V—non-calafied plaque volume.

plaque volume;
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Figure 1. Serial changes of total plaque volume (TPV) for each plaque type
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Figure 2. Serial changes of plaque components in the non-calcified and mixed plaque types (FPV—
fibrotic plaque volume; LRPV—lipid-rich plaque volume; CPV—calcified plaque volume)

2.4. Serial Changes of Lesion-Spectfic PCAT-FAI before and after Statin Treatment

For all lesions across the coronary arteries, follow-up data revealed that high-dose
statin therapy significantly altered the lesion-specific PCAT-FAI after nearly one year, with
a general trend of gradual decrease remaining thereafter at the last scan. Figure 4 displays
the diagrams that break down the data into the two specific follow-up intervals: 1 year and
over 3 years. The specific details for all the PCAT-FAI parameters are outlined separately.

It is important to note that the traditionally measured FAI in HU units showed a signif-
icant decrease only in the LAD at the one-year follow-up (—68.94 + 6.88 vs. ~72.83 + 6.29,
p = 0.0061). This reduction remained consistent up to the final scans (- 68.94 + 6.88 vs.

-71.75 = 8.07, p = 0.0138).

Regarding specific FAI scores, there was an overall decrease across all three coronary
arteries at the one-year mark compared to initial measurements. This decrease was si;.':-
nificant for the total score (16.78 + 8.76 vs. 12.05 + 7.88, p < 0.0001), LAD (1593 + 922
vs. 11.75 £7.35, p = 0.0109), LCX (14.78 + 735 vs. 10.80 + 7.27, p = 0.0029), and RCA
(19.60 = 8.99 vs. 13.13 = 8.34, p < 0.0001). Although these values started to increase slightly
by the time of the last CTA, a significant difference was maintained for the total score
(16,78 + 8.76 vs. 13.64 = 8.00, p = 0.0007), LAD (1593 + 9.22 vs. 12.03 £ 6.27, p = 0.0142),
and LCX (14.78 + 7.35 vs. 12.15 = 751, p = 0.0513). However, for the RCA, after 3 vears, the
FAl score increased to the point where the difference was no longer significant (19.60 + 899
vs. 1673 £ 9.17, p = 0.1249).
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Figure 3. A schematic illustration of a patient case showing a high baseline FAI score with subsequent
reduction in vascular inflammation after three years of statin therapy, along with an analysis ot
changes in plaque composition over the same follow-up period (PCAT—pericoronary adipose tissue;
FAl—fat attenuation index, CTA—computed tomography angiography, HU—Hounsfield units;
LAD—left anterior descending artery)

The FAI scores for the LAD, LCX, and RCA were plotted on percentile curves for
different age and sex groups, with their predictive value assessed using Cox proportional
hazards models. These models were adjusted for risk factors such as hypertension, dia-
betes, smoking, hyperlipidemia, high-risk plaque features, and the modified Duke CAD
prognostic index [24].

Concurrently, a notable shift in the PCAT-FAI score percentiles was observed, indicat-
ing a significant decrease across all three coronary arteries when comparing baseline scans
with subsequent scans. For the LAD, scores decreased from 72.88 + 16.22 to 64.96 + 24 45
(p = 0.0526) and further to 61.91 + 17.96 (p = 0.0044). The LCX scores dropped from
73.56 = 15.60 to 63.85 + 16.32 (p = 0.0120) and then to 60.18 + 18.07 (p < 0.0001). For the
RCA, the scores went from 81.73 + 13.61 to 70.73 + 18.98 (p =0.0001) and subsequently
changed to 71.72 + 19.21 (p = 0.0041).

There was a notable reduction in the CaRi-Heart™ Risk score between the initial and
second scans (3320 £ 22.07 vs. 17.78 + 1341, p = 0.0001). Although there was an increase
in the score at the time of the last visit, it still remained significantly lower compared to
the initial value (33.20 + 22.07 vs. 20.65 + 16.14, p = 0.0041), as depicted in Figure 5. The
CaRi-Heart™ analysis takes into account age and gender to assess coronary inflammation
and predicts the 8-year risk of a fatal cardiac event. This evaluation includes the FAI Score,
plaque burden, and various clinical risk factors
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2.5. Relationship between the PCAT-FAI Assessment and Plaque Component Morphology

Considering the individual PCAT-FAI score values for each plaque, we conducted a
linear regression analysis based on the baseline CTA scans. Intriguingly, this shed light on
what the literature has previously speculated but not studied with FAI scoring: an increase
in FAI score correlates with an increase in TPV (p = 0.0569, r = 0.0600), NCPV (p < 0.0001,
r = 0.3032), and significantly, with an increase in LRPV (p < 0.0001, r = 0.3281). However,
such a correlation was not found between the FAI score and the TPV of calcified plaques

(p = 0.4277), nor in the CPV (p = 0.2021) or FPV (p = 0.9992) of mixed plaques (Figure 6).
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It _‘ Mo ] | 3 Last scan
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~ 50+ [ ~50 ] -7195=507 T -
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Figure 4. Serial changes of PCAT-FAI before and after statin treatment during the scans (FAl—fat at-
tenuation index; HU—Hounsfield units; LAD—left anterior descending artery; LCX—left circumflex
artery; RCA—right coronary artery)
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Figure 6. Analyzing PCAT-FAI score in relation to plaque components using linear regres-
sion (TPV—total plaque volume; CP’'V—calcified plaque volume; FPV—fibrotic plaque volume,
NCPV—non-calcified plaque volume; LRPY—lipid-rich plaque volume; FAl—fat attenuation index)
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3. Discussion

Our study’s main outcome strongly supports the benefits of statin therapy in reducing
risk factors and inflammation associated with CAD. The data from our participant cohort,
demonstrating significant reductions in lipid levels, plaque-specific inflammation, and
changes in plaque structure, indicate that high-dose statin therapy has a positive impact on
both the biochemical and structural aspects of CAD pathology.

The FAI score correlates with the vulnerable component of plaque, a topic that recent
studies have investigated, particularly examining the relationship between PCAT-FAI and
the increase in NCPV and LRPV. These studies have focused on the predictive power
of PCAT attenuation and NCPV concerning MI. Research has demonstrated that PCAT
attenuation around the RCA can predict MI occurrence, making it a significant predictive
marker for assessing the 5-year MI risk [25]. Additionally, the combination of FAI and
plaque assessments has been shown to more effectively distinguish ischemia compared to
evaluations based solely on stenosis. This highlights the significance of FAI as a marker for
the risk of coronary atherosclerosis, supporting its strong association with the development
of coronary atherosclerosis and plaque vulnerability [26,27].

Statins not only improved lipid profiles but also seemed to induce a shift in plaque
morphology, with increases in CPV suggesting a move towards more stable plaque forms,
and a decrease in NCPV reflecting potential reductions in vulnerability to rupture.

This study’s findings resonate with existing research that links statin use with a
slowdown in CAD progression and improved lipid regulation [25]. It is well-established
that statins can notably decrease the advancement of atherosclerotic plaques and the
incidence of MACE, despite increasing coronary calcium, which may be indicative of plaque
stabilization [29-31]. The relevance of high-dose statins in delivering additional vascular
protection above standard doses is supported by clinical trials, though the appropriateness
of this therapy remains patient-specific due to the variability in clinical conditions and
risks [32,33]. Such therapy’s impact on the different components of coronary plaques has
also been substantiated, supporting the study’s report of differential changes in plaque
types [19,34].

Integrating recent advancements in CTA into our study enriches the understanding
of statin therapy in combating CAD. The use of radiomics and radio-transcriptomics for
detecting vulnerable plaques and forecasting potential cardiac events in both heart disease
and COVID-19 patients complements our findings about the role of statins in stabilizing
plaques. This highlights statins” dual role in both managing lipid levels and modifying
plaque composition to reduce instability. Adopting these sophisticated imaging methods
could deepen insights into the effectiveness of statin treatment, paving the way for more
tailored therapeutic approaches in CAD management [35,26].

Nonetheless, this research is constrained by factors such as its limited participant
number and relatively brief follow-up period, which may not fully reflect the long-term
effects of statin treatment. The potential for selection bias given by the sole use of CTA
scans for plaque evaluation also poses a limitation, as some plaques may not be detectable
by this method alone. The participant selection, characterized by a high prevalence of
traditional CAD risk factors, could additionally limit the generalizability of the study’s
results. Future research would benefit from a broader and more diverse cohort and an
extended monitoring timeline to validate the findings presented here. Utilizing a variety of
imaging techniques could offer a more nuanced view of the changes in plaque composition
over time.

In summary, the clinical implications of this study are significant, underlining the
importance of high-dose statin therapy in the management and potential modification of
CAD. The evidence of statin efficacy in improving lipid profiles, reducing plaque-specific
inflammation, and stabilizing plaque morphology holds considerable promise for CAD
treatment strategies. Although the study’s limitations indicate a need for ongoing research,
they do not undermine the current clinical application of its findings. Future studies,
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addressing these limitations, could provide even stronger support for the use of statins in
CAD management and prevention strategies.

4. Materials and Methods
4.1. Study Design and Population

In our single-center, longitudinal, prospective, observational, nonrandomized study,
109 patients with chest pain and a low to intermediate risk of CAD were recruited. These
participants underwent a detailed examination of their coronary anatomy, atherosclerotic
changes, FAI scoring, and plaque analysis using 128-slice CTA. The study was designed
to monitor the same group of individuals over time to observe any developments in their
condition. Follow-up periods were divided into two intervals: one spanning approximately
one year, and another extending beyond three years.

Our study applied the following inclusion criteria: (1) the initial CTA had to show
at least one lesion with a luminal stenosis of 25-49% in any major coronary artery with a
diameter of >2 mm, below CAD-RADS category 3; (2) participants had to be new to statin
therapy and free from any other lipid-lowering medications at the time of their baseline
scan. The following exclusion criteria were applied: (1) patients whose coronary CTA
results were not clear enough for quantitative assessment (1 = 23) or PCAT density analysis
(1 = 15) at either the initial or follow-up scans, precluding good quality analysis; (2) patients
who had clinical incidents leading to coronary revascularization in the interval between
their CTAs (1 = 19). After applying these exclusion criteria, the final analysis included
148 lesions from 52 patients (as shown in Figure 7).

Patients with a luminal stenosis of 25-49%
and 2 3 serial coronary CTA scans (n = 117)

patients with inconclusive coronary CTA results
for quantitative assessment (n = 23)

patients with inconclusive coronary CTA results
for PCAT density assessment (n = 15)

patients with incidents requiring coronary
revasculanzation between CTA's (n = 19)
patients who were lost to follow-up for various
reasons (n = 8)

Y
I 52 patients and 148 coronary lesions 1

Figure 7. DPatient recruitment flowchart (CTA—computed tomography angiography; PCAT
pericoronary adipose tissue).

At each visit, comprehensive lipid profiles, including measurements of total choles-
terol, triglycerides, low-density lipoprotein cholesterol (LDL-Cho), and high-density lipopro-
tein cholesterol (HDL-Cho) levels, were collected. Additionally, we meticulously recorded
demographic data, other laboratory test results, cardiovascular risk factors, and any new or
progressing symptoms for each participant.

4.2. Coronary CTA Acquisition Protocol

All study procedures utilized a 128-slice scanner (Somatom Definition AS, Siemens
Healthineers, Erlangen, Germany) for conducting CTA scans on all study participants.
Patients with heart rates under 65 bpm underwent scans with retrospective gating and
specific technical settings. If heart rates exceeded 65 bpm, beta-blockers were used to
achieve the target heart rate, with continuous blood pressure monitoring. The procedure
included a non-contrast coronary calcium scan, followed by an iodine contrast injection and
a saline flush, with patients holding their breath. The scans were systematically archived in
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a specialized electronic imaging database, which facilitated offline image post-processing
and cloud-based distribution.

4.3. Pericoronary Adipose Tissue FAI and Plaque Analysis

Images obtained from the scans were converted to DICOM format, anonymized, and
then securely sent to our collaborative research facility, the Centre of Caristo Diagnostics
in Oxford, UK, for post-processing. This process involved analyzing inflammation in the
PCAT for each coronary artery. Utilizing advanced artificial intelligence (A) algorithms
from CaRi-Heart” by Caristo Diagnostics (Centre of Caristo Diagnostics, Oxford, UK), the
PCAT-FAI and Al-based FAI scores were accurately calculated for each major coronary
artery across all patients.

The Al algorithms enhance the precision of the PCAT-FAI by measuring attenuation in
3D layers, each 1 mm thick, around the coronary arteries [6,37]. These algorithms perform
a series of complex operations, including segmenting cardiac structures and evaluating
the PCAT. They adjust for a range of scan-related variables to ensure that the PCAT-FAI
is a reliable marker of coronary inflammation, distinct from standard CT attenuation
values [25].

To clarify, the distinctions between FAI, FAI score, and CaRi-Heart™ risk are as follows:
(1) FAIL, measured in Hounsfield units (HU), offers an unmodified graphical depiction
of inflammation levels in the three primary epicardial coronary arteries; (2) FAI score
provides a customized evaluation, quantifying coronary inflammation in these arteries
while incorporating age and gender, and is expressed as a relative risk; (3) CaRi-Heart” risk
represents the absolute risk of experiencing a fatal cardiac event within the next eight years.
This risk assessment is based on individualized FAI score values, the extent of coronary
atherosclerotic plaque, and other clinical risk factors (diabetes, smoking, hyperlipidemia,
and hypertension) [39].

For the assessment of plaque characteristics and components at baseline and during
follow-up visits, we utilized the Syngo.via Frontier” (Syngo.Via, Siemens Healthineers,
Erlangen, Germany) offline workstation. This enabled us to measure various types of
plaque volumes, including total (TPV), calcified (CPV), non-calcified (NCPV), lipid-rich
(LRPV), and fibrotic (FPV) plaques. Furthermore, we visually categorized all target lesions
into one of three predefined types: calcified, non-calcified, or mixed (containing both
calcified and non-calcified components).

4.4. Statistical Analysis

Following the calculation of the PCAT-FAI for each coronary artery, the results were
transmitted to our institution and cataloged in a Microsoft Excel electronic database. For
statistical evaluation, we used GraphPad Prism 9.5 software (GraphPad Software, Inc.,
San Diego, CA, USA). Our analysis encompassed PCAT-FAI measurements across
148 coronary arteries, including 50 from the LAD, 48 from the LCX, and 50 from the
RCA. We also calculated the CaRi-Heart” risk scores for each participant.

Data from various follow-up periods were comparatively analyzed. We displayed
categorical data as counts and percentages, applying the Chi-square test or Fisher's ex-
act test for analysis, contingent on dataset dimensions. For continuous data, we pro-
vided means -+ standard deviations, employing the paired Student’s -test for normally
distributed datasets, or the Wilcoxon signed-rank test for those with skewed distribu-
tions. To explore the association between shifts in PCAT-FAI values and alterations in
plaque attributes, Pearson’s correlation was used for normally distributed variables, while
Spearman’s rank correlation was utilized for others. A p < 0.05 was used to denote
statistical significance.

5. Conclusions

Our study validates the efficacy of high-dose statin therapy in diminishing risk factors,
inflammation, and plaque vulnerability in CAD. It demonstrates that a high FAI score,
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indicative of inflamed PCAT and vulnerable plaque morphology, is significantly reduced
following high-dose statin treatment. This underscores the significance of the FAI score as
a predictive marker for the progression and evolution of CAD.
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Introduction: The pericoronary fat attenuation index (FAI) is an emerging computed to
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mography-derived marker for measuring vascular inflammation at coronary vessels. [t holds
prognostic significance for major cardiovascular events and enhances cardiac risk assessment,
complementing traditional risk factors and coronary artery calcium scores. However, the im-
act of local coronary circulation factors on pericoronary inflammation development in right
arsus left coronary arteries has not been clearly understood. Objective: This study aimed to
investigate the regional differences in Inflammation levels between the right and left coronary
arteries in four clinical scenarios: acute coronary event in the follow-up period, post-COV
ID patients, recent percutaneous intervention, and unstable angina with significant lesions
on native coronary arteries. Methods: The study included 153 patients (mean age 62 years,
70.5% male) who underwent clinically indicated coronary computed tomography angiography
(CCTA). Vulnerable plaque features were analyzed to identify high-risk plaques. FAI and the
FAI score, a score integrating risk factors and age, were calculated for each case at the left
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anterior descending artery (LAD), circumflex artery (LCX), and right coronary artery (RCA)
Results: A total of 459 coronary arteries were analyzed. Both FAI and FAI scores were higher
in the RCA (15.23 ¢ 11.97) compared to the LAD (10.55 « 6.78) and (1148 ¢ 6.5) LCX (p = 0.02)
FAI values showed a significantly higher level at the RCA (-7125 ¢ 7.47 HU) compared to the
LCX (-76 # 7.68 HU) and the LAD (-7304 + 8.9 HU, p <0.00m). This trend persisted across all
subgroups, including post-COVID CT scans (-75.49 ¢ 7.62 HU for RCA vs. -72.89 + 940 HU
for the LCX vs. -71.28 + 7.82 HU for the LAD, p = 0.01) and patients with high-risk plaques
(20.98 £ 16.29 for the RCA vs. 1177 + 7.68 for the LCX vs. 12.83 ¢ 6.47 for the LAD, p = 0.03).
Conclusion: Plaques in different coronary areas show varied vulnerability and inflammation
levels. The RCA, in particular, demonstrates greater inflammation susceptibility, with higher

CORRESPONDENCE

Botond-Barna Matyas
Str. Gheorghe Marinescu nr. 50

inflammation scores in areas surrounding the coronary plaques

Keywords: fat attenuation index, CaRi-Heart score, cardiac computed tomography angiography,

pericoronary inflammation

@TRODUCTION

Coronary artery disease (CAD), a leading cause of acute
myocardial infarction (MI), significantly affects both
lifespan and quality of life,’ while also placing a consider-
able financial strain on healthcare systems. Historically,
stable chest pain was primarily diagnosed using ischemia
tests, but these days, coronary computed tomography
angiography (CCTA) is gaining prominence. CCTA offers
detailed anatomical insights by identifying coronary ath-
erosclerotic plagues, even when significant myocardial
ischemia is not present.

The widespread adoption of CCTA as the first-line diag-
nostic approach for CAD is supported by large studies and
trials, such as the Scottish CT of the Heart trial.* This shift
is evident in various national and international guidelines,
including those from the National Institute for Health and

@ “are Excellence and the European Society of Cardiology."’

in the United Kingdom, following the recommendations
of the National Institute for Health and Care Excellence
could potentially save up to £16 million by prioritizing
CCTA for diagnosing stable chest pain.’

The latest guidelines of the European Society of Car-
diology also prioritize CCTA as a Class 1 recommendation
for chronic coronary syndromes. However, it is crucial to
recognize that CCTA and functional imaging have distinct
roles: CCTA can detect early CAD stages in asymptomatic
individuals without significant ischemia, which is not al-
ways achievable with functional imaging*

In individuals at ‘Jow risk’ and in early stages of CAD
without ischemia, determining the best diagnostic and
management strategies remains a challenge. The Agatston
coronary artery calcium (CAC) score is a common tool for
detecting atherosclerosis in asymptomatic people and is
known for its value in predicting primary prevention out-

540136 Targu Mures, Romania
Tel: +40 265 212111
Ermail: mukus44@gmatl.com

comes. However, while it helps to modify risk assessments,
the CAC score cannot rule out the presence of noncalcified
plaques, which might still be of high risk* Additionally,
treatments like statins, which lower cardiovascular risk,
often increase the CAC score.’ Notably, studies show that
about half of Ml events occur in patients without obstruc-
tive coronary atherosclerosis, often due to the rupture or
erosion of vulnerable plaques.®

CCTA, by focusing on the anatomy of plaques rather than
their hemodynamic impact, has enhanced our understand-
ing of ‘unstable plaques’ and their high-risk characteris-
tics. Despite these advancements, there remains an urgent
need to identify more precise and dynamic biomarkers for
recognizing vulnerable patients and plaques.

THE FAT ATTENUATION INDEX: A NEW MARKER
FOR ENHANCING CARDIAC RISK ASSESSMENT

The fat attenuation index (FAI) is an innovative imag-
ing-derived feature designed to meet the need for more
specific cardiovascular disease markers. It is a comput-
ed tomography (CT)-based marker that assesses three-
dimensional changes in CT attenuation within the peri-
coronary adipose tissue (PCAT) around affected coronary
artery segments, aiding in the detection of vascular in-
flammation.7 Pericoronary FAI, as a new CT-derived
marker, quantifies vascular inflammation directly at the
coronary vessels. Its ability to predict major adverse car-
diovascular events enhances cardiac risk assessment, of-
fering a significant improvement over traditional risk fac-
tors and the CAC score.

Atherosclerosis is fundamentally an inflammatory pro-
cess, and inflammation plays a crucial role in both the
development and progression of atherosclerotic plaques.”
Various hypotheses tried to explain the progression of
atheromatous plaques towards an unstable phenotype
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or, on contrary, towards stabilization.”*® Artificial intel-
ligence tools are currently used in an attempt to explain
these different patterns of evolution. Consequently, the
pursuit of noninvasive techniques to detect vascular in-
flammation has often been seen as a pinnacle objective in
cardiovascular diagnostics. This emphasis stems from the
understanding that early detection of inflammation could
lead to the timely identification of seemingly healthy in-
dividuals who are, in reality, at considerable risk for car-
diovascular disease.

When vascular inflammation is present, the human peri-
vascular adipose tissue experiences a change in its charac-
teristics due to the influence of proinflammatory signals
(such as TNF-a, IL-6, and IFN-y) released by the nearby
blood vessel in a paracrine manner. These signals appear

. s stimulate the breakdown of fats and inhibit the develop-
ment of adipocytes, leading to a transition from a lower to
a higher water-to-lipids ratio. This alteration in the peri-
vascular fat composition leads to a shift in its attenuation
on CCTA, whereby the Hounsfield unit (HU) values become
less negative (e.g., closer to -30 HU) in the aqueous phase, as
opposed to the more negative values (e.g., closer to -190 HU)
associated with lipid-rich regions.’

While the role of epicardial fat inflammation in athero-
sclerosis progression is now widely accepted, to the au-
thor’s knowledge there are very few studies investigat-
ing regional differences in levels of inflammation.”* The
influence of local factors related to coronary circulation in
the right versus left coronary bed on the development of
pericoronary inflammation has not been elucidated so far.

The aim of this study was to investigate whether there
are any regional differences in the level of inflammation

' stween the right and left coronary arteries in patients
with unstable coronary plaques.

MATERIALS AND METHODS

STUDY DESIGN AND POPULATION

The study enrolled 153 patients who exhibited typical
angina, had a low to intermediate clinical probability of
ischemic coronary artery disease, underwent clinically in-
dicated CCTA and presented atheromatous plaques with
characteristics indicating vulnerability at CCTA. The par-
ticipants had a mean age of 62 + 10 years, and 68% (n =
104) of them were men. These patients were categorized
into four distinct clinical scenarios (CS):

* CS1consisted in 26 patients who underwent a CCTA
examination and presented an acute coronary syn-

13

drome (ACS) in the post-CCTA follow-up period;

* (S 2 consisted in 72 patients who underwent CT im-
aging after COVID-19;

« CS 3 consisted in 18 patients with a history of percu-
taneous coronary angioplasty and a residual lesion in
a different coronary artery;

« CS 4 consisted in 37 patients with unstable angina
and significant lesions on native coronary arteries.

CCTA SCAN AND PLAQUE ASSESSMENT

In this study, each participant underwent a CCTA scan
at the CardioMed Center for Multimodality Imaging in
Targu Mures, Romania. The scans were performed using
a Siemens Somatom Definition AS 128-slice CT scanner
(Siemens Healthcare, Erlangen, Germany). The scanning
parameters included a tube voltage of 120 kV, a gantry ro-
tation time of 0.33 seconds, and a collimation of 128 x 0.6.
The scans were done using retrospective gating. To ensure
an optimal heart rate for the examination, ideally below
65 bpm, patients were administered beta-blockers prior
to the scan.

To assess the CAC score in the arteries, an initial native
scan was conducted. Then, patients were administered an
iodine-containing contrast agent, varying between 80—
100 mL based on their body weight. To clear the contrast
agent, a 50 mL saline solution was injected at a rate of
5.6—6 mL/s while the patient held their breath.

The CCTA examinations were stored in a specialized
electronic database, allowing for offline imaging post-
processing and cloud-based distribution. During analysis,
all classical plaque features linked to vulnerability were
examined to identify high-risk plaques. The FAI and the
corresponding FAI score, which considers risk factors
and age, were calculated for each case at the level of the
left anterior descending artery (LAD), circumflex artery
(LCX), and right coronary artery (RCA). The post-pro-
cessing, PCAT mapping, and FAI analysis were conducted
using a validated algorithm from Caristo Diagnostics (Ox-
ford, United Kingdom).

FAI was measured in HU and reflects how X-rays are at -
tenuated or weakened as they pass through adipose tissue.
It serves as an unadjusted, visual representation of inflam-
mation levels in the three main epicardial coronary arter-
ies. A higher FAI value, nearing -30 HU, indicates more
inflammation in the perivascular adipose tissue, whereas
a lower FAI value, of around -180 HU, suggests less in-
flammation. The FAI score, calculated for each primary
coronary artery, incorporates the FAI and adjusts it based
on technical scan parameters like tube voltage, anatomi-
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FIGURE 1. CCTA image of the three major coronary arteries and a
color representation of FAI analysis for the same patient.  Yellow
areas represent zones with low inflammation, while red and blue
areas represent zones with high inflammation

cal factors influencing fat distribution around the arteries,
d basic demographic data such as age and gender. High-
er FAI scores are associated with an increased risk of fatal
cardiac events. This score is further refined using specific
nomograms for each coronary region, offering a tailored
assessment of inflammation in those areas and providing
FAI score percentiles. In essence, FAI quantifies the X-ray
attenuation by adipose tissue, while the FAI score offers a
personalized indication of coronary inflammation, adjust-
ing for age and gender, and expressed as a relative risk.
Figure 1 shows an example of CCTA images of the three
major coronary arteries and the inflammation analysis
with the resulting FAI map. Blue colors represent a high-
er level of inflammation and yellow ones a lower level of
inflammation. Figure 2 shows two examples of FAI score
percentiles: a patient with a high level of inflammation
and a high FAI score percentile (Figure 2A) and a patient
with a moderate level of inflammation and moderate FAI
score percentile (Figure 2B).

All study procedures were performed in accordance with
the Declaration of Helsinki. All patients gave informed
consent for participation in the study, and the study was
approved by the ethics committee of the hospital

STATISTICAL ANALYSIS

The PCAT-FAI data for each coronary artery was stored
in a Microsoft Excel database (Microsoft Corporation,
Redmond, USA) and analyzed using GraphPad Prism 9.5
software (GraphPad Software Inc., San Diego, USA). This
analysis involved comparing the RCA with the left coro-
nary arteries (LCA, averaging values from the LAD and
the LCX) for all patient groups and subgroups. Addition
ally, comparisons were made between the RCA, LAD, and
LCX. Categorical variables were analyzed using the chi
squared test, and numerical data with Mann-Whitney or
Student's t-tests. When appropriate, one-way analysis
of variance (ANOVA) was performed. Pearson correla-
tion was used to assess relationships between PCAT-FAI
and other variables, with a two-sided p value of <0.05
deemed significant.

RESULTS

In total, 459 coronary arteries of the 153 patients were In-
cluded in the analysis, and both FAI and FAI score were
higher at the level of the RCA compared with the LAD and
the LCX. Patient characteristics, together with main bio-
chemistry, echocardiographic data and calcium score at
CT for each clinical scenario are presented in Table 1

The results of FAI analysis in the entire group and in
the different CSs are presented in Table 2. A statistically
significant difference was found between right and left
coronary circulation in the entire study lot (Figure 2). The
FAI score was 15.23 + 11.97 at the RCA vs. 10.55 ¢ 6.78 at
the LAD and 11.48 + 6.5 for the LCX (p = 0.02). Interest-
ingly, there was also a significant difference between the
RCA and the two LCAs taken separately, as indicated in
Figure 3. A significantly higher value of FAI at the level
of the RCA was noted in comparison with the other two
coronary arteries: -76 + 7.68 HU for the LCX compared to
-73.04 + 8.9 HU for the LAD and -71.25 + 7.47 HU for the
RCA (p <0.0001).

This difference was more expressed in post-COVID pa-
tients (FAI score 16.86 + 14.9 for the RCA vs. 1048 £ 6.24
for the LCX and 10.48 + 6.24 for the LAD, p = 0.01), and in
patients with residual lesions after PCI (20.98 + 16.29 for
the RCA vs. 11.77 + 7.68 for the LCX and 12.83 + 6.47 for the
LAD, p = 0.08 (Table 3).
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FIGURE 2. FAl score percentiles in two patients with different inflammation levels. A = FAl analysis in a patient
with high inflammation. There is a high FAI score percentile in all three coronary arteries, but more expressed in the
RCA. B ~ FAl analysis in a patient with moderate inflammation. There is a moderate FAI score percentile in all three

' coronary arteries,
Subgroup analysis in the four CSs comparing RCA vs. 6.7, p = 0.04)) and larger FAI score percentiles (0.74
LCA revealed the following: + 0.3 Vs, 0.64 + 026, p = 0.002) (Figure 4C);
* in CS 4, a significant difference was observed in the
« in CS 1, no statistical difference was observed be- RCA regarding the FAI score percentiles (0.71 + 0.31

tween the RCA and LCA regarding FAl (-74.57 + 8.8
vs. =74.54 £ 7.2, p = 0.7), FAI score (14.83 = 10.19 vs.
12.54 + 6.7, p = 0.3), or FAI score percentiles (0.62 +
0.26 vs. 0.57 + 0.27, p = 0.5) (Figure 4A);

in CS 2, the RCA exhibited a significantly higher
FAI score compared to the LCAs (16.86 + 14.9 vs.
11.29 + 8.1, p = 0.006) and higher FAI score percen-
tiles (0.71 + 0.2 vs. 0.68 £ 0.24, p = 0.001), without
a statistical difference in the FAI measured as HU
(Figure 4B);

in CS 3, the RCA coronary artery showed a higher FAl
score compared to the LCAS (20.98 + 16.2 vs. 12.3 +

vs. 0.65 £ 0.2, p <0.001), while the FAI score did not
show statistical differences among the coronary ar-
teries (Figure 4D).

DISCUSSION

We conducted an observational, single-center study to
assess differences in topography of inflammation in the
right vs. the left coronary arterial system in patients who
underwent clinically indicated CCTA.

Our findings indicate significant variations in fat at-
tenuation measurements, suggesting different degrees
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TABLE 1. Patient characteristics, main biochemistry results and imaging data in the study groups

' Variable Total(n=153)  C€Si(n=26)  CSa(n=72)  C€S3(n=18)  CS&aln=37)
1 Age, years 62110 66 ¢ 10 60 2 10 6329 62110
| Gender, male, n (%) 104 (68%) 1 (63%) 45 (63%) 14 (77%) 29 (78%)
| Hypertension, n (%) 129 (84%) 25 (96%) 58 (B01%) 16 (88%) 30 (B1%)
f Diabetes mellitus, n (%) 42(27%) 11 (42%) 18 (265%) 6(31%) 7 (18%)
I Hypercholesterolemia, n (%) 77 (50%) 19(73%) 30 (42%) B (44%) 20 (54™)
Atrial fibrillation, n (%) 32 (20%) 4 (15%) 17 (23%) 1(5%) 10 (26%)
| Chronic kidney disease, n (%) 14 (9%) 3(11%) 4 (14%) 2(11%) 5(13%)
| Heart failure, n (%) 8 (77%) 21 (B0%) 56 (77%) 17 (94%) 24 (64%)
) Serum cholesterol, mean ¢ SD (mg/dL) 167.6 2 47 166.3 ¢ 4LO 163 ¢ L4 168.9 ¢ 59 1719 ¢ 50
\ Ejection fraction, mean ¢ SD (%) 46+ 6.6 476 4627 4525 4815
\ Creatinine, mean + SD (mg/dL) 0096202 092+02 092:02 089¢02 1203
Calclum score, mean ¢+ SD 164 £ 138 98 ¢+ 37 198 ¢ 176 138 = 53 154 ¢ 95

of inflammation within the different coronary territories.
We found regional differences in fat attenuation measure-
ments and FAI scores between the RCA and the other cor-
onary arteries in each scenario. This suggests variations
in the composition and characteristics of atheromatous
plaques within the different coronary arteries, highlight-
ing the importance of considering the specific artery in-
volved in the assessment of coronary artery disease. Such
differences provide valuable insights into the distribution
and composition of atheromatous plaques across the cor-
onary vasculature.

It is important to note that the FAI value is not static
and can be affected by various treatments, such as statins,
anti-inflammatory medications, and disease-modifying
therapies. In a detailed analysis of the CRISP-CT study, it

was noted that FAI has lost its significant predictive value
for future adverse events in patients who started taking
statins or aspirin after their coronary CCTA."' This obser-
vation aligns with findings from other research groups,
who demonstrated that perivascular FAI is a dynamic
marker, responsive to statin therapy. They observed a
notable reduction in PCAT-FAI around noncalcified and
mixed plagues, although this effect was not seen with cal-
cified plagues. This reduction may be due to the role of
statins in stabilizing vulnerable plaques by shrinking the
necrotic core.'

While systemic risk factors have a key role in the de-
velopment of CAD, the site-specific emergence of ath-
eroscleratic lesions depends on local hemodynamical pa-
rameters. The difference in inflammation levels between

TABLE 2. FAl analysis of coronary inflammation in the right vs. left coronary system for each CS

) cs RCA Lca p value
Total FAI “7125¢ 74 ~73712 69 046
| FAI score 15.23 2 11.97 1193 « 806 0.002
; FAI score percentile 07:02 065102 0.001
CS 1 - ACS in the follow-up period FAI ~7457 + 8.8 ~74.54 + 7.2 077
FAl score 1483 2101 1254 £ 6.7 03
FAl score percentile 062202 057 +02 05
CS 2 - post-COVID FAl -7289 £ 9.4 ~7339+ 71 0.7
FAl score 16,86 = 14.9 1129 ¢ 81 0.006
FAl score percentile 071202 068 02 0.001
CS 3 - high-risk residual lesions FAl 7365282 “79MN 247 03
FAI score 2098 £16.2 123267 0.04
FAl score percentile 07403 0.64¢02 0002
CS 4 - high-risk, native vessels FAl -7189 ¢ 85 ~7175+ 71 06
FAl score 1526 + 226 1158 £ 9.5 [i83
FAl score percentile 071203 065202 <0001
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FIGURE 3. FAl assessment of coronary inflammation in the three coronary arteries, based
on FAI, FAI score, and FAI scare percentiles. A — comparison between the left and right coro-
nary system; B = comparison between the three coronary arteries individually.

coronary areas may be due to varying blood flow patterns
Endothelial cells react to wall shear stress, a force from
blood flow, by regulating gene and protein expression.
This regulation affects vascular development and main-
tenance. High, steady shear stress keeps these cells dor-
mant, but low or irregular stress activates them, leading
to inflammation. Interactions between shear stress and
pro-inflammatory cytokines like tumor necrosis factor
and interleukin-1p are also important. These cytokines
induce inflammation, with high shear stress reducing
their activation effect on endothelial cells, while low
stress enhances it."”

Many studies have examined the distribution of ath-
erosclerotic plaques in the human arterial system, of-
ten finding that these plaques are commonly located in
areas where arteries have complex geometries, leading
to irregular blood flow. These findings have widely es

tablished the idea that local hemodynamic factors, such
as blood flow patterns and wall shear stress, might con-
tribute to the onset of atherosclerosis and, crucially, its
advancement.'®

CONCLUSION

Plaques located in different coronary territories exhib-
it different vulnerability patterns and different levels
of inflammation. The RCA seems to have a more pro-
nounced susceptibility to inflammation, right coronary
plaques exhibiting higher inflammation scores in the
territories surrounding coronary plaques. These findings
highlight regional differences in fat attenuation mea-
surements and FAI scores, particularly between the RCA
and the other coronary arteries within each scenario. It
indicates variations in the composition and characteris -
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TABLE 3. FAl, FAI score and FAI score percentiles for each €S in each coronary artery

cs RCA LAD LCX p value

Total FAl 7125 ¢ 74 73.04 ¢ 8.9 76 £ 7.6 <0.0001
FAl score 1521¢ 1019 1055267 LB 2 65 002

FAI score percentile 073102 06202 072202 00001
CS1 = ACS In the follow-up period FAI 7613 2 6.69 71922843 0.59
FAl score 1483 ¢ 101 1279 + 8.09 12922 6.01 018
FAI score percentile 062202 057+ 028 061+ 030 )78

CS 2 - post-COVID FAl 7280 £ 94 7549 ¢ 7.62 7289 ¢ 940 0.206
FAl score 1686 £ 149 9.47 £ 6.02 1048 £ 6.24 00101

FAl score percentile 071202 065+ 028 0.78 £ 0.20 0.003

CS 3 = high-risk residual lesions FAl 73.65 2 8.2 7876 £ 6,01 7365 ¢« K28 0.0303%
FAl score 2098 £ 162 11.77 ¢+ 7.68 1283 £ 647 0008
FAl score percentile 074103 0.59 £ 0.29 0732022 0.005
CS 4 - high-risk, native vessels FAl -7189 ¢ 85 75.551 8.9 7189 ¢ 85¢ 0.445
. FAl score 15.26 + 226 1056 ¢ 7.28 1187 £ 7.3 0.018
FAl score percentile 071403 0.59 £ 028 074 ¢ 0.20 ).0012
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FIGURE 4. FAl assessment of coronary inflammation in the four clinical scenarios, based on
FAI score percentiles. A = €51, B = (52, € — (53, D ~ (54

RCA LCA




Journal of Cardiovascular Emergencies 2023;9(4):111-119

tics of atheromatous plaques across different coronary
arteries, emphasizing the importance of considering the
specific artery involved in the assessment of coronary

artery disease.
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Background: Cardiac arrest (CA) is the most severe complication of acute myocardial infarc- Received: September 15, 2022
tion (AMI), Besides the location and severity of coronary occlusion, different factors may have ~ Accepted: September 22, 2022
significant role in the pathogenesis of AMI-related cardiac arrest (CA), but their contribution
is still under investigation. The aim of the study was to investigate the cardiac magnetic reso-
nance (CMR) features of myocardial injury associated with a higher risk of CA accompanying
an AMI. Methods: In total, 918 myocardial segments from 54 post-AMI patients undergoing
CMR imaging with delayed gadolinium enhancement were enrolled in the study, of which
18.54% presented CA during the acute phase of AML In all patients, infarct mass, the pro-
portion of high transmurality extent, and scar mass at different myocardial segments were
calculated using QMap software (Medis BV). Results: Compared to patients without CA, those
with CA had a significantly higher infarct size (p = 0.03) and a higher degree of transmurality
(29.28% vs. 14.1%, p = 0.01), The risk of CA during the acute phase was significantly higher in
patients in whom the location of myocardial injury was at the level of latero-apical, antero-
( lateral, and basal anterior segments. Group 1 presented a larger infarct size at the level of the
latero-apical (33.9 + 30.6 gvs.13.6 £ 17.3 g, p = 0.02), anterolateral (26.5 + 290 gvs. 8.9 £ 12.8
g, p = 0.02), and anterobasal segment (20.1 £ 21.5 g vs. 7.8 £ 147 g, p = 0.02). Conclusions:
CMR imaging identified infarct mass, high transmurality degree, and large myocardial injury
as features associated with an increased risk of CA in the acute phase of AMI, especially at the ~ Constantin Tolescu

level of anterolateral segments Str. Gheorghe Marinescu nr. 50
540139 Targu Mures, Romania
Keywords: cardiac arrest, acute myocardial infarction, cardiac magnetic resonance, infarct  Tel: +40 372 653 100

size, infarct location E-mail: cristi tolescugs @gmail. com

CORRESPONDENCE

Evelin Szabo- Str Ghieorghe Matinescu . 50, 540139 Targu Murey, Romania Tel: «40 372 653 100, E-mail: szaboevelin228yahoo com
Lehel Bordl Str Gheorghe Marinescu nr 50, 540139 Targu Murey, RKomania Tel. «40 372 653100, E-mail. bordi lehel @yahoo com
Theofana Mihalla Str Gheorghe Marinescu ny 50, 540139 Targu Mures, Romania Tel: «40 372 653 100, E-mail: theofana_m@yahoo com
Imre Benedek Str Gheorghe Marinescu nr. 50, 540139 Targu Mures, Fomania. Tel: «40 172 653 100, E-mail. imtebenedek@yahoo com




Journal of Cardiovascular Emergencies 2022;8(3):54-58 55

INTRODUCTION

Despite significant advances in cardiology over the past
few decades, sudden cardiac arrest (SCA) remains a major
challenge in cardiovascular medicine. The identification
of clinical characteristics associated with SCA may have a
strong impact on patient management, in the attempt to
reduce all-cause mortality in these critical cases.'

Cardiac magnetic resonance (CMR) has the ability to
noninvasively characterize the structure of the heart
muscle tissue in a unique way, in parallel with measure-
ment of the volumes and size of the replacement fibro-
sis.*? CMR is the gold-standard modality for structural
and functional myocardial evaluation, being also able
to provide extremely accurate information about tissue
characterization. Late gadolinium enhancement (LGE) for
replacement fibrosis, T1 imaging for interstitial fibrosis,
and T2 imaging for myocardial edema/inflammation are
the most frequently used methods in CMR imaging for the
complex evaluation of post-myocardial patients.**

CMR imaging is an important part of a diagnostic test
in patients who have survived SCA.® At the same time,
CMR is important for risk assessment, treatment strategy,
and long-term follow-up of patients with ischemic heart
disease, including those with ST-elevation myocardial
infarction (STEMI) to visualize and quantify permanent
myocardial injury.’

It is well known that in patients with AMI, the size of
myocardial necrosis and the transmurality degree de-
pends on many factors including the presence of collat-
eral blood flow, the time between the first symptoms and
completion of revascularization, and the effectiveness of
revascularization.

The aim of this study was to investigate the CMR fea-
tures of myocardial injury associated with a higher risk
of cardiac arrest (CA) accompanying an acute myocardial
infarction (AMI).

MATERIAL AND METHODS

STUDY POPULATION

This single-center, non-randomized, observational study
was conducted in the Laboratory of Advanced Research in
Cardiac Multimodal Imaging of the Cardio Med Medical
Center, Targu Mureg, Romania. In total, 54 patients with
recent AMI were enrolled in the study. All patients un-
derwent post-AMI CMR imaging with LGE, performed one
month after the infarction to evaluate the infarct size and
transmurality index

STUDY GROUPS

The study population was divided into two groups: group
1 — 8 patients who survived a CA in the acute phase of an
AMI, and group 2 - 46 patients, matched for age and gen-
der, with AMI but without CA. In all patients, infarct mass,
the proportion of high transmural extent, and scar mass
at different myocardial segments were calculated using
Medis Suite 2.1 with the Qmass 8.1 application. The study
protocol is illustrated in Figure 1

CMR IMAGING AND LEFT VENTRICULAR ASSESSMENT

All CMR examinations were performed with commer
cially available 1.5 T Siemens Magnetomn Aera MRI equip

Chest pain STEMI ]
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CMR imaging: infarct size and high transmurality extent

FIGURE 1. Diagram of the study protocol
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ment (Siemens, Erlangen, Germany). CMR image series
were used to calculate indexed left ventricular (LV) mass,
LV ejection fraction (LVEF), LV end-diastolic volume
(LVEDV), LV end-systolic volume (LVESV), and cardiac
output (CO). Image post-processing was performed with
Medis QMass 8.1 software (Medis, Leiden, the Nether-
lands). LGE image processing and delayed signal inten-
sity (DSI) analysis were performed in 1012 consecutive
short-axis LGE images. For segmentation, full width at
half maximum automated thresholding with hyperen-
hancement on LGE was used. Epi- and endocardial con-
tours were drawn manually in short-axis images (exclud-
ing papillary muscles). The transmurality threshold was
set to 50%. The following CMR-derived parameters were
determined: LV myocardium volume (mL), myocardium
mass (g), infarct size volume (mL), infarct size mass (g),
infarct size percentage (%), high transmural extent (mL),
and high transmural extent (g).

STATISTICAL ANALYSIS

The collected data was statistically analyzed with Graph
Pad InStat 3.10 software (GraphPad Software, Inc., San Di-
ego, USA). Quantitative variables were expressed as mean
+ standard deviation, and binary variables as integer val-
ues and percentages. Unpaired Student's t-test and the
Mann-Whitney test were used for comparison of contin-
uous variables between groups, and Fischer's exact test
was used for the comparison of categorical variables. The
threshold for statistical significance was set at p <0.05,
and all statistical tests were two-sided.

ETHICS

The study protocol has been approved by the ethics com-
mittee of Cardio Med center and of the “George Emil
Palade” University of Medicine, Pharmacy, Science and
Technology. All study subjects provided written informed
consent, and study procedures were carried out in accor-
dance with the code of ethics of the World Medical Asso-
ciation’s Declaration of Helsinki.

RESULTS

CLINICAL CHARACTERISTICS OF THE STUDY POPULATION

The clinical characteristics of the study population are
presented in Table 1. There were no significant differences
between CA and non-CA groups regarding age (p = 0.8),
female gender (p = 0.24), and comorbidities such as hy-

TABLE 1. Clinical characteristics of the study population

Group 1 Group 2 p value

CAgroup  Non-CA group

(n=8) (n = 46)
Age, years 556 2155 56.7 £ 1.63 08
Gender, fernale, n (%) 4 (50%) 13 (28.26%) 0.24,
Hypertension, n (%) 4 (50%) 36 (78.26™) 0.18
Current smoking, n (%) 4 (50 %) 21 (45.6%) >0.9
Diabetes, n (%) 1(12.5%) 10 (21.7%) »0.9

pertension (p = 0.18), smaking status (p = 0.9), and diabe-
tes mellitus type 2 (p = 0.9).

CMR DATA IN THE STUDY POPULATION

The CMR data in this study population are presented in
Table 2. Compared to patients without CA, those with CA
had a significantly higher infarct mass (47.9 + 38 gvs. 23.3
+ 17.8 g, p = 0.03), infarct mass % (26.9 + 17.3% vs. 15.1
+ 8.6%, p = 0.02), and a higher degree of transmurality
(29.28 + 20.2% vs. 14.1 + 9.2%, p = 0.01) (Figure 2). The
CMR results indicate that the risk of CA during the acute
phase was significantly higher in patients in whom the lo-
cation of myocardial injury was at the level of latero-api-
cal, anterolateral, and anterobasal segments. Group 1 pre-
sented a larger infarct size at the level of the latero-apical
(33.9 + 30.6 gvs.13.6 £ 17.3 g, p = 0.02), anterolateral (26.5
+290gvs 8.9 +128 g, p = 0.02), and anterobasal seg-
ment (201 + 21.5 gvs. 7.8 + 14.7 g, p = 0.02) (Figure 3).

DISCUSSION

Among the available imaging methods, CMR is consid-
ered the gold standard for determining infarct size and
transmurality in STEMI patients.* LGE CMR is the recom-
mended approach to quantify infarct dimensions.” In the
case of AMI, the rupture of the heart muscle cells allows
the diffusion of gadolinium-based agents into the intra-
cellular space. This results in “hyperenhancement” of the
infarcted area compared to healthy myocardium.” The
prognostic validity of CMR-determined acute infarct size
is associated with other established clinical risk factors
such as LVEF.

CMR markers are superior to clinical risk scores in as-
sessing the presence or risk of LV dysfunction.” There-
fore, infarct size assessment performed with LGE-CMR
offers the possibility of more accurate clinical risk predic-
tion in STEMI patients. Previous studies have confirmed
that STEMI patients with myocardial injury at the level of
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TABLE 2. CMR data in the study population

Group 1 Group 2 p value
CA group Non-CA group
(n=8) (n=46)
Left ventricle myocardium mass (g) 164, ¢ 41 144 £ 40 02
Infarct size mass (%) L7938 233178 003
Infarct size percentage (%) 2692173 151+ 86 0.02
High transmural extent (g) 5222452 219 £ 187 0.02
High transmural extent (%) 2028 £ 202 141292 om
Infarct mass septal apical (g) 3092+ 355 3218 2 3512 089
Infarct mass antero-apical (g) 30.13 £ 25.66 2566 ¢ 2847 06y
Infarct mass latero-apical () 339 2 306 136 £173 0.02
Infarct mass infero-apical (g) 258 £ 266 1812 237 0.39
Infarct mass mid anteroseptal (g) 3292366 2124 ¢ 251 06
Infarct mass mid anterior (g) 2871355 128 202 03
Infarct mass mid anterolateral (g) 26,5+ 29 89128 0.02
Infarct mass mid inferolateral (g) 27.7 £ 30.02 18.9 £ 252 036
Infarct mass mid inferior (g) 215 22528 1486 2 204 0.54
Infarct mass mid inferoseptal (g) 223¢279 12.0 £1726 0.36
Infarct mass basal anteroseptal (g) 1825 = 211 1501 +17.08 077
Infarct mass basal anterior (g) 2012215 78 2147 0.03
Infarct mass basal anterolateral (g) 18.6 ¢+ 274 73213 0.47
Infarct mass basal inferior (g) 185 £ 253 15.4 227 048
Infarct mass basal inferoseptal (g) 174 ¢ 2006 188 + 205 0.96

the anterior wall are at increased risk of adverse left ven-
tricular remodeling, heart failure, and death.” However,
it has not been clarified whether the worse outcome can
be attributed to the specific characteristics of the infarct
site alone in patients with anterior wall STEMI, or whether
only these patients have a larger infarct size and transmu-
rality." Our study indicates that there are several locations
of myocardial necrosis which seem more prone to produce
2 CA, and these are located especially at the level of ante-
rior and lateral segments.

wm  CAgrouw
wza  non CAgroup
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FIGURE 2. Comparative analysis of LV mass, infarct size, and
transmurality between study groups

The injection of stem cells in the ventricular myocar-
dium of post-MI patients had a significant limitation re-
sulting from the pro-arrhythmogenic effect of the stem
cells, especially when intra-myocardial route is selected
for injection instead of intra-arterial way."" In light of
the current study, if different myocardial segments have
different arrhythmogenic potential, it can be speculated
that the pro-arrhythmogenic effect of stem cells at the

e CAgroup
wmx  non CAgroup

FIGURE 3. Patients with myocardial injury located in the antero
lateral, latero-apical, and anterior segments were more prone to
develop cardiac arrest during the acute phase of AMI
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level of myocardial tissue may be avoided if the location
of the injection is selected in areas less predisposed to CA.

In our study, patients with a large myocardial scar in
the anterolateral segments had a higher incidence of CA in
the acute phase, suggesting the existence of a causal rela-
tionship between necrosis location and the risk of sudden
death. This may explain why patients with myocardial in-
farction of limited severity may develop CA if the location
of the myocardial necrosis is in an area predisposed to ar-
rhythmic complications.

CONCLUSION

Myocardial mass, high transmurality extent at CMR im-
aging, and a large myocardial injury identified by CMR at
the anterior and lateral ventricular segments level seem
to be associated with an increased risk of CA in the acute

phase of AMI.
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Cardiovascular disorders have been described as relevant risk factor for severe COVID infec-  Received: July 13 2022
tion. Stent thrombosis is a life-threatening complication that may occur subacutely. We pres-  Accepted: August 15, 2022
ent an interesting case of a middle-aged woman who developed acute stent thrombosis while

interrupting dual antiplatelet therapy (DAPT) ticagrelor, during an episode of coronavirus

disease (COVID-19). In our case, the patient’s not-compliance to DAPT, associated with CO-

VID-19 infection and a hyperinflammatory and hypercoagulable state associated with it played
amajor role in the development of stent thrombosis. The hypercoagulable and hyperinflam-
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risk of post-PCI complications.
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INTRODUCTION

The COVID-19 pandemic has adversely affected the man-
@& ment of the entire spectrum of nencommunicable
1seases. It also had a very strong effect on delivery of
healthcare for cardiovascular disease, which remains the
leading cause of death worldwide.!?

COVID-19 was associated with a significant and abrupt
reduction in cardiovascular diagnostic tests across the
globe. At the same time, SARS-CoV-2 infection was as-
sociated with a significantly longer hospital stay and ven-
tilation time, higher mortality rates, and various postop-
erative complications.'*

Cardiovascular disorders have been described as rel-
evant risk factors for severe COVID infection. On the other
hand, COVID infection has also been associated with new-
onset cardiovascular injuries**

540136 Targu Mures, Romanta
Tel: +40 265 372 653
E-maul: rosca_aurellan@yahoo.com

Coronary artery disease is considered a high-risk co-
morbidity of COVID-19 infection. The treatment of pa-
tients with acute coronary syndromes (ACS) routinely
involves percutaneous coronary intervention (PCI) and
the use of intracoronary stents. Stent thrombosis is a life-
threatening complication that may occur acutely (in the
first 24 hours), subacutely (from 24 hours to 30 days), or
late after stent placement.**

The development and clinical use of drug-eluting
stents (DES) in the 2000s was a major breakthrough in the
field of interventional cardiology. First-generation DES
remarkably reduced the rates of in-stent restenosis and
consequent target-lesion revascularization compared to
bare-metal stents. However, a major safety concern re-
garding stent thrombosis emerged with the use of first-
generation DES, with its attendant high rates of myocar-
dial infarction (MI) and mortality *+
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FIGURE 1.

Ticagrelor is a reversible nonthienopyridine oral P2Y12
antagonist that provides more potent and consistent
platelet inhibition with faster onset and offset of action
than clopidogrel.®7

We present an interesting case of a middle-aged wom-
an who developed acute stent thrombosis while interrupt-
ing dual antiplatelet therapy (DAPT) ticagrelor, during an
episode of coronavirus disease (COVID-19)7"*

FIGURE 2.

Pre-interventional ECG — first presentation

Journal of Cardiovascular Emergencies 2022;8(2):39-42

CASE PRESENTATION

A 54-year-old hypertensive, actually ex-smoker but ha-
bitual smoker, dyslipidemic woman was hospitalized two
times in a month in our clinic. At the first presentation,
the patient was admitted with cardiogenic shock due to
multiple episodes of successfully resuscitated ventricu-
lar fibrillation, preceded by angina, The onset of anginal

1

Interventional aspects. A — Pre-interventional aspect of LAD; B ~ Post-interventional aspect of LAD after stenting
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FIGURE 3. Pre- and post-interventional ECG — second presentation

pain was seven hours before admission. As this case was
performed at the peak of a COVID-19 wave in the region,
a COVID-19 reverse transcriptase polymerase chain reac-
tion (RT-PCR) was performed prior to the procedure, as
mandated by the institutional protocol, and it was found
to be negative. The electrocardiography (ECG) revealed
ST elevation of 5-7 mm in Vi to V6 and DI, as well as
ST-depression in DII and aVF, and she had elevated lev-
els of high-sensitivity cardiac troponin I (hs-cTnl) (3,231
ng/L) and mildly elevated levels of CK-MB. The echocar-
diographic investigation revealed global akinesia with left
ventricular ejection fraction (LVEF) of 35%.

The patient was diagnosed with extensive anterior MI,
and after receiving loading doses of aspirin, ticagrelor,

and atorvastatin, she underwent percutaneous coronary
angiography which revealed thrombosis of the left an-
terior descending (LAD) artery treated by thrombectomy
and stent implantation. The patient was hemodynamically
stable and was discharged home free of angina seven days
later, with a LVEF of 40%.

One week after discharge, the patient was returned to
the emergency room with anterior Ml demonstrated by a
new ST-segment elevation in V2 to V4, elevated levels of
cardiac enzymes, and anterior wall akinesia with a LVEF
of 40%.

Although she was afebrile, had no respiratory symp-
toms, and had a normal SpO,, her RT-OCR COVID-19 test
turned out to be positive. She reported the occurrence of
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generalized body weakness and fatigue since six to seven
days prior to presentation, and that she had stopped tak-
ing ticagrelor by her own initiative two days prior to pre-
sentation. Urgent coronary angiography was performed
immediately, which showed stent thrombosis in the LAD
near the origin of the diagonal branch, treated with im-
plantation of a new stent.

The patient and the ethics committee of the institution
agreed with the publication of the case.

DISCUSSION

In a study conducted by He et al. in 2020, myocardial in-
juries were associated with a poorer prognosis for CO-
VID patients.* However, the exact interaction mechanism

stween COVID infection and cardiovascular disorders
is yet to be understood. Several mechanisms have been
hypothesized for SARS-CoV-2-associated cardiovascu-
lar involvements, including coronary plaque destabili-
zation, hypoxia, systemic inflammation, T cell cytokine
response, myocardial fibrosis, and direct cardiomyocyte
damage.’

Although COVID-19 usually presents with respiratory
signs and symptoms, various cardiovascular manifesta-
tions, including myocardial injury/myocarditis, arrhyth-
mias, MI, and thromboembolism, have been reported
since the outbreak of the pandemic. The occurrence of
various types of stent thrombosis, from acute to very
late stent thrombosis, has been reported in patients with
COVID-19 illness. Pathophysiologically, a heightened
systemic inflammatory response and a hypercoagulable
state associated with the COVID-19 illness have been in-

slved as the major causative factors for increased inci-
“dence of both arterial and venous thrombosis during this
illness. Also, SARS-CoV-2 has been involved in endothe-
lial injury, endothelial dysfunction, and microcirculatory
impairment.'*?

In our case, the patient’s non-compliance to DAPT, as-
sociated with COVID-19 infection and a hyperinflamma-
tory and hypercoagulable state associated with it played a
major role in the development of stent thrombosis.

CONCLUSIONS

The hypercoagulable and hyperinflammatory state asso-
ciated with COVID-19 has important implications for car-
diac patients, especially those undergoing complex coro-
nary interventions, predisposing them to an increased risk
of post-PCI complications
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ABSTRACT

In acute coronary syndromes, timely revascularization of the obstructed artery is crucial. In
young patients, acute myocardial infarction can have a very severe evolution and is frequently
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associated with cardiogenic shock We present the case of a 36-year-old male patient, smoker
with no other apparent risk factors for coronary artery disease, who suffered a cardiac ar-
rest while playing tennis. Emergency coronary angiography revealed acute occlusion of the

left anterior descendent artery, which was promptly revascularized. The patient had a good
clinical evolution and was discharged after six days. The case underlines the importance of a
well-functioning emergency system and STEMI network, able to provide life-saving therapy

in a timely manner.

Keywords: left main coronary artery thrombosis, young patients, primary PCL

INTRODUCTION

Acute coronary syndromes are major medical emergencies

@which timely revascularization of the obstructed artery

is crucial in order to save the viability of the myocardial
fibers. The leading cause of death in patients hospitalized
for acute myocardial infarction (AMI) is cardiogenic shock
(CS).! Many studies indicate a significant survival benefit
at six months after early revascularization. Especially for
patients with AMI complicated by CS, primary percutane-
ous coronary intervention (PCI) should be strongly con-
sidered and may be life-saving.***

In very young patients, AMI carries a significant mor-
bidity, being associated with a strong psychological im-
pact and financial burden for the patient and their fam-
ily.” At the same time, in young patients suffering an AMI,
CS is frequently associated, requiring a rapid diagnosis
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and supportive therapy.' Despite significant advances in
device-based and pharmacological therapies for CS, the
mortality associated with this critical condition has not
improved significantly over the past 20 years.”’ However,
an efficient management, consisting in early stabilization
and immediate repermeabilization (with fibrinolytic ther-
apy or percutaneous intervention), has been shown to re-
duce the mortality associated with this severe condition *

At the same time, left main coronary artery thrombo-
sis (LMCAT), identified during coronary angiography, is
a rare and challenging condition.” ? Left ventricular dys-
function (LVD) is the most common cause of CS, being
reported as the primary cause of CS in 74.5% of patients
with acute heart failure **

In young patients aged <35 years, AMI is poorly charac-
terized, although it is estimated to be less than 2%. Fur-
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FIGURE 1. ECG of the patient which revealed ST-elevation in anterolateral leads with
mirror-image in posteroinferior leads

thermore, its occurrence at a young age affects the pro-
ductive age group, with a strong socioeconomic impact."

CASE PRESENTATION

We aim to present the successful treatment of a 36-year-
old male patient, smoker, without any history of cardio-
vascular disease, who had a cardiac arrest while playing
tennis. The patient had no significant personal medical
history, took no medications, and exercised regularly with
no difficulties. Also, family history was not notable for
sudden cardiac death or coronary artery disease.

He collapsed on the tennis field in front of his friend
and teammate before complaining of developing severe
chest pain without any other symptoms, His friend imme-
diately contacted emergency medical services and initi-
ated basic cardiopulmonary resuscitation. The ambulance
arrived in 10 minutes, and the patient was transported
to the nearest emergency department. Upon arrival, the
patient was in ventricular fibrillation, which returned to
sinus rhythm after one electric shock of 200 ]. He was re-
suscitated for 20 minutes in total. On presentation at the
emergency room, the patient’s blood pressure was 90/60
mmHg, heart rate was 101 beats/min, and oxygen satura-
tion was above 97% on oxygen mask. Positive inotropic
and vasopressor agents, dobutamine and noradrenaline,
were initiated as treatment for hemodynamic instability.

The twelve-lead electrocardiogram (Figure 1) revealed
ST segment elevation in antero-lateral leads, which led to
the diagnosis of ST-elevation acute coronary syndrome.

Based on the electrocardiogram, elevated cytolytic myo-
cardial enzymes, and primary symptoms, the patient was
diagnosed with Killip IV anterior ST-elevated myocardial
infarction (STEMI).

The bedside cardiac echocardiography revealed a left
ventricular failure with global akinesia, ruling out any
aortic aneurysm or dissection.

Afterwards, the patient was transferred for emergency
cardiac catheterization, where he developed cardiogenic
pulmonary edema which was successfully treated. The
coronary angiography was performed using a right tran-
sradial approach and revealed an acute thrombosis in the
left main, treated with thrombectomy followed by stent
implantation in the left main and in the circumflex artery.
The revascularization procedure was done at one hour
from the onset of cardiac arrest.

The patient was further transferred to the acute car-
diac care unit, where he was continuously monitored and
stabilized. Immediately after the intervention, the echo-
cardiography revealed severe left ventricular dysfunction
with left ventricular ejection fraction (LVEF) of only 25%,
akinesia of the apex and severe septal and anterior wall
hypokinesia. NT pro-BNP levels was 352 pg/mL. Com-
plex treatment for coronary ischemic disease, heart fail-
ure, and arrhythmia was initiated during hospitalization,
and no further complications were registered during the
acute phase. Before hospital discharge, the patient was
instructed to achieve an ideal weight and was counseled
for smoke cessation and a diet low in saturated fat and
cholesterol.
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FIGURE 2. Coronary angiography. A = LMCAT (arrow), B — post-
interventional aspect, with residual stenosis (arrow); € = post-
interventional aspect with no residual stenosis (arrow)

The echocardiography performed at the one-month
follow-up revealed a LVEF of 40% with septal and ante-
rior wall hypokinesia. At six months after discharge, the
patient was completely asymptomatic, the echocardiog-
raphy revealed a LVEF of 52% and an NT pro-BNP level
of 118 pg/mL.

The patient agreed to the publication of his data and the
publication was approved by the institution ethics com-
mittee

DISCUSSION

The particularities of STEMI management in very young
patients are not well defined. These patients usually have
a poor collateral coronary network, which severely limits
the possibility to provide alternative irrigation in case of
sudden coronary artery occlusion. Another particular as-
pect of MI occurring in very young patients is the absence
of prodromal symptoms, fact which seems to be more
common in younger patients with coronary artery dis-
ease.“~® Consistent with the published data, mortality due
to cardiogenic shock in AMI has been found to be signifi-
cantly lower in hospitals with catheterization laboratory
than in hospitals without such facilities.”* The outcome of
PCl is important in determining the survival of patients,
and the degree of reperfusion in the infarct-related artery
is associated with outcomes.’

In the recent SHOCK trial, the 30-day mortality rate
was reduced with successful angioplasty (38%) as com-
pared to patients with unsuccessful angioplasty (79%).
However, reperfusion was lower in patients with CS.

Patients with CS have less successful reperfusion rates
with PCI in the infarct-related artery compared to pa-
tients without shock (54% to 100%). LMCAT is a rare and
life-threatening angiographic finding, with an estimated
incidence of 0.8-1.7% among patients with STEMI and a
dramatic clinical presentation with cardiogenic shock or
sudden cardiac death. The usual pathophysiological sub-
strate of LMCAT is fibrous cup rupture of an atheroscle-
rotic plaque, followed by thrombus formation. However,
other predisposing factors include hypercoagulable state,
post-partum state, embolization of intracardiac masses,
cocaine-induced plaque rupture, and vasospasm.

There are two strategies in treating AMI-related CS:
medical and invasive. In institutions lacking revascular-
ization facilities, fibrinolytic therapy may represent an al-
ternative. Complete thrombosis of the left main coronary
artery is a rare angiographic finding and usually leads to
CS. The prognosis of this condition is very dependent on
the collateral coronary circulation and the myocardial
protection seems to depend on the rapidity of revascu
larization. Two therapeutic approaches may be envis-
aged; emergency coronary bypass grafting or percuta-
neous angioplasty, the natural history being particularly
disastrous. However, current guidelines favor an invasive
approach. Prognosis is established by the outcome of re-
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vascularization regardless of the procedure used, such as
PCI or surgery.

CONCLUSION

This case indicates the importance of early diagnosis and
revascularization in STEMI, especially in the case of STE-
MI occurring at a very young age. The patient was lucky
to have the cardiac arrest on a tennis field that was close
enough to the cathlab, and to have resuscitation started
immediately after the onset of the CS. This presentation
should draw attention to the importance of going to the
closest hospital immediately after the onset of symptoms.
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r
p—— Four new guidelines have been launched during the 2022 congress of the Eu-
ORFEICONOENGE ropean Society of Cardiology (ESC), all of them being extremely complex and
Theofana Mihaila providing unique interdisciplinary perspectives on the management of cardio-
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Tel +40 265 372 653 For instance, the cardio-oncology guideline is the first ESC guideline dedi-
E-mall: theofana_mtyahoo com cated to cardio-oncology, being developed together with the European Society

of Hematology, European Society of Radiotherapy, and the International Soci-
ety of Cardio-Oncology.! This guideline includes a large number of recommen-
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associated with main oncologic treatments, at the same time providing clear rec-
ommendations on the management of cardiovascular diseases caused by cancer,
directly or indirectly. The guideline underlines the need for a complex interdis-
ciplinary approach and communication between different specialties (cardiolo-
gist, oncologist, hematologist) for the optimum management of the large vari-
ety of complex conditions that may occur in a patient with cancer.

The guideline includes a very pragmatic algorithm for assessment of the
€ cardiovascular risk of patients scheduled for cytostatic treatment, the recom-
> mendation being adapted to each class of drugs used. At the same time, a new

international definition of cancer treatment-related cardiovascular toxicity is
provided, in which cardiovascular toxicity is classified in four severity groups,
according to ECG, physical and metabolic status, and cardiovascular history. An
ECG is reccommended to all cancer patients, while a cardiologist consultation
is recommended in all those with ECG, both indications being class I. It is also
recommended that all patients with low risk for cardiovascular toxicity should
be referred for immediate initiation of anti-cancer therapy.!

Echocardiography and biomarker determination have a central role in the as-
sessment of cardiovascular risk. It is recommended that echocardiography and
biomarkers to be performed repeatedly at different time intervals according to
the specifics of the condition and treatment. Echocardiography remains the
first-line option to assess ventricular function, while 3D echocardiography is the

06 Thr Moy Romona Tet +40 265 372 653 method of choice to quantify left ventricular ¢jection fraction.!
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Cancer patients who present with neoplasm and Takot-
subo syndrome should undergo a computed tomography
(CT) angiography examination to exclude an acute coro-
nary syndrome, and a cardiac magnetic resonance imag-
ing (MRI) to exclude myocarditis or myocardial infarction,
both indications being class 1.

Another group of recommendations refer to anticoagu-
lant treatment in cancer patients with atrial fibrillation or
venous thromboembolism, the guideline indicating con-
tinuation of non-vitamin K antagonist oral anticoagulants
(NOAC) (apixaban, rivaroxaban or edoxaban) in all pa-
tients with venous thromboembolism (indication class 1).

Among the new recommendations mentioned in the
new guideline for the management of patients with ven-
tricular arrythmia and prevention of sudden cardiac death,

arge number refer to the installation of external defibril-
lators in public spaces, which is hoped to reduce the fatal-
ity rate of sudden cardiac death occurring out of hospital.?
Another new recommendation is related to the implanta-
tion of an implantable cardioverter-defibrillator (ICD) in
all patients with coronary artery disease and a left ven-
tricular ejection fraction below 30%, despite an optimum
management of minimum three months.

At the same time, several recommendations have been
upgraded in comparison with the previous edition of the
guideline. Programmed electrical stimulation in patients
with prior ST-elevation myocardial infarction (STEMI), as
well as the implantation of an ICD in symptomatic patients
with long QT became a class I indication. However, several
aspects remain unclear, such as the role of cardiac MR1in the
stratification of the risk for sudden cardiac death in patients
with chronic coronary syndrome, or how can we identify

(" tients with chronic coronary syndrome and extremely
low ejection fraction, at risk for sudden cardiac death.

The new guideline for pulmonary hypertension (PH)
simplifies the algorithm of diagnosis of pulmonary hyper-
tension in a three-step approach, from PH suspicion to
echo-based detection and confirmation using cardiac MRI.?
At the same time, the new guideline introduces new criteria
based on MRI and echo for the confirmation of PH diagno-
sis. The guideline defines the criteria for PH centers, which
are extremely complex and should have appropriate infra-
structure, human resources, and experience. CT coronary
angiography remains a class lindication to establish the eti-
ology of chronic thromboembolic pulmonary hypertension
(CTEPH). At the same time, interventional treatment us-
ing pulmonary balloon angioplasty for CTPEH is upgraded
from class b to class I in the new guideline.

‘The fourth guideline launched by the ESC in 2022 re-
gards the cardiovascular assessment and management of

Journal of Interdisciplinary Medicine 2022 7(3) 67-68

patients undergoing non-cardiac surgery, which provides
extremely useful answers for clinicians.

One of the highest impact recommendations in these
guidelines is the indication for coronary CT angiography
to exclude coronary artery disease in all patients with low-
intermediate probability of coronary artery disease (class
ITa indication).* A frequent situation is the one related to
discontinuation of antiplatelet treatment prior to a non-
cardiac intervention, which can lead to stent obstruction.
In these cases, it is recommended to postpone elective
interventions to at least 6 months after the elective revas-
cularization or up to 12 months post-acute myocardial in-
farction. When discontinuation of antiplatelet treatment
is mandatory, the guideline recommends that this should
be done with 3-5 days prior to intervention for ticagrelor,
5 days prior to intervention for clopidogrel, and 7 days for
prasugrel. As for the anticoagulant treatment, immediate
discontinuation of NOAC is recommended in the case of
urgent surgery, which is recommended to be performed
at least 12-24 hours after the last NOAC administration.*

In the 2022 edition of this guideline, low-risk patients
scheduled for surgery with a low-intermediate risk do not
require routine preoperatory ECG or biomarker determina-
tion, burt a preoperatory ECG is recommended in all cases
with known coronary artery disease, cardiovascular risk
factors, or symptoms suggestive for coronary artery discase.

CONFLICT OF INTEREST

Nothing to declare.

REFERENCES

1 Lyon AR, Lépez-Femandez T. Couch LS, ¢t al
on cardio-oncology developed i collaboral)
Hematology Association (EMHA)L the Eur
Radwlogy and Oncology (ESTRO) and the International C aredio
Society (IC.OS) L‘mv._vvh' d by the task force on ¢
the European Society ol Cardiology (ESC) Europes H- an Journal
2022 ehnc244

2. 2022 ESC Guidelnes for the ma n;q nent ol patients with v
arrhythmias and the at
the 1ask force for the man
and the prevention of s
Cardialic -;uf%f)! wlorsed by the As

gy (AEPQ) Euwrop

M. Kovacs G, Hoeper MM, et al 2022 ESCER

the disg % and teatme

the task torce for the iagnos

of the European

2022 ESC Gudelines
N with tha Elropent

Society for

'™ of pulmonary hypenensior

15 an treatment of puimonar
y (ESC) and the Eue g
Society [ERS) Endorsed by the International Society for Hearn and Lung
Transplantation (ISHLY) and the European Reference Ne
respiratory deseases (ERNA UNG) European Head Jour
4. 2022 ESC Guidetines
patients

ciety of Carciole

on cardiovascular assessment and m

oped by th
pgement of patients «

NQg NON-Carthac surge:

ca men and ma

cardd o] of the Eutopean ety of Cardiology Endorsed
by tt .-t'um yean Society of Anaesthesiology and Intens
Eutopean Heant Journat, 2022.ehac270




§ sciendo

CASE REPORT

’ ’ M Interdisciplinary
Medicine

CARDIOLOGY / LIPIDOLOGY

Elevated Lipoprotein(a) Linked to Recurrent
Cardiovascular Events — A Case Report

Aurelian Rosca'?, Bianca lon?, Theofana Mihaila'?

16 Emil Palade™ University of Medicine, Pharmacy. Science and Technology, TArgu Mures, Romania

2 Clinic of Cardiology, Emergency Clinical County Hospital, TArgu Mures, Romania

s

CORRESPONDENCE

Bianca lon

Str. Gheorghe Marinescu nir. 38
540136 Targu Mures, Romania

Tel +40 265 215 551

E-mail. biancapopovicii2ftgmail com

ARTICLE HISTORY

Received July 11, 2022
Accepted. August 28, 2022

Aurelian Rosca « 5v G o M

540136 Thrgu M Ramans Tol <80 265

Theotana Mihail - he Ma

540139 Thegu M. Romania Yol <40 2

ABSTRACT

The role of ipoprotein(a) [Lpta)) in the development of atherosclerosis has been rece nlly rec

ognized, and the current recommendation 1s to measure Lp{a) once in a lifetime in all individu
als. in arder to identify those at risk for developing an acute coronary syndrome or recurrent

nts. even in the absence of other cardiovascular risk factors We present the case of a

middle-aged patient with recurrent cardiovascular events, in whom we ident fied high levels of
Lpla) as a possible explanation of the recurrent evernts

Keywords: atherosclerosis, ipoprotein(a), acute coronary syndromes

INTRODUCTION

Lipoprotein(a) [Lp(a)] is an established and genetically determined risk factor
for atherosclerosis, coronary heart disease, stroke, thrombosis, and aortic ste-
nosis. Structurally, it is a variant of LDL-cholesterol. Levels of Lp(a) above 50
mg/DL are correlated with an increased risk of cardiovascular disease. Screen-
ing patients to determine their Lp(a) levels could help identify those who need
more aggressive lipid therapy and cardiovascular disease risk management.

It has been suggested that Lp(a) could provide a possible explanation for
vounger patients suffering from coronary artery discase with or without other
risk factors. We present the case of a middle-aged patient with elevated Lp(a)
levels resulting in multiple cardiovascular events.

CASE PRESENTATION

A 57-year-old hypertensive, diabetic patient with a history of post-inferior
myocardial infarction, treated with primary revascularization and implanta-
tion of two pharmacologically active stents in the right coronary artery, pre-
sented with constrictive chest pain at rest, associated with fatigue and dys-
pnea, started two weeks prior to presentation and exacerbated on the day of
admission. The electrocardiogram showed flattened T waves in V4-Ve6, DI,

Journal of Interdisciplinary Medicine 2022 7(3) 7880 DOL: 10.2478/im-2022-0014
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FIGURE1. ECG at presentation, suggestive for diffuse ischemia

and D11, and amputated R waves in V1-V3. Troponin val-
ues were normal.

Transthoracic echocardiography showed slightly im-
paired systolic function, with basal interventricular sep-
tum hypokinesis, a left ventricular ejection fraction of 45%,
diastolic dysfunction-type altered relaxation, minor mitral
regurgitation, and minor tricuspid regurgitation. Urgent
coronary angiography revealed a stenosis of the distal left
main coronary artery, extending to the anterior descending
artery and to the circumflex artery, and patent stents in the
right coronary artery. Taking into account the repeated car-
diovascular events of the patient, it was decided to measure
Lp(a) levels, which were 0.77 g/L, considered very high.

("'The patient and the institution agreed with the publica-
tion of the case.

DISCUSSION

Lpla) is considered an independent and unmodifiable risk
factor for coronary heart disease, aortic valve stenosis,
myocardial infarction, and ischemic stroke. The concen-
tration of Lp(a) is strongly determined genetically, and its
resemblance to plasminogen increases its atherogenicity.1
Moreover, unlike other lipoproteins characterized by con-
stant masses, Lp(a) exhibits various isoforms of different
sizes, inversely related to its concentration in plasma. Due
to this particular characteristic, its measurement presents
many challenges.1,2

The current recommendation is to perform a Lp(a)
measurement once in a lifetime in all individuals. Although
clinical data highlight the importance of reducing Lp(a) in

order to reduce cardiovascular risk, there is no selective
drug approved for Lp(a) hyperlipoproteinemia. Apher-
esis lowers both Lp(a) and LDL-cholesterol by removing
proteins that contain apo-B. However, apheresis of lipo-
proteins does not reduce Lp(a) permanently and should
be repeated every two weeks.3 Researchers are convinced
that further international effort is needed in different eth-
nicities to assess the atherothrombotic risk due to Lp(a) on
the one hand and apolipoprotein A on the other.

In light of the introduction of new therapeutic ap-
proaches to lower Lp(a), the availability of well-standard-
ized tests that provide comparability of results obtained by
different laboratories is indispensable for the selection and
classification of high-risk individuals.5 The introduction of
new therapeutic approaches will require clinical trials to
assess the clinical utility of Lp(a) decrease.6,7

CONCLUSIONS

In conclusion, elevated levels of Lp(a), a lipid molecule
involved in atherosclerosis development, may be associ-
ated with the occurrence of acute coronary syndromes
even at a young age, and even in patients with no major
cardiovascular risk factors. Lp(a) determination should be
performed in all patients presenting with chest pain, espe-
cially in those with no reasonable explanation for the acute
cardiovascular event.
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Prototype for personalized nent of card cular risk and post-Covid myocarditis based on artificial intelligence, advanced medical
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Background: Myocarditis following SARS-COV-2 infection has recently become a subject of concern, being detected in a significant number of
post-COVID-19 patients who undergo cardiac magnetic wce(CMR) \ation. While the role of CMR in detecting presence of viral
myocarditis has been well established, the CMR features associaled with significant alteration of ventricular function in post-COVID patients are
not ciearly identified yet.

Purpose: The aim of the study was o investigate the role of myocardial edema (ME) at CMR for predicting the evolution of ventricular function in

€ patients with COVID myocarditis

Methods: In total, 55 patients with CMR signs of viral myocarditis following COVID-19 infection (52.72% males. mean age 36.85+/-16 29) were
enrolled in the study. The delayed gadolinium enhancement phase-sensitive inversion recovery sequences were used for charactenzation of
the myocardial tissue, and inversion recovery images showing high signal intensity were considered suggestive of edematous changes
Patients were divided into 2 study groups, according to the presence of myocardial edema at the moment of CMR evaluation: group 1 (n=18,
32.72%) - patients without ME, and group 2 (n=37, 67 27%)-patients with ME identified by CMR. In all patients, end-distolic and end-systolic
volume indexes (EDVI and ESVI), ejection fraction (EF) and stroke volume (SV) were calculated

Results: Compared to patients without ME, those with ME present atl CMR were older n (42 9+/-14 8 vs. 36.7+/-16 6, p = 0.145) and more
frequently males(59 4% vs. 38 8%) At the same lime, EF was significantly lower in patients with ME (50 9+/-14 5% in group 2 vs. 58.4+/-10 2%
in group 1, p=003) Patents from group 2 also exhibited a more pronounced dilatation of venltricular cavities, as reflected by a significant
increase of ventncular volumes and especially of the ESVI(109 8+/-125.9 versus 80.14/-14.2, p= 05 for EDVI, and 65 2+/-109.1 vs 30 0
+/-11.4. p=0.02 for ESVI). Compared to the group without ME, those with ME presented a significantly lower stroke volume index: 44 2+/-17 3
in group 1vs. 47.7+/-75, p=0.03 in group 2.

Conclusions: In patients with COVID-19 myocarditis, presence of ME at CMR imaging is associated with a worse evolution of the left
ventricular function, as reflected by increased ventricular dilatation and decreased cardiac output in the post-COVID period.
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