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METHODS

Definitions of other diseases associated with carotid atherosclerosis

Definitions of ischemic cerebrovascular events are provided in the main manuscript. Definitions of all
other comorbidities extracted from anamnestic patient data and included in our manuscript are listed
below:

Arterial hypertension: systolic blood pressure >140 mm Hg and/or diastolic blood pressure >90
mm Hg [1].

Diabetes mellitus: a group of metabolic diseases characterized by hyperglycemia resulting from
defects in insulin secretion, insulin action, or both [2].

Dyslipidemia: any abnormal levels of total cholesterol (>200 mg/dl), low-density lipoprotein
cholesterol (>100 mg/dL), high-density lipoprotein cholesterol (>40 mg/dl for men or <50 mg/dL for
women), non-high-density lipoprotein cholesterol (<130 mg/dl), triglycerides (<150 mg/dl), or taking
lipid-lowering medication [3].

Coronary artery disease: a pathological process characterized by atherosclerotic plague
accumulation in the epicardial arteries, whether obstructive or non-obstructive [4].

Myocardial infarction: post-interventional cardiac troponin T level increase of >2 times the
normal upper limit in addition to either chest pain, symptoms consistent with heart ischemia, or
electrocardiographic evidence of ischemia [5].

Atrial fibrillation: rapid, disorganized atrial electrical activation leading to ineffective atrial
contraction, characterized by electrocardiographic characteristics such as absence of distinct P waves
on the surface ECG; irregular atrial activations with an atrial cycle length that is usually <200 ms; and
‘absolutely’ irregular R-R intervals (when atrioventricular conduction is not impaired) [6].

Chronic kidney disease: the presence of kidney damage or an estimated glomerular filtration
rate of less than 60 ml/min/1.73 m2, persisting for 3 months or more, irrespective of cause [7].

Autoimmune disease: humoral or cell-mediated immune response to self-antigen [8].



Hemorrhagic stroke: rapidly developing clinical signs of neurological dysfunction attributable
to a focal collection of blood within the brain parenchyma or ventricular system that is not caused by
trauma [9].

Computed tomography

All patients underwent standard helical multidetector computed tomography angiography (CTA) of the
cerebral and carotid arteries with Siemens Somatom Definition AS, Definition AS+, Definition Edge,
Emotion 16 and Perspective (Siemens Healthineers, Erlangen, Germany); Toshiba Aquilion 16, 64 and
Prime (Canon Medical Systems Corporation, Otawara, Japan); Phillips Brilliance 6, Brilliance iCT 128
and Ingeunity Core 128 (Koninklijke Philips Electronics N.V., Amsterdam, The Netherlands); and GE
Healthcare BrightSpeed Elite and Optima CT660 (General Electric Healthcare, Chicago, USA)
devices. All examinations were performed with 50-100 ml of the intravenous iodine contrast agents
(CA), lomeron® 400 (Bracco Imaging, Milan, Italy) or Ultravist® 370 (Bayer HealthCare
Pharmaceuticals LLC, Berlin, Germany), depending on scan duration and patient weight. Contrast
agents were administered at a rate of 3—4 ml/s with an automatic injector through a minimum 20 G
cannula inserted into a peripheral vein. The arterial phase of the examination was triggered by bolus
tracking in the ascending aorta. Each patient was examined in supine position, and the scanning
direction was caudocranial. The CT scan ranged from the lower edge of the aortic arch to the vertex of
the skull (above the Willis circle). Multiplanar reconstructions in the axial plane in submillimeter
sections and reconstructions of maximum intensity projection in the sagittal and coronal planes in 3-8
mm sections, with a uniform window width (W) of 700 Hounsfield units (HU) and window center (L)
of 200 HU, were assessed. In several cases, the width and center of the window needed to be increased
for optimal visualization (range W 700-1000 HU and L 200-400 HU).

Magnetic resonance imaging

Magnetic resonance imaging (MRI) examinations of carotid arteries were performed on Siemens
Avanto 1.5 T and Skyra 3 T (Siemens Healthineers, Erlangen, Germany), GE Healthcare Discovery
MR750w 3 T (General Electric Healthcare, Chicago, IL, US) and Philips Ingenia 3 T (Koninklijke
Philips Electronics NV, Amsterdam, Netherlands) instruments. The receiving coil comprised a
head/neck angiographic or cervical multichannel coil. The field of view was centered on stenosis in
the carotid bifurcation.

The MRI carotid bifurcation examination protocol consisted of four basic sequences:



1. T1-weighted TSE (turbo spin echo) FS (fat suppressed) sequence, axial planes (time to echo
[TE] 19 ms, time to repeat [TR] 600 ms; slice thickness [ST] 3 mm; matrix size 230 x 256;
distance factor [gap] 0.3 mm; field of view [FOV] 256 mm; FOV phase 100%; turbo factor [TF]
2; number of excitations [NEX] 2; sequence length 3:50 min).
2. 3D_T1 MPRAGE (magnetization prepared rapid gradient echo) sequence, axial planes, IPH
sensitive (TE 4 ms; TR 670 ms; T1 370 ms, ST 1 mm; matrix size 192 x 256; gap 0 mm; FOV
180 mm; FOV phase 75; Q3 NEX 3; sequence length 5:49 min).
3. T2-weighted TSE sequence, axial planes (TE 72 ms; TR 4 580 ms; ST 4 mm; matrix size
294 x 384; gap 0.4 mm; FOV 230 mm; FOV phase 100, TF 14; Q3 NEX 2; sequence length
3:18 min).
4. 3D_TOF (time of flight) sequence, axial planes (TE 7 ms; TR 24 ms; ST 1 mm; matrix size,
198 x 384; gap 0 mm; FOV 200 mm; FOV phase 75%; Q3 NEX 1; sequence length 2:43 min).
In selected patients, MRI carotid artery examination was performed with CA, administered in
the second part of the examination. Either 7.5-10 ml gadolinium CA Gadovist® (Bayer HealthCare
Pharmaceuticals LLC, Berlin, Germany) or 10 ml MultiHance® (Bracco Imaging, Milan, Italy) was
administered intravenously. The post-contrast acquisition was T1-weighted TSE with fat suppression.

The degree of stenosis was measured according to the NASCET criteria [10] specifically on
TOF sequences. The general plague composition was evaluated according to the modified American
Heart Association (AHA) classification for MRI in four categories: type IV=V: plaque with a lipid-
rich necrotic core (LRNC) surrounded by fibrous tissue with possible calcification; type VI. complex
plaque with possible surface defects, hemorrhage or thrombi; type VII: calcified plaque; and type VIII:
fibrotic plaque without LRNC with possible small calcifications [11]. LRNC appeared as isointense on
TOF images, isointense to hyperintense on T1w, and hypointense on T2w images; fibrous tissue as
isointense on TOF images and isointense to hyperintense on T1w and T2w images; and calcification
nodules as hypointense areas in all images (T1w, T2w, and TOF) [12]. In patients examined by MRI
with a CA, enhancement as a marker of plaque neovascularization and inflammation was evaluated on
postcontrast T1w sequences (increased enhancement with CA: hyperintensity compared to the same
sequence before admission of CA) [13, 14].

RESULTS
In the beginning, the following variables were included in the logistic regression analysis, step 1: age
of patients, male sex, coronary arterial disease, lipid part on CT, overall AHA type, AHA type IV-V,



AHA type VI, AHA type VII, stenosis degree on MRI, alcohol, and smoking. Variables with the
highest significance value were gradually removed from the model (backward elimination — starts with
a set of independent variables, deleting one at a time, then testing to see if the removed variable is
statistically significant). Finally, the model consisted of 9 steps. Detailed results of the logistic
regression analysis are provided in Table S1. The final model included only alcohol and stenosis

severity on which results are provided in the main manuscript.

Table S1. Logistic regression using backward stepwise (likelihood ratio) method
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Figure S1. MRI detection of an intraplaque hemorrhage. Acute intraplague hemorrhage (ICA sin.,

axial planes) located deep within the plaque appears as a hyperintense signal on Tlw MPRAGE IPH
sensitive (a) and Tlw TSE FS (b) sequences, and hypointense signal on T2w TSE (c, arrow). Subacute
intraplaque hemorrhage appears as a hyperintense signal on Tlw MPRAGE IPH sensitive (d), T1w
FSE FS (e), and T2w TSE (f, arrow) sequence
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