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In acute ischemic stroke, occlusion or stenosis of an 
arterial segment induces individually variable and 
complex changes in cerebral haemodynamic. Acute 
arterial occlusion may persist, may partially or 
completely recanalize, re-occlude after initial 
recanalization or may be compensated by collateral 
blood flow.

The main scope of this article is to motivate
neurologists to apply neurosonography specifically in the 
acute phase of stroke in order to get an independent 
assessment and unique hemodynamic information instead 
of leaving neurovascular competence to radiologists. 
Purposeful use of neurosonologic techniques makes the 
difference in high quality stroke care.

Neurosonology: the aim



Il trattamento dell’Ictus richiede: 

VELOCITA’ 
• Prima lo trattiamo e migliore è l’outcome 

DINAMISMO
• E’ una patologia che si modifica rapidamente 

MONITORAGGIO

La neurosonologia è:
• Veloce
• Dinamica
• Permette il monitoraggio



Neurosonology in Stroke Unit

Cervical Duplex Ultrasound (CDU) to study: 
Carotid, vertebral and subclavian arteries.

Transcranial Doppler (TCD) or Transcranial Color 
duplex Sonography (TCCS) to study: 
intracerebral arteries of the Circle of Willis 

TCD monitoring

Contrast agents if needed



Neurosonology in Stroke Unit

Acute ischemic stroke diagnosis and 
treatment : 
▪ Stenosis/occlusion of Carotid or/and 

vertebral artery
▪ Stenosis/occlusion of intracranial 

arteries
▪ Monitoring of recanalization
▪ Monitoring after the reperfusion 

therapy

Identification of major etiological 
subtypes: 
▪ Large artery Atherosclerotic 

stenosis
▪ Small Vessel Disease
▪ Cryptogenic /ESUS
▪ Cardioembolic
▪ Unusual (dissection, 

inflammation…)

Follow-up: 
▪ Stenosis
▪ Occlusion
▪ CEA
▪ CAS



Acute Stroke Diagnosis:
• Is it an ischemic or an hemorrhagic stroke?
• Could we treat it?

Acute stroke diagnosis and treatment
The Neuroimaging: why? 

Acute Stroke Diagnosis and treatment:
• Do we have the time to treat it? 
• Is there salvageable penumbra?

Acute Stroke Diagnosis and treatment:
• Is there a large artery occlusion?
• Is Mechanical Thrombectomy needed?



Acute stroke diagnosis and treatment
Neurosonology is complementary

Neurosonology provides:
• Real-time information
• Bed-side examinations
• Monitoring
• Follow-up

When?
• During Emergency
• During acute reperfusion therapy
• After Therapy
• To provide differential diagnosis 
• During follow-up

Where?
• In Emergency Room, in Stroke 
Unit, in angiographic Suite…
How many time?
• Whenever you need it



B-mode ultrasonografia per identificare 
le strutture del parenchima cerebrale

Color e Power-doppler per identificare i vasi Velocimetria



Neurosonology in Stroke Unit

Acute ischemic stroke diagnosis and 
treatment : 
▪ Stenosis/occlusion of Carotid or/and 

vertebral artery
▪ Stenosis/occlusion of intracranial 

arteries
▪ Monitoring of recanalization
▪ Monitoring after the reperfusion 

therapy

▪ Identification of major etiological 
subtypes: 

▪ Large artery Atherosclerotic 
stenosis

▪ Small Vessel Disease
▪ Cryptogenic /ESUS
▪ Cardioembolic
▪ Unusual (dissection, 

inflammation…)

▪ Follow-up: 
▪ Stenosis
▪ Occlusion
▪ CEA
▪ CAS



Acute ischemic stroke

Stroke 2005;36:32-37

Neurosonology provides:
• Localization of occlusion and 
degree of residual flow
• Collateral status
• Recanalization timing
• Persistent vessel patency or re-
occlusion
• Hemodynamic change after 
reperfusion

CDU: Start on the affected side in transverse B-mode planes followed by color or power-mode sweep from 
proximal to distal carotid segments, or  intertransverse VA segments.
TCD/TCCS: Begin insonation in the nonaffected side, to compare the affected side ed identified MCA, ACA; 
PCA



Acute ischemic stroke and extended time treatment

Mechanical thrombectomy is recommended by 
Current guidelines in patients with Large 
intracranial Vessel Occlusion (LVO)
The publication of the positive results from 
recent extended time treatment trials highlights 
the problem of bringing the right patient to the 
right place.
▪ Advanced neuroimaging is required
▪ If a LVO is present, bypassing Primary Stroke 

Unit should be a strategic choices 
Therefore we need to select the patient who 
should be transferred directly to an 
Interventional Stroke Center



Conclusions: Transcranial ultrasonography might 
potentially be used for the selection of subjects 
with acute LVO, to help streamline patient care 
and allow direct transfer to specialized 
endovascular Centres. 
Could be used at the pre-hospital stage to justify 
direct transfer to a regional thrombectomy Centre 
in suitable cases.

Centralizzazione primaria

Conclusion: Prehospital neurological as well as transcranial 
vascular assessments during patient transport can be 
performed by a trained neurologist with high sensitivity and 
specificity.

Conclusion: The proposed web based educational training course
may enable paramedics to perform not just a short neurological
examination but also good quality TCCS, a combination highly
suitable for patient selection for endovascular embolectomy.



In Emergency Room: a patient affected by an acute hemiparesis comes

CDU: Hypoechoic plaque with irregular 
surface causing a mild stenosis  (50% in 
longitudinal plane, ECST, PVS 100 cm/s)

TCCS: no large vessel occlusion

CDU: no significant stenosis with slight 
reduction of systolic velocity in ICA

TCCS: : no color signal on M1 and systolic spikes on 
M1 (M1 distal occlusion)



Monitoring during reperfusion therapy 

Compared with angiography, transcranial Doppler 
had the following accuracy parameters for detection 
of complete recanalization (TIBI 4 and 5 versus 
thrombolysis in myocardial infarction 3, flow 
grades): sensitivity, 88% (95% confidence interval, 
72%–96%); specificity, 89% (79%–95%); positive 
predictive value, 81% (65%–91%); negative 
predictive value, 93% (84%–98%); and overall 
accuracy 89% (80%–94%). 
Conclusions—TIBI criteria can accurately predict 
brain recanalization in real time as compared with 
thrombolysis in myocardial infarction angiographic 
scores. 
Tsivgoulis G et al Stroke. 2013;44:394-400.AM Demchuk et al Stroke. 2001;32:89-93.



The arterial occlusion may persist

Monitoring during  reperfusion therapy 

Right PCA before Thrombolysis

Right PCA after Thrombolysis

Left MCA before Thrombolysis

The arterial occlusion may partially or 
completely recanalize

Left MCA after Thrombolysis



Monitoring during reperfusion therapy 

Conclusions Earlier tPA treatment 
after stroke onset is associated with 
faster tPA-induced recanalization. 
Earlier onset-to-recanalization time 
results in improved functional 
recovery and survival in AIS patients 
with proximal intracranial occlusions. 

Tsivgoulis G and CLOTBUST-PRO investigators Journal of Stroke 2020;22(1):130-140



Monitoring  after  reperfusion therapy 

Conclusions—MES detected by transcranial Doppler following endovascular treatment of anterior circulation 
occlusions do not predict clinical or radiological outcome. However, such emboli are an independent marker of 
recurrent embolic events within 90 days. (Stroke. 2020;51:154-161. DOI: 10.1161/STROKEAHA.119.025856.)



Monitoring during and after  reperfusion therapy 

The arterial may re-occlude after initial recanalization

AngioCT: occlusion of P1 in 
right PCA.

A 73 years old patients affected by hypertension and diabetes,  came to Emergency Department one hour after 
the beginning of dysarthria, left hemianopsia and hyposthenia.  

A CT: was negative for 
haemorrhage (ASPECT 10) 

Intravenous Thrombolysis with rtPA was started and a 
Mechanical Thrombectomy was successfully performed



The arterial may re-occlude after initial recanalization

In the following 2 days the patient presented a progressively worsening bilateral hemianopsia

TCCS: severely reduced 
flow in both right and 
left P1 segment of PCA

MR: bilateral occipital 
infarctions



Monitoring after  reperfusion therapy 

The arterial may re-occlude after initial recanalization

Early re-occlusion within 24-48 hours after 
successful mechanical thrombectomy is rare but 
associated with poor outcome.
Risk factors associated with re-occlusion are:
▪ high platelets on admission 
▪ occlusion site
▪ more complex procedures 
▪ atherosclerotic cause
▪ residual embolic fragments or stenosis at the 

thrombectomy site 

Mosimann PJ et al. Stroke. 2018;49:2643-2651. 

Marto JP et al .Stroke. 2019;50:2960-2963.

Because the Re-occlusion affects long-term outcome we have to monitor and prevent this early complication 
for example carefully re-evaluating the last angiographic run before considering the intervention is over



Risk of intracranial haemorrhage after a successful thrombectomy

CT: 48 H after

TCCS  after 12 hours: systolic velocity 
increase on the left MCA 

A 65 years old patient, current smoker and 
affected by hypertension comes to Emergency 
Department because of a sudden aphasia and 
right hemiplegia due to an acute occlusion of 
left Internal carotid and M1 (NIH 20). 
CT: ASPECT 9
An intravenous thrombolysis and a successful 
thrombectomy were performed with a 
dramatic clinical improvement (NIH 5)

CT Angiography: left ICA and M1 
distal occlusion

CT Angiography after left 
ICA and M1 recanalization



Risk of intracranial haemorrhage after thrombectomy

Kneihs M et al. J Neurointerv Surg. 2018 Sep;10(9):882-887

Stroke. 2020;51:519-525

World Neurosurg. 2019;125:e849-e855

Hongbo Chen et al Cerebrovasc Dis 2020;49(2):160-169



Neurosonology in Stroke Unit

▪ Acute ischemic stroke diagnosis and 
treatment : 

▪ Stenosis/occlusion of Carotid or/and 
vertebral artery

▪ Stenosis/occlusion of intracranial 
arteries

▪ Monitoring of recanalization
▪ Monitoring after the reperfusion 

therapy

Identification of major etiological 
subtypes: 
▪ Large artery Atherosclerotic 

stenosis
▪ Small Vessel Disease
▪ Cryptogenic /ESUS
▪ Cardioembolic
▪ Unusual (dissection, 

inflammation…)

Follow-up: 
▪ Stenosis
▪ Occlusion
▪ CEA
▪ CAS



Symptomatic carotid stenosis

Large artery atherosclerotic occlusive disease

Continuum 2017;23:133-157

CDU is an excellent tool to evaluate carotid, vertebral and 

subclavian atherosclerotic plaques providing details about:

▪ composition and surface of the lesion 

▪ degree of the stenosis by means of spectral Doppler 

ultrasound

severe symptomatic carotid artery stenosis
(85% in longitudinal plane, ECST; PVS 360 cm/s, EDV 158 cm/s)



A 75 years old patient, previous  smoker, affected by 
hypertension, diabetes, came to Emergency Department 
due to recurrent dizziness events.
CDU showed the occlusion of the right vertebral artery 
and a significant stenosis at the origin of left vertebral 
artery. A left vertebral artery stenting intervention  led 
to symptom resolution

Symptomatic vertebral artery stenosis/occlusion
Large artery atherosclerotic occlusive disease

Medicina 2020,56,711



Symptomatic intracranial stenosis

A 79 years old patient, previous  smoker, previous myocardial infarction, affected by hypertension, came to 
Emergency Department due to dysarthria and left hemiparesis
CT showed an ischemic lesion in left  internal capsule
Angiography identified a right M1 stenosis confirmed by TCCS (PSV 304 cm/s e EDV 124 cm/s). A best medical 
therapy was chosen followed by TCCS evolution monitoring

Large artery atherosclerotic occlusive disease

Cochrane Database of Systematic reviews 2020



Cerebral artery dissections

Unusual causes

Cerebral artery dissections can be determined 

sonographically by:

▪ Wall vessel abnormalities such as 

hypoechogenic increase of wall thickness 

(intramural hematoma) causing stenosis or 

occlusion.  

▪ Increased peripheral flow resistance and 

post-stenotic changes.

▪ Further sonographic follow-up are necessary 

during the acute phase because of the 

disease dynamic, to detect occlusion 

progression or recanalization



Mobile Thrombus

A 50 years old patient current smoker, affected 
by hypertension, came to the Emergency 
Department a day after the beginning of slight 
aphasia 
CDU showed a mobile thrombus on the left 
internal carotid artery

Unfractionated heparin was started with resolution of the thrombus some days later

Unusual causes



Carotid web

▪ Carotid web is a non-atheromatous 
and non-dissecting membrane-like 
strand that protrudes into the 
lumen of the carotid artery. 

▪ This is an underrecognized cause of 
stroke. 

▪ Carotid web may cause a high rate 
of stroke recurrence explained by 
the flow stagnation along the 
superior surface of the septum that 
leads to the formation of a 
superimposed thrombus

Unusual causes

A 65 years old patient affected by 
hypertension, comes to our Stroke Unit 
2 days after an IVT performed in Spoke 
Hospital for aphasia. 
The CDU: showed a strand protruding 
in the lumen of left ICA as a carotid 
web. Same days after a carotid stent 
was inserted



Inflammatory Cerebrovascular Diseases
Giant cell arteritis

CUD: Hypoechogenic vessel wall edema 
(halo sign) is pathognomonic with high 
specificity (97 %).
Local stenosis (flow accelerations) can 
be observed

Unusual causes

Rheumatology 2018;57:227-235

A 70 years old woman without risk 
factors, came to Emergency Department 
for a sudden Wallenberg Syndrome 
preceded by many days of bitemporal 
headache.
CUD: bilateral vertebral arteries vessel 
wall edema, with multiple stenosis and 
bilateral temporal arteries Halo Sign 



▪ Durata <300 msec

▪ Ampiezza >3-7 dB

▪ Unidirezionali al flusso

▪ Suono tipico (cip)

▪ Registrazione per 30’ – 60’

Consensus Committee, 1995 e 1998

Segnali Ultrasonori di breve durata ed alta intensità e 
passano rapidamente sul volume campione

Rilievo di segnali microembolici: cardioembolismo/ESUS



Diagnosi eziologica  

▪ Carotidea: ipsilaterali

▪ Cardioembolica: bilaterali 

▪ SVD: generalmente assenti

Diagnosi patogenetica 

▪ embolica 

▪ emodinamica

Valore prognostico 

▪ correlazione tra MES e recidiva

Valutazione terapeutica

▪ Riduzione MES in base alla terapia

MES ed Ictus acuto



Valutazione del parenchima

Shift della linea mediana



Valutazione idrocefalo



VASOSPASMO: Diagnosi e monitoraggio





Fistola artero-venosa



EMORRAGIA

EMORRAGIA: è evidenziabile come un’area 
iperecogena che ben si delinea rispetto al 
tessuto circostante

▪ Solo emorragie in sede centrali e di 
discrete dimensioni sono evidenziabili. 
Non serve come esame di screening 

▪ Serve nel follow-up delle lesioni 
evidenziabili

▪ Serve nel follow-up dello shift della 
linea mediana



Neurosonology in Stroke Unit

Acute ischemic stroke diagnosis and 
treatment : 
▪ Stenosis/occlusion of Carotid or/and 

vertebral artery
▪ Stenosis/occlusion of intracranial 

arteries
▪ Monitoring of recanalization
▪ Monitoring after the reperfusion 

therapy

Identification of major etiological 
subtypes: 
▪ Large artery Atherosclerotic 

stenosis
▪ Small Vessel Disease
▪ Cryptogenic /ESUS
▪ Cardioembolic
▪ Unusual (dissection, 

inflammation…)

Follow-up: 
▪ Stenosis
▪ Occlusion
▪ CEA
▪ CAS



Follow up 

CUD: intra-stent stenosis by an intimal 
wall flap

CUD: thrombosis after a CEA
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▪ Neurosonology offers us a wide-range of opportunities regarding  acute phase monitoring 

options, causal and preventive investigation alternatives, and the possibility to understand 

complex hemodynamic contexts impacting further decision choices. 

▪ But mostly it gives to neurologists the possibility  to get an independent assessment  every time 

during the stroke care. 

▪ At last, my opinion is the same as that expressed in this interesting paper, that is worth 

reading: “Neurosonology makes the difference in acute Stroke Care”

Take home messages 






