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Abstract: Vulnerable carotid plaques are responsible for 20% of the ischemic strokes. The identification
of these asymptomatic carotid plaques that will become symptomatic is essential but remains unclear.
Our main goal was to investigate whether the amount of the peri-carotid adipose tissue, estimated by
the extra-media thickness (EMT), is associated with the atherosclerotic characteristics at the carotid
bifurcation in patients with PAD. An observational, prospective, single-center, longitudinal study was
conducted. Overall, 177 patients were subjected to carotid Doppler ultrasound at the study admission.
The following data were collected: EMT, intima-media thickness (IMT), the presence of carotid
plaques, the area of the highest plaque, the presence of “acute culprit” carotid stenosis, and the grade
of internal carotid stenosis. “Acute culprit” carotid stenosis was defined as a significant atherosclerotic
plaque that leads to a neurologic event within 15 days. From each carotid bifurcation, a right and a
left EMT were determined. We analyzed both the mean EMTs (calculated as the mean between the
right and the left EMT) and the EMT ipsilateral to the carotid bifurcation. The presence of carotid
plaques was associated with a higher mean EMT [Median = 1.14; IQR = 0.66 versus Median = 0.97;
IQR = 0.40; p = 0.001]. A positive correlation was found between the mean EMT and IMT (right:
p =0.20; p = 0.010; left: p = 0.21; p = 0.007) and between the mean EMT and the area of the largest
carotid plaque (right: p = 0.17; p = 0.036; left: p = 0.22; p = 0.004). Left carotid stenosis > 70% was
associated with higher ipsilateral EMT [Median = 1.56; IQR = 0.70 versus Median = 0.94; IQR = 0.42;
p = 0.009]. Patients with “acute culprit” carotid stenosis had a higher ipsilateral EMT [left ipsilateral
EMT: Median = 1.46; IQR = 0.63; “non-acute”: Median = 0.94; IQR = 0.43; p = 0.009; right ipsilateral
EMT: Median = 2.25; IQR = 0.62; “non-acute”: Median = 1.00; IQR = 0.51; p = 0.015]. This difference
was not found in the contra-lateral EMT. Six months after the neurologic event, EMT ipsilateral
to an “acute culprit” carotid stenosis decreased (p = 0.036). The amount of peri-carotid adipose
tissue, estimated with EMT, was associated with atherosclerosis at the carotid arteries. The mean
EMT was associated with the features of chronic atherosclerosis lesions: the presence of carotid
plaques, IMT, and the area of the highest plaque. Ipsilateral EMT was linked with “acute culprit”
atherosclerotic plaque.
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1. Introduction

Stroke is the second cause of death in Europe among cardiovascular diseases, with
1.4 million people experiencing a stroke every year [1]. Acute ischemic stroke accounts for
roughly 80% of all strokes, and 20% of which originate in vulnerable carotid plaques [2].
The identification of these asymptomatic carotid plaques that will become vulnerable and
symptomatic remains unclear, despite its value in receiving an earlier intervention. Several
biomarkers have been explored to identify asymptomatic carotid patients who could benefit
from prophylactic carotid intervention [3]. Recognizing the importance of predicting which
plaques will become symptomatic, the European Society for Vascular Surgery Guidelines
have emphasized “the need for a validated algorithm for identifying high risk for stroke on
best medical therapy asymptomatic patients in whom to target carotid endarterectomy and
carotid artery stenting” [1].

Studies conducted in cardiology reported that changes in coronary perivascular adi-
pose tissue (PVAT) are associated with vulnerable coronary plaques and can be identified
using computed tomography [4-6].

PVAT is the adipose tissue that supports the vessels and produces several molecules
that affect the function and structure of the vessels [7,8]. The relationship between the PVAT
and the vessels is complex and bidirectional [9]. The PVAT exerts anti-inflammatory and
vasodilatory functions, which have a protective effect [8,10]. However, under pathological
conditions, the PVAT can become dysfunctional, leading to an increase in vasoconstriction
agents and to a proinflammatory phenotype, and may ultimately be involved in the
initiation and progression of atherosclerosis [8,10].

The amount of PVAT that surrounds the common carotid artery can be easily measured
in clinical practice using ultrasound, with carotid artery extra-media thickness (EMT) [11].
The main determinants of EMT are arterial adventitia and PVAT [7,11].

The primary aim of this study was to analyze whether the amount of the peri-carotid
adipose tissue, estimated through EMT, is associated with the atherosclerotic characteristics
at the carotid bifurcation.

2. Materials and Methods
2.1. Study Type and Inclusion/Exclusion Criteria

An observational, prospective, unicenter study was conducted from January 2018 to
December 2022. Patient recruitment rate was reduced during 2020 due to the COVID-19
pandemic. We included 106 consecutive patients who were attending the Vascular Surgery
consultations with the first author (JF) for varicose veins, peripheral arterial disease, and
carotid artery plaque. Patients with symptomatic carotid stenosis included in the study
were admitted to the stroke unit and assessed by both the neurologist and the first author
of this paper. These patients were followed-up for six months by the first author (JF).
Bedridden individuals, subjects who refused to participate in the protocol, or patients with
any disease that could potentially change the body composition or the pro-inflammatory
state (e.g., recent diet change, active malignancy, auto-immune disease, active infection,
chronic renal failure with glomerular filtration rate of <30 mL/min/1.73 m? and heart
failure in the past three months) were excluded.

2.2. Ethical Considerations

Ethics approval was obtained from the Ethics Committee of the local hospital, Senhora
da Oliveira in Guimaraes (Ref:75/2017). All participants signed the informed consent.

2.3. Demographic and Clinical Characteristics

Patient’s age, gender, and medication were registered. The definitions of arterial
hypertension, diabetes, dyslipidemia, and smoking habits were considered according to
other publications [12]. Obesity was defined as waist circumference (WC) > 102 cm in men
and >88 cm in women [13]. “Acute culprit” carotid stenosis was defined as the presence of
an extracranial atherosclerotic plaque that was higher than 50%, leading to symptoms of
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amaurosis fugax, transient ischemic attacks, or ischemic stroke ipsilateral to the lesion and
identified after and within the first 15 days the neurologic event [14-16].

2.4. Lipid Profile and HbAlc

To determine the levels of hemoglobin Alc (HbAlc), total cholesterol, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), and triglycerides, a phlebotomy was per-
formed in the morning, after a 10-12 h fast. Blood samples were collected into appropriate
Vacutainers, centrifuged for 5 min at 4000 cycle/minute rate, and the serum was separated.
The tests were performed by routine procedures in the department of clinical chemistry.

2.5. Evaluation of the Carotid Bifurcation with Doppler Ultrasound

The carotids were characterized using a SIEMENS (Siemens Medical Solutions, Inc.,
Mountain View, CA, USA) ACUSON X300 ultrasound, with a 5-10 Hz linear scan head. A
two-dimensional gray scale was used to measure the intima-media thickness (IMT), the
EMT, and the presence and morphology of the atherosclerotic plaque [7].

To determine the IMT, the probe surface was placed parallel to the common carotid
artery, in a longitudinal position, and is the standard method to assess the carotid arter-
ies [17]. Two bright lines were identified, i.e., the interface between blood and the intima
and the layer between intima and media [17], with the distance between these two lines
being defined as the IMT [17]. The IMT was measured according to the Mannheim Con-
sensus guidelines on a 10 mm length segment starting 5 mm proximal to the carotid bulb.
Three measurements were taken for each common carotid artery, and their mean value was
the IMT [18].

To determine the EMT, the carotid artery and jugular vein were both scanned in a
longitudinal position with the probe parallel to the vessels [7]. The distance between the
carotid media-adventitia interface and the jugular lumen was determined along the 7 mm
segment, starting 3 mm proximal to the bulb [7]. Five values were recorded at the end-
diastole, from five consecutive beats. The mean of these values indicated the EMT [18]. For
each carotid bifurcation, right and left EMTs were determined, to evaluate the mean EMT
(calculated as the mean between the right and the left EMT), and the EMT ipsilateral to the
carotid bifurcation. To determine if the amount of peri-carotid adipose tissue correlated
with the ipsilateral carotid atherosclerotic characteristics, we compared the EMT on the left
and right sides to the ipsilateral and contralateral characteristics of atherosclerosis at the
carotid bifurcation.

The number of atherosclerotic plaques at the carotid bifurcation was recorded. The
morphology and the area of the largest plaque were described. The plaque surface was
classified as smooth, irregular, or ulcerated. A depression of the plaque surface by more
than 2 mm indicates ulceration [18]. The plaque area was calculated based on the length
and height of the plaque [18]. The plaque echogenicity was classified according to the
Gray-Weale’s classification modified by Geroulakos [19].

Color and pulse Doppler ultrasonography was applied to determine the grade of
carotid artery stenosis, according to the Guidelines of the European Society of Vascular
Surgery [1,18].

2.6. Power Consideration

To determine the differences in the amount of the peri-carotid adipose tissue estimated
through EMT between patients with carotid plaques and those without carotid plaques (a
marker of atherosclerosis at the carotid bifurcation), a minimum sample of 106 patients is
necessary (with a significant level of 5%, a power of 80%, and an effect size of 0.5).

2.7. Statistical Analysis

Continuous variables were expressed as the mean + standard deviation, while per-
centages were presented for categorical variables. The Shapiro-Wilk test was used to assess
all continuous variables for normality. Between-group differences in continuous variables
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were assessed with the Mann-Whitney U test, and the effect size r was determined by
calculating the ratio between test statistics Z and the square root of the number of pairs
n. Associations between parameters were assessed using the non-parametric Spearman
correlation analysis since variables were not normally distributed. The correlations were
corrected for the Bonferroni effect. Wilcoxon Signed Rank test was used to study the
evolution of EMT, comparing 2 time points (t = 0 and t = 6 months). A p-value of less
than 0.05 was considered statistically significant. Statistical analysis was performed using
the SPSS Statistics software, version 20.0 (IBM SPSS Statistics, IBM Corporation Chicago,
Chicago, IL, USA).

3. Results
3.1. General Description of the Population

We included 177 subjects (mean age: 67.16 & 9.87 years; 79.66% males). This popula-
tion had a higher prevalence of cardiovascular risk factors, with hypertension being the
most prevalent followed by smoking habits and dyslipidemia. Notably, the intake of statins
and antiplatelet therapy was substantial (Table S1). The atherosclerotic characteristics at
the right and left carotid bifurcations are presented in Supplementary Materials (Table S2).

3.2. Peri-Carotid Adipose Tissue and Cardiovascular Risk Factors

The majority of the included patients had at least three cardiovascular risk factors
(34.6% had three and 24.0% had four risk factors).

Patients with hypertension and patients with obesity had a higher mean EMT, whereas
patients on fibrates had a lower mean EMT (Table 1). Age and the number of cardiovascular
risk factors showed a weak positive correlation with the mean EMT (rs = 0.21; p = 0.006
and rs = 0.24; p = 0.002).

Table 1. Cardiovascular risk factors, medication, and the mean EMT.

Present Non-Present
EMT (mm) EMT (mm) U p-Value r
Median IQR Median IQR

Cardiovascular risk factors

Hypertension 1.07 0.49 0.90 0.37 2165 0.002 0.24
Smoker/ex-smoker 1.00 0.44 1.03 0.51 3068 0.602 0.04
Dyslipidemia 1.04 0.48 0.99 0.52 3102 0.337 0.07
Diabetes 1.00 0.45 1.02 047 3206 0.530 0.05
Obesity * 1.06 0.51 0.91 0.45 2336 0.006 0.21
Medication
Fibrate 0.86 0.20 1.04 0.53 641 0.028 —-0.17
Statins 1.04 0.52 0.97 0.67 1994 0.395 —0.06
Antiplatelet 1.04 0.47 0.99 0.74 2797 0.950 —0.04
ACEi/ARBs 1.04 0.64 1.00 0.50 2845 0.557 —0.04

EMT: extra-media thickness; ACEi/ARBs: angiotensin-converting enzyme inhibitors/angiotensin receptors
blockers; and * Obesity defined as WC > 102 cm in men and WC > 88 cm in women.

3.3. Peri-Carotid Adipose Tissue and Chronic Atherosclerosis at the Carotid Bifurcation
3.3.1. Presence of Carotid Plaques

Mean EMT: the presence of carotid plaques was associated with a statistically sig-
nificant increase in mean EMT [present: Median = 1.14, IQR = 0.66; versus non-present:
Median = 0.97, IQR = 0.40; p = 0.001, r = 0.26].

Ipsilateral EMT: Patients with plaques at the right carotid arteries were associated with
a significantly higher ipsilateral EMT [Median = 1.02; IQR = 0.58; versus Median = 0.96;
IQR = 0.48; p < 0.001]. This association was not found on the left side. The left EMT was also
significantly higher in patients with right carotid plaques [Median = 0.93; IQR = 1.60; versus
Median = 0.80; IQR = 1.20; p = 0.010]. This association persisted even after a correction for
the Bonferroni effect.
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3.3.2. Area of Highest Carotid Plaque

Mean EMT: A positive correlation was found between the mean EMT and the area
of the highest carotid plaque, at both right and left sides (p = 017; p = 0.036; p = 0.22;
p = 0.004, respectively). The association persisted at the left side even after a correction for
the Bonferroni effect.

Ipsilateral EMT: A positive correlation was found between the left EMT and the
ipsilateral area of the carotid plaque (p = 0.22; p = 0.004). This association was not found
on the right side. There was no correlation between the right EMT and the area of the
contralateral carotid plaque.

3.3.3. IMT

Mean EMT: a positive correlation was found between the mean EMT and IMT (right
and left) (right: rs = 0.20; p = 0.010; left: rs = 0.21; p = 0.007).

Ipsilateral EMT: a positive correlation was found between the ipsilateral EMT and the
ipsilateral IMT (right: p = 0.19; p = 0.017; left: p = 0.19; p = 0.012).

3.3.4. Carotid Stenosis of >70%

Mean EMT: The presence of a left carotid stenosis of >70% was associated with a
statistically significant increase in the mean EMT [present: Median = 1.55, IQR = 0.68 versus
non-present: Median = 1.00, IQR = 0.46; p = 0.019, r = 0.61]. The association disappeared
after a correction for the Bonferroni effect.

Ipsilateral EMT: patients with a left carotid stenosis of >70% were associated with a
statistically significant and higher ipsilateral EMT (Table 2).

Table 2. EMT and carotid stenosis of >70%.

Present Non-Present

. . o -
Carotid Stenosis of >70% Median IQR Median IOR U p-Value r
Left carotid stenosis

ipsilateral EMT 1.56 0.70 0.94 0.42 234 0.009 0.68

Right carotid stenosis
ipsilateral EMT 1.10 1.12 1.00 0.53 734 0.261 0.33
EMT: extra-media thickness.

3.3.5. Plaque Echogenicity

There were no differences in EMT (mean or ipsilateral) with respect to the echogenicity
of carotid plaques (Tables S3 and S4).

3.4. The Particular Case of “Acute Culprit” Carotid Stenosis

We found that patients with “acute culprit” carotid stenosis (n = 11) had a significantly
higher mean EMT and ipsilateral EMT, when compared to those with non-acute carotid
stenosis patients. This finding revealed a large effect size and was valid for both left and
right carotid stenoses (Table 3). This association was not found in the contra-lateral carotid
bifurcation. However, after correcting for the Bonferroni effect, the association was just
evident for the ipsilateral EMT and not for the mean EMT.
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Table 3. EMT and “acute culprit” carotid stenosis at the left and right sides.
Acute Non-Acute
Median IQR Median IQR U  P-Value r
Left carotid stenosis
mean EMT 1.56 0.57 1.00 0.46 169 0.025 091
ipsilateral EMT 1.46 0.63 0.94 0.43 127 0.009 0.95
contralateral EMT 1.55 0.72 1.00 0.51 202 0.211 0.51
Right carotid stenosis
mean EMT 1.82 0.24 1.00 047 23 0.021 0.94
ipsilateral EMT 2.25 0.62 1.00 0.51 18 0.015 0.96
contralateral EMT 1.54 1.40 0.96 0.38 111 0.444 0.37

EMT: extra-media thickness.

No significant differences were identified in the cardiovascular risk factors between
patients with acute and non-acute culprit carotid stenoses.

Furthermore, we evaluated the ipsilateral peri-carotid adipose tissue six months after
the neurologic event, by measuring a follow-up EMT, in 8 of 11 patients with “acute culprit”
carotid stenosis, and we found a significant decrease in the ipsilateral EMT, both in right
and left stenoses (Figure 1).
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Figure 1. The evolution of ipsilateral EMT in “acute culprit” carotid stenosis, at the six-month follow-up.

4. Discussion

To the best of our knowledge, our group is the first group trying to elucidate the
role of ipsilateral peri-carotid adipose tissue versus the total amount of such tissue in
atherosclerosis at the carotid bifurcation. Our research has revealed a correlation between
the total amount of peri-carotid adipose tissue, estimated with the mean EMT, and some
feature of chronic atherosclerosis lesions in the carotid arteries: the presence of carotid
plaque, IMT, and the area of the highest plaque. In patients with “acute culprit” carotid
stenosis, a strong link was found with the ipsilateral peri-carotid adipose tissue, potentially
serving as a marker of acute events.
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4.1. Peri-Carotid Adipose Tissue and Cardiovascular Risk Factors

We found that patients with obesity or with hypertension had a higher amount of
peri-carotid adipose tissue, estimated by the mean EMT. Various authors have demon-
strated that EMT is associated with the major parameters of obesity, including abdominal
obesity [7,8,20]. Pacifico et al. have highlighted the expansion of peri-carotid adipose tissue
in obesity and emphasized the role of visceral obesity in vascular disease at distant sites [8].
Obesity increases the amount of PVAT and causes functional changes, leading to vascular
remodeling [7,21].

It is well established in the literature that there is a recognized association between
a higher EMT and hypertension, independent of obesity [8,20,22]. EMT is a measure of
carotid PVAT, which produces molecules that modulate the vascular tone [23].

We also found that a higher mean EMT was correlated with aging and with a higher
number of cardiovascular risk factors, in accordance with the previous reports [7,20,22,24].
However, contrary to all other studies, we did not find any association between EMT
and diabetes or between EMT and lipid profile [7,20]. These differences may, in part, be
explained by the fact that the studies analyzed different populations [7,20]. We studied
patients from the Vascular Surgery department, while Haberka et al. studied patients from
the Cardiology department and Skilton et al. included a control group [7,20]. Another
possible explanation could be the variance in the number of included patients (177 in our
study compared to 400 in Haberka’s study) and the absence of risk factor control analysis
in any of these papers.

The physiopathological explanation for the possible association between diabetes and
an increase in EMT (a measure of PVAT) is that an increase in PVAT causes microvascular
dysfunction in muscle and consequently insulin resistance [25].

Remarkably, our study revealed that patients on fibrates had a lower mean EMT, which
has not been previously described. This finding aligns with the documented evidence,
indicating that fibrates inhibit adipocyte hypertrophy, offering a potential explanation for
our results [26]. Further studies are needed to support this novel finding that suggests a
potential protective effect of fibrates on diseases with abnormally increased EMT. Addition-
ally, the literature supports that statins can limit the adventitial neovascularization and the
EMT progression [24,27]. However, In our study, we observed no effect of statins on the
mean EMT.

4.2. Peri-Carotid Adipose Tissue and Chronic Atherosclerosis at the Carotid Bifurcation

We found that the total amount of peri-carotid adipose tissue, estimated with the mean
EMT, was associated with the presence of carotid plaques and with IMT. Haberka et al. also
observed a significant, albeit weak association, between EMT and IMT, suggesting that both
indexes may share underlying factors, with EMT being more related to the cardiometabolic
risk [7].

Patients with left carotid stenosis of >70% had a statistically significant and higher
ipsilateral EMT, with a large effect size. Our study is unique in separately analyzing stenosis
at the right and left bifurcations [7,11].

We identified only one study that also analyzed the association between EMT and
carotid stenosis, which included a population scheduled for elective coronary angiogra-
phy [11]. This study demonstrated that the mean EMT was a strong and independent
predictor of the severity of internal carotid stenosis, surpassing the predictive power of
other cardiovascular risk factors [11]. The authors suggested that the mean EMT may be
a systemic marker of atherosclerosis [11]. While the literature analyzing the peri-carotid
adipose tissue is still scarce, the evidence on the peri-coronary adipose tissue is more
elucidative. Several studies have demonstrated that the volume of peri-coronary epicar-
dial adipose tissue was significantly associated with the extent and severity of coronary
atherosclerosis [28,29].

No previous study has analyzed the relationship between the ipsilateral /contralateral
EMT and the atherosclerotic characteristics at the carotid bifurcation, limiting our ability
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to discuss our results. It seems that the peri-carotid adipose tissue, estimated with EMT,
may not have a direct local ipsilateral effect in a chronic atherosclerotic lesion at the carotid
bifurcation. This aligns with Haberka et al.’s argument that EMT, which is measured in the
distal segment of the common carotid artery, may be a systemic marker of atherosclerotic
and not have an ipsilateral action in the carotid bulb/proximal internal carotid artery [11].

4.3. The Particular Case of “Acute Culprit” Carotid Stenosis

We observed a higher ipsilateral EMT for an “acute culprit” carotid stenosis at the left
and right carotid bifurcations (when compared to patients with non-acute carotid stenosis
or to the contra-lateral side). Six months after the neurologic event, the proportion of EMT
ipsilateral to an “acute culprit” carotid stenosis decreased, which suggests a resolution
mechanism following the acute phase.

To our knowledge, this is the first time that such results have been described with
Doppler ultrasound. Baradan et al. demonstrated an increase in the density of the peri-
carotid adipose tissue surrounding the stenotic internal carotid arteries in patients with
a history of ipsilateral stroke or transitory ischemic attack, using CT scans [30]. A higher
fat density on a CT scan was associated with the histopathological markers of inflamma-
tion [10,30]. The authors suggested that the inflammation associated with “culprit” carotid
plaques extends beyond the vessel lumen [30].

As previously mentioned, a higher number of publications are found on coronary
disease, with Balcer et al. reporting a higher volume of peri-coronary adipose tissue sur-
rounding a culprit coronary stenosis [31]. Inflammatory changes in the fat surrounding
coronary arteries have been associated with coronary artery disease and with high-risk,
rupture-prone “culprit” plaques [30]. Culprit lesions in patients with acute coronary syn-
drome exhibit an increase in inflammatory activity [32]. Moreover, peri-vascular adipose
tissue depots expand through differentiation or in response to the infiltration of inflamma-
tory cells and have a complex bidirectional relationship with the vascular wall [11]. Thus,
we hypothesize that our observation of an augmented EMT ipsilateral to an “acute culprit”
carotid stenosis could reflect an increased inflammation in peri-carotid adipose tissue asso-
ciated with “acute culprit” carotid plaques. However, the question remains unanswered
whether the inflammation in PVAT is a cause or a consequence of atherosclerosis [33].

4.4. Peri-Carotid Adipose Tissue as a Marker of Plaque Instability in Clinical Practice

The interest in identifying features related to carotid plaque instability is growing,
along with the investigation of several biomarkers [34]. Although the markers of systemic
inflammation, such as C-reactive protein, have been associated with an increased risk of
plaque instability, they cannot specifically identify unstable or higher-risk vascular beds [30].
Peri-carotid adipose tissue may serve as a local biomarker of higher stroke risk, similar to
the adipose tissue surrounding the coronary arteries, which has been associated with an
increased risk of fatal heart attacks [9]. Furthermore, cross-sectional imaging techniques
can assess peri-carotid tissue inflammation and identify the possible “culprit” carotid
stenosis [9,30]. However, these imaging methods are time-consuming, expensive, and less
readily available in clinical practice. Ultrasound, in turn, is an attractive, non-invasive
method that can be easily performed at the patient’s bedside.

Our results hypothesized that EMT may increase before acute carotid events and may
be able to help in predicting them, aiding in clinical risk stratification and monitoring the
therapeutic effect of anti-atherosclerotic medication. As the EMT ipsilateral to an “acute cul-
prit” carotid stenosis decreases with time, reflecting a decrease in the inflammatory activity,
this may point to the optimal timing for carotid endarterectomy. However, these are merely
hypotheses that require validation through animal studies or larger-scale investigations.

4.5. Strengths and Limitations

This paper has several strengths. It is a prospective, longitudinal study that includes
177 patients. It is one of the few investigations analyzing the association between peri-
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carotid adipose tissue and atherosclerosis at the carotid bifurcation. It conducts a distinct
analysis between the total and the ipsilateral PVAT. To the best of our knowledge, it is
the first study demonstrating a significant association between an increased amount of
ipsilateral peri-carotid adipose tissue, estimated with EMT, and “acute culprit” carotid
stenosis. This finding is clinically significant as the measurement of peri-carotid adipose
tissue using Doppler ultrasound is easily obtainable in daily practice and can eventually
have implications on personalized treatment approaches, such as determining the need
for carotid endarterectomy in borderline cases. However, the clinical applicability of EMT
should be approached with caution and compared with robust studies. This paper also
reports a previously undocumented observation that patients on fibrates had a lower EMT,
suggesting a potential protective effect of fibrates on carotid diseases, although further
research is needed to confirm this finding.

However, this study has several limitations. The sample under study does not fully
represent the entire population followed-up at our institution but consists of consecutive
patients followed-up by the main author. We defined the inclusion criteria to encompass
patients who did not exhibit a pro-inflammatory state or any recent changes in their body
composition. This approach aims to mitigate the potential biases in the results, considering
the established connection between inflammation and the prevalence and instability of
atherosclerotic plaque. This fact prevents our population from being similar to a real-life
counterpart. Only 11 out of the total 177 patients had an “acute culprit” carotid stenosis.
The use of Doppler ultrasound, a two-dimensional imaging method, can also compromise
the evaluation of three-dimensional structures, such as carotid arteries. It is likely that
the number of plaques could not be accurately quantified with this method as some of
them appeared continuous. A larger sample size from multiple centers could provide more
robust and generalizable results. Another limitation is the relatively short follow-up period
of six months for “acute culprit” carotid stenosis. Furthermore, this study is unable to
establish a causal relationship between peri-carotid adipose tissue and atherosclerosis at
the carotid bifurcation.

5. Conclusions

Peri-carotid adipose tissue estimated with EMT is associated with the chronic marker of
atherosclerosis at the carotid bifurcation and is also linked with “acute culprit” carotid stenosis.
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