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Neuromonitoring in the Stroke Unit

Claudio Baracchini MD, PhD, FESO 4
Director of the Stroke Unit and Neurosonology Lab
’ g

«~ Coronary Care Units

The main feature of coronary care is continuous cardiac monitoring.
This allows early intervention, improving the prognosis.

}

Continuous postoperative
monitoring solution
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Neurological Surveillance

“Traditional” Neurological surveillance is achi
1. Neurological monitoring

2. Parenchymal imaging (cerebral cTmRI)
However, it is limited
~Itis noleasiv repeatable

It

To sustain neuronal function, the brain has evolved very complex regulatory processes
to ensure a continuous and constant blood supply:

An inflexible structure surrounding the brain: the skull
Therefore, it is of utmost importance to have tightly regulated mechanisms
to maintain a relatively constant CBF.

~

3. Cerebral Vasomotor Reactivity ' '::.'n

1. Cerebral Autoregulation

2. Neurovascular Coupling

4. Neurogenic Regulation
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THE NEUROGLIOVASCULAR UNIT

the Neurovascular Unit
is Essential to all CBF regulatory processes

CEREBRAL AUTOREGULATION
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Autoregulation assures relatively

o
constant CBF, despite fluctuation
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CEREBRAL AUTOREGULATION

Autoregulation assures relatively
constant CBF, despite fluctuation
of perfusion pressure (CPP)

CPP = MAP - ICP (mmHg)

CBF regulation is far more pressure-passive
in nature than traditionally believed

Asymmetry in the cerebral autoregulation response:
the brain seems better adapted to compensate for
transient increases compared to decreases in MAP.

CONTEMPORARY VIEW OF CEREBRAL AUTOREGULATION
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NEUROVASCULAR COUPLING

It refers to the brain’s ability Stimulus
to increase CBF to regions

where neurons are metabolically active.

Neuron

Synapse

MECHANISMS:

Matapolic mpssenaers(adenosine, \actate)
contribute To functional hyperemia throu

glutamate-induced prostaglandin S\gnahng to
blood vessels

The effect is a dilatation of the arterioles
which leads to a CBF increase.

Recent data have also suggested the

important role-of perigytos in regulating CBF
through the control of capillary diameter.
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It refers to the brain’s ability
to increase/decrease CBF

MECHANISMS:

(eg. pCO2, pH, ~pO:
contribute to functional hyperemia:
1 pCO2The effect is a dilatation of the
arterioles which leads to a CBF increase.
1 PCO2The effect is a constriction of the
arterioles which leads to a CBF decrease.

CEREBRAL VASOMOTOR REACTIVITY

in response to chemical messengers.

Hypocapnia
(eg. durng hyperventiation

= N

peripheral

Hypercapnia
(eg. during apnea)

re,

peripheral

<
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NEUROGENIC REGULATION

The third mechanism is the
neurogenic regulation
whereby

extensive arborization of
perivascular nerves play
arole in controlling CBF.

Extrinsic perivascular innervation:
1. The trigeminal ganglion (sensory)
2. The superior cervical ganglion
(sympathetic)
The sphenopalatine ganglion
(parasympathetic)
Intrinsic perivascular innervation:
local interneurons (maninly GABAergic) also
play a role in the regulation of microvascular
tone.

Department of Neuroscience
University of Padua School of Medicine, Italy.

Department of Neuroscience
University of Padua School of Medicine, Ital

el e 3 s rse s n o Do et

Thrombectomy vs No Reperfusion Therapy

IVT reduces disability by 12-19%

'ﬁ"ﬁ"ﬁ vﬁ--ﬁwﬂnﬁ- e & IVT does not reduce mortality
:i LN

h“ “ ' LU EVT reduces disability by 34-44%

Ly EVT reduces mortality by 3-5%

.‘.‘.
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(Gaana ot 1. Sk, 2010 Fal 4121200

Tokunbon ot Swoke, 2018 Jan4%(1)90-97
Tengoute .ot 1 Sroke. 2020 431220130140
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Acute Reperfusion Therapies: Periprocedural Complications

Contrast allergy

Airway control, Oxygenation and Sedation
Hypertension and blood pressure variability

Hyperglycemia an temperature regulation

Arterial access site complications

Vessel injury, Vasospasm, Device Retention

Temperature dysregulation, Arthythmias

Jadhav AP et al. Care ofthe Post-Thrombectomy Patient. Stroke, 201649:2801-2607

Hemorrhage and Edema

Infection (pneumonia/ UTI), Stress
ulcers, Pressure ulcers, Peripheral
venous thrombosis, Fall risk

Timing of extubation, tracheostomy,
PEG. Prognosis and rehabilatation
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Neurological Surveillance in Stroke Unit/NICU

CEREBRAL
AUTOREGULATION

“Dynamic” Neurological surveillance is achieved by:
1. Close neurological monitoring R
2. Parenchymal imaging (cerebral cTmrI) WASORFACTIVITY
However, itis limited NEUROVASCULAR
COUPLING

3. Bedside Hemodynamic Monitoring
> It can be performed directly by the clini

i.e. inexpensive

> without side effects (non-invasive) even including US contrast agent
application

can be repeated in short intervals (easily repeatable).

High Sensitivity and Specificity for significant stenosis

Only modality able to detect embolic signals

v VYV YV

It offers not only Imaging (CTA, MRA) but mainly a real-time beat-to-beat
i ‘and longer monitori
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Lack of Neurological Exam in Intubated patients

Hemodynamic pattern DSAITCD Correlation: TCCD Monitors the Residual Flow Signals

grade sensitivity 91%, specificity 93%
Check to maintain achieved TICI
1 No flow
2 Low flow velocities without diastolic
flow
3 Low flow velocities with diastolic
flow

Established perfusion

a) flow velocities equal to contra-
lateral side

b) high focal flow velocities
(ie. stenosis)

©) high segmental flow velocities
(hyperperfusion)

Consansus On Grasing InracraialFlow Obsiructon Ndaimann M at s, Stroke 2000
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Neurological Wors

* Reocclusion ?

REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY
TIBI Classification

0 Absent flow signal
Complete proximal occlusion

No antegrade residual flow

\ HYPOPERFUSION

N Infarct Expansion
Minimal flow signal
i Absend end-diastolic flow

No antegrade residual flow

2 Blunted flow signal
Delayed systolic flow acce
Towvetocy wd ez Decreased Velocity

Beware!
Resistance changes can occur quickly:
Look at diastolic flow.

Dampened flow signal
3 P \Aqmlw.lhuumml
on and

of mean flow velocity >30
Comparedwithnormaisde  Slugglsh

Department of Neuroscience
University of Padua School of Medicine, Italy.

Department of Neuroscience @
University of Padua School of Medicine, Italy

Rescue Stenting for Failed Mechanical

oo o Fdets i Coteins Kt Thrombectomy in Acute Ischemic Stroke:
|Systematic Review and Meta-analysis

Stenting
ue
Resc mRS at 3 months

s "
Thrombectomy + Tirofiban

stent

FAILURE, WO STENT Qe e

Better Outcome in stented pts: mRS 0-2: 56.5% vs 17.4%

REAL TIME MONITORING BEFORE MECHANICAL THROMBECTOMY
LAY YOUR ACUTE LVO STROKE PATIENT FLAT

Ioratlon (2 2% vs 55.3%; P < 0.001).

en
Rescue St Brebral hemorrhage or r_;osgtal ac%u\red pneumonia
[ o e T W A BEZih ai 90 days (4.4% v 21.7%;
7 patients with acute VO after stentfiever thrombectomy failure. in NIHSS 500re at26 o 7 00
Word o 2017 KEI03ST-64 SRS ——
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Neurological Wors g

* Reocclusion ?

* Increased Intracranial Pressure ?
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DIRECT DEPICTION OF INTRACRANIAL HYPERTENSION
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Malignant MCA infarction
and Decompressive Craniectomy

Large hemispheric infarcts occur in up to 10% of all ischemic strokes and can cause devastating disability.

g ion to

plete Cerebral Cii y Arrest

systoucseres | NoFLow

Schveber S. in Csiba L, Baracchini C - Manual of Neurosonology

* Reocclusion ?
* Increased Intracranial Pressure ?

+ Continuing Embolization ?
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REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY

Possible EMBOLIZATION

1. From the same site causing the index event
2. Procedural release of clot fragments

Filppo Farina', Anna Palmier, Silvia F
Claudio Baracehini

| Federica Viaro!,

Study Objectives:
To assess the prognostic value of Micro-Embolic Signals (MES) after Thrombectomy.

s st 3 ot

MES predict
- - Worse Outcome and Stroke Recurrence

MES MONITORING IN ESUS

The Role of ial Doppler i
Multi-Territory Acute Embolic Strokes: A Re

Odysseas Kargl
Eloftherios St

rglos Talvgoull

Table 2. Sonographic Characteristics of Microembolic Signals

Characteristic acoustic sound
High intensive amplitude of at least 3 db greater than the
ackground

spes

Transient signals with short duration of less than 300 ms
Unidirectional signals
Detected within the flow spectrum

The presence and burden of MES is clearly associated
with an i risk of sy i

embolization, and thus can justify a more aggressive
treatment approach (clopidogrel load followed by dual

therapy or ic dose of
low-molecular-weight heparin)
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MES MONITORING IN ATRIAL FIBRILLATION

Detection of microemboli in patients
with acute ischaemic stroke and atrial
fibrillation poor ional
outcome
Pedro Castro'"”, ] Ferreira® ", Branko Malojcic’, Modified Rankin Scale Score
Danira Bazadona’, Claudio Baracchinif, Alessio Pieroni', N 5 Mormal flowalansl
David Skoloudik’, Elsa Azevedo* and Manfred Kaps’ Eur Stroke J. 2023 Dec R o U A L t0 the contralateral side
Fomrace - (<30% difference)

MES nogative | . -

=i - ; Complete Recanalization
2 known or newly dagrosed snciconguuncnaive AF. Al conres wilaed the same trancranil Doppler machine for -
- mokiaring with Sataal 2VH1 probes whh 24 of symptom onse. Recortings underwent WIS arays by 4 =2
=

outcomes asetsed b the modied Rk scle (mRS) score ¢ 304 WES positve |+ 5 5 3 =
Rosatts Between Septomber 2019 and Moy 2031 we snvaled 61 patnts, with  median ago of 78 years (merquarile (N=14) Sl Even if Dramatic Neurological Improvement with rtPA and/or MT

Fange 73-83) and & median stroke severity score of 11 (ncorquartle range 4-18). MES were observed i 14 patients
(23%). predominandy uniscera (12/14, 85%), with 3 medun rate of 6 countsour (nterquartie range 4-18). MES F————
<005 A 0 10 20 30 40 50 60 70 80 50 100

Porcentage of Patients Continue to monitor Cerebral Hemodynamics
MES+ 23% =) worse clinical nutconﬂ

MES, 20147 (43%), with n adjusied odds raio of 5,04 (5% C1, 1.15-39
Conclusions: Nearly 3 cuarter o patencs with AIS and AF exhibited

croambolaation sker the index event

of o
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THROMBECTOM

ORING AFTER MECHANICA|

Acute Reperfusion Therapies mmmp Not always a success! REAL TIME MON

Prospecive sy i 185 patierts whonada Early (<48 hours) normalization of the PSV ratio and successful recanalization
frstever anterio cirouiation LVO stroke and . o "
undenwent EVT yithin 6 from stroke onse. were independent of favorable neurologic outcome at 3 months.

Owal mabien f85p)

wmRso

Mo 18V s wirin 4 8 s (34 ts

ames 1

mRs2

mRs3
amRsa
amrss

Despite High recanalization rate (>90%) after EVT

Norms 18R s winn d wee k£ 8]
amrse

>1/3 pts develop Early Neurological Deterioration within 72 hrs after EVT
and <50% of patients are functionally independent (mRS 0-2) at 3 months.

Why is there such a discrepancy
between clinical outcome and recanalization rates?

& 0
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106 206 306 406 506 60 7% 8% 90 10% Beracchini Cetal Neurogy 2019
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Neurological Improvement but... REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY

/ TIBI Classification

. . i
TIBI Classification '
Increased Velocity
/ (1.5 times compared to the contralateral artery)
" Pl decrease
Increased Velocity !!! (>30% vs unaffected side)

Increase of Velocity along the entire recanalized segment:
- Hyperemia?
- Hyperperfusion?

Hemorrhagi
HYPERPERFUSION* -

* Analogous to cerebral hyperperfusion syndrome after carotid endarterectomy

Complete Recanalization

Even if Dramatic Neurological Improvement with rtPA and/or MT

4

Continue to monitor blood flow velocities:
Check for Increase of Velocity along the entire recanalized segment

& 0
R M
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REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY

REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY

e e et o™ | [ Early detection of high PSV MCA Ratio in successfully recanalized stroke patients Post-reperfusion hyperperfusion after endoVasCUIAr | bomico s e bt v oo st o s s el VAot
p Tecanai from indicates an increased risk of ICH and a poor outcome at 3 months. ! ] D Crne, [
siroke ot — stroke a prospective ¢ study of | s z s on TOD (079 pebi)
Oved Popudion(Bxie 2 B TCD versus MRI e ol euolenent g 2023 01510138335
=nRS 0 R WHAT IS ALREADY KNOWN ON THIS TOPIC
e iy K
) RS e vome
[R—— 18 16 s TCD vs MRI o e
‘ ‘ o2 B e s
oo v e
e s
ICHptiants (Bts) 5 RS 3 \ I o s e e et
\ / VAT T sTUDY 2005
‘ ‘ s 4 R —
e e
i g e s
o Pvsitin wenk(Bpts 8 B s o e s Lot
wnRS 6

nury OCH, vosogenc brain edem)
HOWTHIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

Nt Normd P¥/sat! weok(®ts Post-reperfusion Hyperperfusion is associated
with bleeding complications after thrombectomy

Hyporemic Reperfusion occurred in 113 (75/226) of successiul - an e e
Hyperporfusion severity on MRI correlated with MCA flow velocities on TCD. | e & redpamc durge st
L4 0% D% D% D% D% O% V% D% D% VO Baracchini C et al. World Neurosurg 2019 Prognostic tool in this setting.
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REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY Blood Pressure Mana nt after IVT an

orge vessel occusions i anterior circulation:a
systematic review and meta-analyss

* Proper Target ?

* Intensive vs Standard BP Treatment ?

* Role of Transcranial Ultrasound ?
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BLOOD PRESSURE MANAGEMENT Prospective Randomized Studies evaluating post-EVT BP

REFERENCES |  YEAR NAMEANDTYPE | sTATUS SAMPLE S 8LOOD PRESSURE OUTCOMES/GOALS
COMPARISONS
Mazighietal. 2021 8 TARGET; randomized, Completed 324 patiens post VT Patients were Primary outcome: Radioraphic ICH
VT controlled,open-abel tal WihTICI 265 randomizecwithin 1 hour  Secondary outcome: NS t 24,
Blood Pressure before IVT bolus <185/110mmHg Bt wersevated a4 e aBr ol andSmort e
dinical stes Resuls:
185mmi ate of radiographic ICH or an ofthe
Blood Pressure after IVT < 180/105mmHg for 24hrs post treatment secondary clinica effcacy outcomes,
Sorgeral 202 ENCHANTED 2 prospective,  Stopped early 821 patents post£VT S99 trgetof 120vs  Primary Outcome: 0-day mfS
) . ) randomized il sherreviewof  wih 161265 140 80mmg during Resuls the more ntenshe treatment
N.B. Any violation of these rules increases the sICH risk: OR 2.59; 95% CI 1.07-6.25, P=0.034 oucome data frs 72 hafter T roup had more eary neurological

deterioration and major disabiity at 90
days. There were nosignificant
diffeences in symptomatic CH,

serious adverse events or mortalty

Nametsl, 2023 OPTIVALSP prosective,  Stoppedeary 644 sep
AULIARERS ASED GUIDELINES!!! miticenter andomized il becaseof  wih 0203 B0 g P G650
EMINENCE-B safety concerns 24 after VT Resalts: intensive B
Guidelines for the Early Management of Patients With Acute managem tfor 24 m,w ledtoa
Ischemic Strol 19 Update to the 2018 Guidelines for the lower likelihood of functional
Early Management of Acute Ischemic Stroke These BP values are part of the guidelines, independence at 3 months compared
A Guldlin o Heslthare ProfessionlsFrom te Amerkcan e o Vi comntion| B management.
o Americn Srke Aociaion but they were chosen arbitrarily by some experts!
Mowyetsl 2023 BEST prospectve, Complted

mdoraed v e Sab oo oy weaed RS 50 .
Are these recommendations reasonable for all patients before/after EVT? 24 hatter T

difference in the treatment groups

Intensive BP target should be avoided after EVT for acute ischemic stroke
@ (worse neurological recovery and decreased rates of functional independence compared to the standard BP target)

Department of Neuroscience The optimum systolic blood pressure after MT is yet to be defined.
University of Padua School of Medicine, Italy.
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BLOOD PRESSURE MANAGEMENT AFTER MT

Optimum BP Value: There should be individual patient decision-making.

On what basis?
» Degree of Recanalization after MT
» Neurological Status

CURRENT PRACTICE:

Ex
3

TICI 3 + Dramatic neurologic recovery: < 140/80mmHg
TICI 3 + No neurologic improvement: < 160/90mmHg
TICI 2 £ Neurologic improvement: < 160/90mmHg

No recanalization < 160/90mmHg or permissive hypertension < 180/90mmHg?

Strict BP control to avoid variability in all groups

18/12/24

BLOOD PRESSURE MANAGEMENT AFTER MT

Optimum BP Value: There should be individual patient decision-making.

On what basis?

» Degree of Recanalization after MT
» Neurological Status

» Pre-Cerebral Vessel Occlusion

ZICD/TCCD scan can show:
If the circle of Willis is functionally intact

= Ifthere is activation of primary collaterals (AcomA, AcomP)
= Ifthere is flow diversi i j

to periphera
if ivity is preserved or i
If Cerebral ion is p or
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COLLATERAL PATHWAYS

In case of vessel obstruction, Activation of Collateral Pathways is very important for the
clinical outcome of the patient.

arterial ial arterial

¢ Primary Collaterals
- AcomA
- PcomA

* Secondary Collaterals
- Ophthalmic Art.
- Leptomeningeal Art.

Liebestind DS, Stroke. 2003:34:2279-2284

COLLATERAL PATHWAYS

In case of vessel obstruction, Activation of Collateral Pathways is very important for the
clinical outcome of the patient.

Occlusion of the ICA

* Primary Collaterals
- AcomA
- PcomA

* Secondary Collaterals
- Ophthalmic Art.
- Leptomeningeal Art.

Baracchini C - Brain-POCUS in press
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COLLATERAL PATHWAYS

In case of vessel obstruction, Activation of Collateral Pathways is very important for the
clinical outcome of the patient.

* Primary Collaterals
- AcghA
- PcfA

* Secondary Collaterals
- Ophthalmic Art.
- Leptomeningeal Art.

Baracchini C - Brain-POCUS in press
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COLLATERAL PATHWAYS

In case of vessel obstruction, Activation of Collateral Pathways is very important for the
clinical outcome of the patient.

Occlusion of M1-MCA

Pre-MT or Post-MT Failure

. 2

* Secondary Collaterals
- Flow Diversion
- Leptomeningeal Art.

Baracchini C - Brain-POCUS in press

Department of Neuroscience
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COLLATERAL PATHWAYS and BLOOD PRESSURE MANAGEMENT AFTER MT

The degree of collateral circulation has a bearing on the intensity of blood pressure therapy

Stroke: Vascular and Interventional Neurology

ORIGINAL

Transcranial Doppler After Endovascular
Treatment to Evaluate Collateral Status and
Outcomes in Patients With Large-Vessel
Occlusion

Small prospective study
on 15 LVO stroke patients undergoing MT

RB Shahvipour Stroke Vasc Itery Neurol, 202226000214

- i ili i il >2) had either flow diversion or active
leptomeningeal collateral flow in the presence of elevated blood pressure (2170/93 mm Hg)

» o cases without earl and in those with a modified Rankin scale<?, the

authors did not observe any flow diversion or active leptomeningeal collateral.

Role of TCD in |dent|fy|ng high-risk patients who need close clinical monitoring:
and flow diversion despite a successful EVT’
lnd\cales the possibility uf inadequate cerebral flow and is associated with a poor clinical outcome.
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TCD and Cerebral Blood FIow Control

inometer 3 Invasive ornon-invasive 4 Threelead
apress Copnography slectrocardogram

Bt tobent WY
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CEREBRAL AUTOREGULATION TESTING

= brain -

sciences

P Sheriff et al. Brain Sci. 2020, 10, 641
Dynamnc Cerebral Autoregulation Post Endovascular

Thrombectomy in Acute Ischemic Stroke

Results:
- Complete (TICI) 3) recanalization was associated with a more favorable autoregulation profile compared with TICI 2b or
poorer recanalization (p< 0.05)

- Less effective autoregulation in the first 24 h was associated with increased rates of hemorrhagic transformations
(PH1-PH2)

These data suggest that patients with i and p ion (especially within the first 24 h
post-LSW time) may warrant closer blood pressure monllurmg antt contrl I he frt Jow days poot ilus.

When cerebral autoregulation is damaged,
BP management becomes more important:
Low BP — cerebral hypoperfusion — infarct expansion
Elevated BP — excessive flow — cerebral edema and hemorrhagic conversion

Department of Neuroscience
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TCD and Cerebral Blood Flow Control
CEREBRAL VASOREACTIVITY
blood vessels to either vasodilator or vasoconstrictor stimuli (eg. CO:).

Department of Neuroscience
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VASOMOTOR REACTIVITY TESTING

prtoia sy 43 e
p

Normocapnla ;";:

NORMAL BREATHING

In the absence of vasomotor reactivity, cerebral perfusion is passivaly dependent on systemic blood prassre,
and the blood pressure must therefore not be lowered.

VASOMOTOR REACTIVITY TESTING

Reversed Robin Hood Syndrome in Acute I
Stroke Patients

Andri V. Alesandrov, MD: Vijy K. Shama, MD: Amhlle Y. Luo, MD: Georgios Tsivgouis, MD;
Marc D. Malkoff, MD; Anne W. Alex:

ans\hsa alBP a\a\ma\nekaa
(R o i s e

Background and Purpose—Recurrent hemodynamic and neurological changes with persisting arterial occlusions may be
attributable (o cerebral blood flow sical from ischemic to nonaffected brsin.
Methods—Transcranial Doppler monitoring with voluntary breath-bolding and serial NIH Stroke Scale (NIHSS) scores.

NS 4 o 15 prioe). S

15.0% t0 4
in NIHSS scorcs) at sable boad pressue. In 3 of 3 paints rceiing nominvasive vemilstory conection for
 sooringhlec apac, o furiber velocy o NIHSS seore m..;u wer s
d quantiy cal-ime.
1f the sical ,\M.nm.m a5 the cause of nmmlognn worsr stscd Robip Hood svndy
o reseure sogmenation wad movivate vendlory comecion 1 suoke uint. (evber

o

Reversed Robin Hood Syndrome ? s Blood Pressure Augmentation
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LAR COUPLING TESTING
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Luxury Perfusion

represents a Mismatch between Cerebral Blood Flow and local Metabolic Requirement
that are sually tightly coupled. As neuronal and glial cells succumb to ischemia, their metabolic requirements
also reduce. This should resultin a reduction in cerebral blood flow. Instead, in luxury perfusion, this is not the
case, due to a failure of Instead, there is an overabundance of blood supplied to
infarcted tissue. This, in turn, results in a decrease in the regional oxygen extraction fraction

Mechanism: Regional Vasoparalysis brought about by the release of acidic metabolites from the ischemic tissue

5% 205
5 3 0

A Risk

Cerebral Edema
Hemorrhagic Transformation

[

>
535 sox ’
>
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Neurovascular Ultrasound
isan of Ne logical and
an Indicator of high quality and competence in stroke management,
 Lack of neurological exam in intubated patients:

— Check to maintain achieved TICI
* Neurological worsening:

— Re-occlusion?

— Increased Intracranial Pressure?

— Continuing embolization?
* Neurological improvement:

— Minimize the risk of symptomatic ICH (sICH) after reperfusion

(IVT and/or EVT): avoid hyperemia/hyperperfusion.

« Optimal blood pressure?

— Set the range
— Avoid fluctuations (variability)

FUTURE DIRECTIONS
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ORIGINAL WORK

Robotic Assisted Transcranial Doppler
Monitoring in Acute Neurovascular Care: A
Feasibility and Safety Study

Aise Fatorello Salimbeni'" @, Caterina Kulyk”, ot
; Milan R Vosko? and CI

ULTRAFAST ULTRASOUND IMAGING

Breaking the Fundamental Limits of Ultrasound Imaging
1. Breaking Time Resolution

O ing the Limitati of C Pulsed-Doppler US
> Slow frame rate (b/c mult. Tx pulses/line, many lines)

2. Breaking Spatial Resolution

> Poor gensitivity (to slow, small-volume flow)

> Poor resolution of small vessels (b/c long pulse, line spacing, etc.)

Department of Neuroscience
University of Padua School of Medicine, Ital

Department of Neuroscience
University of Padua School of Medicine, Italy.
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ULTRAFAST ULTRASOUND

Breaking Time and Space Resolution in Ultrasound
Enabling Super-Resolution Functional Ultrasound
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