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Abstract: Introduction: Antiphospholipid syndrome (APS) is an autoimmune disease characterised
by arterious and venous thrombosis, miscarriage, and the presence of antiphospholipid antibodies
(aPL) in the blood. As we know, APS is also characterised by accelerated atherosclerotic degeneration
with an increased risk of thrombosis in all blood vessels, including the carotid arteries. Carotid
artery stenosis can manifest in many different ways. The aim of this study is to present the results
of our multidetector computerised tomography angiography (MDCTA) analysis of the carotid ar-
teries in patients with primary and secondary APS compared with a control group. Materials and
Methods: This study examined 50 patients with primary antiphospholipid syndrome (PAPS) and
50 patients with secondary antiphospholipid syndrome (SAPS). The results were compared with a
control group also comprising 50 patients. The groups were analysed with respect to age, sex and
the presence of well-established risk factors for vascular disease. The study was conducted using
MDCTA, where we analysed the quantitative and qualitative (morphologic) characteristics of carotid
artery lesions. Results: Patients from the control group had significantly elevated levels of cholesterol
and triglycerides in comparison with patients with PAPS and SAPS (p < 0.001 and p < 0.05). The
results show that carotid artery lesions were significantly more common in patients with APS (PAPS,
n = 40, CI95: 0.50–0.75, p = 0.0322 and SAFS, n = 54, CI95: 0.59–0.80, p = 0.0004) than within
the control group (n = 23). There was a statistically significant difference between patients with
APS and the control group with respect to lesions in the distal segments (n = 27, CI95: 0.67–0.95,
p = 0.0001), bulbi and proximal segments (n = 21, CI95: 0.84–1.00, p = 0.000005). The number of
patients with one lesion (L) (n = 27) was significantly greater than the number of those with three
(n = 10, CI95: 0.56–0.86, p = 0.0051) or four (n = 3, CI95: 0.73–0.98, p = 0.00001) lesions. There were
also more patients with two lesions (n = 24) than those with four (n = 3) (CI95: 0.71–0.97, p = 0.00005).
Carotid artery stenosis was shown as a percentage of the carotid artery lumen diameter (%DS). Steno-
sis of up to 30%, was more common in patients in the PAPS group (n = 12) than in the control group
(n = 3) (CI95: 0.52–0.96, p = 0.0201), while the SAPS group (n = 17) had an even larger disparity (CI95:
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0.62–0.97, p = 0.0017). We observed a highly significant difference in the frequency of stenoses between
30% and 50% DS between the PAPS group (n = 24) and the control group (n = 7) (CI95: 0.59–0.90,
p = 0.0023), as well as the SAPS group (n = 30) (CI95: 0.65–0.92, p = 0.0002). A qualitative analysis
of plaque morphology revealed that patients with PAPS had significantly more soft tissue lesions
(n = 23) compared with calcified lesions (n = 2) (CI95: 0.74–0.99, p = 0.00003), as well as more
mixed plaques (n = 9) and calcified plaques (n = 2) (CI95: 0.48–0.98, p = 0.0348). Patients within the
SAPS group had significantly more soft tissue (n = 35) than calcified lesions (n = 3) (CI95: 0.79–0.98,
p = 0.00000021), as well as more mixed lesions (n = 21) compared with calcified (n = 3) (CI95: 0.68–0.97,
p = 0.0002). Conclusions: Our study shows that subclinical manifestations of carotid artery lesions
were more common in patients with APS. We came to the conclusion that MDCTA is an accurate
diagnostic method because it is a safe method that provides us with a great quantity of accurate
information about the characteristics of atheromatous plaques, which aids us in the further planning
of treatment for patients with APS.

Keywords: antiphospholipid syndrome; carotid artery; vascular manifestations; MDCTA

1. Introduction

Antiphospholipid syndrome (APS) is an autoimmune disease characterised by arteri-
ous and venous thrombosis, miscarriage, and the presence of antiphospholipid antibodies
(aPL) in the blood. APS can be primary—as a primary disease (PAPS), secondary—in the
scope of another autoimmune disease—(SAPS) and catastrophic, which has the worst prog-
nosis of all and a disconcertingly high mortality rate. On the other hand, atherosclerosis
is the most common disease in the modern world, and most importantly, manifests as a
systemic disease. The course of the disease can be divided into two parts, but as it shows
continuous progression, it may be asymptomatic at early stages and clinically evidential
at later stages. The first is the subclinical phase, which typically begins in youth and is
characterised by a stable, fibrolipid plaque, while the second, clinical phase is characterised
by an unstable plaque that can become ulcerated and the site of thrombosis [1,2]. It is
well-established that patients with autoimmune diseases have an earlier onset and faster
progression of atherosclerosis [3].

The classification criteria for APS (clinical and laboratory) were originally outlined in
1999, in Sapporo, and were then subsequently revised in 2006, in Sydney [4–6]. Today, the
laboratory criteria used in the diagnosis of APS are: the presence of lupus anticoagulant—a
thrombophilic protein in the blood (LAC); anti-cardiolipin antibodies (aCL) of the IgG or
IgM class, and aβ2GPI. To meet the diagnosis criteria, these antibodies must be elevated in
medium or high titres in two or more separate blood samples, taken at intervals of at least
six weeks. The response of the haematopoietic system in these patients is characterised
by an increased risk of arterious and venous thrombosis [7,8]. The risk of cardiovascular
disease (CVD) in patients with APS is also significantly higher compared to the general
population [9].

One of the most common manifestations of APS is the earlier onset atherosclerosis,
whose progression leads to the occlusion of blood vessels and can impact any artery or
vein. Unsurprisingly, this leads to the gravest consequences when the blood vessels of the
head and neck become occluded [9,10]. Because of this, the timely detection of blood vessel
lesions is of paramount importance in the management and outcomes of patients with APS.
Classic neurologic signs of carotid artery disease are rare at the outset, but the presence of a
constellation of otherwise uncharacteristic symptoms caused by cerebrovascular lesions is
an indication for further diagnostic exploration. Strokes are the leading cause of disability
and mortality in patients with APS [11,12].

Younger patients with APS have a significantly higher risk for CVD compared with
the general population, but the risk is altogether far higher in older patients with APS.
In addition to the classic risk factors such as diabetes mellitus, arterial hypertension,
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dyslipidaemia, family history of coronary heart disease, obesity, sedentary lifestyle habits
and smoking, APS is a further risk factor for accelerated atherosclerosis. A cerebrovascular
event can take many forms, including a transient ischaemic attack (TIA), a reduced visual
field, aphasia, and vasculitis up to and including the occlusion of large blood vessels with
resulting hemiparesis and hemiplegia [7,9,11,13,14].

For a long time, colour Doppler ultrasonography (DUS) was the only non-invasive
imaging method used to diagnose stenotic lesions in peripheral blood vessels. DUS has
been shown to be a reliable modality for the examination of the larger blood vessels of
the extremities, as well as carotid arteries. The modern approach to the detection of
blood vessel pathology makes use of multidetector computed tomography angiography
(MDCTA). The consensus today is that a 64 CT scanner is the imaging modality of choice,
since it is excellent for the visualisation of smaller and larger blood vessels, their anatomic
characteristics, including vitally important virtual angiography, and the morphology of
atheromatous plaques.

The aim of this study is to present the results of our MDCTA quantitative and qualita-
tive analysis of the carotid arteries in patients with primary and secondary APS compared
with a control group.

2. Materials and Methods

This case–control study comprised 50 patients (pts) with PAPS (39 women, 21 men),
50 patients with SAPS (31 women, 19 men) and 50 patients as a control group (14 women,
36 men), in which all participants were diagnosed with atherosclerotic plaques, but con-
firmed to have no autoimmune diseases. We discovered that there was no significant
difference in age between the groups of patients with APS and the patients in the control
group (p < 0.05), while the difference with respect to sex was significant (p < 0.05). Af-
ter clinical examination, the main indication for MDCTA in patients with APS was the
evaluation of carotid artery lesions because of neurologic symptoms. The control group
comprised patients without APS for whom an MDCTA was indicated because of peripheral
vascular disease. The criteria for exclusion were pregnancy or lactation, severe respiratory,
heart or kidney failure, and a severe infection or fever.

APS was diagnosed according to the Sydney Classification Criteria set forth in 2006.
In conjunction with clinical signs and symptoms, laboratory testing has established serum
and plasma reference and cut-off values for phospholipid-dependent coagulation tests
that enable the detection of lupus anticoagulant (LAC), and immunofluorescence tests
(ELISA) for anti-cardiolipin antibodies (aCL) of the IgG and IgM classes, as well as anti-ß2
glycoprotein-I of the IgG and/or IgM class.

A standard laboratory analysis and assessment of the atherosclerosis risk factors
(dyslipidaemia, hyperglycaemia, smoking, arterial hypertension and family history) was
conducted for all study participants. After clinical examination, DUS and MDCTA were
used to examine the carotid arteries of all participants.

MDCTA examination was conducted bilaterally for the common carotid artery seg-
ments (proximal segment, distal segment and bulbus), as well as both the internal carotid
artery and external carotid artery. We used whole-body angiography (WBA) for a period
of 26 s, i.e., less than a minute, with the application of 70 to 120 mL of contrast agent
(Ioversol 350), followed by 30 mL of physiological solution. The results were analysed
by an integrated system of quantitative peripheral angiography, giving us the stenosis
diameter. The changes in blood vessels analysed in patients with subclinical disease were
unknown before our examination (protocol taken from the Congress of Radiologists in
Chicago–RSNA, 2004).

All lesions that we detected in the scope of our carotid MDCTA scans were classified
into four groups based on the percentage of decrease in the artery lumen diameter (%DS):
(1) 0–30%, (2) 31–50%, (3) 51–70%, (4) >70%. Moreover, we analysed the plaque morphology
visualised within each scan and divided all plaques into three discrete groups: soft tissue
lesions, calcified lesions and mixed type lesions.



Diseases 2023, 11, 131 4 of 10

We also categorised our patients into four discrete groups based on the number of
lesions found: (1) pts with one lesion, (2) pts with two lesions, (3) pts with three lesions,
(4) pts with four lesions at different segments (proximal common carotid artery, distal
common carotid artery, carotid artery bulbus, internal carotid artery and external carotid
artery). The results were compared quantitatively and qualitatively within each group, as
well as between different groups.

Descriptive statistical analysis was used for the basic statistical analysis of our popula-
tions’ characteristics. Further analysis was carried out depending on whether the data were
normally distributed or not. We tested for normality using the Kolmogorov–Smirnov test.
If the data were shown to have a normal distribution, we used parametric analysis of vari-
ance (one-way analysis of variances) for comparing differences between the experimental
groups. In the event that the data were not normally distributed, we used a nonparametric
test of variance (Kruskal–Wallis analysis of variance). If there were statistically significant
differences between groups, they were compared with each other by the parametric Tukey
test, or the non-parametric Dunn’s Multiple Comparison Test or chi-square test. Statisti-
cal analysis was performed using the statistical package GraphPad Prism, version 6.00
per Windows (GraphPad Software, San Diego, CA, USA; https://www.graphpad.com/,
accessed on 23 September 2023).

3. Results

With respect to the traditional risk factors for atherosclerosis, patients from the control
group had significantly elevated levels of cholesterol in comparison with patients with
PAPS and SAPS (p < 0.001). Also of note, patients from the control group had signifi-
cantly elevated levels of triglycerides in comparison with patients with PAPS and SAPS
(p < 0.05). With respect to the other risk factors that we analysed, no other significant differ-
ences were found. This case–control study comprised 50 patients (pts) with PAPS (mean
age: 53 ± 11 years; 39 women, 21 men), 50 patients with SAPS (mean age: 53 ± 9 years;
31 women, 19 men) and 50 patients as a control group (mean age: 54 ± 8 years; 14 women,
36 men) (Table 1).

Table 1. Baseline study population characteristics.

Risk Factors PAPS SAPS Controls p

Age (years) 52.98 ± 11.24 53.26 ± 9.29 54.47 ± 8.04 p ≥ 0.05
Cholesterol levels (mmol/L) 2.86 ± 1.04 2.85 ± 0.86 7.94 ± 0.57 p < 0.001
Trygliceride levels (mmol/L) 1.33 ± 0.49 1.36 ± 0.48 3.71 ± 0.56 p < 0.05

Glycaemia (mmol/L) 5.05 ± 1.04 4.92 ± 0.69 5.09 ± 0.85 p ≥ 0.05

Patients with APS were shown, using MDCTA, to have significantly more atheroscle-
rotic carotid lesions (L) than patients in the control group. Patients with PAPS, as well as
patients with SAPS, had significantly more atherosclerotic lesions compared to patients in
the control group. Our results show that significantly more patients in the PAPS group had
atherosclerotic lesions than patients in the control group (40 L vs. 23 L, p <0.05), but also
that patients in the SAPS group had more lesions than patients in the control group (54 L
vs. 23 L, p < 0.001).

The MDCTA analysis showed that among the 150 patients enrolled in this study, there
were 117 lesions (40 in the PAPS group, 54 in the SAPS group and 23 in the control group)
with varying degrees of carotid artery stenosis. A statistically significant difference between
groups was observed in the proximal segments of both carotid arteries. The frequency of
proximal left common carotid artery (LCCA) lesions and proximal right common carotid
artery lesions was significantly higher in the PAPS group (5/50 vs. 0/50 patients, p < 0.05)
as well as the SAPS group (6/50 vs. 0/50 patients, p < 0.05) when compared to the control
group. A similar difference was also observed when comparing the distal segments and
bulbi of both common carotid arteries (Table 2).

https://www.graphpad.com/
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Table 2. Number of arterial stenoses in the study population (n = 117 lesions).

PAPS (50 Patients) SAPS (50 Patients) Control (50 Patients)

DACC prox. 5 A 6 0 A

LACC prox. 5 A 5 0 A

DACC dist. and bulbus 5 A 8 A 2 AA

LACC dist. and bulbus 8 A 6 A 3 AA

DACI 6 11 6
LACI 7 8 9
DACE 3 5 2
LACE 2 5 1

Total (n = 117) 40 lesions A 54 lesions y 23 lesions Ay

DACC prox. (proximal segment of the right common carotid artery), LACC prox. (proximal segment of the left
common carotid artery), DACC dist. and bulbus (distal segment and bulbus of the right common carotid artery),
LACC dist. and bulbus (distal segment and bulbus of the left common carotid artery), DACE (right external
carotid artery), LACE (left external carotid artery). A = p < 0.05, y = p < 0.001.

After examining the numbers of carotid artery lesions, we determined that our sam-
ple contained more patients without any lesions than patients with one or more carotid
artery lesions of varying degrees of stenosis (86/150 vs. 64/150, p < 0.05). We found that
the control group contained significantly fewer patients with carotid artery lesions than
patients without (16/50 vs. 34/50 patients, p < 0.01), which is exceedingly statistically
significant (Table 3).

Table 3. Frequency of carotid artery lesions.

Patients with Lesions Patients without Lesions

PAPS (40 lesions, 50 patients) 22 28
SAPS (54 lesions, 50 patients) 26 24

Control (23 lesions, 50 patients) 16 a 34 a

Total 64 A 86 A

A = p < 0.05; a = p < 0.01.

While examining the distribution of the number of lesions across all three groups
(PAPS, SAPS, control), we observed an interesting trend. The number patients with a single
lesion were significantly higher than the number of patients with three (27 pts vs. 10 pts,
p < 0.01) and four lesions (27 pts vs. 3 pts, p < 0.001). It was also shown that there were
more patients with two lesions than those with four (24 vs. 3 patients, p < 0.001). The
number of patients with two lesions was higher than the number of patients with three
lesions (24 pts vs. 10 pts, p < 0.05). We did not find any statistically significant differences
between our groups for patients with one lesion and two lesions.

After considering the number of lesions within each group (PAPS, SAPS, control), we
found that the PAPS group contained more patients with one lesion than patients with
three (7 pts vs. 2 pts, p < 0.01), as well as more patients with two lesions than with four
(13 pts vs. 0 pts, p < 0.001) and with three (13 pts vs. 2 pts, p < 0.01). The SAPS group
contained significantly more patients with one lesion than with four (10 vs. 3 patients,
p < 0.01). The control group also contained significantly more patients with one lesion than
with three or four (10 vs. 1 vs. 0 patients, p < 0.01), as well as more of those with two lesions
than patients with four lesions (5 vs. 0 patients, p < 0.05) (Table 4).
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Table 4. Frequency of different numbers of lesions by group.

Patients with 1 Lesion Patients with
2 Lesions

Patients with
3 Lesions

Patients with
4 Lesions

PAPS 40 lesions, 22/50 patients 7 a 13 yc 2 c 0 ay

SAPS 54 lesions, 50 patients 10 a 6 7 2 a

Control 23 lesions, 50 patients 10 a 5 A 1 a 0 aA

Total 27 yA 24 YA 10 aA 3 yY

A = p < 0.05; a, c = p < 0.01; y, Y = p < 0.001.

In our analysis of the degree of carotid artery stenosis, shown as a percentage decrease
in the lumen diameter (%DS), we demonstrated a very high statistical significance with
respect to the number of patients in the SAPS group who had carotid artery stenosis
in comparison to the control group (54 vs. 23 lesions, p < 0.001). The significance was
somewhat less pronounced in the case of the PAPS group (40 vs. 23 lesions, p < 0.05).
When we analysed the results in the PAPS group for patients with a 0–30% DS, we noticed
that there were significantly more patients with this degree of stenosis than in the control
group (12 vs. 3 lesions, p < 0.05). Meanwhile the SAPS group had an even larger disparity
(17 vs. 3 lesions, p < 0.01). A significant difference was inferred between the PAPS group
and the control group for 31 to 50% DS (24 vs. 7 lesions, p < 0.01), as well as between the
SAPS group and the control group (31 vs. 7 lesions, p < 0.001). No significant difference
was found with respect to 51 to 70% DS between groups, nor was any found for >71%
DS (Table 5).

Table 5. Frequency of lesions by %DS in each group.

DS% PAPS SAPS Control

0–30% 12 A 17 a 3 Aa

30–50% 24 a 30 y 7 ay

50–70% 3 3 7
>70% 1 3 6

Total (n = 117 lesions) 40 A 54 y 23 yA

A = p < 0.05; a = p < 0.01; y = p < 0.001.

All lesions, based on their plaque micromorphology, were qualitatively categorised
into three discrete groups: soft tissue plaques with minimal calcification, mixed type
plaques in which calcium and other cellular and extracellular elements were in roughly
equal quantities, and calcified plaques, which were composed mainly of calcium deposits.
Of the 117 lesions that we analysed, 62 (52.9%) lesions were of the soft tissue type, 39 were
mixed (33.3%) and 16 were calcified (13.8%). The PAPS group of patients was found to
have significantly more soft tissue lesions than mixed lesions (23/34 vs. 9/34, p < 0.01)
and calcified lesions (23/34 vs. 2/34, p < 0.001). There was also a statistically significant
difference in the frequency of mixed plaques versus calcified plaques (9/34 vs. 2/34,
p < 0.05). The SAPS group, in total, contained 59 plaques of varying structure. The SAPS
group of patients was found to have significantly more soft tissue lesions than calcified
(35/59 vs. 3/59, p < 0.001). There was also a statistically significant difference in the
frequency of mixed plaques versus calcified plaques (21/59 vs. 3/59, p < 0.001). The control
group, in total, contained 24 plaques of varying structure (Table 6).
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Table 6. Lesion morphology by group.

Group Calcified Mixed Soft Tissue n

PAPS 2 Ax 9 Aa 23 xa 34

SAPS 3 xy 21 x 35 y 59

Control 11 9 4 24

n = 117 16 39 62 117
Statistical significance is shown in the same letters per row. A = p < 0.05; a = p < 0.01; x, y = p < 0.001.

The control group contained 11 calcified plaques of the 24 that were observed in total.
This was significantly more common than in the PAPS group (11 vs. 2, p < 0.01) and the
SAPS group (11 vs. 3, p < 0.05).

4. Discussion

Atherosclerosis is the leading problem in modern medicine, and to this day, we are in
search for the magic bullet that will lower its unacceptably high prevalence. Unfortunately,
it is well known that patients with autoimmune diseases can have an increased risk of
vascular disease, which can lead to increased mortality. Novel imaging methods are
necessary for early detection, assessment and management in patients with these diseases.
In our study, which comprised 100 patients with APS (50 with PAPS, 50 with SAPS), we
analysed the frequency as well as the degree of carotid artery stenosis and the morphologic
characteristics of the plaques in question, discovered with the aid of MDCTA. It must be
emphasised that our sincere wish was to demonstrate the importance of early detection
in the case of carotid artery disease and above all, to elucidate the microstructure of the
culprit plaque. Research and experience have long since established the vulnerability
of soft tissue plaques, as well as even mixed-type plaques, to be far greater than that of
calcified plaques—even those whose %DS is lower than 70%. It was of particular interest to
us to explore the role of minimally invasive methods in the early detection of subclinical
manifestations in patients with APS, as well as their continued role in the surveillance of
this disease’s progression. In the analysis of our results and known risk factors for CVD, we
observed that some risk factors were significantly greater in the control group. This implies
that the classic risk factors for CVD are of no significant importance in the accelerated
progression of atherosclerosis in patients with APS. Of course, every instance of increased
risk factors in patients with APS must be managed, and biochemical markers of disease
must be brought within the reference range.

In a previous, wide-ranging study, Schoenfeld et al. analysed various cohort studies
and concluded that epidemiologic studies so far have implied a link between the classic risk
factors for CVD (hyperlipidaemia, cigarette smoking, advanced age, arterial hypertension,
male sex, and elevated C-reactive protein) and the increased risk for CVD in patients
with systemic lupus erythematosus (SLE). The authors further noted that previous studies
have not examined all these risk factors simultaneously within the same population, so
a calculation of their relative risk is not possible. In addition to traditional CVD risk
factors, several SLE-associated factors have also been predictive of CVD risk in past cohort
studies [10,14].

MDCTA grants us access to a wealth of highly precise information that is unavailable
when using other diagnostic tools [15,16]. From our results, we can conclude that the
frequency of blood vessel lesions is much greater in patients with APS than in patients
within the control group. MDCTA is the agreed-upon gold standard for examining the
progression of APS as well as the early detection of blood vessel lesions [16,17]. Our results
have shown that carotid artery lesions are statistically more common in patients with APS.
The majority of lesions in patients with APS lead to stenoses of below 50% of the carotid
artery lumen, and these lesions are predominantly of the soft tissue and mixed types.

Across all groups, the greatest statistical differences in carotid artery lesions were
found in the distal segments and bulbi of the common carotid arteries, but also in the
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internal carotid artery. This can be explained by their specific anatomy, curvature and
length. Past research and experience therefore illustrate the importance of the prompt
diagnosis and treatment of carotid artery stenosis, the consequences of which may be
lethal. It has been shown that neurologic symptoms in patients with APS can range from
non-existent to severe, and that their outcomes can be fatal [18–21].

At a glance, our study contained a relatively meagre number of APS patients with
carotid artery lesions whose %DS was above 50% (only 10 out of 100 patients). This
result was not statistically significant, so it was not described in our results. The control
group contained 13 predominantly calcified lesions with a %DS greater than 50% (6/13)
or 70% (7/13). While these values may seem of lesser importance, we must emphasise
that the early detection of carotid artery stenosis increases the probability of successful
management [21–23].

By comparing our results with previous findings, we have shown that MDCTA is
a superior method compared to DUS, which cannot be used to visualise smaller blood
vessels and cannot provide the precise quantitative and qualitative characteristics of the
atheromatous plaque under examination [23–26]. Invasive angiography was, despite its
possible complications during and after the procedure, until recently, the gold standard. At
this moment in time, its role is that of one of various interventional radiology procedures
available. When we compare the two methods, MDCTA is the superior method, mainly
due to its non-invasive nature and minimal risk [27–29]. In the scope of this study, all
participants were examined using a DUS, but the results of this were unsatisfactory and
did not carry the same statistical relevance, particularly in the proximal segments of the
common carotid arteries, where nearby bone tissue can obscure the view, as well as with
highly tortuous arteries.

Magnetic resonance angiography (MRA) is not routinely used in diagnostics, but we
hope that it may find itself in wider use in future as a non-invasive, alternative method
that spares patients the irradiation that comes with imaging methods that rely on the use
of x-ray radiation. The realisation of MRA’s full clinical potential requires the continuation
of study efforts and further improvements by the way of increased technique efficiency,
and better spatial and contrast resolution and artefact suppression [30–33].

5. Conclusions

MDCTA is a modern, minimally invasive imaging method with practically no compli-
cations (except for the possibility of an allergic reaction to contrast material); therefore, it
is considered a low-risk diagnostic tool. MDCTA, unlike DUS, eliminates some errors of
interpretation and allows us to visualise the precise quantitative and qualitative character-
istics of the atheromatous plaque under examination, which is of particular importance for
the assessment of disease progression and management in patients with APS. Surveillance
of de novo lesions, whose symptoms are often discrete and easy to miss, can prevent
the unwanted outcome of arterial occlusion when promptly treated with interventional
radiology procedures, most often stenting.

Author Contributions: Conceptualization, J.S., L.S., N.S. and D.S.; Methodology, J.S., A.D. and
R.V.; Software, N.S., S.K., S.N. and P.M.; Validation, J.S., B.F., V.D., V.C. and D.S.; Formal analysis,
N.B., D.A., D.K. and B.B.G.; Investigation, J.S., L.S., M.M. and N.C.; Resources, J.S., N.C. and D.S.;
Data curation, N.S., A.D., R.V. and S.N.; Writing—original draft, J.S., B.F., V.C., N.C. and D.S.;
Writing—review & editing, J.S., L.S. and D.A.; Visualization, N.B., D.A. and D.S.; Supervision, J.S.,
L.S. and D.K.; Project administration, S.K. and V.D.; Funding acquisition, N.S., S.N., V.C. and M.M.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study fulfils the ethical guidelines set forth in the
most recent Helsinki declaration (Edinburgh, 2000) and has received approval from the local
ethical committee.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Diseases 2023, 11, 131 9 of 10

Data Availability Statement: Data sharing is not applicable.

Acknowledgments: We thank all patients who participated in this study and our colleagues from
many clinics in Serbia. This work was supported by research grant number 175041, issued by the
Ministry of Science of the Republic of Serbia.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Shoenfeld, Y.; Sherer, Y.; Haratz, D. Atherosclerosis as an infectious, inflammatory and autoimmune disease. Trends Immunol.

2001, 22, 293–295. [CrossRef] [PubMed]
2. Rovensky, J. Asheron’s syndrome-catastrophic antipospholipid syndrome. Autoimmun. Rev. 2006, 6, 61–63. [CrossRef] [PubMed]
3. Ames, P.R.; Margarita, A.; Sokoll, K.B.; Weston, M.; Brancaccio, V. Premature atherosclerosis in primary antiphospholipid

syndrome: Preliminary data. Ann. Rheum. Dis. 2005, 64, 315–317. [CrossRef]
4. Lockshin, M.D.; Sammartino, L.R.; Schwartzman, S. Validation of the Sapporo criteria for antiphospholipid syndrome. Arthritis

Rheum. 2000, 43, 440–443. [CrossRef] [PubMed]
5. Miyakis, S.; Lockshin, M.D.; Atsumi, T.; Branch, D.W.; Brey, R.L.; Cervera, R.; Derksen, R.H.; De Groot, P.G.; Koike, T.;

Meroni, P.L.; et al. International consensus statement on an update of the classification criteria for definite antiphospholipid
syndrome (APS). J. Thromb. Haemost. 2006, 4, 295–306. [CrossRef] [PubMed]

6. Peeters, M.A.; Chizzolini, C. Le risque cardiovasculaire dans les maladies auto-immunes systémiques [Cardiovascular risk in
autoimmune and inflammatory disorders]. Rev. Med. Suisse 2011, 7, 867–871. (In French) [PubMed]

7. Vandevelde, A.; Devreese, K.M.J. Laboratory Diagnosis of Antiphospholipid Syndrome: Insights and Hindrances. J. Clin. Med.
2022, 11, 2164. [CrossRef]

8. Shoenfeld, Y.; Zandman-Goddard, G.; Stojanovich, L.; Cutolo, M.; Amital, H.; Levy, Y.; Abu-Shakra, M.; Barzilai, O.; Berkun, Y.;
Blank, M.; et al. The mosaic of autoimmunity: Hormonal and environmental factors involved in autoimmune diseases-2008. Isr.
Med. Assoc. J. 2008, 10, 8–12.

9. Kravvariti, E.; Konstantonis, G.; Tentolouris NSfikakis, P.; Tektonidou, M. Carotid and femoral atherosclerosis in antiphospholipid
syndrome: Equivalent risk with diabetes mellitus in a case-control study. Semin. Arthritis Rheum. 2018, 47, 883–889. [CrossRef]

10. Shoenfeld, Y.; Gerli, R.; Doria, A.; Matsuura, E.; Cerinic, M.M.; Ronda, N.; Jara, L.J.; Abu-Shakra, M.; Meroni, P.L.; Sherer, Y.
Accelerated Atherosclerosis in Autoimmune Rheumatic Diseases. Circulation 2005, 112, 3337–3347. [CrossRef]

11. García-Grimshaw, M.; Posadas-Pinto, D.R.; Jiménez-Ruiz, A.; Valdés-Ferrer, S.I.; Cadena-Fernández, A.; Torres-Ruiz, J.J.;
Barrientos-Guerra, J.D.; Amancha-Gabela, M.; Chiquete, E.; Flores-Silva, F.D.; et al. Antiphospholipid syndrome-mediated acute
cerebrovascular diseases and long-term outcomes. Lupus 2022, 31, 228–237. [CrossRef] [PubMed]

12. Tektonidou, M. Cardiovascular disease risk in antiphospholipid syndrome: Thrombo-inflammation and atherothrombosis.
J. Autoimmun. 2022, 128, 102813. [CrossRef] [PubMed]

13. Krause, I.; Blank, M.; Fraser, A.; Lorber, M.; Stojanovich, L.; Rovensky, J.; Shoenfeld, Y. The association of thrombocytopenia with
systemic manifestations in the antiphospholipid syndrome. Immunobiology 2005, 210, 749–754. [CrossRef] [PubMed]

14. Jimenez, S.; García-Criado, M.A.; Tassies, D.; Reverter, J.C.; Cervera, R.; Gilabert, M.R.; Zambo, D.; Ros, E.; Bru, C.; Font, J.
Preclinical vascular disease in systemic lupus erythematosus and primary antiphospholipid syndrome. Rheumatology 2005,
44, 756–761. [CrossRef]

15. Saponjski, J.; Stojanovich, L.; Djokovic, A.; Petkovic, M.; Mrda, D. Systemic Vascular Diseases in the Antiphospholipid Syndrome.
What is the best diagnostic choice? Autoimmun. Rev. 2010, 10, 235–237. [CrossRef]

16. Lalani, T.A.; Kanne, J.P.; Hatfield, G.A.; Chen, P. Imaging findings in systemic lupus erythematosus. Radiographics 2004,
24, 1069–1086. [CrossRef] [PubMed]

17. Yeo, J.; Hwang, I.; Sohn, C.H.; Lee, E.E.; Lee, S.T.; Lee, E.B.; Park, J.K. Proliferative Vasculopathy Associated with Antiphospholipid
Antibodies in Patients With Neurological Symptoms. Front. Med. 2022, 9, 913203. [CrossRef] [PubMed]

18. Karakasis, P.; Lefkou, E.; Pamporis, K.; Nevras, V.; Bougioukas, K.I.; Haidich, A.B.; Fragakis, N. Risk of Subclinical Atherosclerosis
in Patients with Antiphospholipid Syndrome and Subjects with Antiphospholipid Antibody Positivity: A Systematic Review and
Meta-analysis. Curr. Probl. Cardiol. 2023, 48, 101672. [CrossRef]

19. Marques, M.A.; Murad, F.F.; Ristow, A.V.; Silveira, P.R.; Pinto, J.E.; Gress, M.H.; Massière, B.; Cury, J.M.; Vescovi, A. Acute carotid
occlusion and stroke due to antiphospholipid antibody syndrome: Case report and literature review. Int. Angiol. 2010, 29, 380–384.
[PubMed]

20. Schoenfeld, S.R.; Kasturi, S.; Costenbader, K.H. The epidemiology of atherosclerotic cardiovascular disease among patients with
SLE: A systematic review. Semin. Arthritis Rheum. 2013, 43, 77–95. [CrossRef]

21. Kingstone, L.L.; Shabana, W.; Chakraborty, S.; Kingstone, M.; Nguyen, T.; Thornhill, R.E.; Berthiaume, A.; Chatelain, R.; Currie, G.
Vulnerable Carotid Artery Plaque Evaluation: Detection Agreement between Advanced Ultrasound, Computed Tomography,
and Magnetic Resonance Imaging: A Phantom Study. J. Med. Imaging Radiat. Sci. 2015, 46, 90–101. [CrossRef] [PubMed]

22. Berkman, S.; Song, S. Ischemic Stroke in the Young. Clin. Appl. Thromb. Hemost. 2021, 27, 10760296211002274. [CrossRef]
23. Loharia, J.J.; Alam, J.M.; Abdelhadi, H.A.; Marei, T.F. Thrombolytic therapy at systemic lupus onset with secondary antiphospho-

lipid syndrome. A rare stroke experience. Neurosciences 2015, 20, 55–60.

https://doi.org/10.1016/S1471-4906(01)01922-6
https://www.ncbi.nlm.nih.gov/pubmed/11419409
https://doi.org/10.1016/j.autrev.2006.06.004
https://www.ncbi.nlm.nih.gov/pubmed/17138243
https://doi.org/10.1136/ard.2004.023952
https://doi.org/10.1002/1529-0131(200002)43:2%3C440::AID-ANR26%3E3.0.CO;2-N
https://www.ncbi.nlm.nih.gov/pubmed/10693886
https://doi.org/10.1111/j.1538-7836.2006.01753.x
https://www.ncbi.nlm.nih.gov/pubmed/16420554
https://www.ncbi.nlm.nih.gov/pubmed/21598728
https://doi.org/10.3390/jcm11082164
https://doi.org/10.1016/j.semarthrit.2017.10.015
https://doi.org/10.1161/CIRCULATIONAHA.104.507996
https://doi.org/10.1177/09612033221074178
https://www.ncbi.nlm.nih.gov/pubmed/35042376
https://doi.org/10.1016/j.jaut.2022.102813
https://www.ncbi.nlm.nih.gov/pubmed/35247655
https://doi.org/10.1016/j.imbio.2005.10.005
https://www.ncbi.nlm.nih.gov/pubmed/16325493
https://doi.org/10.1093/rheumatology/keh581
https://doi.org/10.1016/j.autrev.2010.11.002
https://doi.org/10.1148/rg.244985082
https://www.ncbi.nlm.nih.gov/pubmed/15256629
https://doi.org/10.3389/fmed.2022.913203
https://www.ncbi.nlm.nih.gov/pubmed/35795628
https://doi.org/10.1016/j.cpcardiol.2023.101672
https://www.ncbi.nlm.nih.gov/pubmed/20671658
https://doi.org/10.1016/j.semarthrit.2012.12.002
https://doi.org/10.1016/j.jmir.2014.06.002
https://www.ncbi.nlm.nih.gov/pubmed/31052074
https://doi.org/10.1177/10760296211002274


Diseases 2023, 11, 131 10 of 10

24. Eesa, M.; Hill, M.D.; Al-Khathaami, A.; Al-Zawahmah, M.; Sharma, P.; Menon, B.K.; Tymchuk, S.; Demchuk, A.M.; Goyal, M. Role
of CT Angiographic Plaque Morphologic Characteristics in Addition to Stenosis in Predicting the Symptomatic Side in Carotid
Artery Disease. Am. J. Neuroradiol. 2010, 31, 1254–1260. [CrossRef] [PubMed]

25. Laswed, T.; Rizzo, E.; Guntern, D.; Doenz, F.; Denys, A.; Schnyder, P.; Qanadli, S.D. Assessment of occlusive arterial disease of
abdominal aorta and lower extremities arteries: Value of multidetector CT angiography using an adaptive acquisition method.
Eur. Radiol. 2008, 18, 263–272. [CrossRef]

26. Saponjski, J.; Stojanovich, L.; Petrovic, J.; Saponjski, D. The role of MSCT angiography in early detection of lower limb arterial
lesions in patients with antiphospholipid syndrome. Immunol. Res. 2017, 65, 482–486. [CrossRef] [PubMed]

27. Saponjski, J.; Stojanovich, L.; Saponjski, J.; Mirilovic, M.; Saponjski, D. Abdominal pain in patient with antiphospholipid
syndrome-the role of MDCT angiography on visceral blood vessels. Immunol. Res. 2017, 65, 1150–1155. [CrossRef]

28. Nardi, P.; Pellegrino, A.; Romagnoli, A.; Mve Mvondo, C.; De Propris, S.; Sperandio, M.; Versaci, F.; Simonetti, G.;
Chiariello, L. Multidetector computed tomographic coronary angiography as an alternative to conventional coronary
angiography in non-coronary surgical patients. J. Cardiovasc. Surg. 2011, 52, 429–435.

29. Van den Bosch, H.; Westenberg, J.; Setz-Pels, W.; Kersten, E.; Tielbeek, A.; Duijm, L.; Post, J.; Teijink, J.; de Roos, A. Prognostic
value of cardiovascular MR imaging biomarkers on outcome in peripheral arterial disease: A 6-year follow-up pilot study. Int. J.
Cardiovasc. Imaging 2016, 32, 1281–1288. [CrossRef]

30. Lin, Y.H.; Lin, H.H.; Liu, H.M.; Lee, C.W.; Chen, Y.F. Diagnostic performance of CT and MRI on the detection of symptomatic
intracranial dural arteriovenous fistula: A meta-analysis with indirect comparison. Neuroradiology 2016, 58, 753–763. [CrossRef]

31. Cina, A.; Di Stasi, C.; Semeraro, V.; Marano, R.; Savino, G.; Iezzi, R.; Bonomo, L. Comparison of CT and MR angiography in
evaluation of peripheral arterial disease before endovascular intervention. Acta Radiol. 2016, 57, 547–556. [CrossRef] [PubMed]

32. Jiménez, S.; Tàssies, D.; Espinosa, G.; García-Criado, A.; Plaza, J.; Monteagudo, J.; Cervera, R.; Reverter, J.C. Double heterozygosity
polymorphisms for platelet glycoproteins Ia/IIa and IIb/IIIa increases arterial thrombosis and arteriosclerosis in patients with
the antiphospholipid syndrome or with systemic lupus erythematosus. Ann. Rheum. Dis. 2008, 67, 835–840. [CrossRef]

33. Delaney, S.; O’Connor, G.; Reardon, W.; Murphy, S.J.X.; Tierney, S.; Ryan, B.M.; Delaney, H.; Doherty, C.P.; Guiney, M.;
Brennan, P.; et al. Extracranial and Intracranial Vasculopathy With “Moyamoya Phenomenon” in Association with Alagille
Syndrome. Front. Neurol. 2019, 9, 1194. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3174/ajnr.A2078
https://www.ncbi.nlm.nih.gov/pubmed/20360336
https://doi.org/10.1007/s00330-007-0749-0
https://doi.org/10.1007/s12026-016-8887-6
https://www.ncbi.nlm.nih.gov/pubmed/28124228
https://doi.org/10.1007/s12026-017-8968-1
https://doi.org/10.1007/s10554-016-0908-y
https://doi.org/10.1007/s00234-016-1696-8
https://doi.org/10.1177/0284185115595657
https://www.ncbi.nlm.nih.gov/pubmed/26185265
https://doi.org/10.1136/ard.2007.077321
https://doi.org/10.3389/fneur.2018.01194
https://www.ncbi.nlm.nih.gov/pubmed/30761079

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

