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Abstract: (1) Background: The success of carotid revascularization depends on the accurate grading
of carotid stenoses. Therefore, it is important for every vascular center to establish its protocols for
the same. In this study, we aimed to determine the peak systolic velocity (PSV) thresholds that can
predict moderate and severe internal carotid artery (ICA) stenoses. (2) Methods: To achieve this, we
enrolled patients who underwent both duplex ultrasound (DUS) and invasive carotid artery digital
subtraction angiography (DSA). The degree of ICA stenosis was assessed using the North American
Symptomatic Carotid Endarterectomy Trial (NASCET) and the European Carotid Surgery Trial (ECST)
protocols. The PSV thresholds were determined using receiver operating characteristic (ROC) curves.
(3) Results: Our study included 47 stenoses, and we found that the PSV cut-off for predicting ≥70%
NASCET ICA stenoses was 200 cm/s (sensitivity 90.32%, specificity 93.75%). However, PSV did
not correlate significantly with ≥50% NASCET ICA stenoses. On the other hand, the optimal PSV
threshold for predicting ≥80% ECST ICA stenoses was 180 cm/s (sensitivity 100%, specificity 81.82%).
(4) Conclusions: Based on our findings, we concluded that PSV is a good and simple marker for
the identification of severe stenoses. We found that PSV values correlate significantly with severe
NASCET and ECST stenoses, with 200 cm/s and 180 cm/s PSV thresholds. However, PSV was not
reliable with moderate NASCET stenoses. In such cases, complementary imaging should be used.

Keywords: carotid artery disease; peak systolic velocity; digital subtraction angiography

1. Introduction

Stroke is the second leading cause of disability and death worldwide, with low- and
middle-income countries bearing the highest burden of the disease [1]. Ischemic strokes
account for 87% of all strokes. In a European population of 715 million, about 1.4 million
strokes occur each year [2]. Carotid artery disease, along with cardiac embolism, is one
of the most common causes of cerebrovascular accidents [3,4]. Atherosclerosis generally
affects the carotid bifurcation or the proximal segment of the internal carotid artery (ICA).
Prompt evaluation of the carotid stenosis is crucial to determine whether the patient can
benefit from revascularization [5].

Several randomized clinical trials have shown the efficacy of carotid endarterectomy
(CEA) in treating selected ICA stenoses [6–9]. A large meta-analysis comparing the two
revascularization techniques has also suggested that carotid artery stenting (CAS) can be
beneficial for patients at high surgical risk [10]. Duplex ultrasound (DUS) is the preferred
method for screening and diagnosing carotid artery disease. It is a non-ionizing, widely
available, and repeatable method that provides valuable information on vessel anatomy.
However, it is operator-dependent and has considerable variability in the equipment
and the criteria used for stenosis assessment. The accuracy of DUS may be limited by
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technical errors, additional stenotic lesions, inability to distinguish pseudo-occlusion,
underestimation of highly calcified plaques, and several other issues [5].

Measuring peak systolic velocity (PSV) is a crucial part of the DUS examination
and is also straightforward to perform [11]. PSV increases as the artery narrows, except
for pre-occlusive lesions, where PSV tends to decrease [12]. While other factors such as
the ICA-to-common carotid artery (CCA) PSV ratio, end-diastolic velocity (EDV), and
caliper measurements provide additional useful information for determining significant
plaques [12,13], PSV remains the most effective ultrasound parameter for detecting carotid
stenosis [14]. Additionally, PSV is easy to obtain and has good intra- and inter-observer
reproducibility [15]. It is now widely accepted that individual laboratories should validate
the velocity criteria instead of adopting reported criteria from other laboratories [5] or
current guidelines [3,12,16]. Rigid PSV cut-offs applied in one major clinical trial had
moderate sensitivity and specificity (65 to 71%) for grading carotid stenoses [6]. Therefore,
each vascular center must assess the accuracy of the DUS examination compared to the
‘gold standard’ so that the maximum benefit of carotid revascularization can be achieved.
Despite the advances in non-invasive imaging techniques, digital subtraction angiography
(DSA) is still the ‘gold standard’ for the diagnosis of carotid artery disease. However, it is
an invasive procedure that could cause peri-operative complications. Moreover, it yields
high X-ray exposure for both patients and personnel [17].

This study aimed to correlate the PSV values found ‘in-house’ with the degree of
carotid stenoses described by DSA.

2. Materials and Methods

Between August 2018 and December 2021, our invasive center received patient re-
ferrals from neurologists, cardiologists, and vascular surgeons. This study focused on
carotid artery stenosis, which refers to a narrowing of the extra-cranial part of the ICA. The
first procedure performed on each patient in the study was a DUS examination with PSV
measurement. Both carotid arteries were examined by two clinicians with over 10 years of
experience in vascular ultrasound. DUS was performed with a General Electric Vivid Q
ultrasound machine (GE HealthCare, Chicago, IL, USA). A linear probe with an emitting
frequency range of 4 to 7 MHz was used (GE HealthCare). The carotid plaque was first
identified on the B-mode scan, and the transducer was then placed longitudinally, parallel
to the carotid artery, on the neck. The angle-corrected velocity measurement was performed
to obtain the stenotic jet velocity spectrum at the origin of the ICA. Patients with complex
stenoses involving the common carotid artery or occluded vessels were excluded.

Patients with a PSV value above 125 cm/s in the proximal ICA and with visible plaque
were selected for invasive DSA. The 125 cm/s PSV threshold was chosen based on current
guidelines for selecting ICA stenoses >50%. All patients referred to undertake invasive
DSA were candidates for ICA revascularization, such as recent ischemic stroke or transient
ischemic attack, heart surgery referral, or high-risk patients for future ischemic events.
Invasive DSA was performed in the same hospitalization, after DUS screening. DSA images
were obtained with a Siemens Artis Zee floor-standing angiograph equipped with a digital
subtraction feature (Siemens AG, Berlin, Germany). Selective bilateral common carotid
injections were performed in the anteroposterior and lateral projections. The measurements
were made by two experienced invasive cardiologists and expressed as a percentage (%) of
the diameter reduction of the vessel. Lesions were noted with an increment of 10%. The
percentage of the tightest stenosis was noted for statistical analysis. Two protocols were
used for angiographic stenosis quantification, namely the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) and the European Carotid Surgery Trial (ECST)
criteria. The NASCET protocol considers the baseline diameter of the first segment of the
far vertical ICA with parallel walls, beyond the post-stenotic dilatation. NASCET ICA
stenoses were classified as ≥50%, ≥60%, and ≥70%. Near-occluded vessels, based on
the angiographic collapse of the vertical segment of the ICA, were excluded. The ECST
protocol estimates the real diameter of the ICA bulb and calculates the stenosis percentage
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accordingly. ECST stenoses were classified as severe if ≥80%. The protocols are depicted in
Figure 1. DUS and DSA results were acquired independently.
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Figure 1. ICA stenosis calculation after NASCET [6] and ECST [7] methods. Abbreviations: NASCET,
North American Symptomatic Carotid Endarterectomy Trial; ECST, European Carotid Surgery Trial;
CCA, common carotid artery; ECA, external carotid artery; ICA, internal carotid artery; N, minimum
lumen diameter; D, vertical segment diameter; E, estimated bulb diameter.

All patients provided informed consent upon admission and before the invasive
DSA procedure, granting permission for publication. This study was approved by the
hospital’s ethical committee and conducted in accordance with the Declaration of Helsinki.
Statistical analysis was performed using MedCalc software (version 19.2.6) from MedCalc
Software Ltd., Ostend, Belgium. Receiver operating characteristic (ROC) curves and the
Youden index were applied for analysis. ROC analysis was used to select optimal models
and discard suboptimal ones, independently. The degree or measure of separability was
represented by the area under the ROC curve (AUC). AUC values of 0.9–1 were considered
excellent, 0.8–0.9 good, 0.7–0.8 fair, 0.6–0.7 poor, and 0.5–0.6 failed [18]. The Youden index
was used to capture the performance of a diagnostic test and was often used in conjunction
with ROC analysis. An acceptable Youden index cut-off point was 0.5, with any value below
indicating an overall lack of the diagnostic test to detect either disease or health [19,20]. A
p-value less than 0.05 was considered significant.

3. Results

This study analyzed 35 patients who underwent DUS and DSA. The patients had
a mean age of 65.8 ± 14.2 years, with 77% males and 23% females. The mean interval
between DSA and DUS was 2 ± 1 days. The study included 47 carotid lesions, out of which
28 were symptomatic (59.5%). The mean stenosis was 68.92 ± 16.18% (median, 70%; range,
60%) with the NASCET method and 84.80 ± 8.56% (median, 85%; range, 32%) with the
ECST method. The mean PSV was 263 ± 93 cm/s (median, 250 cm/s; range, 400 cm/s).

3.1. NASCET Criteria

According to the NASCET criteria, three lesions were <50%, seven lesions were
50–59%, five lesions were 60–69%, and the remaining thirty lesions were ≥70%. The scatter
plot of PSV and the degree of ICA stenosis is shown in Figure 2.
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Figure 2. The scatter plot of PSV and the degree of internal carotid artery stenosis calculated using the
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Carotid Endarterectomy Trial [6]; PSV, peak systolic velocity.

For ICA stenoses ≥50%, PSV was not an accurate selection method, with a fair selection
expressing an AUC of 0.765 (95% CI 0.619 to 0.876, standard error 0.063, p = 0.0001) and a
modest power of the diagnostic test expressed by the Youden index of 0.65, as depicted in
Figure 3.
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However, for ICA stenoses ≥60%, PSV was a good criterion for selection, with an
excellent correlation expressed by an AUC of 0.982 (95% CI 0.893 to 1, standard error 0.0133,
p < 0.0001) (Figure 4). The best-associated criterion was a PSV threshold of 180 cm/s, with
a sensitivity of 100% (95% CI 90.3–100) and a specificity of 81.82% (95% CI 48.2–97.7), and
the Youden index of 0.81 suggested a good performance of the test. The sensitivity and
specificity of various PSV thresholds at intervals of 10 cm/s are presented in Table 1.
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Table 1. Sensitivity and specificity for different PSV values for detecting NASCET and ECST stenoses.
* marks the most effective threshold, according to Youden’s index. Abbreviations: NASCET, North
American Symptomatic Carotid Endarterectomy Trial [6]; ECST, European Carotid Surgery Trial [7];
ICA, internal carotid artery; PSV, peak systolic velocity.

PSV (cm/s) Sensitivity 95% CI Specificity 95% CI

NASCET protocol, ICA stenosis ≥ 60%

170 100.00 90.3–100.0 63.64 30.8–89.1

180 * 100.00 90.3–100.0 72.73 39.0–94.0

190 100.00 90.3–100.0 81.82 48.2–97.7

200 80.56 64.0–91.8 100.00 71.5–100.0

210 77.78 60.8–89.9 100.00 71.5–100.0

220 75.00 57.8–87.9 100.00 71.5–100.0

NASCET protocol, ICA stenosis ≥ 70%

180 100.00 88.8–100.0 50.00 24.7–75.3

190 100.00 88.8–100.0 56.25 29.9–80.2

200 * 90.32 74.2–98.0 93.75 69.8–99.8

210 87.10 70.2–96.4 93.75 69.8–99.8

220 83.87 66.3–94.5 93.75 69.8–99.8

230 83.87 66.3–94.5 100.00 79.4–100.0

ECST protocol, ICA stenosis ≥ 80%

160 100.00 90.3–100.0 63.64 30.8–89.1

170 100.00 90.3–100.0 72.73 39.0–94.0

180 * 100.00 90.3–100.0 81.82 48.2–97.7

190 80.56 64.0–91.8 100.00 71.5–100.0

200 77.78 60.8–89.9 100.00 71.5–100.0

210 75.00 57.8–87.9 100.00 71.5–100.0
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For severe lesions (≥70%) of the ICA, DUS was highly accurate, with an AUC of 0.972
(95% CI 0.876 to 0.998, p < 0.0001) (Figure 5). The best-associated criterion was a PSV
threshold of 200 cm/s, with a sensitivity of 90.32% (95% CI 74.2–98.0) and a specificity of
93.75% (95% CI 69.8–99.8). The 230 cm/s PSV cut-off had a sensitivity of 83.87% (95% CI
66.3–94.5) and a specificity of 100% (95% CI 79.4–100). The sensitivity and specificity of
various PSV thresholds at intervals of 10 cm/s are presented in Table 1.
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3.2. ECST Criteria

In this study, the ECST angiographic protocol was used to examine 47 lesions. Out
of these, 36 lesions (76.5%) were found to be severe (≥80%). The AUC was 0.982 (95% CI
0.893 to 1, standard error 0.0133, p < 0.0001), showing an excellent correlation between
PSV and severe ICA stenoses (Figure 6). The best PSV value to determine severe stenosis
was found to be 180 cm/s. This criterion had a sensitivity of 100% (95% CI 90.3–100) and
a specificity of 81.82% (95% CI 48.2–97.7). The diagnostic test was found to perform well
with a Youden index of 0.818. Another threshold value of 200 cm/s was also found to have
a similar statistical power with a sensitivity of 77.78% (95% CI 60.8–89.9) and a specificity
of 100% (95% CI 71.5–100). The sensitivity and specificity of various PSV thresholds are
shown in Table 1.
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4. Discussion

The Society of Radiologists in Ultrasound [12] has developed recommendations for
diagnosing and stratifying carotid stenoses. A stenosis of more than 50% in the ICA is
identified if the PSV is ≥125 cm/s and sonographically visible plaque is present. A stenosis
of ≥70% in ICA is diagnosed when PSV is greater than 230 cm/s, with visible luminal
narrowing. However, the guideline does not provide specific PSV thresholds for ≥60% ICA
stenosis, which may be helpful in certain clinical scenarios.

CEA has a significant benefit in patients with symptomatic NASCET ICA stenoses
≥70% (except true total vessel occlusion) [6] and a small benefit in patients with symp-
tomatic 50–69% NASCET ICA stenoses [21]. For asymptomatic patients, a small benefit
was found for CEA in ≥60% NASCET ICA stenoses [3,8,16,22]. CAS was found to be non-
inferior to CEA in high-risk patients with symptomatic NASCET ICA stenoses ≥50% [23].
In the ECST trial, CEA benefit was found in lesions ≥80% [7]. The primary difference be-
tween the two thresholds (NASCET 70% and ECST 80%) lies in the different methods used
to measure the stenosis. Both trials considered the narrowest lumen of the stenosis. The
NASCET trial compared it to the vertical segment of the ICA, and the ECST trial compared
it to the estimated carotid bulb diameter. Therefore, an 80% stenosis measured using the
ECST method is similar to a 60–65% stenosis measured using the NASCET method.

The present study indicates that DUS is an effective diagnostic tool in evaluating
carotid disease, but it must be interpreted in the clinical context of the patient. For pa-
tients with severe NASCET stenoses (≥70%), PSV was found to have high sensitivity and
specificity. This study suggests that a PSV threshold of 200 cm/s is the best criterion for
identifying severe stenoses, which is lower than the 230 cm/s PSV cut-off recommended by
guidelines [3,12,16]. The NASCET trial [6] had previously reported that a PSV of 250 cm/s
was the cut-off for severe stenoses. However, the present study found that the validated
PSV cut-offs were too high for our vascular center. Other papers with similar protocols
have reported the same 200 cm/s PSV threshold for ≥70% ICA stenoses [24,25]. Another
paper reported that a PSV of ≥200 cm/s was the most reliable predictor of ≥70% ICA
stenoses [26].

In 2005, a systematic review and meta-analysis of the association between DUS param-
eters and the degree of ICA stenosis were published [27]. The meta-analysis showed that a
PSV of ≥200 cm/s had a sensitivity of 90% and a specificity of 94% in identifying ≥70%
NASCET ICA stenoses. The present study found nearly identical results regarding the PSV
threshold of 200 cm/s with a sensitivity of 90.32% and a specificity of 93.75%. Additionally,
this meta-analysis reported that a PSV cut-off of 250 cm/s had a sensitivity of 76% and
a specificity of 93%. Revascularization based on DUS protocols with PSV sensitivity as
low as 75% and specificity lower than 85% were associated with overall harm [28]. Conse-
quently, DUS calibration to other imaging techniques should be mandatory and regularly
performed [29].

For patients with ≥50% NASCET ICA stenoses, PSV had low sensitivity. Histolog-
ical studies suggest that PSV underestimates moderate lesions and overestimates tight
lesions [30]. It is worth noting that PSV has some limitations. These include the pres-
ence of tandem lesions, the discrepancy between visual assessment of plaque and ICA
PSV, elevated CCA velocity, hyper-dynamic cardiac state, low cardiac output, or calcified
plaques with acoustic shadowing [12]. To overcome PSV limitations, medical specialists
should consider additional parameters such as the ICA/CCA PSV ratio and ICA EDV.
Repeating measurements and averaging the results can also help in minimizing the impact
of measurement variability. Additionally, incorporating other imaging modalities such as
magnetic resonance angiography (MRA) or computed tomography angiography (CTA) can
provide additional information for accurate diagnosis [12,31].

The ICA/CCA PSV ratio and ICA EDV are used to evaluate the severity of stenoses
in vessels or arteries. When stenoses are non-significant, with less than 50% blockage, the
ICA/CCA PSV ratio is lower than 2.0 and the ICA EDV is below 40 cm/s. In moderate
stenoses (50–69%), the ICA/CCA PSV ratio is between 2.0 and 4.0, and the ICA EDV ranges
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from 40 to 100 cm/s. For severe stenoses (≥70%), the ICA/CCA PSV ratio is above 4.0, and
the ICA EDV is more than 100 cm/s [12,31,32].

However, these parameters also have several limitations. The ICA/CCA PSV ratio
assumes that the CCA maintains a consistent diameter along its length, which may not
always be the case. Additionally, the ratio does not account for variations in flow char-
acteristics and vessel compliance. Therefore, relying solely on the ICA/CCA PSV ratio
may lead to inaccurate assessments of stenosis severity. The measurement of EDV assumes
a constant diastolic flow pattern, which may not be accurate in the presence of tandem
lesions or other hemodynamic abnormalities. Moreover, fluctuations in heart rate and
blood pressure can affect the accuracy of EDV measurements [12,32].

Another possible explanation is that the diagnostic accuracy of PSV for ICA stenosis
quantification decreases when there is a contralateral tight lesion or occlusion. This causes
an increase in volume through the ICA, resulting in an increased PSV and subsequent
stenosis overestimation [33]. However, other data report a non-significant PSV variability
with contralateral severe disease [24]. Sixty percent of the patients included had bilateral
≥50% ICA stenoses, which is considerably more than in similar papers [24–26].

On the other hand, asymmetrical stenosis could be overestimated by DSA since angio-
graphic measurements are made on the incidence with the tightest residual lumen [28,34].
In current guidelines [3,12,16], a PSV ≥ 125 cm/s has a sensitivity of 98% and a specificity
of 88% in identifying ≥50% NASCET ICA stenoses. Other studies have reported a good
correlation between PSV and ≥50% ICA stenoses [24]. Finally, our study suggests that PSV
values between 125 and 200 cm/s should be double-checked by other imaging modalities
before making a final decision.

CTA is a non-invasive imaging technique that uses X-rays and computer algorithms
to create detailed images of blood vessels. It provides high-resolution images of the carotid
arteries, allowing for the assessment of stenosis severity, plaque morphology, and the
presence of any associated complications. CTA has proven to be highly accurate in detecting
carotid artery disease, with a sensitivity and specificity exceeding 90% [35]. MRA is another
imaging modality that provides detailed images of the carotid arteries without using X-rays.
It uses a powerful magnetic field and radio waves to generate high-resolution images.
MRA offers several advantages over CTA, particularly in assessing plaque composition
and identifying vulnerable plaques, which are at higher risk of causing strokes [36]. By
incorporating these imaging modalities into clinical practice, healthcare professionals can
enhance patient care and improve surgical outcomes in carotid artery disease.

In this study, a PSV of 180 cm/s was the best threshold for predicting ≥60% NASCET
ICA stenoses. Other studies have reported that a PSV of 160 cm/s is the best-associated
criterion [24]. However, there are limited data regarding these specific lesions since they
were included in asymptomatic patient trials.

When the ECST angiographic protocol was used, the peak systolic velocity (PSV) was
found to be significantly correlated with stenoses greater than 80%. It should be noted that
a 60% NASCET stenosis is similar to an 80% ECST stenosis [37]. As a result, similar PSV
values were found between NASCET 60% ICA stenoses and ECST 80% ICA stenoses. How-
ever, there are situations where the ECST angiographic protocol has significant advantages
over the NASCET criteria. The NASCET method is not effective in measuring patients with
extensive plaques within dilated carotid bulbs because the residual luminal diameter may
be only slightly less than that of the distal ICA. In such cases, the NASCET measurement
method will record non-significant stenosis, whereas the ECST method will measure this as
a tight lesion [3]. This is another reason why it is suggested to use the 180 cm/s PSV cut-off
for severe ECST lesions. A study reported a PSV threshold of 370 cm/s for severe ECST
ICA stenoses [35]. However, the study correlated PSV to CTA findings, which cannot be
directly compared to DSA.

In the past, when ECST [7] and NASCET [6] were randomizing patients, everyone
underwent invasive angiography. However, invasive DSA is now less commonly used
due to the potential risk of peri-procedural ischemic stroke. DSA is the most accurate
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tool when it comes to discordant non-invasive imaging results or when there is additional
intracranial vascular disease [3,16]. Our analysis is a comparison of DUS properties with
the ‘gold standard’ rather than with pathologic findings. We recognize that inter-observer
variation can also be problematic for the ‘gold standard’ DSA test itself. Comparison with
angiography is useful and justified because of the clinical situation of the selected patients.
Moreover, influential trials documenting the efficacy of carotid revascularization (CEA or
CAS) have either used invasive DSA or DUS calibrated to invasive angiography to define
study participants [6,7].

Our study’s strength is the short time frame between the DUS examination and DSA
acquisition, which adds to the accuracy of the data. We also took into account both NASCET
and ECST angiographic classifications, which helped us better understand carotid artery
disease pathophysiology. However, there are several limitations to our research. Firstly,
being a single-center study, the results may be specific to our techniques and medical
equipment. Secondly, the small number of carotid lesions, particularly for certain sub-
groups, is likely to under-power the study. Thirdly, our cohort was selected based on the
clinical need for DSA and is not representative of all patients with possible symptomatic
carotid artery disease. Lastly, inter-observer variability in the DUS or DSA protocols was
not assessed. Nonetheless, inter-observer errors tend to be systematic, and as long as the
measurements and equipment are the same, the results in a given population are consistent
and reproducible. Therefore, each medical center must establish local protocols and criteria
for grading carotid stenoses, meaning a rigid PSV cut-off does not work for different
vascular laboratories [38].

5. Conclusions

The PSV is an effective and straightforward marker for identifying severe stenoses,
regardless of the angiographic protocol used. For ≥70% NASCET ICA stenoses, a PSV
cut-off of 200 cm/s was found to be the best criterion, while a threshold of 180 cm/s was
the best for ≥80% ECST ICA stenoses. Additionally, a PSV threshold of 180 cm/s was
found to be associated with ≥60% NASCET ICA stenoses. However, PSV did not show a
significant correlation with ≥50% NASCET ICA stenoses. In such cases, complementary
imaging techniques like CTA, MRA, or DSA should be used in conjunction with DUS.

Author Contributions: Conceptualization, D.-A.T. and M.O.; methodology, D.-A.T.; software,
M.-C.O.; validation, D.-M.O. and C.H.; data curation, M.S.; writing—original draft preparation,
D.-A.T.; writing—review and editing, M.S., F.-L.L. and L.O.; visualization, M.O.; supervision, D.-M.O.
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 was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Cluj County Emergency Hospital, Romania
(protocol number 4747 from 31 January 2023).

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

Data Availability Statement: Data are contained within the article.

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

References
1. Saini, V.; Guada, L.; Yavagal, D.R. Global Epidemiology of Stroke and Access to Acute Ischemic Stroke Interventions. Neurology

2021, 97, S6–S16. [CrossRef] [PubMed]
2. Truelsen, B.; Piechowski-Jozwiak, T.; Bonita, R.; Mathersa, C.; Bogousslavsky, J.; Boysen, G. Stroke incidence and prevalence in

Europe. Eur. Neurol. 2006, 13, 581–598. [CrossRef]
3. Naylor, A.R.; Ricco, J.B.; de Borst, G.J.; Debus, S.; de Haro, J.; Halliday, A.; Hamilton, G.; Kakisis, J.; Kakkos, S.; Lepidi, S.; et al.

Editor’s Choice—Management of Atherosclerotic Carotid and Vertebral Artery Disease: 2017 Clinical Practice Guidelines of the
European Society for Vascular Surgery (ESVS). Eur. J. Vasc. Endovasc. Surg. 2018, 1, 3–81. [CrossRef]

https://doi.org/10.1212/WNL.0000000000012781
https://www.ncbi.nlm.nih.gov/pubmed/34785599
https://doi.org/10.1111/j.1468-1331.2006.01138.x
https://doi.org/10.1016/j.ejvs.2017.06.021


J. Clin. Med. 2024, 13, 517 10 of 11

4. Olinic, D.M.; Spinu, M.; Olinic, M.; Homorodean, C.; Tataru, D.A.; Liew, A.; Schernthaner, G.H.; Stanek, A.; Fowkes, G.; Catalano,
M. Epidemiology of peripheral artery disease in Europe: VAS Educational Paper. Int. Angiol. 2018, 37, 327–334. [CrossRef]
[PubMed]

5. Maroufi, S.F.; Rafiee Alavi, S.N.; Abbasi, M.H.; Famouri, A.; Mahya, N.; Armaghan, S.; Allahdadian, S.; Shahidi, A.; Nazarian, H.;
Esmaeili, S.; et al. Comparison of Doppler Ultrasound and Digital Subtraction Angiography in extracranial stenosis. Ann. Med.
Surg. 2021, 74, 103202. [CrossRef] [PubMed]

6. Ferguson, G.G.; Eliasziw, M.; Barr, H.W.K.; Clagett, G.P.; Barnes, R.W.; Wallace, M.C.; Taylor, D.W.; Haynes, R.B.; Finan, J.W.;
Hachinski, V.C.; et al. The North American Symptomatic Carotid Endarterectomy Trial: Surgical Results in 1415 Patients. Stroke
1999, 30, 1751–1758. [CrossRef] [PubMed]

7. Randomised trial of endarterectomy for recently symptomatic carotid stenosis: Final results of the MRC European Carotid
Surgery Trial (ECST). Lancet 1998, 351, 1379–1387. [CrossRef]

8. Walker, M.D.; Marler, J.R.; Goldstein, M. The Executive Committee for the Asymptomatic Carotid Atherosclerosis Study.
Endarterectomy for asymptomatic carotid artery stenosis. JAMA 1995, 273, 1421–1428. [CrossRef]

9. Halliday, A.; Mansfield, A.; Marro, J.; Peto, C.; Peto, R.; Potter, J.; Thomas, D. Asymptomatic Carotid Surgery Trial (ACST)
Collaborative Group. Prevention of disabling and fatal strokes by successful carotid endarterectomy in patients without recent
neurological symptoms: Randomised controlled trial. Lancet 2004, 363, 1491–1502. [CrossRef]

10. Economopoulos, K.P.; Sergentanis, T.N.; Tsivgoulis, G.; Mariolis, A.D.; Stefanadis, C. Carotid artery stenting versus carotid
endarterectomy: A comprehensive meta-analysis of short-term and long-term outcomes. Stroke 2011, 42, 687–692. [CrossRef]
[PubMed]

11. Chappell, F.M.; Wardlaw, J.M.; Brazzelli, M.; Best, J.J.K. Doppler ultrasound, CT angiography, MR angiography, and contrast-
enhanced MR angiography versus intra-arterial angiography for moderate and severe carotid stenosis in symptomatic patients.
Cochrane Database Syst. Rev. 2017, 2, CD007423. [CrossRef]

12. Grant, E.G.; Benson, C.B.; Moneta, G.L.; Alexandrov, A.V.; Baker, J.D.; Bluth, E.I.; Carroll, B.A.; Eliasziw, M.; Gocke, J.; Hertzberg,
B.S.; et al. Carotid artery stenosis: Grey-scale and Doppler US diagnosis—Society of Radiologists in Ultrasound Consensus
Conference. Radiology 2003, 229, 340–346. [CrossRef]

13. Oates, C.; Naylor, A.R.; Hartshorne, T.; Charles, S.M.; Humphries, K.; Aslam, M. Reporting carotid ultrasound investigations in
the United Kingdom. Eur. J. Vasc. Endovasc. Surg. 2009, 37, 251–261. [CrossRef] [PubMed]

14. Morales, M.; Anacleto, A.; Filho, C.M.; Ledesma, S.; Aldrovani, M.; Wolosker, N. Peak systolic velocity for calcified plaques fails
to estimate carotid stenosis degree. Ann. Vasc. Surg. 2019, 59, 1–4. [CrossRef]

15. Tessler, F.N.; Kimme-Smith, C.; Sutherland, M.L.; Schiller, V.L.; Perrella, R.P.; Grant, E.G. Inter- and intra-observer variability of
Doppler peak velocity measurements: An in-vitro study. Ultrasound Med. Biol. 1990, 16, 653–657. [CrossRef]

16. Aboyans, V.; Ricco, J.B.; Bartelink, M.L.; Björck, M.; Brodmann, M.; Cohnert, T.; Collet, J.P.; Czerny, M.; De Carlo, M.; Debus, S.;
et al. ESC Scientific Document Group. 2017 ESC Guidelines on the Diagnosis and Treatment of Peripheral Arterial Diseases, in
collaboration with the European Society for Vascular Surgery (ESVS): Document covering atherosclerotic disease of extra-cranial
carotid and vertebral, mesenteric, renal, upper and lower extremity arteries. Eur. Heart J. 2018, 39, 763–816. [CrossRef]

17. Ober, M.-C.; Lazăr, F.-L.; Achim, A.; Tirinescu, D.C.; Leibundgut, G.; Homorodean, C.; Olinic, M.; Onea, H.L.; Spînu, M.; Tătaru,
D.; et al. Interventional Management of a Rare Combination of Nutcracker and Wilkie Syndromes. J. Pers. Med. 2022, 12, 1461.
[CrossRef]

18. Fawcett, T. An Introduction to ROC Analysis. Pattern Recognit. Lett. 2006, 8, 861–874. [CrossRef]
19. Youden, W.J. Index for rating diagnostic tests. Cancer 1950, 3, 32–35. [CrossRef]
20. Schisterman, E.F.; Perkins, N.J.; Liu, A.; Bondell, H. Optimal cut-point and its corresponding Youden Index to discriminate

individuals using pooled blood samples. Epidemiology 2005, 16, 73–81. [CrossRef]
21. Barnett, H.J.; Taylor, D.W.; Eliasziw, M.; Fox, A.J.; Ferguson, G.G.; Haynes, R.B.; Rankin, R.N.; Clagett, G.P.; Hachinski, V.C.;

Sackett, D.L.; et al. Benefit of carotid endarterectomy in patients with symptomatic moderate or severe stenosis. North American
Symptomatic Carotid Endarterectomy Trial Collaborators. N. Engl. J. Med. 1998, 20, 1415–1425. [CrossRef]

22. Muller, M.D.; Lyrer, P.; Brown, M.M.; Bonati, L.H. Carotid artery stenting versus endarterectomy for treatment of carotid artery
stenosis. Cochrane Database Syst. Rev. 2020, 2, CD000515. [CrossRef]

23. Yadav, J.S.; Wholey, M.H.; Kuntz, R.E.; Fayad, P.; Katzen, B.T.; Mishkel, G.J.; Bajwa, T.K.; Whitlow, P.; Strickman, N.E.; Jaff, M.R.;
et al. Stenting and Angioplasty with Protection in Patients at High Risk for Endarterectomy Investigators. Protected carotid-artery
stenting versus endarterectomy in high-risk patients. N. Engl. J. Med. 2004, 15, 1493–1501. [CrossRef]

24. Tokunaga, K.; Koga, M.; Yoshimura, S.; Arihiro, S.; Suzuki, R.; Nagatsuka, K.; Toyoda, K. Optimal Peak Systolic Velocity
Thresholds for Predicting Internal Carotid Artery Stenosis Greater than or Equal to 50%, 60%, 70%, and 80%. J. Stroke Cerebrovasc.
Dis. 2016, 4, 921–926. [CrossRef]

25. Winter, W.K.; Zorach, B.B.; Arpin, P.A.; Nelson, J.; Mackey, W.C. Progression of moderate-to-severe carotid disease. J. Vasc. Surg.
2016, 6, 1505–1510. [CrossRef]

26. Koga, M.; Kimura, K.; Minematsu, K.; Yamaguchi, T. Diagnosis of internal carotid artery stenosis greater than 70% with power
Doppler duplex sonography. Am. J. Neuroradiol. 2001, 22, 413–417.

27. Jahromi, A.S.; Cina, C.S.; Liu, Y.; Clase, C.M. Sensitivity and specificity of colour duplex ultrasound measurement in the estimation
of internal carotid artery stenosis: A systematic review and meta-analysis. J. Vasc. Surg. 2005, 41, 962–972. [CrossRef]

https://doi.org/10.23736/S0392-9590.18.03996-2
https://www.ncbi.nlm.nih.gov/pubmed/29936722
https://doi.org/10.1016/j.amsu.2021.103202
https://www.ncbi.nlm.nih.gov/pubmed/35070286
https://doi.org/10.1161/01.STR.30.9.1751
https://www.ncbi.nlm.nih.gov/pubmed/10471419
https://doi.org/10.1016/S0140-6736(97)09292-1
https://doi.org/10.1001/jama.1995.03520420037035
https://doi.org/10.1016/S0140-6736(04)16146-1
https://doi.org/10.1161/STROKEAHA.110.606079
https://www.ncbi.nlm.nih.gov/pubmed/21233476
https://doi.org/10.1002/14651858.CD007423.pub2
https://doi.org/10.1148/radiol.2292030516
https://doi.org/10.1016/j.ejvs.2008.10.015
https://www.ncbi.nlm.nih.gov/pubmed/19046904
https://doi.org/10.1016/j.avsg.2018.12.086
https://doi.org/10.1016/0301-5629(90)90097-V
https://doi.org/10.1093/eurheartj/ehx095
https://doi.org/10.3390/jpm12091461
https://doi.org/10.1016/j.patrec.2005.10.010
https://doi.org/10.1002/1097-0142(1950)3:1%3C32::AID-CNCR2820030106%3E3.0.CO;2-3
https://doi.org/10.1097/01.ede.0000147512.81966.ba
https://doi.org/10.1056/NEJM199811123392002
https://doi.org/10.1002/14651858
https://doi.org/10.1056/NEJMoa040127
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.12.021
https://doi.org/10.1016/j.jvs.2015.12.051
https://doi.org/10.1016/j.jvs.2005.02.044


J. Clin. Med. 2024, 13, 517 11 of 11

28. Rothwell, P.M.; Pendlebury, S.T.; Wardlaw, J.; Warlow, C.P. Critical appraisal of the design and reporting of studies of imaging
and measurement of carotid stenosis. Stroke 2000, 31, 1444–1450. [CrossRef]

29. Mead, G.E.; Lewis, S.C.; Wardlaw, J.M. Variability in Doppler ultrasound influences referral of patients for carotid surgery. Eur. J.
Ultrasound 2000, 12, 137–143. [CrossRef]

30. Netuka, D.; Belsan, T.; Broulikova, K.; Mandys, V.; Charvat, F.; Malik, J.; Coufalova, L.; Bradac, O.; Ostry, S.; Benes, V. Detection of
carotid artery stenosis using histological specimens: A comparison of CT angiography, magnetic resonance angiography, digital
subtraction angiography and Doppler ultrasonography. Acta Neurochir. 2016, 8, 1505–1514. [CrossRef]

31. Hathout, G.M.; Fink, J.R.; El-saden, S.M.; Grant, E.G. Sonographic NASCET index: A new doppler parameter for assessment of
internal carotid artery stenosis. AJNR Am. J. Neuroradiol. 2005, 26, 68–75. [PubMed]

32. von Reutern, G.M.; Goertler, M.W.; Bornstein, N.M.; Del Sette, M.; Evans, D.H.; Hetzel, A.; Kaps, M.; Perren, F.; Razumovky, A.;
von Reutern, M.; et al. Grading carotid stenosis using ultrasonic methods. Stroke 2012, 3, 916–921. [CrossRef]

33. van Everdingen, K.J.; van der Grond, J.; Kappelle, L.J. Overestimation of a stenosis in the internal carotid artery by duplex
sonography caused by an increase in volume flow. J. Vasc. Surg. 1998, 27, 479–485. [CrossRef] [PubMed]

34. Homorodean, C.; Leucuta, D.C.; Ober, M.; Homorodean, R.; Spinu, M.; Olinic, M.; Tataru, D.; Olinic, D.M. Intravascular
ultrasound insights into the unstable features of the coronary atherosclerotic plaques: A systematic review and meta-analysis.
Eur. J. Clin. Investig. 2022, 52, e13671. [CrossRef]

35. Shaalan, W.E.; Wahlgren, C.M.; Desai, T.; Piano, G.; Skelly, C.; Bassiouny, H.S. Reappraisal of velocity criteria for carotid
bulb/internal carotid artery stenosis utilizing high-resolution B-mode ultrasound validated with computed tomography angiog-
raphy. J. Vasc. Surg. 2008, 48, 104–112. [CrossRef]

36. Kurosaki, Y.; Yoshida, K.; Fukumitsu, R.; Sadamasa, N.; Handa, A.; Chin, M.; Yamagata, S. Carotid artery plaque assessment
using quantitative expansive remodeling evaluation and MRI plaque signal intensity. J. Neurosurg. 2016, 3, 736–742. [CrossRef]

37. Staikov, I.N.; Arnold, M.; Mattle, H.P.; Remonda, L.; Sturzenegger, M.; Baumgartner, R.W.; Schroth, G. Comparison of the ECST,
CC, and NASCET grading methods and ultrasound for assessing carotid stenosis. European Carotid Surgery Trial. North
American Symptomatic Carotid Endarterectomy Trial. J. Neurol. 2000, 9, 681–686. [CrossRef]

38. Alexandrov, A.V.; Brodie, D.S.; McLean, A.; Hamilton, P.; Murphy, J.; Burns, P.N. Correlation of peak systolic velocity and
angiographic measurement of carotid stenosis revisited. Stroke 1997, 2, 339–342. [CrossRef]

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/10.1161/01.STR.31.6.1444
https://doi.org/10.1016/S0929-8266(00)00111-7
https://doi.org/10.1007/s00701-016-2842-0
https://www.ncbi.nlm.nih.gov/pubmed/15661704
https://doi.org/10.1161/STROKEAHA.111.636084
https://doi.org/10.1016/S0741-5214(98)99999-2
https://www.ncbi.nlm.nih.gov/pubmed/9546233
https://doi.org/10.1111/eci.13671
https://doi.org/10.1016/j.jvs.2008.02.068
https://doi.org/10.3171/2015.2.JNS142783
https://doi.org/10.1007/s004150070110
https://doi.org/10.1161/01.STR.28.2.339

	Introduction 
	Materials and Methods 
	Results 
	NASCET Criteria 
	ECST Criteria 

	Discussion 
	Conclusions 
	References

