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Introduction

In the field of cerebrovascular pathology, vertebrobasilar 
(VB) stroke represents one of the most difficult scenarios 
to manage. The variable clinical presentation of VB stroke, 
together with the complexity of instrumental investigations, 
sometimes makes it difficult to obtain a timely diagnosis. 
Diagnostic errors or delays risk compromising acute phase 
reperfusion therapies, when indicated [1]. Recent pivotal 
randomized clinical trials, namely ATTENTION and BAOCHE, 
published in October 2022, decisively demonstrated the 
superiority of endovascular treatment (EVT) over medical 

management within 24 hours of basilar artery occlusion 
(BAO) onset [2]. Subsequent meta-analysis corroborated 
this, revealing a two-fold increase in favorable outcomes and 
reduced mortality at 3 months with EVT.

The heterogeneity in symptoms of VB stroke poses a 
diagnostic challenge, raising the question of whether the 
tempo of presentation influences patient outcomes. A recent 
study by Zhu et al., drawing data from the BASILAR study, 
highlighted that earlier treatment correlated with better 
outcomes in particular in patients suffering from VB stroke 
with sudden onset to maximal deficit [3].
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In VB strokes characterized by a subtle, less severe or 
fluctuating clinical course (e.g. repeated transient ischaemic 
attacks), which do not undergo urgent endovascular 
treatment, clinical management is not supported by specific 
guidelines and is therefore assessed on a case-by-case 
basis. In such instances, beyond the clinical evaluation and 
morphological diagnosis of basilar artery (BA) pathology, 
neurosonology, thanks to the haemodynamic evaluation of 
the intracranial circulation, could be a useful support in the 
choice of the most useful therapy in the individual patient. In 
this paper, we aim to present a case series of patients suffering 
from BA hemodynamic failure and, consequently, discussing 
a systematic review of the literature regarding the potential 
role of neurosonology in the management of these subtype of 
VB stroke. Specifically, this systematic review is focused on the 
potential role of transcranial color-coded duplex sonography 
(TCCS) in managing BA hemodynamic failure in VB stroke, with 
particular regard to the selection of BA stenosis (BAS) patients 
who may benefit from percutaneous transluminal angioplasty 
and/or stenting (PTAS).

Methods

Literature search

We performed a systematic review of available evidence 
on the role of TCCS in selecting BAS patients for stenting, 
following the PRISMA Guidelines [4]. 

A literature search that included English language 
publications from December 1986 to January 2024 was 
performed, using PubMed (National Center for Biotechnology 
Information, US National Library of Medicine). The key 
search parameters included: “transcranial ultrasonography 
AND basilar artery stenosis” (230 results) “transcranial 
color-coded sonography AND basilar artery stenosis” (23 
papers), “transcranial sonography AND basilar artery stroke” 
(189 results), “transcranial ultrasonography AND basilar 
artery stenosis stenting” (20 papers) and “transcranial 
ultrasonography AND basilar artery stenting” (13 papers). 
Furthermore, we searched the reference lists of all relevant 
articles to identify additional published studies for possible 
inclusion in the review (3 papers).

Study selection

Pre-defined inclusion and exclusion criteria were set. Two 
reviewers (SC and MF) independently screened the titles 
and abstracts to exclude articles that conflicted with one of 
the inclusion criteria or fulfilled one of the exclusion criteria. 
Remaining articles were reviewed in full and retained only 
if they met all the inclusion criteria, and no single exclusion 
criteria had been identified. Any disagreements were resolved 
by consensus discussion between the two reviewers. The article 
types included were clinical study, clinical trial, comparative 
study, controlled clinical trial, journal article, multicentre 
study, observational study, randomized controlled trial, 

systematic and narrative review. Studies were excluded if they 
(1) were letters, editorials, or conference abstracts; (2) involved 
patients with BAS from different etiologies (e.g. vasospasm 
after subarachnoid hemorrhage); (3) involved patients with 
basilar artery occlusion; (4) did not differentiate patients with 
BAS from patients with vertebral artery stenosis (VAS) or with 
anterior circulation stenosis (5) included patients aged less 
than 19 years (6) were studies on animal models. A total of 
478 articles were identified from PubMed. After evaluating the 
titles and abstracts of these articles, 71 remained eligible for 
assessment. After removing duplicates and assessing the full 
texts of these papers, 36 articles were considered.

Data extraction 

Data were extracted by MF and then confirmed by SC. 
Extracted data included authors, year, cohort size, age, gender, 
risk factors, clinical presentation, peak systolic velocity (PSV), 
end diastolic velocity (EDV), stenotic-to-prestenotic ratio 
(SPR), stenosis location, intervention protocol (i.e., access, 
angioplasty and/or stenting, angioplasty-assisted stenting 
protocol, and type of stent), degree of BAS at baseline and 
post-intervention, and survival status.

Data synthesis and quality assessment

The aim of the present systematic review was to analyze the 
literature data about the role of TCCS on selecting patients 
for BAS. For each article, level of evidence was independently 
assessed by two reviewers upon the 2011 Oxford Centre For 
Evidence-Based Medicine guidelines [5], and risk of bias was 
evaluated using the JBI checklists [6]. This review’s overall 
risk of bias was estimated by considering the risk of bias of all 
included studies in aggregate.

Vertebrobasilar Stroke: Pathophysiology, Clinical Course 
and Outcome

Stroke in the VB territory accounts for around 20% of all 
strokes, and in particular, stroke within the BA territory 
represents approximately 10% of all strokes [7]. BAO can lead 
to clinical manifestation ranging from mild and transient 
symptoms to life-threatening strokes. BA originates from 
the conjunction of the two vertebral arteries (VAs) at the 
intracranial level. Anatomically, BA can be divided into three 
segments: proximal, middle, and distal [1]. The proximal 
segment is comprised from the VAs junction to the anterior 
inferior cerebellar artery; the middle segment from the anterior 
inferior cerebellar artery to the superior cerebellar artery; and 
the area above the orifices of the superior cerebellar artery is 
known as the distal segment[7].

Occlusions of the proximal or middle segments of the BA 
generally lead to large pontine strokes with either hemiplegia 
or quadriplegia; other clinical presentations include reduced 
consciousness, bilateral extensor plantar sign, dysarthria, 
dysphagia, horizontal gaze paresis, and other cranial nerve 
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palsies. Occlusions in the distal segment of the BA cause 
strokes bilaterally in the mesencephalon and thalamus with 
decreased consciousness, quadriparesis, and nuclear or 
supranuclear oculomotor and pupillomotor dysfunctions [8].

The main causes of BAO are atherosclerotic occlusions 
following local thrombosis due to severe stenosis and 
embolization from cardiac and large artery sources. According 
to anatomopathological studies, atherosclerosis is the 
most common cause of BAO [9]. In imaging-based studies, 
atherosclerosis accounted for 26–36% of BAO, emboli for 
30–35%, other (for example dissection of the VAs) for 6–8%, 
and causes were undetermined in 22–35% of patients [10,11]. 
Atherosclerosis often affects both VAs and provokes mostly 
occlusion of the proximal and middle segments of the BA. 

The size of the infarct resulting from BAO is mainly determined 
by the status of collateral pathways. Progressively occluding 
atherosclerotic lesions allow the formation of collateral 
circles, thus BAO leads to little ischemic lesions and transient 
symptoms. Conversely, sudden embolic or thrombotic 
occlusions can cause extensive ischemic damage and severe 
clinical deficits [8].

Management of Basilar Artery Stroke: Current Pitfalls 
and Perspectives

Strategies for treatment of patients with acute stroke due to 
BAO and with underlying intracranial atherosclerotic stenosis 
(ICAS) should be different from those without it. VB stenosis is 
associated with high risk of stroke recurrence, despite medical 
therapy; in particular, 90-days risk of stroke from the first event 
is 24.6% in patients with VB stenosis versus 7.2% in those 
without. Recurrence is more likely (33%) with intracranial than 
extracranial stenosis. Risk from the presenting event is 9.6% in 
patients with stenosis versus 2.8% in those without, and it is 
higher with ICAS [12].

Current treatment options for BAS range from medical 
therapy, including aggressive medical therapy (AMT), 
combining dual antiplatelet therapy (DAPT) with risk factors 
control, and PTAS. The choice of PTAS may be based on high-
grade stenosis, poor collateralization, insufficient control of 
vascular risk factors or transient ischemic attack (TIA)/ischemic 
stroke under pre-existing antiplatelet and lipid-lowering 
therapy [13,14].

The Warfarin-Aspirin Symptomatic Intracranial Disease 
(WASID) group compared the safety and efficacy of the two 
antithrombotic agents in a multicentric post hoc analysis 
of 68 patients with a stroke secondary to a 50–99% BAS 
[15]. They found that 23% of patients taking aspirin had 
a subsequent stroke in the same vascular territory as the 
stenotic artery compared with 10% for warfarin. The WASID 
group concluded that the high rate of subsequent strokes in 
the stenotic territories suggests that endovascular therapy 

may be needed for symptomatic severe stenosis of the VB 
circulation. The WEAVE trial [16] demonstrated that PTAS was 
safe with a low periprocedural complication rate. Conversely, 
the SAMMPRIS [17] and VISSIT [18] trials observed higher 
than-expected rates of recurrent 30-day strokes after PTAS in 
patients with intracranial stenosis compared to AMT. Lutsep 
et al. in a post-hoc analysis on subpopulations of patients of 
the SAMMPRIS trial, including those with qualifying event 
hypoperfusion symptoms, did not found benefit from 
stenting procedure even in those populations [19]. However, 
the trials mentioned above were not focused on BAS. As 
regards BAS, in the acute setting, the combined approach of 
emergency thrombectomy and stent placement may be the 
most proper. In this context, one of the most complex aspects 
is the therapeutic management of BAS after EVT, especially in 
cases characterized by a higher risk of hemorrhagic infarction 
(e.g. in patients also treated with intravenous thrombolysis, in 
patients treated late, or in cases where perfusion studies have 
shown a larger ischaemic core) (Figure 1).

In a retrospective analysis on endovascular treatment 
of acute BAO, 38 patients with associated VB steno-
occlusive disease were presented. In 52.6% of patients, 
additional stent angioplasty was performed and successful 
reperfusion (TICI 2b–3) was achieved in 86.8% of cases. The 
in-hospital mortality rate was similar with in stent and non-
stent angioplasty groups [20]. Behme et al., in a series of 7 
patients who underwent stenting for high-grade BAS, 6 of 
whom also received mechanical thrombectomy, reported a 
successful recanalization (TICI 2b–3) in all patients and one 
in-hospital death [21]. Another small study reported high 
rates of successful revascularization (100%) and favorable 
outcome (60%), without any symptomatic hemorrhage, 
and a low mortality rate (13.3%) in patients with acute BAO 
and underlying ICAS who were treated with intracranial 
angioplasty with or without stent placement after first-line 
mechanical thrombectomy [22]. 

Beyond cases treated with ENT, the appropriateness of 
elective PTAS for BAS in secondary prophylaxis is certainly 
one of the most complex and debated issues to be addressed 
in routine clinical practice. A recent systematic review and 
meta-analysis pointed out that, in experienced centers, elective 
PTAS appears to be safe and effective in selected patients with 
medically refractory, severe, symptomatic, and non-acute BAS 
[23] However, periprocedural risks are high with VB stenting, 
ranging up to 20%, particularly for BA disease [24,25]. The 
potential complications associated with this treatment 
option include periprocedural risks of ischemia, hemorrhage, 
intimal dissection, postoperative neurological deficits, and 
the possibility of in-stent restenosis [13,17,26,27]. Moreover, 
there is the risk of BA branch occlusion due to the “snow 
ploughing” effect (displacing plaque into branch/perforating 
arteries during the process of stent deployment) in branches 
such as the anterior inferior cerebellar artery or the pontine 
arteries [28]. In a recent study investigating angiographic and 
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Figure 1. A 58 year old male patient, with history of smoking and hypertension, was urgently admitted for wake-up stroke, characterized 
by vertigo, vomit, diplopia, ataxia and progressive alteration of mental status. Head CT (a) scan did not detected acute lesions, CTA showed 
occlusion of V4 tract of right vertebral artery (b, arrow) with stenotic extension to the basilar artery (c, arrow). Urgent MRI showed bilateral 
cerebellar and bulbar DWI hyperintensities (d), less evident in FLAIR sequences (e) and with no hypointensities in GE sequences (f). DSA 
confirmed V4 occlusion of right vertebral artery (g), that was treated with mechanical thrombectomy. The final angiogram showed post-
procedural right V4 and basilar stenosis (h). Given the risks of the complex stenting of both arteries, VB hemodynamics were analyzed 
by TCCS, that showed diffuse angiosclerotic flow without significant focal alterations (i, j, k). Based on these findings stenting was not 
performed. The patients slightly improved and 24-hours control brain CT scan (l) did not point out a limited right cerebellar hypointensity.
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clinical differences in BAO subtypes undergoing mechanical 
thrombectomy, despite comparable rates of successful 
recanalization, outcome of the treatment seemed to depend 
on pathogenesis with less clinical benefit for underlying BAS, 
raising the question of early identification of this subgroup 
[29]. Therefore, there is an urgent need for a tool which could 
allow to select patients with BAS and a potential favorable 
outcome after PTAS. To improve the advantage of PTAS 
treatment, detecting the risk factors of long-term recurrent VB 
stroke is crucial. 

Literature data have shown the relevance of the 
hemodynamic status in predicting the risk of stroke recurrence 
in patients with atherosclerotic VB disease [30-32]. The failure 
of prior stenting trials may be partly explained by the fact 
that they missed to select the highest-risk hemodynamically 
compromised subgroup, perhaps weakening a possible 
treatment effect [33]. 

Role of Hemodynamics in Posterior Circulation Stroke 
Risk and Recurrence in the Setting of Vertebrobasilar 
Atherosclerotic Disease

Along with thromboembolism, local hypoperfusion 
due to hemodynamic VB disease is believed to be a main 
cause of posterior circulation stroke [34]. In fact, chronic 
cerebrovascular hypoperfusion may injure the vascular 
endothelium, leading to local neurovascular unit dysfunction 
and disruption [35,36]; moreover, hypoperfusion decreases 
the capacity of bloodstream to wash out emboli and limits 
the available blood flow to areas made ischemic by emboli in 
distal arteries [37].

Hemodynamic compromise has already been identified as a 
risk factor for stroke associated with cerebrovascular occlusive 
diseases affecting the anterior circulation [38-40].

In the Vertebrobasilar Flow Evaluation and Risk of Transient 
Ischemic Attack and Stroke (VERiTAS) study quantitative 
magnetic resonance angiography (QMRA) was employed to 
assess the hemodynamic compromise and its role in prediction 
of stroke risk in symptomatic VBD [41]. The flows in affected 
vessels correlated with residual diameter and stenosis; the 
association was more robust with diameter, and only evident 
with stenosis in the BA but not VAs. However, according to 
the authors, the distal flow status provides a hemodynamic 
assessment which, by including collateral capacity, is different 
from anatomic measures such as stenosis and diameter and, 
therefore, can be independent of the local hemodynamic 
impact of the disease [42,43]. 

In the VERiTAS cohort, those patients with VB disease and 
impaired distal flow were found to be at significantly higher 
risk of subsequent vertebrobasilar stroke, with a 22% one-

year stroke risk compared to 4% in patients with normal 
distal flow; also the risk of stroke recurrence was higher, 
with 12- and 24-month event-free survival rates of 78% and 
70%, respectively, in the low-flow group vs 96% and 87%, 
respectively, in the normal-flow group [30]. 

Also another study on patients from the VERiTAS cohort 
demonstrated that those with symptomatic atherosclerotic VB 
disease and low distal flow are at higher risk of hemodynamic 
infarction [33]. 

The relevance of distal flow status in predicting stroke risk 
had been underlined also in a previous work. In a retrospective 
single center cohort, patients with >50% VB stenosis or 
occlusion with low distal flow status presented a significantly 
worse stroke free survival compared to patients with normal 
distal flow status. On multivariate analysis, distal flow status 
was an independent predictor of recurrent stroke after 
adjusting for stenosis severity and location of the disease [44]. 
These results were confirmed by further post-hoc analyses 
performed in the same cohort of patients, indicating that 
flow represents a strong predictor of stroke across different 
predictive models, and suggesting that prediction of future 
stroke risk can be optimized by use of vascular anatomy and 
age-specific normalized flows [45] (Figure 2).

Early neurologic deterioration (END) is correlated with poor 
clinical outcome in patients with medically treated acute 
symptomatic BAS. Several factors have been associated with 
END in these patients, including proximal FLAIR-hyperintense 
vessel (FHV), elevated C-reactive protein level, high NIHSS 
score, and poor DW imaging–based pc-ASPECTS. FHV was 
found to be also an independent predictor of unfavorable 
functional outcome [46]. FHV reflects altered hemodynamics, 
representing the slow flow of blood proximal and distal to 
large arterial occlusion [47]. 

Huang et al. performed a longitudinal study to assess the 
prognostic value of hemodynamic features in patients with 
posterior ICAS treated with PTAS, using the quantitative 
DSA (q-DSA) technique. They measured hemodynamic 
parameters such as relative time to peak (rTTP) and trans-
stenotic TTP difference before and after PTAS. Prolonged TTP 
reflects low blood flow velocity implying a low local blood 
pressure gradient and therefore decreased perfusion. The 
stenosis increases focal flow velocity, which is manifested 
as a shortening of trans-stenotic TTP difference. They found 
that prolongation of preprocedural rTTP of the target vessel 
and shortened trans-stenotic TTP at the preprocedural DSA 
imaging were associated with recurrent events. Furthermore, 
despite PTAS significantly improved perfusion status, patients 
with more restricted baseline blood flow still showed higher 
risks of stroke relapse even after endovascular treatment [48] 
(Figures 3 and 4).
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Figure 2. A 49-year-old man was admitted to the hospital for repetitive episodes of acute reduced strength of the right limbs and 
subsequent fall in last weeks. His past medical history revealed smoking, past episodes of syncope and diplopia started a few months 
before. The neurological examination showed deficit of left lateral rectus muscle, right VII cranial nerve palsy, mild hyposthenia of right 
limbs; normal deep tendon reflexes; ataxia. The brain MRI showed FLAIR-(a), DWI-(b), and T2-(c) positive lesion in the left pons. The patient 
underwent CTA, that showed a normal basilar origin (d, circle) followed by a narrowing (e, circle), and then a normalization of caliber (f, 
circle). TCCS detected normal flow at the basilar origin (g), while a 1 cm after the origin of the vessel an increase of the flow velocity was 
observed (h), indicating moderate stenosis (>50%). DSA pointed out the stenosis (i), even if it was not considered suitable for stenting. Thus, 
the best medical treatment was suggested. One month later the patient was re-admitted for novel clinical worsening, and MRI showed 
hyperintensities in DWI and FLAIR sequences at bilateral middle cerebellar peduncles (j, k) and at left cerebellum (l, m). 
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Figure 3. A 79-year-old Caucasian man awoke with right deviation of the head and right hemiparesis. His last known normal was 10 p.m. the 
previous night. His past medical history revealed arterial hypertension, diabetes mellitus, and dislypidemia. The patient was presented to 
the emergency department at 09:00 a.m. The neurological examination showed coniugate left gaze palsy, dysarthria, and right hemiparesis, 
with a fluctuating course. Urgent Head CT did not show acute lesions and the CT perfusion documented an area of ischemic core in the left 
pons (a) and penumbra in pons, medulla and bilateral superior cerebellar hemispheres (a,b). CTA documented distal basilar artery stenosis. 
The patient underwent urgent MRI which confirmed a right paramedian pontine DWI hyperintensity, in the context of which a moderate 
hyperintensity on FLAIR sequences was observed (c,d). Although basilar artery was associated with brainstem hypoperfusion, the FLAIR-
positive lesion determined a significant risk for hemorrhagic transformation in case of revascularization. Hence, TCCS was performed and 
did not reveal hemodynamic demodulation in the proximal tract (f) and in the top (g) of basilar artery. Thus, DSA and PTAS were avoided. 
Dual antiplatet therapy was administered. In the following days the patient showed a gradual progressive improvement, with the evidence 
on a small lesion on control head CT (h).
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Figure 4. A 68-year-old man presented to the emergency department because of a 4-days-history of brief recurrent episodes of dizziness, 
nausea, vomiting, and sweating. He suffered from arterial hypertension, diabetes mellitus, and he had a spontaneous subarachnoid 
hemorrhage 4 years before. He was taking clopidogrel. During the episodes described before, the blood glucose was normal. The initial 
neurological examination did not show any abnormal findings. The brain CT scan and ORL examination were unremarkable. The brain MRI 
showed DWI-(a) and FLAIR-(b) positive lesion in the right cerebellar hemisphere, without hypointensities in SWI (c). CTA revealed stenosis at 
the middle portion of basilar artery (d), that was confirmed by DSA (e). TCCS was performed and pointed out basilar artery hemodynamics 
within normal range (f). In light of this, stenting was not performed. The 24-hours control head CT confirmed the right cerebellar region, 
without signs of further expansion of the ischaemic area or hemorrhage (g). The best medical treatment was adopted. The patient showed 
a progressive clinical improvement.
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Transcranial Color-Coded Duplex Sonography in the 
Evaluation and Management of Basilar Artery Stenosis

DSA is the gold standard to detect intracranial artery stenosis 
[49-51], but it has some limitations: it is expensive, invasive, 
not ubiquitously available, and it does not allow to study 
hemodynamic changes [50,52]. 

TCCS has been validated as a noninvasive screening tool to 
identify intracranial large artery stenosis [53,54]. Compared 
with transcranial Doppler (TCD), a closer approximation of 
true flow velocities is obtained by measuring the insonation 
angle [55,56]. TCCS far exceeds sonological evaluation of 
the extracranial VA in detecting significant haemodynamic 
changes in the VB vasculature [57-61].

Transcranial ultrasound has a very high negative predictive 
value in excluding a 50–99% stenosis and occlusion, whereas 
it has only a moderate positive predictive value [62-64]. 

As regards the anterior circulation, TCCS can detect stenosis 
of internal carotid artery (ICA) with high sensitivity (87.1%), 
specificity (89.8%), accuracy (88.8%) with an excellent 
agreement level compared to DSA [49,65].

Focusing on the evaluation of BA, the main concern about 
the use of TCCS is that it is technically challenging, especially 
regarding the distal segments, so that the sensitivity is 
lower compared to the anterior circulation [66-68]. Being an 
operator-dependent technology, it requires the availability 
of experienced operators [69]. Furthermore, there are some 
diagnostic limitations of the imaging technique, including 
difficulties obtaining a proper sonographic window, the effect 
of overweight, variations in vessel morphology [69,70].

Indeed, transforaminal scanning may be impaired by 
excessive fat in the neck region or in patients with a limited 
range of motion of the cervical spine. Visualization is markedly 
improved after administration of an echo-contrast agent 
[55,69]; nevertheless, its application may be limited for reasons 
of cost or time [67]. 

Pade et al. demonstrated that a complete visualization 
of BA was feasible by using combined transforaminal and 
transtemporal approach [71].

Some studies found that the validity of TCD in the assessment 
of the degree of BA stenosis or in-stent restenosis was poor, 
whereas TCCS exhibited excellent sensitivity and specificity in 
detecting in-stent BAS [50,72,73].

Nasr et al. showed that TCCS allowed to detect symptomatic 
steno-occlusive lesions of the large intracranial arteries 
with perfect agreement with MR 3D TOF angiography. 
Demonstration of such a lesion by TCCS was strongly 
predictive of early recurrent TIA/stroke independent of the 
clinical ABCD2 score. On the other hand, the sensitivity of 

TCCS was relatively low, implying that a negative TCCS cannot 
rule out subsequent TIA/stroke recurrence [52].

Diagnostic criteria have been developed to identify 
hemodynamically significant or not significant stenosis in 
various intracranial arteries [74,75]. Furthermore, in a more 
recent study TCCS criteria for BAS degree of 50% and 70% 
showed a satisfactory predictive value and good agreement 
with DSA. In particular, MFV >90 cm/s and stenotic-to-
prestenotic ratio (SPR) ≥ 2 achieved an overall accuracy of 
92.4 for >50% BAS, while MFV >120 cm/s and stenotic-to-
prestenotic ratio (SPR) ≥ 3 demonstrated an overall accuracy 
of 92.4 for >50% BAS [76]. These results were consistent with 
other observations obtained in different studies [77-79].

Once the anatomical diagnosis of intracranial stenosis is 
made, it is crucial to understand the functional significance 
and the hemodynamic effects of stenosis. 

TCCS can provide real-time information on collateral flow 
[80] and in case of vessel obstruction, activation of collateral 
pathways is very important for the clinical outcome of the 
patient [81]. A complete circle of Willis and the possibility 
to activate primary collaterals (ACoA, PCoA) or secondary 
collaterals ([ophthalmic artery, leptomeningeal arteries) 
decrease the risk of hemodynamic ischemic stroke; in patients 
with intracranial artery obstruction, the most frequent 
collaterals are the leptomeningeal arteries [82].

When interpreting hemodynamic changes, the complexity 
of cerebral circulation should be kept in mind. Elevated flow 
velocities in the intracranial arteries should not be read in 
isolation for diagnosing an intracranial stenosis, and the 
patency of major cervicocranial arteries should be considered. 
In a study conducted by Zhong et al., the authors reported that 
one-third of increased velocity in BA was due to BA stenosis, 
one-third was due to ICA severe stenosis or occlusion, and a 
quarter of that was due to VA severe stenosis or occlusion. 
These findings can be explained by the fact that, in patients 
with symptomatic carotid artery occlusion, alterations of 
blood flow through contralateral ICA, BA, and middle cerebral 
artery (MCA) and the development of intracranial collateral 
circulation may work for compensate the reduced cerebral 
perfusion caused by anterior artery disease [51,83] (Figures 
5 and 6).

A Potential, Pivotal, Role for Neurosonology in Patients 
Selection for Elective Stenting of Basilar Artery Stenosis

Whether in VB strokes undergoing emergency EVT, PTAS on 
BAS can be considered a reasonable therapeutic approach in 
order to stabilize cerebral perfusion and reduce the risk of early 
ischemic recurrence on a hemodynamic basis, in patients not 
eligible for acute phase therapy, the management of BAS lacks 
obvious and widely agreed solutions. Although thanks to the 
widely available neuroradiological examinations an accurate 
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Figure 5. A 65-years-old man came to the hospital for acute loss of consciousness. His medical history revealed paroxysmal atrial fibrillation, 
hypertension, smoking, dyslipidemia, and COPD. In ER department he underwent CTA that showed thrombotic occlusion of the top of 
basilar artery (a), with normal flow of the vertebral-basilar axis near the occlusion. The patient also had an aortic dissection, so thrombolysis 
was contraindicated. The patient was treated by mechanical thrombectomy: DSA showed occlusion of the distal third of the basilar 
artery and of P3-segment of right cerebral posterior artery. After the successful procedure, TCCS was employed to monitor the posterior 
hemodynamic pattern. TCCS detected normal flow at the origin of the basilar (b) and at the vertebral arteries (c). The patient was admitted 
to the Intensive Care department, and the 24-hour control brain CT showed a right cerebellar infarct and bilateral thalamic infarcts (d). 
Neurological examination showed right facio-brachio-crural hemiparesis. Anticoagulant therapy was administrated. The patient showed an 
important improvement of his conditions and at the time of discharge, associated with regular flow in basilar artery.
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anatomical diagnosis is easily and readily obtained, the clinical 
decision on the best treatment for each individual patient 
must be based on the assessment of cerebral hemodynamics. 
TCCS represents a non-invasive, bedside, widely available, real-
time technology that, under experienced hands, can offer a 
diagnostic tool with appropriate predictive value. As found in 
the cases presented (Figures 1-6), TCCS can add a crucial piece 
of information in the interpretation of BAS pathophysiological 
and prognostic aspects, contributing decisively to the choice 
of the most suitable treatment in the individual patient. 

Among neurosonological parameters, peak systolic velocity 
(PSV), end-diastolic velocity (EDV), mean flow velocity 
(MFV) are usually considered criteria for the haemodynamic 
assessment of stenosis of extracranial and intracranial vessels. 

In particular, ≥ 50% BAS can be defined by PSV ≥ 140 cm/s, 
while for ≥ 70% BAS PSV ≥ 140 cm/s associated with post-
stenotic flow pattern in posterior cerebral arteries [84]. These 
criteria are characterized by good reliability, especially for the 
higher degree of stenosis [85]. Moreover, it has been observed 
that the best diagnostic accuracy of BAS using TCCS is obtained 
combining PSV ≥110 cm/s, MFV ≥ 70 cm/s, and (BA PSV)/(VA 
PSV) ≥ 1.5 for ≥ 50% stenosis, and PSV ≥ 150 cm/s, MFV ≥ 90 
cm/s, and (BA PSV)/(VA PSV) ≥ 2 for ≥ 70% stenosis [86].

Despite the usefulness of defining the degree of stenosis, 
other haemodynamic parameters can help in order to assess 
the potential instability of the VB circulation. Specifically, 
pulsatility index (PI) is a measure of the variability of blood 
velocity in a vessel, sensitively reflecting changes in the cerebral 

 

 

 
Figure 6. A 57-years-old man was admitted to the ER department for acute dysarthria, dysphagia, and dysmetria; the neurological examination 
showed left facio-brachio-crural hemiparesis, ocular ptosis (left eye), left facial hypoesthesia, dysmetria and dysarthria. He underwent CTA 
that showed left vertebral artery occlusion and left cerebellar and brainsteam infarction. The patient was treated by thrombolysis and 
mechanical thrombectomy: DSA showed occlusion of the vertebro-basilar junction and of P1-segment of right cerebral posterior artery (a), 
so a stent was placed at the vertebro-basilar junction. Control brain CT (b) showed multiple infarcts in bilateral cerebellar territory and right 
temporo-occipital hemisphere. TCCS (c) showed normal hemodynamics at right ACP, so medical treatment was continued. A TCCS (d,e) 
performed after one week showed normal flow velocity in the basilar and vertebral arteries. At discharge, neurological examination showed 
improvement in symptomatology.
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arteriolar tone. In fact, PI decreases during vasodilation and 
increases after vasoconstriction of the cerebral arterioles. In 
addition, Pourcelot/resistance index (RI) is a sensitive measure 
of the distal vascular resistance [80]. The accuracy of PI and 
RI in reflecting cerebral hemodynamics has been recently 
highlighted comparing TCD parameters and angiographic 
pressure wire measurements [87].

As observed in previous studies, pooling velocity and 
hemodynamic parameters may be possible to define the 
risk of haemodynamic instability of an intracranial stenosis, 
particularly in the VB circulation [88,89]. Hence, in case of BAS, 
if PI<1 and RI<0.5 AMT should be considered; on the other 
hand, if PI>1.5 and RI>1 acute PTAS should be taken into 
account. 

Beyond all this, TCCS operator dependency remains 
an important limit, which must be overcome in order to 
achieve the appropriate degree of sensitivity, specificity and 
reproducibility. For these reasons, a clinical trial on the ability 
of TCCS in selecting BAS patients to undergo PTAS would be 
highly needed.

Technical and Procedural Limitations 

Beyond the discussed important benefits provided, due to 
limited anatomical information, TCCS provides few structural 
details about distal BA compared to other imaging techniques, 
like MRI or computed tomography angiography. This can be 
a drawback when detailed anatomical information is crucial 
for treatment planning. The quality of TCCS examinations can 
be highly dependent on the operator’s skill and experience. 
Variability in operator expertise may affect the accuracy and 
reliability of the results. TCCS has limitations in visualizing 
vessels deep within the brain, particularly in obese patients 
or those with challenging cranial anatomy. This limitation 
may compromise the ability to assess the full extent of BAS. 
TCCS primarily evaluates blood flow and velocity but does 
not directly visualize the vessel wall. This limitation may make 
it challenging to differentiate between various pathologies 
affecting the BA, such as atherosclerosis or vasculitis. Hence 
even though TCCS offers several advantages in terms of non-
invasiveness, real-time monitoring, and cost-effectiveness, 
it also has limitations related to anatomical detail, operator 
dependence, and penetration depth. The choice of imaging 
modality for the management of BAS should be based on a 
thorough consideration of the clinical context and the specific 
information required for treatment decisions.

Conclusion

The complexities of diagnosing and treating BAS call for 
a nuanced and evolving strategy. Although progress in 
imaging technologies and a deeper comprehension of the 
disease bring optimism, ongoing research and collaboration 
remain crucial. Improving diagnostic precision and refining 
therapeutic approaches are key to enhancing outcomes for 

BAS. The continuous interaction between clinical expertise, 
technological advancements, and research initiatives will play 
a pivotal role in shaping the future of diagnosis and treatment 
for this intricate cerebrovascular condition. 

Within this context, TCCS can represent a safe, reproducible 
technique providing a real-time dynamic assessment of 
BAS, which may help clinicians in the difficult therapeutic 
management of this type of patient, both in the acute and 
elective phases. Notwithstanding, technical and operator 
limitations imply a necessary caution in basing the therapeutic 
decision solely on the TCCS findings. For this reason, there is a 
strong need for further research in order to validate the role of 
TCCS in guiding BAS treatment decisions.
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