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Neuromonitoring in the Stroke Unit 
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Coronary Care Units

Continuous Monitoring

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

Cost Effective

Dynamic Management
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Neurological Surveillance in Stroke Unit/NICU 
“Traditional” Neurological surveillance is achieved by:

1. Neurological monitoring
2. Parenchymal imaging (cerebral CT/MRI)

However, it is limited 
ØIt is not easily repeatable
ØIt needs transport of sometimes unstable patients.

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

1. Cerebral Autoregulation

2. Neurovascular Coupling

3. Cerebral Vasomotor Reactivity

4. Neurogenic Regulation

Cerebral Blood Flow Control

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.
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THE NEUROGLIOVASCULAR UNIT

INFRASTRUCTURE:
• Small Arteries
• Arterioles
• Capillaries
• Venules

IMPORTANT PLAYERS:
• Endothelial Cells
• Pericytes
• Astrocytes
• Perivascular Nerves

the Neurovascular Unit 
is Essential to all CBF regulatory processes
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CEREBRAL AUTOREGULATION
Autoregulation assures relatively
constant CBF, despite fluctuation
of perfusion pressure (CPP)

MECHANISM:
Intrinsic Ability of the Arterioles to dilate/constrict
when intravascular pressure decreases/increases, 
respectively, to maintain CBF relatively constant
over a range of systemic blood pressures

TYPES OF CA:
1. STATIC CA: response of CBF to steady-state 

changes of arterial blood pressure.
2. DYNAMIC CA: CBF responses to transient

fluctuations of arterial blood pressure.

CPP = MAP – ICP (mmHg)

Lassen, N. A. (1959). Cerebral blood flow and oxygen consumption in man. Physiological Reviews, 39(2), 183–238. 

th is w ide cerebral autoregulation plateau 
is greatly variable betw een individuals

LASSEN'S CEREBRAL AUTOREGULATION CURVE 
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CEREBRAL AUTOREGULATION
Autoregulation assures relatively
constant CBF, despite fluctuation
of perfusion pressure (CPP)

CPP = MAP – ICP (mmHg)

CONTEMPORARY VIEW OF CEREBRAL AUTOREGULATION 

The cerebral autoregulation plateau 
is considerably smaller

Brassard P et al. Physiol Rep. 2021 Aug;9(15):e14982.

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
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It refers to the brain’s ability
to increase CBF to regions
where neurons are metabolically active.

MECHANISMS:

Metabolic messengers (adenosine, lactate) 
contribute to functional hyperemia through
glutamate-induced prostaglandin signaling 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 pericytes in regulating CBF 
through the control of capillary diameter.

NEUROVASCULAR COUPLING
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CEREBRAL VASOMOTOR REACTIVITY

It refers to the brain’s ability
to increase/decrease CBF
in response to chemical messengers.

MECHANISMS:
Chemical messengers (eg. pCO2, pH, ∼pO2) 
contribute to functional hyperemia:
↑ pCO2 The effect is a dilatation of the 
arterioles which leads to a CBF increase.
↓ pCO2 The effect is a constriction of the 
arterioles which leads to a CBF decrease.

Hypercapnia
(eg. during apnea)

Hypocapnia
(eg. during hyperventilation
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NEUROGENIC REGULATION
The third mechanism is the 
neurogenic regulation
whereby
extensive arborization of 
perivascular nerves play 
a role in controlling CBF.

NEUROGENIC 
REGULATION

Extrinsic perivascular innervation: 
1. The trigeminal ganglion (sensory)
2. The superior cervical ganglion

(sympathetic)
3. The sphenopalatine ganglion

(parasympathetic)
Intrinsic perivascular innervation:
local interneurons (maninly GABAergic) also
play a role in the regulation of microvascular
tone. 
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Acute Reperfusion Therapies in Ischemic Stroke

Tokunboh I, et a. Stroke. 2018 Jan;49(1):90-97

Gadhia J, et al. Stroke. 2010 Feb;41(2):300-6

IVT reduces disability by 12-19%
IVT does not reduce mortality

EVT reduces disability by 34-44%
EVT reduces mortality by 3-5%

These effects are time-dependent

Tsivgoulis G, et al. J Stroke. 2020 Jan;22(1):130-140
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Jadhav AP et al. Care of the Post-Thrombectomy Patient. Stroke. 2018;49:2801–2807

Pre-Procedural Intra-Procedural Post-Procedural

Acute Reperfusion Therapies: Periprocedural Complications

Swift Changes!!!!!
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Neurological Surveillance in Stroke Unit/NICU 
“Dynamic” Neurological surveillance is achieved by:

1. Close neurological monitoring
2. Parenchymal imaging (cerebral CT/MRI)

3. Bedside Hemodynamic Monitoring
Ø It can be performed directly by the clinician: i.e. inexpensive 
Ø without side effects (non-invasive) even including US contrast agent 

application 
Ø can be repeated in short intervals (easily repeatable).
Ø High Sensitivity and Specificity for significant stenosis
Ø Only modality able to detect embolic signals
Ø It offers not only Imaging (CTA, MRA) but mainly a real-time beat-to-beat 

hemodynamic evaluation and longer monitoring

However, it is limited 
Ø It is not easily repeatable
Ø It needs transport of sometimes unstable patients.

CEREBRAL 
AUTOREGULATION

CEREBRAL 
VASOREACTIVITY

NEUROVASCULAR 
COUPLING
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C onsensus O n G rading Intracranial F low  O bstruction N edelm ann M  et al, S troke 2009

TCCD Monitors the Residual Flow SignalsDSA/TCD Correlation: 
sensitivity 91%, specificity 93%

Lack of Neurological Exam in Intubated patients
Check to maintain achieved TICI
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• Reocclusion ?

Neurological Worsening
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TIBI Classification
No Doppler Signal:
- Re-Occlusion

HYPOPERFUSION
Infarct Expansion

mTICI 0

mTICI 1

Decreased Velocity

REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY

Beware!
Resistance changes can occur quickly:

Look at diastolic flow.

No antegrade residual flow

No antegrade residual flow

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

World Neurosurg. 2017 Jul;103:57-64.

STEN T

Successfull
Throm bectom y +  Tirofiban

FAILURE, N O  STEN T

CONCLUSIONS: Permanent stenting might be a feasible solution 
in patients with acute LVO after stentriever thrombectomy failure.

Rescue Stenting

Rescue Stenting
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Prospective Multicenter Study conducted at 12 US hospitals, 
92 patients (mean age roughly 66 years) with an LVO stroke eligible for mechanical thrombectomy,

VS

REAL TIME MONITORING BEFORE MECHANICAL THROMBECTOMY

ISC 2024

LAY YOUR ACUTE LVO STROKE PATIENT FLAT

CBF

Patients positioned at 0-degree vs 30-degree angle:
Reduced early neurological deterioration (2.2% vs 55.3%; P < 0.001). 
No cases of symptomatic intracerebral hemorrhage or hospital-acquired pneumonia 
Lower rate of all-cause death at 90 days (4.4% vs 21.7%; P = 0.03).
More likely to have an improvement in NIHSS score at 24 hours (86.7% vs 60.9%; P = 0.008) and at 7 days or discharge (86.7% vs 67.4%; P = 0.045).
By 90 days, functional outcomes tended to favor zero-degree positioning, although the differences were not statistically significant.

REAL TIME MONITORING BEFORE RESCUE STENTING ?
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• Reocclusion ?

• Increased Intracranial Pressure ?

Neurological Worsening
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Third  Ventricle

A

B

A-B/2

>7mm for pts <60 years of age
>10mm for pts ≥60 years of age

Optic Nerve Sheath Diameter (ONSD) 
Abnormal Values >6mm

1= Optic Nerve
2= Eye
P=Papilla or Optic Disc

3 mm 

Optic Disc Elevation (ODE)
Abnormal Values >0.6mm

Pulsatility Index
Diffuse Increase of P.I. 
(if PI > 2 →  indicative of Intracranial Hypertension and Reduced CPP)
)

MIDLINE SHIFT and III VENTRICLE Diameter

INDIRECT DEPICTION OF INTRACRANIAL HYPERTENSION
(PI = CBvsystolic - CBvdiastolic/CBvmean)
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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.

DAY 2 DAY 5

Progression to complete Cerebral Circulatory Arrest

Schreiber S. in Csiba L, Baracchini C  - Manual of Neurosonology
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• Reocclusion ?

• Increased Intracranial Pressure ?

• Continuing Embolization ?

Neurological Worsening
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Possible EMBOLIZATION

REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY

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

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

MES predict
Worse Outcome and Stroke Recurrence
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The presence and burden of MES is clearly associated
with an increased risk of symptomatic, recurrent
embolization, and thus can justify a more aggressive 
treatment approach (clopidogrel load followed by dual 
antiplatelet therapy or alternatively therapeutic dose of 
low-molecular-weight heparin). 

J Neuroimaging 2019;29:309-322 

MES MONITORING IN ESUS

24
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MES+ 23% worse clinical outcome

Eur Stroke J. 2023 Dec

MES MONITORING IN ATRIAL FIBRILLATION 
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Complete Recanalization

TIBI Classification

Neurological Improvement

Even if Dramatic Neurological Improvement with rtPA and/or MT

Continue to monitor Cerebral Hemodynamics
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Despite High recanalization rate (>90%) after EVT

>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?

Acute Reperfusion Therapies               Not always a success!   
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N ot  No rmal  BF Vs  a t 1 w ee k (2 8 pt s)

N orma l B FV s wi t hi n  1  w ee k (1 43 p ts )

N orma l B FV s wi t hi n  4 8 hrs ( 94 pt s )

O ve ra ll  po pu la ti on  (1 85 p ts )

mR S 0

mR S 1

mR S 2

mR S 3

mR S 4

mR S 5

mR S 6

Early (<48 hours) normalization of the PSV ratio and successful recanalization
were independent predictors of favorable neurologic outcome at 3 months. 

Baracchini C et al. Neurology 2019

Prospective study in 185 patients who had a 
first-ever anterior circulation LVO stroke and 
underwent EVT within 6h from stroke onset.

REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY
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Even if Dramatic Neurological Improvement with rtPA and/or MT 

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

Increased Velocity !!!

Complete Recanalization

TIBI Classification

Neurological Improvement but…
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Increased Velocity 
(1.5 times compared to the contralateral artery)

PI decrease 
(>30% vs unaffected side)

TIBI Classification

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

HYPERPERFUSION* Hemorrhagic 
Transformation

REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY

* Analogous to cerebral hyperperfusion syndrome after carotid endarterectomy

MCA

30
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Early detection of high PSV MCA Ratio in successfully recanalized stroke patients 
indicates an increased risk of ICH and a poor outcome at 3 months.

Baracchini C et al. World Neurosurg 2019

Prospective study in 180 patients who had a first-
ever anterior circulation LVO stroke and were
successfully recanalized by EVT within 6h from 
stroke onset.

Post-reperfusion Hyperperfusion is associated
with bleeding complications after thrombectomy

REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY
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TCD vs MRI

Prospectivestudy in 226 patients successfully recanalizedby EVT. In the subgroupfor which
bothTCD and perfusionMRI wereavailable, 29 patients (31%) hadincreasedipsilateral MCA flow velocities
on TCD. Of these, 25 patients alsoshowedparenchymal hyperperfusionon MRI (sensitivity 85%; specificity
62%). Hyperperfusionseverityon MRI correlatedwith MCA flow velocities on TCD(rs=0.379, p<0.001).

REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY

Kneihsl M, et al. J NeuroIntervent Surg 2023 Oct;15(10):983-988

Hyperemic Reperfusion occurred in 1/3 (75/226) of successful thrombectomies.
Hyperperfusion severity on MRI correlated with MCA flow velocities on TCD.
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REAL TIME MONITORING AFTER MECHANICAL THROMBECTOMY

Rev
iew

 20
24

33

Department of Neuroscience
University of Padua School of Medicine, Italy

• Proper Target ? 

• Intensive vs Standard BP Treatment ?

• Role of Transcranial Ultrasound ?

Blood Pressure Management after IVT and/or MT
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Blood Pressure before IVT bolus <185/110mmHg

Blood Pressure after IVT < 180/105mmHg for 24hrs post treatment

Are these recommendations reasonable for all patients before/after EVT?

BLOOD PRESSURE MANAGEMENT

These BP values are part of the guidelines,
but they were chosen arbitrarily by some experts!

N.B. Any violation of these rules increases the sICH risk: OR 2.59; 95% CI 1.07-6.25, P=0.034

EMINENCE-BASED GUIDELINES!!!
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REFERENCES YEAR TRIAL NAME AND TYPE STATUS SAMPLE SIZE BLOOD PRESSURE 
COMPARISONS

OUTCOMES/GOALS

Mazighi et al. 2021 BP TARGET; randomized, 
controlled, open-label trial. 
Patients were enrolled at 4 
clinical sites

Completed 324 patients post EVT 
with TICI 2b-3

Patients were
randomized within 1 hour 
after EVT to BP target of 
100-129mmHg vs 130-
185mmHg

Primary outcome: Radiographic ICH
Secondary outcome: NIHSS at 24 h, 
and 3-month mRS
Results: There was no difference in the 
rate of radiographic ICH or any of the 
secondary clinical efficacy outcomes. 

Song et al. 2022 ENCHANTED 2; prospective, 
randomized trial

Stopped early
after review of 
outcome data 

821 patients post-EVT 
with TICI 2b-3

SBP target of <120 vs 
140-180mmHg during
first 72 h after EVT

Primary Outcome: 90-day mRS
Results: the more intensive treatment 
group had more early neurological
deterioration and major disability at 90 
days. There were no significant
differences in symptomatic ICH, 
serious adverse events or mortality

Nam et al. 2023 OPTIMAL BP; prospective, 
multicenter randomized trial

Stopped early
because of 

safety concerns

644 patients post-EVT 
with TICI 2b-3

SBP target <140mmHg  vs 
<180mmHg during first 
24 h after EVT

Primary Outcomes: 90-day mRS, 
symptomatic ICH at 36 h, death at 90 
days. Results: intensive BP 
management for 24 hours led to a 
lower likelihood of functional
independence at 3 months compared
with conventional BP management. 

Mistry et al 2023 BEST-II; prospective, 
randomized trial 

Completed 120 patients post-EVT 
with TICI 2b-3

Assigned to SBP target of 
<180, <160, or 
<140mmHg during first 
24 h after EVT

Primary Outcomes: final infarct volume 
and utility-weighted mRS at 90 days. 
The study did not find a significant
difference in the treatment groups. 

Zhou et al. 2023 CRISIS I; prospective, 
randomized trial

Completed 500 patients post-
EVT with TICI 2b-3

SBP target <120mmHg  vs 
<140mmHg during first 
72 h after EVT

Primary Outcome: 90-day mRS
Results: see ENCHANTED 2.

Prospective Randomized Studies evaluating post-EVT BP

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). 

The optimum systolic blood pressure after MT is yet to be defined. 
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BLOOD PRESSURE MANAGEMENT AFTER MT
Optimum BP Value: There should be individual patient decision-making.

CURRENT PRACTICE:

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

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

EXPERTS ADVICE
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In stroke patients with a Pre-Cerebral Occlusion

TCD/TCCD scan can show:

§ If the circle of Willis is functionally intact
§ If there is activation of primary collaterals (AcomA, AcomP)
§ If there is flow diversion to leptomeningeal peripheral collaterals.
§ If Vasomotor Reactivity is preserved or compromised.
§ If Cerebral Autoregulation is preserved or compromised.

BLOOD PRESSURE MANAGEMENT AFTER MT
Optimum BP Value: There should be individual patient decision-making.

On what basis?
Ø Degree of Recanalization after MT
Ø Neurological Status
Ø Pre-Cerebral Vessel Occlusion
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COLLATERAL PATHWAYS

• Primary Collaterals
– AcomA
– PcomA

• Secondary Collaterals
– Ophthalmic Art.
– Leptomeningeal Art.

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

Liebeskind DS, Stroke. 2003;34:2279-2284 

Extracranial arterial collaterals Intracranial arterial collaterals

facial (a), m axillary (b), and m iddle m eningeal (c) 
arteries to the ophthalm ic artery and dural arterio lar
anastom oses from  the m iddle m eningeal artery (d) 
and occipita l artery through the m astoid foram en (e) 
and parietal foram en (f).

posterior com m unicating artery (a); leptom eningeal anastom oses betw een anterior
and m iddle cerebral arteries (b) and betw een posterior and m iddle cerebral arteries
(c); tectal plexus betw een posterior cerebral and superior cerebellar arteries (d); 
anastom oses of distal cerebellar arteries (e); and anterior com m unicating artery (f).
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COLLATERAL PATHWAYS

• Primary Collaterals
– AcomA
– PcomA

• Secondary Collaterals
– Ophthalmic Art.
– Leptomeningeal Art.

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

Occlusion of the ICA

Baracchini C – Brain-POCUS in press
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COLLATERAL PATHWAYS

• Primary Collaterals
– AcomA
– PcomA

• Secondary Collaterals
– Ophthalmic Art.
– Leptomeningeal Art.

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

Occlusion of the ICA

Baracchini C – Brain-POCUS in press
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COLLATERAL PATHWAYS

• Secondary Collaterals
– Flow Diversion
– Leptomeningeal Art.

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

Occlusion of M1-MCA

Baracchini C – Brain-POCUS in press

Pre-MT or Post-MT Failure

42
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RB Shahripour Stroke Vasc Interv Neurol. 2022;2:e000214 

§ Most patients with poststroke disability (modified Rankin scale>2) had either flow diversion or active
leptomeningeal collateral flow in the presence of elevated blood pressure (≥170/93 mm Hg). 

§ In cases without early neurological deterioration and in those with a modified Rankin scale<2, the 
authors did not observe any flow diversion or active leptomeningeal collateral.

Role of TCD in identifying high-risk patients who need close clinical monitoring: 
The persistence of active leptomeningeal collaterals and flow diversion despite a successful EVT 
indicates the possibility of inadequate cerebral flow and is associated with a poor clinical outcome. 

Small prospective study 
on 15 LVO stroke patients undergoing MT

COLLATERAL PATHWAYS and BLOOD PRESSURE MANAGEMENT AFTER MT
The degree of collateral circulation has a bearing on the intensity of blood pressure therapy
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TCD and Cerebral Blood Flow Control
CEREBRAL AUTOREGULATION Cerebral Autoregulation measures the CBFV response to BP fluctuations
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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 incomplete recanalization and poor autoregulation (especially within the first 24 h 
post-LSW time) may warrant closer blood pressure monitoring and control in the first few days post ictus.

Sheriff et al. Brain Sci. 2020, 10, 641

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.

CEREBRAL AUTOREGULATION TESTING
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TCD and Cerebral Blood Flow Control
Cerebral Vasomotor Reactivity measures of the responsiveness of the cerebral
blood vessels to either vasodilator or vasoconstrictor stimuli (eg. CO2).

CEREBRAL VASOREACTIVITY
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VASOMOTOR REACTIVITY TESTING

PSV=118cm/s

Normocapnia

PSV=122cm/s

HYPERCAPNIA
Breath Holding

HYPOCAPNIA
Hyperventilation

NORMOCAPNIA
Normal Breathing

Hypercapnia (↑pCO2)

MCA: →V MCA: ↑V MCA: ↓V

Impaired Vasomotor Reactivity
is associated with Increased Stroke Risk

Breath Holding
Inhalation of CO2
Acetazolamide i.v.

In the absence of vasomotor reactivity, cerebral perfusion is passively dependent on systemic blood pressure, 
and the blood pressure must therefore not be lowered.
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VASOMOTOR REACTIVITY TESTING

Reversed Robin Hood Syndrome ? Blood Pressure Augmentation

Mechanism in RRH Syndrome:
vasodilation in non-ischemic brain regions 
(pCO2 , anesthesia) ®¯ BP in pial arterial network ®
¯of the collateral blood supply to the ischemic territory
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TCD and Cerebral Blood Flow Control
Neurovascular Coupling measures the brain’s ability to increase CBF to 
regions where neurons are metabolically active. 

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

Luxury Perfusion

NEUROVASCULAR COUPLING TESTING

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

RISK
Ø Cerebral Edema
Ø Hemorrhagic Transformation
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• 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) 

Neurovascular Ultrasound 
is an Extension of the Neurological Examination and 

an Indicator of high quality and competence in stroke management.Dynamic Management
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FUTURE DIRECTIONS
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AI in Stroke Unit
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Breaking the Fundamental Limits of Ultrasound Imaging
1. Breaking Time Resolution
2. Breaking Spatial Resolution

Overcoming the Limitations of Conventional Pulsed-Doppler US
Ø Slow frame rate (b/c mult. Tx pulses/line, many lines)

Ø Poor sensitivity (to slow, small-volume flow)

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

ULTRAFAST ULTRASOUND IMAGING
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ULTRAFAST ULTRASOUND
Breaking Time and Space Resolution in Ultrasound

Enabling Super-Resolution Functional Ultrasound
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