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Feasibility of Trans-Carotid Energy Transmission Using a Vibrating
Stroke Gun for Treatment of Acute Ischemic Stroke. A Single-
Subject Exploratory Study of Device to Vessel Coupling

Andrew Hoffmann

ABSTRACT @ oPEN ACCESS

Acute Ischemic Stroke (AIS) remains a leading cause of death and serious disability, with reperfusion
rates by IntraVenous (V) thrombolytic therapy constrained by slow passive drug delivery to the TICI O
vessel. Pre-clinical modeling has suggested that transcarotid mechanical compressions (20-24
cycles/second, 2 mm stroke) could generate downstream intracranial pressure fluctuations capable of
mobilizing stagnant fluid and disrupting clots, which informed the development of Carotid Vibro-
Compressions (CVCs) as a prospective adjunct to IV thrombolysis. In a prior feasibility study, we used
TransCranialDoppler (TCD) to evaluate transmission of flow pulses by CVCs (~30 cyles/sec, 1 mm
stroke) to 15 healthy volunteers, showing safe (i.e., no obvious adverse effects) transmission of flow
pulses to the intracranial cerebral arteries, but delivery was inconsistent, likely due to challenges in
device-to-vessel coupling. Hence, in this single -subject exploratory work, CVC transmissions were
reassessed, but this time using a more powerful “Vibrating Stroke Gun” (VSG) (20 - 42 c/s, ~ 2 mm
stroke), and with an auditory pulse recognition feedback method to ensure and maintain device-to-
carotid coupling during applications. This time TCD to the Middle Cerebral Artery (MCA) revealed
comparatively reliable, low amplitude flow pulses during VSG application, both ipsilaterally and
contralaterally, with the 20 - 28 c/s range providing the most prominent, discernable signals. It is
hypothesized that gentle hemodynamic perturbations induced by CVCs would create “shaken and
stirred” pressure gradients and convection currents, to facilitate mass transport diffusion of
systemically administered thrombolytics into thrombo-occluded TICI O vessels. Moreover, CVCs may
also augment shear-mediated clot erosion and stimulate nitric oxide release, thereby promoting a
generally beneficial localized vasodilation response.

Conclusion: The VSG, with a method to ensure device-to-vessel coupling, demonstrates reliable
transcarotid energy transmission to the MCA in a healthy volunteer, supporting its potential feasibility
for further testing as an IV thrombolytic adjuvant for AIS. Optimized operational parameters and
delivery methods are defined to guide future preclinical and clinical work in this field.

Keywords: Acute Ischemic Stroke; Stroke; Carotid Vibro-Compressions; Low Frequency Vibration;
Sonothrombolysis; Vibrating Stroke Gun.
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Introduction
About 1.3 million strokes occur in Europe yearly, with this affliction remaining a prevalent cause of death

and a leading cause of serious, long-term disability globally.! Approximately 85% of strokes are classified
as "ischemic”, typically involving an acute thrombotic occlusion within the intracranial, cerebral artery, and

over half of all ischemic strokes occur in the Middle Cerebral Artery (MCA) territory.2 In accordance with

“Time is brain”3, the goal in emergency care is to establish recanalization of the vessel with reflow as early
as possible, and with this, IntraVenous (IV) thrombolytic therapy (Tenecteplase TNK bolus, or Alteplase rtPA-
infusion) remains the only FDA-approved medical reperfusion treatment for eligible patients presenting
within the critical 3 to 4 %2 hr window.*~?

However, successful recanalization of the culprit cerebral artery via IV thrombolysis, in absence of more
definitive, staged catheter based reperfusion therapies, only occurs in about 46% of cases, hence resulting

in an alarming failure rate of over 50% !"° Indeed, normalized cerebral flow has been quoted as only

occurring 20 — 50% of the time within 2 hrs of IV thrombolysis'’, and failed thrombolysis, most commonly
defined by a lack of recanalization of the culprit cerebral artery, is not surprisingly associated with poorer

clinical outcomes, including lasting and often serious disabilities with an inability to return to work.'?

For AIS with confirmed Large Vessel Occlusions (LVOs), EndoVascular Thrombectomy (EVT), which involves
a stent retriever or aspiration device to retrieve the cerebral clot, or alternatively, intra-arterial administered
thrombolytic therapy, may be employed. Both of these initiatives may be considered in combination with,
or for failed, or not qualified for IV thrombolysis, or for AlS survivors presenting late within the 4.5 hr to 6 hr
treatment window, and rarely, even up to within 24 hrs when imaging tests show significant undamaged,
salvageable/at-risk brain tissue.’> However, there is a recognized shortage and maldistribution of
neurointerventional radiology service suites and qualified staff to deliver EVT in developed nations and
throughout the world, particularly regarding 24/7 access and coverage in rural areas.’* Indeed, more than
half of the world’s population lacks access to interventional radiology services and in some regions, its status

is completely unknown.'® Hence, while invasive catheter-directed approaches have vastly improved AIS

reperfusion rates and outcomes'®"

, according to recent reports, only about 15 - 20% of stroke patients,
including in high volume, comprehensive stroke centers, qualify or have access to these procedures, largely

because two-thirds of strokes do not involve LVOs. '8

For these reasons the majority of AlS patients in the developed world who present within the treatment
window still receive IV thrombolysis as a stand-alone definitive measure without catheter directed EVT. 7% %°
Hence, given the limited efficacy of systemically administered thrombolytics, especially for LVOs with success
rates for early recanalization frequently cited in the 10 - 20% range”’, it is to this population in particular - for

whom no endovascular option exists, or where EVT is substantially delayed - that represents the primary target
for adjuvants to IV lytic therapy.

It is well accepted that a primary limitation of systemically administered IV thrombolytic therapy is the slow

arrival of the lytic agent to the TICI O thrombus, as penetration is driven solely by passive diffusion.?? For
this reason, methods to stimulate movement of the blood proximate the site of thrombosis to enhance IV
thrombolytic drug mixing/delivery, along with gentle agitation or shear forces delivered to the clot itself (i.e.
to promote clot erosion, or subtle distortions or movement of the clot), to allow for early reflow (i.e. TICI O -
> 1), are considered as highly desirable.

However, when EVT is planned as a staged procedure, the risk-benefit for enhancing prior lytic therapy
changes, whereby, paradoxically, preservation of a single, intact proximal clot may be preferable to the
increased possibility of fragmentation, as an intact thrombus is more amenable to mechanical retrieval.
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Hence, while IV thrombolysis remains recommended before EVT for eligible patients, enhancement of
thrombolysis in the bridging setting carries additional theoretical risks, which may paradoxically worsen
clinical outcomes.?® This further underscores that adjuvant therapies designed to promote early clot
dissolution are likely most appropriate for patients receiving IV thrombolysis as definitive therapy, rather
than as a bridge to EVT.

Acoustic Reperfusion Therapies
Acoustic reperfusion therapies, such as vibration or application of pressure waves, mostly in the ultrasonic
ranges (but sometimes also in the lower infrasonic to sonic ranges), are well known to assist clot disruption

and encourage reflow, and have found particular success in potentiating thrombolysis in catheter-based
invasivetherapies for a variety of conditions?4 39, including AIS.3" The mechanism of action of acoustic based
reperfusion is multifactorial. The induced pressure waves introduced to a zero or minimal flow thrombo-
occluded artery, would predictively serve to mechanically agitate, erode, deform, and sometimes disadhear
/ mobilize the clot (e.g. perhaps from its atherosclerosed perch, or site of endothelial ulceration®?), which in
all cases would promote the beginnings of early reflow and increased lytic binding sites to the clot.

Moreover, increased localized oscillation induced shear forces could plausibly promote vasodilation,
including from release of endothelial derived nitric oxide3338 1o initiate flow at the site of cerebral
thrombosis, which is not uncommonly in a state of spasm.3’ Moreover shear may stimulate the opening of

collaterals*®, and / or promote vasodilation to the smaller distal vessels of the ischemic penumbra following
41

initial recanalization, which could prospectively protect against the “no-reflow” phenomenon™'.
However, perhaps most importantly, and in the context of adjunctive IV thrombolytic therapy, vibrations or
pressure disturbances sent to the thrombo-occluded artery would be predictive to promote induction of
convection currents, eddies and vortices, which theoretically may turn otherwise “passive diffusion” to
“active diffusion” of a systemically administered thrombolytic drug agent into an otherwise TICI O vessel.
For all these reasons the search for quick and easy to apply non-invasive acoustic reperfusion therapies,

which can be used with minimal skill in the field, have therefore been of keen interest in today’s research.*?

However, first line acoustic solutions for AIS in particular have proven to pose an extra difficult challenge, as
the cranium comprises a solid, highly attenuating acoustic barrier which limits the potential for acoustic
transmission to the intra-cranial arteries. Indeed, at least regarding the use of ultrasonics, with varying
patients having varying acoustic transmissibilities across their skull (such as the temporal windows), there
has been a historic dilemma in “threading the needle” in providing a standardized "dose" of ultrasound,

strong enough to ensure a penetrative clot disruptive effect in all comers, while not also causing harm to
43,44

the treated artery, surrounding tissue, or more broadly the patient themselves.
Moreover, the penumbra/arterial system of the brain becomes highly fragile and prone to bleeding after a
period of acute ischemia. Hemorrhagic Transformation (HT), often called “reperfusion injury”, is a common
complication of IV thrombolytic therapy occurring in roughly 20% of cases.** More severely, symptomatic
Intra-Cerebral Hemorrhage (sICH), which carries up to a 50% mortality rate, is a rare but also significant

complication of IV lytic therapy in about 2 - 7% of thrombolysed AIS patients. 464’ With this, it is a significant
and paramount concern that additional shear forces or mechanical perturbations imposed from an acoustic-

based therapy may be expected to worsen bleeding risk. However, on the other hand the risk of HT with

lytic therapy is time-dependant, with the longer the time to reperfusion, the higher the bleeding risk.48>0
So, if an acoustic reperfusion therapy were to accelerate reperfusion, the worry of bleeding risk may be

expected to decrease, or at least become unclear.

All things considered speed really matters in treatment of AlS, with successful IV thrombolytic reperfusion
in the first “Golden Hour"” after stroke onset associated with exceptionally better NIHSS outcome scores
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because the tissue is often still in the salvageable penumbra stage rather than irreversibly necrotic.®’ So
anything that can be done to hasten; patient transport, imaging, and delivery and action of systemically
administered thrombolytic delivery (especially in the absence or delay of EVT), are critical to the field of AIS
research.

Ultrasonic Sonothrombolysis

Clinical research in the field of emergency AlS acoustic reperfusion therapy began with Alexandrov et. al.,
who famously demonstrated in the CLOTBUST trial (2004)°2, accelerated AlIS reperfusion rates by use of
TransCranial Doppler (TCD), adjunctive to rtPA infusion. TCD is an ultrasonic imaging technique (~ 2 MHz)
administered by a skilled neurosonographer across the temporal window in targeting acute thrombotic
occlusions (and blood flow), involving the cerebral arteries, and for the sake of the CLOTBUST trial, was
focused on blood flow detection and treatment of the MCA (M1 or M2 segments). This coupling of a
diagnostic cerebral blood flow monitoring technique for therapy (hence coining a new term, “theranostics”),
which importantly was shown to pose no additional risks of hemorrhage vs. lytic therapy alone, works by
inducing ultrasonic induced mechanical agitation of the thrombus, including micro-streaming of blood
proximate the clot surface, which results in improved access to binding sites and penetration of the lytic into
the clot.

See Figure 1 showing a TCD headset as used in the CLOTBUST trial.

Fig 1.

Figure 1: Shown is (image left) a model wearing a TCD headset similar to that used in the CLOTBUST trial,
with (image right) showing how a single beam of ultrasound is targeted through the temporal window to the
MCA territory (Target area). /mage taken and adapted from the internet, public domain.

Since then, there have been several AlS studies showing accelerated reflow via use of TCD as an adjunct to

53-56

IV thrombolytic therapy , and some also with the addition of intravenously administered microbubbles®’

80 which are known to potentiate ultrasound’s thrombolytic effect. Indeed, IV sonothrombolysis with TCD
and microbubbles, “sonothrombolysis”, is a significant treatment option known to enhance recanalization

rates, with only minor evidence of increased HT, but not sICH.©0
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However, the proven overall upside of faster recanalization with TCD theranostics (regardless of IV
microbubbles) has so far, unfortunately, not translated to a clear 30-day clinical benefit to AlS survivors vs IV

thrombolytic therapy alone.®’ Hence, TCD as a theranostic adjjunct for AlS reperfusion is still considered by
the European Stroke Organization and FDA as a “research technique” in need of further validation, and unless

things change, its use as a diagnostic or therapeutic tool in emergency AlS care remains exceedlingly rare,

with less than 3% of acute stroke patients receiving the procedure.%?

Another issue that dissuades the use of TCD as an assisted stroke reperfusion strategy is that up to 20% of
patients have a very poor or absent temporal window available for theranostic imaging, and even in the best
cases, the administration of TCD can be very difficult and skill-dependent. Hence, in an attempt to simplify
AlS sonothrombolysis without the need for cumbersome, precise ultrasonic targeting, Daffertshofer et al. in
the TRUMBI trial (2025)%3, studied an ultrasonic headset configured to bathe the cranium with more
penetrating Low Frequency UltraSound (LFUS) in the 300 kHz range, in combination with [V thrombolysis.
LFUS, unlike higher frequency ultrasound TCD (~2 MHz), comprises a divergent wavefront which enables
broad 3D coverage of selected sections of the brain (hence sonicating several cerebral arteries all at once),
without the cumbersome need of precise targeting of a single ultrasonic beam into the thrombosed, culprit
cerebral artery. However, unfortunately, the TRUMBI trial had to be discontinued after a 36% rate of
symptomatic hemorrhage was noted in 26 patients in the target group with no signal of efficacy on early
recanalization or clinical outcomes at 3 months. Indeed, the trial demonstrated adverse bleeding, including
in brain areas not affected by ischemia.

Low Sonic “Vibrinolytic Therapy”

In consideration of AIS acoustic reperfusion strategies in the much lower /infrasonic to sonic frequency
ranges, Antic et al (2008)%* led the way by demonstrating increased mean blood flow velocity to the MCA
in a cohort (n=66) of non-thrombolysed AIS victims, by headphone listening to Mozart Sonatas.
Mechanistically, this improvement to cerebral hemodynamics, which Antic ascribed to cognitive “cerebral
activation”, may have also (or likely instead?) been associated with the fact that low frequency vibrations,
are generally known to stimulate blood flow, primarily by adding cyclic stress and strain to the endothelium
of blood vessels, which can lead to a localized, endogenous liberation of nitric oxide, a powerful
vasodilator.*338 Moreover, the shaking of music, particularly via the higher amplitude lower toned “bass”
noted (such as produced by the drums), could plausibly have heightened the magnitude of palpable shear
producing clot disruptive effects. Of interest, the concept of adding musical therapy as an adjunct to
emergency stroke care has very recently been studied by Harris et al.®>, demonstrating that the therapy
could be seamlessly added without disrupting care, and that music may have contributed to acute blood
pressure control.

Regarding use of non-musical vibrations for AIS care, pre-clinical work in mice by Dhanesha et al (2020)%¢,
has shown that whole body vibration, which essentially shakes the entire head of the animal (~ 0.5 - 120 Hz,
~ designed to mimic helicopter transport), potentiated IV thrombolysis (rt-PA), yielding reduced infarct size
and improved neurological outcomes, with vibrations in the “20 - 30 Hz" frequency range yielding the most
promising results. Danesha’s team commented that, “The magnitude of this synergistic effect was
substantial, with approximately half the infarct volume and triple the percentage of good neurological
outcomes compared with rtPA alone”.

Unfortunately, while others have since written on the potential mechanisms of action of infrasonic to low

sonic frequency vibration in enhancing blood flow and potentiating thrombolysis®’, whether administering
music, or low frequency vibration to the entire body / or by head shaking, would be helpful to treat AlS,
with or without systemically delivered thrombolytic therapy, remains an unknown, and a new field open for
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continued exploration. Indeed, it is worth comment that low frequency vibration, or percussion (< 100 Hz,)

beyond promoting vasodilation, is also known to travel along the course of arteries®®, promote clot

disruption in-vitro and in-vivo®?79, clot clearance in flow tubes and animal arteries’’’?, and accelerated
thrombolysis in-vitro and in catheter based systems.”>’* So perhaps this concept, broadly, by several

mechanisms, could be translated to potentially improve AIS outcomes.

Carotid Vibro-Compressions (CVCs)

Our team at Ahof Biophysical Systems (ABS) Inc. has continued study of a variant acoustic reperfusion
hypothesis, that rapid compressions / decompressions of the carotid artery in the low sonic frequency range
(i.e. ~ 20 - 30 cycles/ second), a therapy herein described as “Carotid Vibro-Compressions” (CVCs), may be
useful as an adjuvant to accelerate and ensure IV thrombolytic reperfusion in AIS.”>7% The concept involves
providing mechanical energy to the carotid artery, which, acting like a plunger, propagates pressure / flow
pulses which essentially “sneak through” and across the otherwise highly attenuating cranium, directly and
specifically into the intra-cranial cerebral vasculature, with aim to adding sheer forces, convective currents,
and vortices into the otherwise TICI 0, acutely thrombosed cerebral artery.

In more detail, CVCs are theorized to enhance cerebral reperfusion by way of transmission of a battery of
tiny pressure / flow pulses, which, like small wavelets gently crashing into the shore, are expected to yield
gentle shear stresses and agitation upon a culprit intra-cerebral clot. Importantly, the theorized action of
inducing oscillatory, agitative forces to the TICI O artery may affect some initial degree of deformation and
mobilization of the clot from its adherent attachment site at the site of occlusion, thereby promoting early
restoration of flow, which in turn would accelerate the initial transport and penetration of systemically
delivered thrombolytics to the clot and into the ischemic penumbra. But perhaps of equal importance, the
addition of CVC induced chaotic pressure waves (or “choppy hemodynamics”), would theoretically create
localized turbulence introduced into the blood stream of the otherwise TICI O thrombo-occluded cerebral
artery, which would be theoretically predictive, based on in-vitro and hydrodynamic mixing studies’’%, to
facilitate otherwise passive diffusive mixing of IV- systemically administered agents down the otherwise low
to absent flow, thrombo-occluded cerebral artery.

Finally, the thrombo-occluded cerebral artery in stroke is sometimes associated with vessel spasm®’, with
mechanisms including irritation from thrombus, endothelial damage with smooth muscle cell hyperreactivity,

and release of vasoactive substances.®! 8 With this, as discussed the arrival of CVC induced oscillative,
shear forces into the culprit thrombosed vessel could theoretically stimulate endogenous release of nitric
oxide, which might stimulate collateral flow, and enhance arteriolar dilation at the ischemic penumbra once
reperfusion begins. These effects could prospectively aid in initial recanalization of the thrombo-occluded
segment, along with a possible decreased risk to the “no-reflow” phenomenon.

See Figure 2 (top), showing a diagrammatic representation of how a low-frequency vibration device
(Oscillator) can be used to rapidly compress /decompress the carotid artery of an AIS patient, to transmit a
battery of pressure/ flow pulses (yellow arrows) towards and into the cerebral arteries. Figure 2 (bottom)
shows how pressure pulses entering a thrombo-occluded MCA, would be theorized to instigate “Eckart”
(forward flow down the center) and “Schlichting” (vortices along the vessel walls) streaming, which taken
together should theoretically improve mass transport of lytic agents into the otherwise stagnant TICI O
vessel.
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Fig 2.

Carotid Vibro-Compressions Sending Pressure/Flow Waves Into the
Cerebral Arteries with MCA Large Vessel Occlusion

Vibratory
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Figure 2: (Top) shows a schematic illustrating oscillator-induced compressions/decompressions of the
carotid bulb area, which yield the transmission of low-frequency sonic pressure/flow pulses (yellow arrows)
that would reach an MCA clot. Figure 2 (Bottom), shows the theorized resultant induction of "Eckart and
Schlichting streaming” at the clot/blood interface, which is hypothesized to enhance mass-transport delivery
and action of IV administered thrombolytics into a TICI O occluded artery. /mages created by Open Al.
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In theory, the addition of forward directed, low-frequency (20 - 30 cycles/second), pressure pulses into a
thrombo-occluded small vessel, based on study of fluid mechanics in blocked tubular systems, would be
expected to produce boundary-driven Eckart and Schlichting acoustic streaming, producing steady-state

toroidal vortices.8384 In the setting of AIS, the antegrade low-frequency pulses are expected to drive central
flow (Eckart Streaming) down the core of the vessel towards the cerebral clot. The central flow would then
be expected to reflect from the clot, by flowing backward along the vessel walls in the form of counter-
rotational toroidal vortices (Schlichting streaming). In fluid mechanics (such as in plumbing), this process is
frequently leveraged to mechanically agitate stagnant fluid systems in order to effectively break up boundary
obstructions, and encourage mixing of chemical treatments into the otherwise stagnant system. These
effects, therefore, besides effecting erosion to the clot, are hypothesized to encourage mass transport
delivery of IV systemically administered thrombolytics, into a TICI O thrombosed cerebral vessel.

Note, evidence we uncovered in our research (discussed later), further suggested that CVC decompressions,
due to the sudden recoil of the carotid artery after compressions, seem to yield a very slight retrograde
counter-flow component, (essentially suction, or at least marked flow decelerations - not shown in figure 2),
which would theoretically manifest as rapidly alternating pulse pressures within the TICI O vessel. This
expected introduction of large pulse pressure wavelets, or "choppy hemodynamics" should reinforce the
proposed shaken and stirred clot disruptive and "turbulent mixing" effect within the otherwise stagnant
vessel.

To back up this theory, in 2013, our partners at Simon Fraser University (SFU) Engineering, demonstrated in

an in-vitro, pulsatile, circulatory, tubal flow model®®

, with multiple tributaries (which thereby mimicked large
vessel flow into the Circle of Willis), that low sonic frequency vibro-compressions (20 to 24 compressions /
decompressions per second, 2 mm stroke amplitude), applied even up to 60 mm remote from an occlusive
thrombosis site (which thereby mimicked CVCs in treatment of AlS), greatly enhanced clot fragmentation
and reflow versus controls with no CVCs applied. The mechanism of action of this successful study was
attributed to a battery of pressure / flow fluctuations propagating along the tube to push, erode, and agitate

the clot.

See Figure 3, depicting the specific details of the SFU flow model.
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Fig 3.
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Figure 3: (Top) A photograph of the SFU pulsatile, thrombo-occluded flow model. (Bottom) A schematic
representation of the same model, showing how a “VC actuator” rapidly compressed /decompressed (20 -
24 cycles / second) a large caliber tube connected far upstream (~60 mm) from a multi-tributory smaller
caliber tube system whereby tributaries were thrombo-occluded. Images taken from Marzencki M et al.
(2012). Accelerating Reperfusion with Low Frequency Vessel Deformation during Myocardlial Infarction.

Computing in Cardiology 9:737-740% [OPEN ACCESS].

See Figure 4, depicting a schematic representation of the mechanism of action of reflow by the SFU flow
model, showing how upstream vibro-compressions of a larger caliber vessel, transmitted pressure / flow
pulses (“pressure waves” - shown by arrows) to a downstream smaller caliber vessel, containing an occlusive
clot.
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Figure 4: A schematic rendering of the mechanism of action of reflow regarding the SFU thrombosis model,
showing how induced pressure waves (horizontal arrows) were transmitted from a mechanical stimulus /
compression point far upstream from a thrombo-occluded stenosis site.

Following this, in 2016, our parent company Ahof Biophysical Systems Inc. (ABS Inc.), launched a preliminary

safety / feasibility study in a cohort of healthy volunteers (n = 15)’%, demonstrating that actual low sonic
frequency CVCs applied to rapidly compress /decompress the carotid artery via a gentle “Hitachi Wand”
(HW) massager, hooked up to a power controller (set to produce vibrations at ~ 30 cycles/second, ~ <=1
mm stroke amplitude), can indeed transmit clot disruptive pressure flow pulses to the intracranial arteries.
However, vibratory flow / pulse transmission by the HW massager was shown as transient and sporadic,
requiring device repositioning with feedback in checking for induced vibratory flow pulses superimposed
within a downstream TCD spectral envelope cerebral arterial trace. This failure of reliability of low sonic
transcarotid transmissions was deemed most likely because direct contact of the massager to the common
carotid artery was not ensured during device operation, with the vessel at times presumably “rolling” away
from the vibration contact surface (typically the vessel would tend to roll medially towards the trachea, and
posteriorly away from the vibration source), or not fully been engaged directly upon it, or at all, in the first
place. Moreover, the stroke amplitude of the device (<=1 mm) was about half that used in the SFU proof-
of -principle study (2 mm).

Hence, the primary goal in this present exploratory work was to revisit the safety, feasibility, and reliability
of applying CVCs in delivering propagating vibratory flow pulses to the intra-cranial cerebral vasculature,
but this time, by a significantly more powerful vibro-percussion device, herein described as the “Vibrating
Stroke Gun” (VSG), being operable at a selectable emission frequency of 20 - 42 cycles/ second, and a more
forceful 2 mm stroke.

The VSG comes equipped with several selectable attachment interfaces, the one used in our study being a
relatively large, convex surface enabling flush contact within the carotid triangle, of size to cover the lateral
margin of the trachea to the medial aspect of the sternocleidomastoid muscle of a human recipient. The
device is termed as a “gun” only due to its ergonomic single -hand point -and -activate design, which
enables rapid deployment of vibrations (no projectile elements) during IV thrombolytic infusion without
disrupting standard workflow.

See Figure 5 showing the VSG used in this study.
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Figure 5: The Vibrating Stroke Gun (VSG) used in this exploratory pilot work, as a prospective tool to enhance
reperfusion in AlS.

Importantly, an auditory device-to-carotid artery contact verification technique was employed in this study,
whereby as the VSG was positioned within the carotid triangle during operation, it was manually adjusted
until a distinct, rhythmic pulsating sound (~ 1 Hz), synchronous with the carotid pulse, could be perceived
(heard) by the Test Subject. In this method, the low-frequency vibration waveform, as it effectively entered
the blood stream, acted as a carrier wave of the sound of the carotid pulse, making it distinctly audible to
the Test Subject. This provided a practical, real-time self-application method to confirm sustained
transcarotid acoustic energy transmission, a critical step not performed in our prior work.

It was also a goal of this pilot work to provide some mechanistic data to compare the propagative

effectiveness of low frequency vibration, of comparable frequency as employed previously by Danesha et

al.%% in shaking the entire head of AlS mice. To this a control arm was added where the entire head of the

Test Subject was essentially shaken by the VSG during application to the posterior neck, to see if any notable

effect (i.e. the appearance of vibratory induced flow fluctuations) to the MCA-TCA waveform could also be
identified.

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 12



https://doi.org/10.18103/mra.v14i6/7547

THE EUROPEAN SOCIETY OF MEDICINE

Finally, because the auditory method used in this study to ensure device-to-carotid contact relied on the
Test Subject's perception of his own pulse modulated within the vibration signal (which would be practically
useless in the field), a further goal of this work was to propose alternative methods by which a third party
(such as a paramedic) could affect and assess efficient and sustained device -to-carotid coupling in a real
world AIS patient.

Study Design (Overview)

In many respects our safety / feasibility study performed in 2016 was repeated, but this time due to the
limits of institutional approval was only performed on the Investigator (who doubled as the Test Subject -
AH), hence providing initial exploratory pilot feasibility work on a single test subject.

With this, the VSG, which is otherwise a “blind” device without sensors or imaging capability, was evaluated,
with sustained contact of the device upon the carotid artery ensured by use of the aforementioned auditory
method. More specifically, the VSG was assessed in its ability to send vibratory induced pressure / flow
pulses (in the frequency range ~ 20 to 42 cycles/ second ~ 2mm stroke), safely and reliably to the MCA, as
documented by vibratory / oscillatory induced flow pulses being superimposed within the systemic, MCA
TCD trace. While testing flow transmission by CVCs on only one Test Subject was of course sub-optimal,
from experience gained in our prior study (in assessment of the HW massager), it was noted that AH'’s results
(who was also one of the Test Subjects in that former trial) demonstrated CVC propagation results quite
comparable to that of others tested, with poor reliability of low sonic vibratory pulse transmission by a very
low amplitude, blind carotid contact method. So it was felt that any improvement shown in the present
study, via use of a more powerful device with a verified device- to-carotid coupling technique, would still be
meaningful, and likely translatable to others, hence worthy of exploration and documentation.

See Figure 6 showing the Test Subject (AH) in this study, applying the VSG to (Image left) his left carotid
artery at the level of the carotid bulb, ICA/ECA bifurcation, and (Image right) his right common carotid
artery.

Fig 6.

Figure 6: Images show the Investigator (AH) applying the Vibrating Stroke Gun (VSG), to his (image left) left
carotid artery, proximate the carotid bulb - ECA/ICA bifurcation-, and (image right) right common carotid
artery.

Vibratory flow transmissions from both the ipsilateral and contralateral carotid artery to the right MCA of the
Test Subject were in such fashion re-assessed, by study of the TCD spectral trace, with ultrasound transducer
placed upon the right temporal window. The hope of this study was to gain insight and experience regarding
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the best low frequency vibration parameters and engagement techniques possible to ensure good, safe,
and reliable vibratory flow pulse transmission from both the ipsilateral and contralateral carotid artery to the
MCA. Ultimately this exploratory pilot work aims to inform others toward prototype and protocol
development in testing the safety and efficacy of CVCs, via a range of frequencies, in AlS pre-clinical or
clinical models.

Materials and Methods

The study was conceived in industry (Ahof Biophysical Systems Inc, Vancouver, B.C., Canada). The Test
Subject in this case was also the Investigator and Author (AH), who gave informed consent to the study
which had been approved by Institutional Review in accordance with the ethical standards on human
experimentation per the Helsinki Declaration of 1975, as revised in 2008.

Choice of Carotid Vibration Parameters:

Referring back to Figure 5, a commercially available device, the “Mini Massage Gun”, herein relabelled as
the “Vibrating Stroke Gun” (VSG), was chosen for use in this study, being operational with a selectable
frequency range of 20 - 42 cycles / second, 2 mm stroke.

See Figure 7, showing a still frame of the contact surface of the VSG while oscillating. Note the corona
emanating from the VSG's contact surface which measured to 2 mm, equating to the stroke amplitude of
the device.

Fig 7.

Figure 7: A photograph showing the convex contact surface of the VSG during operation, whereby the
corona of the device was measured to determine the device’s stroke amplitude of ~ 2 mm.
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In more detail, the VSG is equipped with a selectable low frequency vibration emission frequency with
incrementally selectable settings (0 off, 1 - 30) , whereby the frequency of oscillations were measured when
applied with engagement force to the body, to be operational in the ~20 to 42 cycles / second range. The
fixed two millimetre stroke amplitude of the VSG was additionally deemed appropriate, and a plausible
improvement to the HW massager trialed in 2016, as it directly matched the amplitude of the VC device

used in our in-vitro proof of principle flow model SFU study®. Moreover, mechanistically, given a typical
common carotid artery lumen diameter of 6 to 7 mm, observational work in our lab suggests that a well
engaged 2 mm stroke typically causes only about a 20% incomplete compression of the vessel, leaving the
vessel well patent to maintain cerebral blood flow. As will be discussed below, the ICA (rather than the
common carotid) was another device- to-vessel coupling point used in this study, which has a slightly smaller
typical lumen diameter of about 4- 6 mm. The ICA (vs. the common carotid) is relatively more fixed in
position within the neck, and generally easier to couple (with less roll and movement away from the vibration
source). Observational work in our lab suggests that a well engaged 2 mm stroke upon the ICA would be
expected to yield a compression of about 25 - 50% of its lumen, hence also allowing for uninterrupted blood
flow. The vibrational frequency range emitted by the VSG (20 - 42 cycles /sec) was importantly in the range

of frequencies used in our in-vitro proof of principle trial®®, and importantly, matching the frequency range

|66

reported by Dhanesha et. al.®®, in their successful whole body / head shaking method as an adjunct to V-

TT in AIS mice.

Test Subject.

The Test Subject (AH), who again doubled as the operator for this study, was a 60 year old male (183 cm,
95 kg), of good health with no history of cardiovascular or neurological disease, on no medications other
than quetiapine for sleep and buprenorphine to treat depression. The investigator is also a non-smoker and
free of cardiovascular risk factors, other than borderline high cholesterol. adequate cerebral blood flow.

Choice of TCD window for measuring MCA Doppler.

Unfortunately, the Test Subject was limited to only having a single, good temporal window from his anatomic
right side, hence all TCD spectral waveforms in this study were obtained from the right temporal window in
imaging the right MCA. Hence, device-to-carotid coupling to the right carotid system was termed as
“ipsilateral”, and to the left carotid system was termed as “contralateral”.

Choice of application sites.

For right ipsilateral interrogations, the right common carotid artery was chosen, with the carotid pulse first
palpated by fingertip midway up the neck alongside (just medial) to the sternocleidomastoid muscle. For
left contralateral interrogations, the left ICA, proximate its bifurcation with the External Carotid artery (ECA)
was chosen, with the carotid pulse first palpated by fingertip, well up under the chin. For the contralateral
application, it was felt as strategic to bring the device-to-artery coupling point closer to the intracranial
vascular network (i.e. the Circle of Willis), to limit dampening of the anticipated induced vibratory flow
pulses. Prior to beginning, the Author inspected both his right and left carotid arteries to be substantially
free of plaque or clot, as a safety measure prior to commencing the experiment.

See Figure 8, showing the preferred locations of the device-to-carotid coupling method suggested in this
exploratory work.
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Figure 8: Preferred low-frequency vibration contact points, shown circled in yellow. The first is well up against
a patient’s chin, proximate to the bifurcation of the ICA and ECA, and the second upon the common carotid
artery, just medial to the sternocleidomastoid muscle. /mage developed by Open Al Art.

Protocol:

The Investigator (the Author, who again doubled as the Test Subject for this experiment - AH) was assessed
for CVC flow transmissions to his right MCA, through use of the VSG at varying frequency settings,
administered from both his ipsilateral right and contralateral left carotid arterial systems. As mentioned, due
to having a very poor left temporal acoustic window with an inability to get a strong, bright left MCA signal,
only the right MCA via the right temporal window was assessed (by means of CW-TCD), via use of a cardiac
phased array transducer (Samsung V8, False Creek Diagnostic Center).

CVC transmissions to the right MCA.

For ipsilateral common carotid artery testing, AH began seated on a chair in front of the ultrasound machine
(Samsung V8), whereby, using his right hand, he proceeded to manipulate a cardiac phased array imaging
transducer against his right temporal window in order to locate his TCD right MCA waveform. Once this was
accomplished, with AH’s free left hand, the VSG was turned on and set to the desired emission frequency
level to be assessed, choosing either setting #: 1 (20 cycles/sec), 10 (28 cycles/ sec), 20 (38 cycles/sec), or
(42 cycles/sec). Once the VSG was operating, while attempting to carefully maintain his right MCA Doppler
trace, AH pointed his chin slightly upwards and to the left, whereby the contact surface of the VSG was
placed midway up the neck proximate (slightly medial) and partially overlying the sternocleidomastoid
muscle (see Figure 6, image right), which was a spot first palpated where the carotid pulse was found to be
strong and bounding. AH then maneuvered the VSG until his carotid pulse could be internally “heard”
amidst the mechanically induced vibrational hum, in keeping with the forementioned auditory device-to-
vessel coupling method, which ensured good and sustained carotid contact while the device was oscillating.
At this point AH visually observed the MCA waveform (which often became transiently lost, or weakened,
and had to be re-established), and only once both a strong MCA Doppler signal was obtained (a bright, full
CW spectral trace), along with “ensured contact” of the VSG upon the carotid artery (confirmed by hearing
a loud boundling carotid pulse by the audiitory coupling method), the MCA -TCD image running in real time
was frozen, with the results labelled and photographed.
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For contralateral testing, the same method was repeated, but this time the VSG was instead placed upon
AH's contralateral, left carotid artery system, in this instance higher up (more distal), under the chin (see
Figure 6, image left) proximate the carotid bulb, territory of the ICA/ECA bifurcation, where again the right
MCA-TCD signal was evaluated and recorded.

The right carotid artery to right MCA (ipsilateral), and left carotid artery to right MCA (contralateral), were
both inspected at each frequency setting, and trialed in triplicate, with Doppler readouts documented by
digital photograph. Data was collected as best as possible in view of occasional loss of imaging signal and
within the confines of re-finding the MCA spectral CW Doppler trace (which was at times difficult, and took
considerable time, to re-locate). The imaging aspect of this study took a great deal of practice to become
proficient (particularly in holding the ultrasonic transducer in place while vibrating the carotid artery), with a
significant trial-and-error phase implemented before launching the trial.

After completing this section of the exploratory work, to assess whether shaking the entire head may also
demonstrate a vibratory effect within the blood of the MCA (such as vibration-induced turbulence, or flow
fluctuations), the VSG, while oscillating, was placed to AH'’s posterior neck at 20 and 28 cycles/ sec, with
simultaneous TCD recording of the right MCA documented.

Following this, and serving solely as a control, a right MCA Doppler trace was again repeated with the VSG
placed this time within AH's right carotid triangle where contact with the carotid artery was expressly not
ensured by the auditory device-to-carotid coupling technique. This was to assess whether any evidence of
vibratory induced feathers would appear on the MCA trace, to rule out that the entire endeavor was merely
artifactual (e.g., perhaps vibration of the ultrasonic transducer while held against the temple was all the was
vibrating?) rather than a true, in-situ, propagative effect.

Results:

Ipsilateral Testing

In use of the VSG with confirmed device to carotid coupling, CVC induced vibratory flow pulses originating
from the right common carotid artery were noted as present within the right MCA CW spectral Doppler
trace, reliably, at all frequencies tested. The strength and clarity of the vibratory flow pulses were generally
stronger and easier to resolve in the lower frequency ranges tested (i.e. 20 and 28 c/s), and were
comparatively less evident, but still discernable at the higher frequency ranges (38 and 42 c/s).

See Figure 9, showing (top) a sample right MCA CW spectral Doppler waveform with no CVCs applied, and
then (second from top to bottom), samples of right MCA Doppler traces with CVCs administered from the
ipsilateral right common carotid artery, at 20, 28, 38 and 42 cycles / second respectively.

Fig 9.
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Figure 9: The spectral CW TCD readouts of (top), right MCA with no CVCs applied, then (second from top
to bottom), right MCA with right CVCs of 20, 28, 38, and 42 c/s, respectively, all showing marked vibratory-
induced flow fluctuations superimposed on the fundamental, MCA spectral Doppler trace.
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Contralateral Testing

In use of the VSG with again confirmed device to carotid coupling, vibratory flow pulses from the left ICA
were noted as present within the right MCA CW spectral Doppler trace, reliably, at all frequencies tested.
Also, again, the strength and clarity of the vibratory flow pulses were generally stronger and easier to resolve
in the lower frequency ranges tested (i.e. 20 and 28 cycles/ second), and were comparatively less evident,
but still resolvable at the higher frequency ranges (38 and 42 cycles/ second).

See Figure 10, showing (top) a sample right MCA CW spectral Doppler waveform with no CVCs applied,

and then (second from top to bottom), samples of right MCA Doppler traces applied from the contralateral,
left internal carotid artery with 20, 28, 38, and 42 cycles / second respectively.

Fig 10.
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Figure 10: The spectral Doppler CW TCD readouts of (top), right MCA without CVCs applied, then (second
from top to bottom), right MCA with left CVCs applied at 20, 28, 38, and 42 c/s, respectively.
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VSG placed to the posterior neck (Head Shaking).

To ensure the vibratory flow waves noted in the MCA trace were not artifactual (e.g., shaking of the
transducer), nor related to a non trans-arterial propagative effect (e.g. shaking of the head which in turn
would also shake the cerebral arteries within), the VSG was placed during operation with significant
engagement force to AH's posterior neck which effectively vibrated his entire head.

See Figure 11, showing an example of a right MCA Doppler trace with the VSG applied to the Test Subject’s
posterior neck to cause “head shaking”, at (top) 20 c¢/s and (bottom) 28 c/s.

Fig 11.

Figure 11: TCD recording of the right MCA with the VSG applied to the posterior neck, producing “head shaking” to
assess for evidence of vibratory flow pulses by this alternative method. Image (top) VSG oscillating at 20 c/s, and
(middle) 28 c¢/s. Note vibratory induced flow pulses (highlighted in yellow, Figure - bottom), which, while evident, were
far less prominent, in comparison to those produced by CVCs.
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As can be seen from Figure 11, while one can see some evidence of weak, vibratory induced feathers
(highlighted in yellow, bottom figure), the effect was far less evident, in comparison to Figures 9 and 10,
where the VSG was applied directly upon the Carotid Arteries.

Of note, posterior neck vibration immediately caused the Test Subject’s vision to become blurry (which
confirmed “head shaking”), and in the Test Subject’s case the effect quickly led to a mild sensation of nausea
and headache, presumably related to motion sickness.

VSG to Right Carotid Triangle, Without Confirmed Device-to-Carotid Coupling
(Control).

To highlight the importance of a device-to-carotid coupling method to ensure sustained device to carotid
artery engagement, the VSG was placed during operation to the Test Subject’s right Carotid Triangle,
importantly without hearing the carotid pulse modulated and amplified by the LFV carrier wave.

See Figure 12, showing the resulting right MCA Doppler trace with VSG applied to the right carotid triangle,
without ensured device -to-carotid contact by the auditory method, at (top) 20 c/s and (bottom) 28 c/s.

Fig 12.

Figure 12: TCD recording of the right MCA, with vibration applied (top) 20 c/s, (bottom) 28 c/s, to the right
Carotid Triangle without device-to-carotid coupling assurance. Note the absence of clearly discernible
vibratory-induced flow pulses superimposed on the primary MCA trace.

As can be seen in reference to Figure 12, a nonspecific engagement of the VSG within the carotid triangle
without confirmed device to carotid coupling by the aforementioned auditory method (which only to a minor
degree vibrated the entire head), showed, perhaps minor, but far less discernible vibratory timed flow
fluctuations (as compared to CVCs) superimposed within the MCA trace.
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Periodic, Flow Reversals Resulting from Carotid Decompressions:

To assess for evidence whether any blood cells or plasma were recruited during CVC induced carotid artery
decompressions to cause slight antegrade flow decelerations or even frank retrograde flow (which would
indicate a slight periodic suction or aspiration effect applied to within the intra-cranial, cerebral arterial
system), the prior imaging results of our results from 2016, and also our presently collected data were
reviewed.

See Figure 13 (top) showing a right ICA spectral Doppler trace resulting from right CVCs administered via

176, As can be seen, there is evidence of

the Hitachi Wand's massager (30 ¢/s, 1 mm stroke) in our 2016 tria
periodic diastolic flow reversals below the zero velocity baseline (see the circled area in yellow). Figure 13
(bottom), shows the yellow circled area zoomed in, highlighting what looks like periodic flow reversal waves

occurring out of phase with the forward, vibratory-produced, antegrade flow pulses.

Fig 13

Figure 13: Image (top) shows what appears to represent periodic diastolic flow reversals within a right ICA
spectral Doppler trace during administration of right CVCs via our Hitachi Wand massager, device trialed in
2016 (see area circled). Image (bottom) shows the circled area zoomed in, where the suspected flow reversal
waves (circled in yellow) appear as out of phase with respect to the antegrade forward vibratory flow

fluctuations. Image taken from our prior study, OPEN ACCESS.”®
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See Figure 14 (top) showing a right Carotid Siphon (CS) spectral Doppler trace with right CVCs administered
via the Hitachi Wand massager (30 c/s, 1 mm stroke), again from our 2016 study’®, in this case showing
evidence of both diastolic and systolic flow reversals below the zero velocity baseline (shown by vertical
yellow lines). Figure 14 (bottom), shows a zoomed-in view of the diastolic flow reversal waves (outlined by
red lines), again appearing as out of phase with the forward, antegrade vibratory produced flow pulses.

Fig 14.
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Figure 14: Image (top) shows what appears to represent periodic flow reversals within a right Carotid Siphon
spectral Doppler trace during administration of right CVCs via our HW massager, device trialed in 2016.
Image (bottom) shows a zoomed in view, highlighting where the suspected flow reversal waves (outlined in
red) appear as out of phase with respect to the antegrade forward vibratory flow fluctuations. /mage taken
from our prior study, OPEN ACCESS.”

See Figure 15, showing a zoomed in view of Figure 9 (third from top), depicting a right MCA Doppler
waveform resulting from right CVCs at 28 cycles/ second, where what appears as systolic and diastolic flow
reversals (below the zero velocity line) can be seen.

Fig 15.

R MCA R Carotid Decompressive Flow Reversals
28 cls

Figure: 15. Zoomed in view of the MCA TCD trace during right CVCs at 28 c/s (taken from Figure 9, third
from top) , showing periodic drops in velocity below the zero velocity baseline (outlined in red,) out of phase
from the vibratory induced, forward antegrade flow pulses (yellow vertical lines).
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To better resolve the potential for CVC induced retrograde flow, as an extra step, to take the premise to a
more discernable “macro-level”, see Figure 16, showing a sample left MCA trace (taken from the right
temporal window with blood flow thereby flowing away from the transducer), where the Test Subject /
Investigator (AH) administered, rapid, manual, contra-lateral right CVCs (by fingertip) at ~ 5 - 6 compressions
/ second.

Fig.16

Figure 16: Left MCA TCD trace taken from the right temporal window, with rapid manual right CVCs (~ 6
compressions /decompressions per second), showing clear evidence of both forward antegrade flow pulses,
as well as backward retrograde pulses (yellow circles).

As can clearly be seen in reference to Figure 16, both antegrade and retrograde flow pulses within the left
MCA can be observed, subsequent to onset of rapid manual compressions / decompressions of the right
carotid artery.

MCA Blood Flow.

Quantitative assessment of net MCA blood flow during CVCs was limited by TCD imaging constraints.
However, qualitative analysis of the MCA spectral waveform generally demonstrated preservation of
baseline morphology. Specifically, peak systolic velocity and velocity time integral remained substantially
unchanged from pre-activation baseline, even during firm cutaneous application of the VSG upon the
common carotid artery and ICA. The only observed change was superimposition of the low amplitude
oscillatory flow effects (termed “vibratory feathers”) - on the spectral envelope. No gross reduction or
augmentation of net forward flow was detected.

Discussion:
This exploratory pilot work describes a novel, noninvasive acoustic reperfusion therapy designed to improve
IV thrombolytic drug delivery and effectiveness for Acute Ischemic Stroke (AIS) termed Carotid Vibro-

Compressions (CVCs). This approach, unlike clinical methods of the prior art that have primarily employed

52 -63

transcranial ultrasound) , or musical auditory stimulation®*, or whole body/head shaking in pre-clinical

models®, evades and “sneaks through” the acoustic barrier of the cranium, by sending a series of low amplitude
sonic frequency mechanical oscillations directly into the intracranial cerebral arterial vasculature, by rapidly
compressing and decompressing the carotid artery. CVCs are designed to augment per-thrombus plasma
flow, enhance clot erosion, and promote IV thrombolytic agent delivery.
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This study provides initial evidence supporting the mechanistic feasibility of this technique by demonstrating
reliable pressure/flow wave propagation by way of both ipsilateral and contralateral CVCs to the right MCA
using a commercially available vibrating device termed the “Vibrating Stroke Gun” (VSG - ~ 20 - 42 cycles/
second, 2 mm stroke amplitude) in a healthy volunteer. Importantly, a new device-to-carotid contact
verification technique was employed in this study, where the Test Subject would hear his pulse amidst the
mechanical vibratory device hum, which (with the vibratory waveform within the blood presumed to act as
a carrier wave of the carotid pulse signal) ensured sustained device to carotid coupling during self
applications. This auditory listening technique was deemed essential for the reproducible propagation of
low sonic vibratory flow pulses to the brain to occur.

In more detail, CVCs were shown to reliably and reproducibly propagate pressure/ flow wave fluctuations
to the right MCA of the Test Subject at all frequency ranges attempted (20, 28, 30, 38, and 42 cycles/sec),
both ipsilaterally from the right common carotid artery, and contralaterally from the left ICA, as measured
by TCD CW Doppler from the right temporal window. With this, the transmission was relatively most evident
with the strongest observable signals, in the 20 and 28 cycles/ second frequency range.

Of note, the transmitted flow pulses observed in this study were less distinct at the relatively higher vibration
frequencies tested (i.e., 38 and 42 cycles/ sec.). This apparent decrease in vibratory flow transmission, may
have been in part due to lack of sensitivity or fidelity in our measurement technique (by CW, TCD Doppler,
which inherently displays “spectral Doppler feathers”), however, a physiological mechanism may also have
contributed, whereby at higher frequencies the carotid artery may have had less time to recoil between
compressions, hence decreasing the net effective compression amplitude cycle to cycle.

In analysis of waveforms from this study and prior imaging data (Figures 13 -15), it was noted that along with
relatively strong antegrade vibratory induced flow signals, there was also some evidence of relatively weak
low-amplitude retrogradle flow decelerations (in some cases below the baseline, suggesting frank retrograde
flow), which indicate that low sonic frequency CVCs may provide a slight suction-like effect during carotid
decompressions. At a minimum, it appears that CVCs produced a series of wide pulse pressure, pulsatile
flow wavelets, embedded within the otherwise normal systemic MCA spectral Doppler trace. These wide
changes in pressure/velocity further underscore the proposed mechanism of stimulating potential pressure
gradients and vortices to enhance “turbulent mixing” for IV-administered thrombolytic drugs into an
otherwise stagnant, thrombo-occluded TICI O cerebral artery.

Anticjpated Safety and Targeting Protocol

In view of clinical trials, to ensure selection of a low-risk carotid arterial system eligible for CVC therapy prior
to intervention, patients would preferably undergo dual imaging assessment consisting of contrast CT
Angiography (cCTA) and Carotid Duplex UltrasSound (CDUS), to exclude hemodynamically significant
stenosis, dissection, intraluminal thrombus, or unstable-ulcerative plaque in the common and internal carotid
arteries. These imaging approaches in combination provide a comprehensive, multimodal assessment of
both luminal stenosis and plaque morphology with reported negative predictive values of ~ 99% for

exclusion of >= 70% carotid stenosis relevant to CVC eligibility.2¢®” Indeed, cCTA is highly reliable for ruling

out severe ICA stenosis, with a negative predictive value of 95-98% in recent meta-analysis.887 With this,
the pairing of cCTA with CDUS is considered an excellent, highly accurate complementary testing regimen;

with cCTA providing a highly detailed map of the vessel's anatomy, and CDUS, especially with the addition

of contrast agents, excellent for measuring the real-time blood flow speed and hemodynamics.?%"

Moreover, the combined use of cCTA and CDUS provides a high concordance for identifying a symptomatic
vessel when clinical findings are combined with imaging. This offers additional assurance in the avoidance
of a mistaken selection of a culprit carotid (i.e., carotid determined as the source of embolus) for CVC
application.
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Carotid duplex ultrasound can be performed concurrently with cCTA and during/following the initiation of
rtPA infusion or TNK bolus, with the VSG applied only once a substantially disease-free carotid system is
identified. Hence, there should be no anticipated adverse effect on door-to-needle time.

Below is a prospective time-table showing an anticipated typical work flow treatment plan in the use of the
VSG as an adjunct to [V thrombolytic therapy in an AIS victim, assuming availability of a mobile stroke unit
equipped with contrast CT angiography and a ride-along diagnostic medical sonographer.

1. O min: Stroke alert, MSU arrives

2. 5min: Non-contrast CTA (Begin Carotid Duplex Ultrasound concurrently)-> rule out bleed. Start
IV-tPA drip as soon as the radiologist confirms ischemic stroke.

3. 6min: Contrast CTA arch to vertex -> rule out LVO, and further check carotid artery for gross disease
including atheroslcerotic stenosis, ulcerative plaque, clot, and dissection.

4. 10 minutes: Ischemic Stroke confirmed, IV-tPA infusion (or TNK bolus) commences.

20 min: Carotid Duplex scanning completed. Stat Radiology read to rule out Carotid disease in
either the anatomic left or right carotid artery or branching vessels (i.e. > 40% stenosis, ulcerating
plaque, thrombus).

6. 25 min. If at least one carotid arterial system is “clean” by the dual imaging approach, start VSG
as IV-tPA infusion (or following TNK bolus) adjuvant.

7. 26 -67 min: VSG and IV-thrombolysis run concurrently.

As can be seen, the use of the VSG as an adjunct to IV thrombolytic drug therapy can be added without
causing an anticipated delay in the standard of care.

Suggested Device-to-Carotid Coupling Site:

While an optimal vessel site for administration of the VSG has not yet been established, as a first principle,
device placement for CVCs should be guided by palpation of the carotid pulse by an investigator or
clinician’s finger tip. From the perspective of efficacy, if increased shear and turbulence are desired in the
presumed TICI O cerebral artery, placement higher in the neck proximate to the ICA/ECA bifurcation (the
contralateral site used in this study), would be anticipated to reduce attenuation (by dampening) of
transmitted pulses to the culprit intracranial cerebral artery. However, the ICA / ECA junction is a common

site for unstable plaqueqz, however, as mentioned, this risk (for secondary embolus) should be adequately
mitigated by rigorous safety screening with cCTA and CDUS to exclude high-grade stenosis, ulcerated
plaque, or floating thrombus in the intended CVC-eligible arterial system. Mechanical stimulation proximate
to the carotid sinus of course, may also yield vagal concerns; however, this risk can also be mitigated by
careful vital sign monitoring, with atropine or other interventions considered if needed.

From the perspective of added safety, a palpated carotid pulse midway up the neck, usually just medial to
the sternocleidomastoid muscle at the level of the common carotid artery (the ipsilateral site used in this
study), is another reasonable option, as it is away from the carotid sinus and carries a lower risk of high-
grade plaque. However, the common carotid artery is relatively further from the intracranial cerebral
vasculature, so the amplitude of pressure/flow waves reaching a culprit intracranial cerebral artery would be
relatively dampened, and it is presently unclear how much kinetic energy transmitted to the cerebral arteries
would be most beneficial (in view of safety vs. efficacy). Moreover, and perhaps more importantly, the
common carotid tends to roll away medially from a vibro-compression point, which generally leaves only
the lateral aspect of the vessel being partially compressed, and even when “fixed” with medial coverage
(with the device's contact surface flush against the trachea), the common carotid also tends to move
posteriorly away from the vibration site. In contrast, the proximal ICA (for example, landmarked by ultrasonic
imaging in the short axis view adjacent to the ECA) is generally fixed in position and far less prone to rolling
and moving away from the coupling area, which would significantly improve device contact stability.
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All things considered, it is this Author’s opinion that the “preferred” first choice target for mechanical
coupling should be the ICA just distal from the ECA bifurcation. This brings the coupling site as close as
possible to the thrombosed artery (thereby limiting dampening of the signal), and because of its relative
anatomical stability (i.e., less roll, or movement away from the vibration source medially and posteriorly),
this translates to easier device-to-vessel coupling.

Targeting and real-time monitoring of device-to-vessel coupling can be performed by an adapted VSG
equipped with an ultrasonic imaging transducer, whereby direct B-mode ultrasonic imaging and color
doppler ultrasound guidance of the ICA would commence in a “point and shoot” manner, to confirm vessel
engagement, avoid compression of adjacent structures, and verify patency during application (discussed in
more detail later). This method could be performed by the ride-along sonographer in a mobile stroke unit
(who would have also checked the carotid anatomy and physiology for plaque and thrombus), or by the
paramedic with standardized training.

Given the potential for vagal-mediated bradycardia during cervical manipulation, atropine and adrenaline
plus fluids should be available at bedside for immediate administration per standard protocol. Regardless
of the choice of application, the device should not be placed directly over the trachea or thyroid cartilage
to avoid discomfort and injury, although placement adjacent to the trachea is generally tolerated in self-
applications.

Anticipated Strength of MCA Pressure Wavelets Deljvered.

It should be emphasized that the actual forward, antegrade forces (pressure waves), sent forth by a
transcarotid VSG application (20 - 28 cycles/ second, 2 mm stroke) to the intracranial cerebral arteries, are
anticipated to be very gentle. Indeed, given that each vibratory pulse causes a velocity shift of about 15
cm/s (beyond the systemic pulse), and given the simplified Bernoulli equation of (Pressure = 4 X Velocity
squared), this equates to only about 0.1 mm Hg/pulse, or ~ 13 Pascals/pulse, hence each vibratory pulse is
akin to a “tiny insect” landing upon one’s skin. However, an applied oscillatory force on the order of ~ 13
Pa at 28 Hz in a zero or minimal flow cerebral artery is nevertheless predicted to generate localized unsteady
flow and secondary vortices, akin to a “shaken and stirred” effect. Indeed, at a Womersley number a~10,
pulsatile flow in vessels of this scale is anticipated to produce phase-lagged velocity profiles and steady

streaming effects”®, and theoretical and microfluidic studies show that even sub-mm Hg pressure oscillations
can drive steady streaming and enhance mixing in confined channels.”*?° Hence, even seemingly negligible
sub-mm Hg pressure oscillations can generate strong, nonzero net mass flows (steady streaming) by
leveraging the inherent nonlinearities in fluid mechanics. In confined spaces like microchannels, where
normal turbulence is absent and fluid motion is absent or strictly laminar, this induced flow can act as a
powerful mixing catalyst.”® This mechanism of mechanical agitation may therefore improve convective
transport of thrombolytics to the clot surface, analogous to but distinct from high amplitude, MHx

sonothrombolysis, where fluid motion enhances lytic diffusion.”’: 7

Indeed, the anticipated main effect of low sonic frequency CVCs to the MCA territory would be to promote
gentle “turbulent mixing” of thrombolytics into the blocked vessel. The effect on the clot itself would
theoretically be minimal, perhaps just persuading gentle erosion over time, or distorting its shape or
nudging it slightly (which may render initial reflow), and is unlikely to push the clot completely loose or
suddenly fragment it. Hence, hopefully, CVCs (20 - 30 Hz, 2 mm) may render a “sweet spot” where clot
dissolution is hastened without sending embolic fragments north or south, which may preserve its use as an
IV thrombolytic adjunct bridging option to EVT. It must be emphasized, however, that the primary niche for
CVCs is to provide an adjunct to IV thrombolytic therapy as definitive therapy, when EVT is not applicable,
available, or is substantially delayed. Pre-clinical and clinical trials are needed to assess all these
hypothesized biophysical effects in vivo.
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Anticjpated Safety Concerns:

In seeking Institutional Review Board approval to test CVCs in animal stroke models (such as in large, human
sized pigs or non human primates), while the potential for enhanced IV thrombolytic drug mixing and clot
disruption to render accelerated reflow is fairly easy to argue (i.e. in view of the successful SFU in-vitro flow

model®, and in light of our prior76 and present transcarotid transmissibility work), anticipated safety of this
procedure, which at present is entirely unknown and speculative, would be a more difficult sell.

Based on the results accrued thus far, it would appear that the application of a low frequency vibration
massager operational in the 20 - 30 cycles / second range with at least Tmm, and up to a 2 mm stroke
amplitude to the carotid artery for short durations, appears as relatively safe (i.e., no obvious adverse
effects), in healthy indlividuals with normal vessels. However, risk stratification in the use of this technique in
an older population (with increased carotid plaque burden, and possibly worse calcified, brittle plaques
which could dislodge if physically agitated), can only be theorized relative to the severity of the emergency
situation, on a speculative basis.

It is likely safe to assume that if CVC therapy were ever to be contemplated for use to treat AIS,
manipulations of a carotid artery should only be considered for application upon a relatively “clean” carotid
system, proven (or pre- determined) by contemporary imaging tests. As mentioned earlier, a combination
approach of contrast CT angiography and carotid duplex ultrasound is recommended to prove a CVC-
eligible carotid arterial system which is relatively free of structural disease.

Increased Risk of Secondary Embolus?

At the outset, re-stating the obvious it would be hard if not impossible to justify the application of CVC
therapy upon an actual neurologically unstable, “culprit” carotid artery (i.e., one which was the source of
embolus), even if the patient is having a “Hot Stroke” already, as further dislodgement of clot from such
culprit carotid would likely only make matters worse.

However, when one considers the data, applications of force or pressure upon neurologically stable carotid
arteries, including near the carotid sinus, and even in the elderly, are generally deemed as safe. Manual
carotid compressive maneuvers have a history of safe, routine practice during TCD neurological diagnostic

99-101,

examinations, and more recently, held compression of a carotid artery has even been envisioned as

an adjunct to EVT therapy, to limit antegrade flow in the prevention of dislodgement of embolic debris in

emergency treatment of AIS."%? Carotid sinus compression in the elderly, even with a high incidence of
atherosclerosis, was assessed in 502 patients, whereby the complication rate with lasting sequelae was

reported at less than 0.5%.'% Also, the risks of common carotid artery compressions during diagnostic TCD
(primarily in elderly, neurologically symptomatic individuals) were assessed in 3383 patients, whereby there
was less than a 0.4% risk of “brief, transient cerebral symptoms” during the common carotid artery

compressions, with just one probable Transient Ischemic Attack (TIA) documented.%

However, these safety assurances must be taken with a strong note of caution, as manipulations of the
carotid artery have also been very rarely associated with embolic plaque rupture leading to stroke, in
neurologically symptomatic patients, so this has since raised caution with this technique.'® Moreover, the
physical maneuver of the carotid sinus massage, commonly used by clinicians to terminate arrhythmia, and
even the pressure of an ultrasonic imaging probe during carotid ultrasonic imaging, have both been known,

in very rare isolated incidences to induce stroke, with the latter occurring, again, only in the neurologically
106 - 108

symptomatic.
Hence again, this underscores the need for prior identification of a neurologically stable, “clean” carotid
artery before considering CVCs for treatment. If very rare inherent risks were to exist, despite identification
of a “clean” CVC eligible vessel, the hope would be that such tiny risk would be far outweighed by the
proven benefit of enhanced thrombolysis driven by the therapy.
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It is also conceivable that if CVCs were to become a new “Gold Standard” of pre-hospital AIS care, that
there may be value for the general population to undergo preventative health screening (which is a good
idea anyway), to pre-identify whether they may have at least one “clean”, low risk carotid arterial system.
Perhaps this information could be placed on a medical alert bracelet, should they ever succumb to acute
stroke in the future. In this case, the only information prospectively required would be to confirm ischemic
vs. hemorrhagic stroke and determine the culprit carotid system as the source of embolus (if applicable) by
cCTA, to enable CVC therapy as an adjunct to IV thrombolysis. This could therefore forgo the need, and
expense, for a complementary carotid duplex ultrasound.

Increased Risk of symptomatic IntraCranial Hemorrhage (sICH) or Hemorrhagic Transformation (HT)?

Perhaps a premier concern for CVC therapy in the setting of AIS may be whether the battery of transmitting
flow pulses could increase the risk of sICH or HT (reperfusion injury) as an unwanted complication to the
procedure, especially if applied as an adjunct to IV- thrombolytic therapy. Indeed, increased ICH has been

a significant concern in administration of transcranial ultrasound assisted AlS thrombolysis in the TRUMBI trial®?,

and sICH and HT are both significant baseline concerns associated with IV thrombolytic therapy,**

especially
with adjunctive TCD plus IV-microbubbles. The evidence is clear, the cerebral vasculature, especially after

having endured a period of acute ischemia, becomes quite fragile and prone to increased bleeding risks.

However, as mentioned earlier, it is notable (and not surprising) that this induced frailty and susceptibility to
bleeding seems related to the /ength of time of the ischemic event, with the later recanalization of the culprit

vessel achieved, the higher the the risk of HT.*¥°0 So on an optimistic note, if CVC therapy could promote
reflow to an AlS patient unprecedentedly early, by diminishing the time of the ischemic insult, perhaps this
might mitigate the risk of subsequent mechanical shear introduced reperfusion injuries and bleeding
problems. Of course, the question looms large whether the mechanical agitations delivered by CVCs by
added percussive sheer forces, which would quite plausibly promote bleeding, would be more than
compensated for by an early reperfusion and/or perhaps a lower dose requirement of lytic agent, and this
could only be answered in pre-clinical to clinical trials.

Another way of considering the theoretical, mechanical risks of CVC-induced bleeding risks is to examine
the historic safety profile of External Counter Pulsation (ECP), a treatment strategy to improve cerebral blood
flow in the sub-acute aftermath of AlS, in rehabilitation. ECP is mechanistically similar to CVCs in that they
both involve propagation of hemodynamic pulses to the arteries of the brain, but are applied at a lower
compression frequency and more peripherally to the arms or legs of patients. ECP therapy in the context of

AlIS has been reviewed by Han et. al. "% who cite 22 Chinese papers since 1980, all of whom report a generally
favorable clinical outcome with no reported serious adverse events. Han has since performed a randomized
crossover assessment-blinded proof of concept trial in the use of ECP for recovery of 50 AlS patients (weeks
1to 7, and 7 to 14 following stroke), whereby favorable clinical benefits and again no increased risks for ICH

or any serious adverse events were documented.''® Galuma et. al.'"! has most recently provided ECP study
results on a randomized patient-blinded trial in MCA strokes arriving ineligible for reperfusion within 48
hours of symptom onset (13 treatment, 10 sham) whereby a single ECP treatment session was performed.
The Galuma study showed a lack of clinical improvement in the ECP group (vs. sham), but again, from a
safety perspective, no increased risks for ICH, subsequent ischemic strokes, or death were reported. Others

have recently reported that prolonged, multiple daily ECP sessions over the first weeks of stroke tend to

yield enhanced recovery benefits, and again with no reported increases of risks.''? 113

The Author cautions, however, that while it appears that ECP (again, a procedure not dissimilar in its
downstream hemodynamics effects to CVCs) has generally been deemed “safe” following AlS, none of the
ECP trials have been run early in the acute stage of AlS, such as an adjunct to IV thrombolytic therapy. To
this end, the risk of ICH secondary to CVCs, especially if run in conjunction with medical thrombolysis,
remains a major and likely premier question, again only answerable by clinical trials.
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Increased Risk of Hemodynamic Decompensation by Stimulation of Carotid Baroreceptors?

A further safety concern in CVCs is that pressure applied to the carotid sinus could induce a vagal response,
including dangerous bradycardia (including heart block, sinus pauses, sinus arrest, etc.), especially in the
elderly, who are the most common stroke victims. To this end, cardiac monitoring and presence of an IV
would always be preferred (for administration of fluids, vagalytics, etc.), and optionally external pacing pads
applied (with a defibrillator on standby), should this technique ever be tested clinically in confirmed AIS
victims. Of note, if offensive bradycardia were to occur, the vibro-compression point could be attempted
slightly lower (more proximal) along the carotid artery in avoidance of the sinus. For this reason, should
CVCs ever be considered without life support back up, the AIS patient should be comfortably seated or
lying down during therapy, and of course, if syncope were to occur, the procedure would be discontinued.

Increased Risk of Carotid Dissection?
Vertebral Arterial and ICA dissection with subsequent stroke are known risk factors for patients experiencing

k,114 116 5o there is of course, a concern that forceful oscillations or

traumatic injury to the head or nec
compressions applied to a carotid artery could be dangerous. Indeed, there is at least a temporal correlation

between ICA dissection and chiropractic neck manipulations, although a clear causative link has and

continues to be strongly argued against or at least questioned.'"” - % Identified risk factors for carotid
arterial-related dissections have been reported based on these preceding studies as abrupt hyper neck;
flexion, extension, and particularly rotation — or more generally “sudden head movement” - all of which
imply a history of sudden and forceful stretching, twisting or torsion of the dissected vessel.

While CVC therapy would certainly be expected to stimulate the carotid artery and ICA, these arteries, which
have been naturally designed with vessel walls to accommodate inward and outward movement, would not
be expected to be abruptly “torqued”, “twisted,” or unduly “stretched” - comparable to the chiropractic
or trauma scenarios. Moreover, as referenced earlier, carotid sinus massage, which is a mechanical action
(by a direction “inward”, compression-like movement) more comparable to CVCs, has generally been shown
to be safe, including in the elderly. Nevertheless, certainly if future animal work were to be considered,
histological analysis of the carotid vessels should be performed following CVC therapy to inspect for new
dissection; however, especially as the vessels would not be twisted or torqued, there is no strong evidence
to suggest this would be an expected concern, at least in healthy vessels.

Anticjpated Availability of “Clean Carotids” During AlS:

Carotid Vibro-Compressions could be particularly valuable as an adjunct to IV thrombolytic therapy for acute
cardio-embolic stroke, such as seen in new onset Atrial Fibrillation (AF) without anticoagulation, or in
younger patients with paradoxical septal embolus through a patent foramen ovale, as in both of these cases,
quite likely at least one if not both, carotid arterial systems would be free of disease. Still, of course, during
initial presentation of AlS, the source of embolus would be unknown, so again, prior to consideration of
CVC therapy, the verified identification of at least one clean carotid system would still be the standard
prerequisite before initiating therapy.

In perspective, while it is well known that AIS embolic source is most commonly from a carotid artery,

between 14 to 30% of AlS presentations are reportedly cardio-embolic,'?® and also cerebral arterial in-situ

thrombosis (where a clot suddenly forms within a cerebral artery, rather than by embolus) is reported to

account for a majority of AIS presentations in select subgroups (e.g. Asians, Hispanics and Africans).121. 122

This predicts a large cross section of the population who may have not just one but two neurologically
asymptomatic CVC-eligible carotids, and this then opens the possibility for testing of bilateral CVCs.

Proposed Procedure Length and Therapeutic Window.
It is difficult to recommend the duration of a low sonic frequency CVC therapy session in the treatment of
AlIS. Simon Fraser University (SFU) Engineering department showed a 75%, 90%, and 100% recanalization
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rates in their thrombo-occluded in vitro-flow model within 5, 10, and 20 minutes of tubular vibro-
compressions, respectively, hence perhaps in-vivo sessions of up to 20 minutes, or until obvious clinical
evidence of reperfusion (such as a sudden restoration of motor function, etc.) would comprise reasonable
end points. However, prospectively, with the potential added factor of oscillation produced vasodilation
(which was not possible to test for in the SFU flow model), CVCs could optimistically yield very fast if not
instant vessel recanalization, hence it would not be unreasonable that the procedure could be tried for only
1 to 2 minutes (where if reperfusion didn’t work by then, perhaps it just wouldn’t work?). With regards to the
therapeutic window, CVCs would commence as early as possible, preferably at the moment AIS (vs
hemorrhagic stroke) is confirmed and a safe CVC- eligible carotid arterial system is identified (which again
would preferably follow contrast CT angiography in combination with carotid duplex ultrasound), and would
most preferably be initiated shortly after TNK bolus or after start of rTPA infusion. However, as brain tissue

is arguably salvageable within the first 24 hrs following AIS,'?3 it is arguable that any mechanical intervention
which could potentially clear embolic debris within 24 hrs of symptom onset would be of interest for study.

Head shaking vs. CVCs:

Importantly, it was also assessed in this study, whether low frequency vibration, at 20 and 28 ¢/s administered
by a firm application of the VSG to the posterior neck, which effectively shook the Test Subject’s entire head,
would cause any evidence of vibratory timed turbulence or flow spikes within the blood of the MCA, of
which some minor detections of vibratory flow feathers were indeed noted (refer back to Figure 11).
However, these perturbations were far less prominent or clear than when the VSG was applied directly upon
the common carotid or ICA. Hence, perhaps this marginal success of transmission of vibratory forces into
the bloodstream of the intracranial cerebral vasculature may explain Dhanesha et al.’s reported success in
whole body low sonic frequency vibration (head shaking) in showing improved IV thrombolytic AIS outcomes

in mice.®® It is noteworthy that Dhanesha’s greatest documented helpful effects were also found in the 20 -
30 Hz range, squarely matching those with the best transcarotid transmission profiles in our study.

It is the Author’s view and experience having worked with blood clots for years in the lab that merely shaking
a clot does nothing to it, but (as referenced earlier), repeatedly compressing or percussing a clot, or adding
significant turbulence or sheer forces to the blood or fluid proximate a clot, can lead to clot erosion, a
change in clot shape, and mobilization, as well as the induction of convection currents which can enhance
diffusive mixing of systemically (remotely) delivered agents down low / zero flow systems. Hence, with
regards to Dhanesha’s head shaking method, where IV thrombolysis was used as otherwise a definitive,
stand-alone treatment, perhaps the added turbulence within the MCA or cerebral arteries may have to some
degree facilitated clot erosion and diffusive blood mixing of the systemically delivered thrombolytic agents
into the thrombo-occluded cerebral arteries, which contributed to their success.

Whether CVCs, which do everything that head shaking does, plus adding direct forward and backward
acting pressure pulses directly within the MCA (and without the potential of causing motion sickness or
headache), would fare better or worse than Dhanesha’s head shaking method in the treatment of AIS, would
certainly be an interesting subject of further investigation.

Limitations of the Study

The most obvious weakness of this present pilot work was that only a single test subject was evaluated,
which could not be helped due to a lack of institutional approval. However, during CVC viability testing in
our former trial in 2016,”® the results from the Test Subject (who was also a member of the trial) were typical
of others, and hence the marked comparative improvement of reliability of signal propagation in this present
exploratory work is still representative of a significant and noteworthy general improvement which could
potentially be extrapolated to the general population. Of course, based on the results of this present pilot
work, larger studies should be conducted to further prove the safety and transmissibility of the VSG or a
similar device, for patients with documented normal carotid arteries (hence of low risk), or diseased carotids
in animal studies.
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Another particular drawback in the assessment of reliable vibratory flow pulse transmissibility was that the
Test Subject was not of advanced age, with the presumption of still having relatively compliant arterial walls.
This was not seen as a major problem, as low-frequency vibration (<100 Hz) is generally known to transmit

more efficiently (with less dampening) in stiffer tissues, versus more com|o|iar1t.124 Indeed, stiff tissues are
more viscoelastic (with compliant soft tissues possessing high relative internal damping properties), and
have a higher “shear modulus” whereby shear waves travel through them at higher velocities with less
amplitude decay over distance. Also, the resonance frequency of arteries has been calculated to be in the

~10-20Hz range,125'126' and with resonance known to increase with vessel stiffness, would fall similarly to
the frequencies studied in our work. Moreover, lower frequency hemodynamic transmission from carotid
vibro-compressive maneuvers, including in the elderly, as referenced earlier have of course been well
documented. Nevertheless, further study of flow pulse propagation in an older test population would be
valuable to confirm vibratory flow pulse transmissibility, and for ongoing safety assessments, particularly in
the application of carotid arteries with some limited degree of plaque burden.

Future Work

Animal AlS Studly.

As a next step, pre-clinical testing of CVCs in the 20 - 30 cycles / second, 2 mm stroke amplitude range, via
a large animal AlS study, such as in aged, human-sized swine or non-human primate, is recommended.
Speed and quality of reperfusion may be gauged by serial cerebral angiography, or real-time MRI, plus
histological inspection of the brain to assess relative infarct size in CVC-treated vs. untreated groups.
Following selective MCA thrombotic occlusion (possible by a variety of techniques'?’3?), CVCs could be
administered from both the ipsilateral and contralateral ICA and/or common carotid artery in two separate
treatment arms, versus control (no CVCs), with preferably several research arms including IV thrombolysis to
evaluate for possible CVC-related synergistic potentiation of the thrombolytic effect.

Modeling IV thrombolysis in large human-sized swine is problematic because lytics are known to routinely

outperform clinical reperfusion rates.”"'32 To avoid this ceiling effect in order to allow assessment of
statistically relevant CVC-mediated thrombolytic improvement, one-third of the clinical lytic dose/kg is
recommended, with endpoints assessed 1-hour post TNK bolus or after initiation of rTPA infusion.

Confirmation of effective CVC delivery in generating hemodynamic pulses could be performed by invasive
pressure monitoring with a catheter parked within the aortic arch, and/or within the treated or contralateral
MCA, which could detect vibratory-induced pulses at the chosen emission frequency, with the position of
the device optimized to maximize the observed pressure changes. Treatment durations of up to 20 - 30

minutes are recommended (consistent with the results of the SFU in vitro study85), or until TIMI 3 flow to the
acutely thrombosed cerebral artery is achieved, with heart rate and systemic blood pressure monitored to
assess for hemodynamic, including vagal effects. Finally, the AIS animals would be euthanized to compare
infarct sizes to the brain tissue and also to look for evidence of carotid dissection, intracerebral bleeding, or
embolus to other intracerebral vessels. Of course, if vagal concerns or other safety issues were to arise with
the ICA as the preferred device-to-vessel coupling point, the common carotid artery could be assessed as
a second option, and/or a less powerful, 1 mm stroke amplitude could be employed.

Non-invasive Means to Ensure Sustained Device-to-Carotid Coupling.

If an animal AIS study were to bear fruit, it might then be worth the expense to develop a low-frequency
vibration device with at least one tactile, and /or ultrasonic imaging-related sensor, or flow monitoring
means, to ensure efficient and sustained real-time device to carotid coupling.

To detect the carotid pulse by way of a low frequency vibration device alone (without a second, remote
monitoring means), some ideas may include use at least one of a variety of “tactile sensors” placed on the
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contact surface of the device which can detect the slight movement of skin towards a transducer during
carotid expansion in systole (e.g. ~ 10 - 100 micro-metres, 0.1 to 0.5 Newtons force). Such tactile sensors
may include; piezoelectric pulse sensors (e.g. PVDF film or ceramic disc converts skin movement to voltage),
MEMs force/pressure sensors (e.g. tiny silicon diaphragm piezoresistors), capacitive force sensors (e.g.
singletact pressure profiln these examples the contact surface of the vibration device would need to detect
the carotid pulse amidst considerable considerable higher frequency vibration “noise”, which might be
possible by filtering out repetitive motion in the 20 - 30 Hz frequency range, while focusing on the much
lower pulse frequency, of about ~ 1 Hz. However, the inherent motion of the vibratory contact surface
against the skin would likely cause too much interference for a palpation surveillance method to confirm
sustained device-to-vessel coupling during operation of the device.

Hence, alternatively, an ultrasonic imaging transducer could be placed within, or even fully comprise the
contact surface of an adapted VSG. This, with the adjoining of an ultrasonic console (or imaging screen
adapted to the device itself - where the device doubles as a camera), could be set up as a means to ensure
the vessel is being rapidly compressed/decompressed (such as by 2D or M-mode, real time monitoring),
and / or with pulsed or continuous wave Doppler to detect generation of vibratory induced flow pulses.

See Figure 17, showing a prophesized adaptation of the VSG, whereby its contact surface for delivering
CVCs doubles as an ultrasonic imaging transducer, thereby enabling “point and shoot” imaging, to ensure
sustained contact with the vessel during therapy.

Fig 17.

VSG

Ultrasonic
Imaging
Transducer

h

Figure 17: A prophetic example of a VSG whereby its contact surface comprises an ultrasonic imaging
transducer, to ensure "point and shoot" sustained contact of the device upon a carotid artery during CVC

therapy. /mage created by OpenAl.
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In reference to Figure 17, using an integrated ultrasonic transducer acting as the device's contact interface,
the device can confirm proper engagement and verify periodic compression of the carotid artery during
CVC therapy. Color or spectral Doppler imaging can further confirm the generation of vibratory flow pulses.

These functions can be performed with minimal training. An investigator, clinician, or trained sonographer
would first place ultrasound gel on the contact surface of the low-frequency vibration device, image the
target segment of the carotid artery (preferably, for example, the ICA at the ECA bifurcation), whereby CVC
therapy can then be initiated in a “point and shoot” manner, with real-time monitoring to ensure sustained
contact and compressions.

See Figure 18 for a conceptual illustration of the proposed ultrasonic imaging-guided approach. Figure 18A
shows a representative 2D color Doppler image of the ICA at the ECA bifurcation, illustrating an intended
target for a future ultrasound-imaging -equipped VSG device. Figure 18B shows a representative M-
mode/color Doppler tracing during periodic compressions and decompressions of the carotid artery,
demonstrating a possible method for confirming vessel coupling and vibratory flow during CVC therapy.

Fig 18.

r;'\\

Figure 18: Conceptual |I|ustrat|on of Ultrasonic-Imaging Guided CVC therapy: (A) Representatlve X plane 2D
color Doppler imaging of the ICA at the ECA bifurcation, illustrating the intended imaging target for a future
ultrasonic-imaging-guided CVC therapy. (B) Representative M- mode/color Doppler tracing during manual
compression/decompression of the carotid artery, illustrating a possible method for confirming vessel
coupling and vibratory flow during CVC therapy. Ultrasonic images produced with permission from the False
Creek Diagnostic Center.

Note: An ultrasonic-imaging-guided VSG device has not yet been constructed. Images are representative
examples from standard ultrasound imaging. The term “ultrasonic imaging” is used to distinguish imaging
from therapeutic ultrasonic emissions.
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See the following link, exemplifying VSG “Point and Shoot"ultrasonic imaging of the ICA at the ECA
bifurcation (as shown in Fig. 18 A), where the ultrasonic imaging probe was rapidly oscillated by hand,
thereby mimicking the proposed technology. https://youtu.be/9e G2IWKXW58

See the following link, exemplifying “Point and Shoot” ultrasonic imaging of the common Carotid Artery,
where the ultrasonic imaging probe was rapidly oscillated by the VSG at 28 c/s (i.e., the back of the
investigator's hand was oscillated by the VSG, while holding the ultrasound transducer against his carotid

artery). https://youtu.be/heLChM-ZLKE

Studly of optimized CVC parameters:
Potential parameters for CVC therapy for AIS potentially include: elucidation of ideal impact frequency,
percussive wave-shape, stroke displacement amplitude, vibratory pattern (perhaps matching percussions to
the beat of music), and time spent undergoing the procedure.

It has been proposed by SFU that randomizing the timing and/or wave shape of CVCs may be helpful in
adding more disruptive turbulence into the vascular system.'3® Moreover, as mentioned earlier, the timing
of CVCs to the beat of music (such as common to vibro-acoustic therapy systems) may also be of interest,
with Antic et. al.** having shown an increase in MCA flow in non-thrombolysed AlS victims while listening to
MOSART sonatas.

Anticipated Clinical Research Scenario.
See Figure 19, showing how a Paramedic in a mobile stroke unit could potentially be employed to seek
research study enrollment in the use of a future ultrasonic-imaging-assisted VSG in the treatment of an AIS

patient.

Fig 19.

'/ Sir, your cCTA confirms Acute Ischemic
Stroke, & we've given TNK bolus to help
dissolve the clot. Right now, clot busters only
restore blood flow in fewer than 1/2 of patients,
but since we are not near a center that can do
catheter-based clot removal, IV therapy is T
he standard of care. We are offering
enrollment in an investigational device, "The
Vibrating Stroke Gun" to see if it can improve
blood flow and help the clot-busting drug
work better. Your right non-culprit carotid f

looks clear on cCTA and carotid ultrasound,
which is a requirement met for this study.
Would you like me to explain further, should

\you consider enroliment?

Potential risks
include a sudden "
drop in your heart rate, but
o we have meds to deal with

N new embolism are unknown,
but are expected to be
minimized because we've
screened your vessel by two

Patient can't move
his right side,
so he's most likel
throwing clots
from his left

Carotid. Makes
sense, CVCs to
other sjde.

OK, I'm pleased to enrol in
the study. Please explain any
further details and what comes
next.

Figure 19: An illustration of a possible future research scenario in use of the VSG, adapted with ultrasonic
imaging, in a Mobile Stroke ambulance.
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Summary:

For patients presenting with Acute Ishemic Sroke (AIS) within the therapeutic window, IV thrombolytic
therapy remains the primary definitive modality. This prevalence is driven by the low incidence of Large
Vessel Occlusions (LVOs) globally, coupled with a systemic shortage of specialized neuro-interventional
radiology suites. Unfortunately, this method continues to suffer from slow reperfusion rates and poor clinical
outcomes, which have spawned research in the field for adjuvants or alternative methods.

It is well known that TICI O thrombus flow restrains IV thrombolytic delivery to passive diffusion, so means
to enhance motion (i.e., turbulence, convection currents) within the stagnant cerebral artery to actively
facilitate diffusion, and erode or gently distort/move the clot to render TICI 0 ->1 flow, are of keen interest
in today's research. Contemporary non-invasive acoustic reperfusion therapies such as transcranial

d,>?%3 auditory stimulation by music,®* and whole body LFV or “head shaking”®® have all been

ultrasoun
studied to augment IV thrombolysis; however, so far none have overcome the regulatory and translational

hurdles required for clinical adoption.

This paper describes an alternative non-invasive acoustic reperfusion therapy approach using Carotid Vibro-
Compressions (CVCs), via a “Vibrating Stroke Gun” (VSG), as a prospective adjunct to IV thrombolytic
therapy in the treatment of AIS. This exploratory pilot work establishes a range of low-frequency vibration
operation parameters with preferred frequency and amplitude in the 20-28 c/s, 2 mm stroke range, and with
a preferred relatively broad convex contact surface, which enables nestling and wide coverage within the
carotid triangle for effective device -to-vessel coupling.

It is hypothesized, and supported by hydrodynamic theory and mixing studies’’#0 8384 %39 that gentle
“choppy hemodynamics" instigated by CVCs into the intracranial cerebral arteries should cause “shaken
and stirred” pressure gradients, convection currents, and vortices, which could theoretically facilitate mass
transport diffusion of systemically administered thrombolytic agents into an otherwise TICI O flow thrombo-
occluded vessel. Moreover, by adding very gentle forward percussions and shear, this may affect clot erosion
and possibly stimulate nitric oxide release towards a generally beneficial, localized vasodilation response. It

is of important note that the preferred frequency range of the VSG, 20 - 28 c/s, falls squarely in the range

of the successful IV thrombolytic reperfusion work of Dhanesha et. al. in AlS mice.®®

Importantly, this study has established that simply palpating the carotid pulse and placing a low sonic
frequency vibration device on that spot is likely insufficient, as the arteries tend to roll and move away from
a vibration source once the device is applied. Hence, a method to reliably ensure sustained device-to-vessel
coupling, potentially with biofeedback, will likely be required for future clinical use. One solution may involve
adapting the VSG with an ultrasonic imaging probe as the vibratory contact interface, enabling a simple
“point and shoot” delivery of the therapy.

The ICA (near the ECA bifurcation point) is suggested as the preferred low frequency vibration coupliing
point, as the vessel is as close as possible to the target, thrombosed artery, and is relatively fixed and easy
to locate, with less potential for roll and posterior movement away from the vibration source, compared to
the common carotid artery. In case of vagal issues, atropine or other vagolytic could be considered on
standby, with the common carotid artery considered as an alternative contact point.

For safety, a dual imaging modality of contrast CT angiography with duplex carotid ultrasound is suggested
to, with a high degree of sensitivity and specificity, identify a substantially disease-free non-culprit carotid
arterial system available for CVC therapy, without an anticipated delay to door-to-needle time. This could
be offered in a mobile stroke ambulance with a ride-along sonographer, who might also administer CVC
therapy under ultrasonic imaging guidance.
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If future studies demonstrate accelerated clot dissolution, CVC therapy would need to be evaluated for
compatibility with EVT protocols. Due to the risk of fragmentation and embolization of the clot, making clot
retrieval more challenging, CVC therapy may be foreseeably more applicable to AIS cases where IV
thrombolytic therapy is considered stand-alone definitive therapy, or where EVT is substantially delayed.
This information can inform future prototype development and trial design for AIS. Next steps may include
investigation of CVCs in an AlS pre-clinical model, such as large human-sized swine or non-human primate.

Conclusion:

In this pilot exploratory study, a Vibrating Stroke Gun (20 - 28 cycles /second, 2 mm stroke), when
accompanied by a method to ensure device-to-carotid coupling, demonstrated reliable trans-carotid
transmission of low amplitude, low-frequency pressure/flow waves to the MCA in a single healthy volunteer.
This method, which delivers kinetic energy via propagation of blood vessels rather than across the skull (in
view of enhanced clot disruption and IV thrombolytic drug mixing into an otherwise TICI O- cerebral artery),
supports feasibility for further investigation of the VSG, or similar apparatus, as a potential IV lytic adjuvant
for AIS. Clinical efficacy and safety of this therapy have yet to be assessed. Parameters and deployment
methods used or suggested in this study, including ultrasonic imaging to direct the therapy, are described
to inform future work.

Conflict of Interest

Andrew Hoffmann, the Author and Study administrator, has an interest in participating in research,
development to commercialization of a vibration massager with tactile or ultrasonic sensors, clinically useful
to accelerate and ensure reperfusion in AlS.

Disclaimer

The Author cannot warrant the safety or effectiveness of CVC therapy to the carotid artery or any vessel of
the neck in a patient at risk for, or having symptoms consistent with Acute Ischemic Stroke. Pre-clinical and
then (if warranted) clinical trials are needed to establish the risks versus benefits of this proposed technique.

Data Availability Statement

Further primary data relating to this study (i.e., documentation of MCA Doppler Traces) can be made
available upon written request to the Author.

Acknowledgements
None

Funding Statement

None

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 38



https://doi.org/10.18103/mra.v14i6/7547

THE EUROPEAN SOCIETY OF MEDICINE

References:

1. Wafa HA, Wolfe CDA, Emmett E, Roth GA, Johnson CO, Wang Y. Burden of Stroke in Europe: Thirty-
Year Projections of Incidence, Prevalence, Deaths, and Disability-Adjusted Life Years. Stroke. 2020
Aug;51(8):2418-2427. doi: 10.1161/STROKEAHA.120.029606. Epub 2020 Jul 10. PMID: 32646325; PMCID:
PMC7382540.

2. Nogles TE, Galuska MA. Middle Cerebral Artery Stroke. [Updated 2023 Apr 3]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2026 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK556132/#

3. Saver JL. Time is Brain. Stroke. Volume 37, Issue 1, 1 January 2006; Pages 263-266.
https://doi.org/10.1161/01.STR.0000196957.55928.ab

4. Walie, B E, Hagemeyer C E, Xu R,Niego B. Thrombolytic drugs for ischemic stroke: historical perspective,
state of play, and future developments. J Thromb Haemost. 2026;24:26-46.

5. Nogles TE, Galuska MA. Middle Cerebral Artery Stroke. [Updated 2023 Apr 3]. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2026 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK556132/

6. National Institute of Neurological Disorders and Stroke rt-PA Stroke Study Group. Tissue plasminogen
activator for acute ischemic stroke. N Engl J Med. 1995,333(24):1581-1587.

7. Wardlaw JM, Murray V, Berge E, del Zoppo GJ. Thrombolysis for acute ischaemic stroke. Cochrane
Database Syst Rev. 2014;(7):CD000213 doi:10.1002/14651858.CD000213.pub3.

8. Emberson J, Lees KR, Lyden P, et al. Effect of treatment delay, age, and stroke severity on the effects of
intravenous thrombolysis with alteplase for acute ischaemic stroke: a meta-analysis of individual patient data
from randomised trials. Lancet. 2014,;384(9958):1929-1935. [DOI] [PMC free article] [PubMed] [Google
Scholar]

9. Turc G, Isabel C, Calvet D. Intravenous thrombolysis for acute ischemic stroke. Diagn Interv Imaging.
2014;95:1129-1133.

10. Sabben C, Charbonneau F, Obadia M, Strambo D, Ong E, Heldner M, Sibon |, Henon H, Mione G,
Schiphorst A, Sablot D, Rosso C, Agasse-Lafont T, Lile D, Papassin J, Moulin J, Triquenot-Bagan A, Legris
L, Nehme N, Wolff V, Preterre C, Poll R, Béjot Y, Garnier P, Turc G, Mazighi M, Seners P. Clinical outcome
following best medical management in acute stroke with a proximal isolated occlusion of the anterior
cerebral artery: an international multicentre study, European Stroke Journal (2026), 11,3.

11. Pagola J, Ribo M, Alvarez-Sabin J, Lange M, Rubiera M, Molina C. Timing of Recanalization After
Microbubble-Enhanced Intravenous Thrombolysis in Basilar Artery Occlusion. Stroke. 2007; 38: 2931-2934.

12. Seitz RJ, Sondermann V, Wittsack HJ, Siebler M. Lesion patterns in successful and failed thrombolysis in
middle cerebral artery stroke. Neuroradiology. 2009 Dec;51(12):865-71. doi: 10.1007/s00234-009-0576-x.
Epub 2009 Jul 25. PMID: 19633834.

13. Kobeissi H, Ghozy S, Adusumilli G, et al. Endovascular Therapy for Stroke Presenting Beyond 24 Hours:
A Systematic Review and Meta-analysis. JAMA Netw Open. 2023;6(5):e2311768.
doi:10.1001/jamanetworkopen.2023.11768

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 39



https://doi.org/10.18103/mra.v14i6/7547
https://www.ncbi.nlm.nih.gov/books/NBK556132/
https://doi.org/10.1161/01.STR.0000196957.55928.ab
https://www.ncbi.nlm.nih.gov/books/NBK556132/

THE EUROPEAN SOCIETY OF MEDICINE

14. Sushanth Rao Aroor, Kaiz S. Asif, Jennifer Potter-Vig, Arun Sharma, Bijoy K. Menon, Violiza Inoa, Cynthia
B. Zevallos, Jose G. Romano, Santiago Ortega-Gutierrez, Larry B. Goldstein, Dileep R. Yavagal. Mechanical
Thrombectomy Access for All? Challenges in Increasing Endovascular Treatment for Acute Ischemic Stroke
in the United States. Journal of Stroke 2022;24(1):41-48. DOI: https://doi.org/10.5853/j0s.2021.03909

15. Guan J, Elhakim T, Matsumoto M. Results of a Global Survey on the State of Interventional Radiology
2024. Journal of Vascular and Interventional Radiology, 2025; 36, 751-760.e5.

16. Lauer, D., Sulzenko, J., Malikova, H., Stétkarova, |., & Widimsky, P. (2025). Advances in endovascular
thrombectomy for the treatment of acute ischemic stroke. Expert Review of Neurotherapeutics, 25(6), 675-
687. https://doi.org/10.1080/14737175.2025.2490538

17. Hacke W, Zeumer H, Ferbert A, Briickmann H, del Zoppo GJ. Intra-arterial thrombolytic therapy improves
outcome in patients with acute vertebrobasilar occlusive disease. Stroke. 1988 Oct;19(10):1216-22. doi:
10.1161/01.str.19.10.1216. PMID: 3176080.

18. Rennert RC, Wali AR, Steinberg JA, Santiago-Dieppa DR, Olson SE, Pannell JS, Khalessi AA.
Epidemiology, Natural History, and Clinical Presentation of Large Vessel Ischemic Stroke. Neurosurgery.
2019 Jul 1;85(suppl_1):54-S8. doi: 10.1093/neuros/nyz042. PMID: 31197329; PMCID: PMC6584910.
disease.Stroke. Volume 19, Number 10, https://doi.org/10.1161/01.STR.19.10.1216

19. Powers WJ et al. AHA/ASA Guideline. Guidelines for the Early Management of Patients With Acute
Ischemic Stroke: 2019 Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke:
A Guideline for Healthcare Professionals From the American Heart Association/American Stroke Association.
Stroke. Volume 50, Issue 12, December 2019; Pages e344-e418
https://doi.org/10.1161/STR.0000000000000211

20. Bathla G, Ajmera P, Mehta PM, Benson JC, Derdeyn CP, Lanzino G, Agarwal A, Brinjikji W. Advances in
Acute Ischemic Stroke Treatment: Current Status and Future Directions. AJNR Am J Neuroradiol. 2023
Jul;44(7):750-758. doi: 10.3174/ajnr.A7872. Epub 2023 May 18. PMID: 37202115; PMCID: PMC10337623

21. Tsivgoulis G, Katsanos AH, Schellinger PD, K&hrmann M, Varelas P, Magoufis G, Paciaroni M, Caso V,
Alexandrov AW, Gurol E, Alexandrov AV. Successful Reperfusion With Intravenous Thrombolysis Preceding
Mechanical Thrombectomy in Large-Vessel Occlusions. Stroke. 2018 Jan;49(1):232-235. doi:
10.1161/STROKEAHA.117.019261. Epub 2017 Dec 6. PMID: 29212743; PMCID: PMC5742056.

22. Blinc A, Francis CW. Transport processes in fibrinolysis and fibrinolytic therapy. Thromb Haemost. 1996
Oct;76(4):481-91. PMID: 8902982.

23. Furie K. Epidemiology and Primary Prevention of Stroke. Continuum (Minneap Minn). 2020
Apr;26(2):260-267. doi: 10.1212/CON.0000000000000831. PMID: 32224751.

24. Trubestein G., Engel C., Etzel F., Sobbe A., Cremer H., Stumpff U. Thrombolysis by ultrasound. Clin. Sci.
Mol. Med. 1976,3:697s-698s. doi: 10.1042/cs051697s

25. Raabe, R. Ultrasound-Facilitated Thrombolysis in Treating DVT

Rapid and complete clot clearance using the EKOS Lysus System offers promising treatment for DVT.
ENDOVASCULAR TODAY, APRIL 2006, 75-79.

26. Krajcer Z, Atmakuri, S. One step treatment of DVT with the Trellis 8 Device. Apr. 2006, ENDOVASCULAR
TODAY, pp. 69 --74.

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 40



https://doi.org/10.18103/mra.v14i6/7547
https://doi.org/10.5853/jos.2021.03909
https://doi.org/10.1080/14737175.2025.2490538
https://doi.org/10.1161/01.STR.19.10.1216
https://doi.org/10.1161/STR.0000000000000211

THE EUROPEAN SOCIETY OF MEDICINE

27. Hamm C, Reimers J, Wolfgang S. Therapeutic coronary ultrasound angioplasty in patients with
symptomatic coronary artery disease. In: Siegel RJ, ed. Coronary Ultrasound. Boston, Mass: Kluwer
Academic Publishers; 1996:241-254.

28. Steffen W, Fishbein MC, Luo H, Lee DY, Nita H, Cumberland DC, Tabak SW, Carbone M, Maurer G,
Siegel RJ. High intensity, low frequency catheter -delivered ultrasound dissolution of occlusive coronary
artery thrombi: an in vitro and in vivo study. J Am Coll Cardiol. 1994;24:1571-1579.

29. Sterling KM, Goldhaber SZ, Sharp ASP, Kucher N, Jones N, Maholic R, Meneveau N, Zlotnick D, Sayfo
S, Konstantinides SV, Piazza G. Prospective Multicenter International Registry of Ultrasound-Facilitated
Catheter-Directed Thrombolysis in Intermediate-High and High-Risk Pulmonary Embolism (KNOCOUT PE).
Circ Cardiovasc Interv. 2024 Mar;17(3):e013448. doi: 10.1161/CIRCINTERVENTIONS.123.013448. Epub
2024 Jan 24. PMID: 38264938; PMCID: PMC10942169.

30. Schrijver AM, van Leersum M, Fiole B, Reijnen MM, Hoksbergen AW, Vahl AC, de Vries JP. Dutch
randomized trial comparing standard catheter-directed thrombolysis and ultrasound-accelerated
thrombolysis for arterial thromboembolic infrainguinal disease (DUET). J Endovasc Ther. 2015 Feb;22(1):87-
95. doi: 10.1177/1526602814566578. PMID: 25775686.

31. Mahon BR, Nesbit GM, Barnwell SL, Clark W, Marotta TR, Weill A, Teal PA, Qureshi Al. North American
clinical experience with the EKOS MicroLysUS infusion catheter for the treatment of embolic stroke. AUNR
Am J Neuroradiol. 2003 Mar;24(3):534-8. PMID: 12637311; PMCID: PMC7973622/

32. Hal SH, , Kim BJ. Stroke mechanisms and prevention in intracranial atherosclerosis. Cardiovasc Prev
Pharmacother 2025;7(3):94-101 elSSN 2671-700X https://doi.org/10.36011/cpp.2025.7.e10

33. Needs D, Blotter J, Cowan M, Fellingham G, Johnson AW, et al. Effect of Localized Vibration Massage
on Popliteal Blood Flow. J Clin Med. 2023; 12: 2047.

34. Lindblad LE, Lorenz RR, Shepherd JT, et al. Effect of vibration on canine cutaneous artery. Heart Circ
Physiol. 1986; 19: H519-H523.

35. Ljung B, Silvertsson R. Vibration-induced inhibition of vascular smooth muscle contraction. Blood
Vessels. 1975; 12: 38-52. 20.

36. Hudlicka O, Wright A. The effect of vibration on blood flow in skeletal muscle in rabbit. Clin Sci Mol
Med. 1978; 55: 471-476. 21.

37. Ichioka S, Yokogawa H, Nakagami G, et al. In vivo analysis of skin microcirculation and the role of nitric
oxide during vibration. Ostomy Wound Manage. 2011; 57: 40-47. 22.

38. Maloney-Hinds C, Petrofsky JS, Zimmerman G, et al. The role of nitric oxide in skin blood flow increases
due to vibration in healthy adults and adults with type 2 diabetes. Diabetes Technol Ther. 2009; 11: 39-43. 23.

39. Jesser J, Awounvo S, Vey JA, Vollherbst DF, Hilgenfeld T, Chen M, Nguyen TN, Schénenberger S,
Bendszus M, Méhlenbruch MA, Weyland CS. Prediction and outcomes of cerebral vasospasm in ischemic
stroke patients receiving anterior circulation endovascular stroke treatment. Eur Stroke J. 2023 Sep;8(3):684-
691. doi: 10.1177/23969873231177766. Epub 2023 May 30. PMID: 37254510; PMCID: PMC10472964.

40. Mangiardi M, Bonura A, laccarino G, Alessiani M, Bravi MC, Crupi D, Pezzella FR, Fabiano S, Pampana
E, Stilo F, Alfano G, Anticoli S. The Pathophysiology of Collateral Circulation in Acute Ischemic Stroke.
Diagnostics (Basel). 2023 Jul 20;13(14):2425. doi: 10.3390/diagnostics13142425. PMID: 37510169; PMCID:
PMC10378392.

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 41



https://doi.org/10.18103/mra.v14i6/7547
https://doi.org/10.36011/cpp.2025.7.e10

THE EUROPEAN SOCIETY OF MEDICINE

41.Sun F, Zhou J, Chen X, Yang T, Wang G, Ge J, Zhang Z, Mei Z. No-reflow after recanalization in ischemic
stroke: From pathomechanisms to therapeutic strategies. J Cereb Blood Flow Metab. 2024 Jun;44(6):857-
880. doi: 10.1177/0271678X241237159. Epub 2024 Feb 29. PMID: 38420850; PMCID: PMC11318407.

42. Hoffmann, A K.. A Review of Non-Invasive Acoustic Reperfusion Technologies for STEMI. Medical
Research Archives, [S.l.], v. 14, n. 1, Jan. 2026. ISSN 2375-1924. Available at:
https://esmed.org/MRA/mra/article/view/7 190

43. Pfaffenberger S, Devcic-Kuhar B, Kollmann C, Kastl SP, Kaun C, Speidl WS, Weiss TW, Demyanets S,
Ullrich R, Sochor H, Wober C, Zeitlhofer J, Huber K, Groschl M, Benes E, Maurer G, Woijta J, Gottsauner M.

Can a commercial diagnostic ultrasound device accelerate thrombolysis? An in vitro skull model. Stroke.
2005; 36:1:124-128.

44. Nacu A, Kvistad CE, Logallo N, Naess H, Waje-Andreassen U, Aamodt AH, Solhoff R, Lund C, Tobro H,
Renning OM, Salvesen R, Idicula TT, Thomassen L. A pragmatic approach to sonothrombolysis in acute
ischaemic stroke: the Norwegian randomised controlled sonothrombolysis in acute stroke study (NOR-
SASS). BMC Neurol. 2015 Jul 11;15:110. doi: 10.1186/512883-015-0359-4. PMID: 26162826; PMCID:
PMC4499181.

45. lancu A, Buleu F, Chita DS, Tutelca A, Tudor R, Brad S. Early Hemorrhagic Transformation after
Reperfusion Therapy in Patients with Acute Ischemic Stroke: Analysis of Risk Factors and Predictors. Brain
Sci. 2023 May 22;13(5):840. doi: 10.3390/brainsci13050840. PMID: 37239312; PMCID: PMC10216637.

46. Singer OC, Berkefeld J, Lorenz MW, Fiehler J, Albers GW, Lansberg MG, Kastrup A, Rovira A, Liebeskind
DS, Gass A, Rosso C, Derex L, Kim JS, Neumann-Haefelin T; MR Stroke Study Group Investigators. Risk of
symptomatic intracerebral hemorrhage in patients treated with intra-arterial thrombolysis. Cerebrovasc Dis.
2009;27(4):368-74. doi: 10.1159/000202427. Epub 2009 Feb 16. PMID: 19218803; PMCID: PMC2715450.

47. Seet RC, Rabinstein AA. Symptomatic intracranial hemorrhage following intravenous thrombolysis for
acute ischemic stroke: a critical review of case definitions. Cerebrovasc Dis. 2012;34:106-114. doi:
10.1159/000339675.

48. Spronk E, Sykes G, Falcione S, Munsterman D, Joy T, Kamtchum-Tatuene J, Jickling GC. Hemorrhagic
Transformation in Ischemic Stroke and the Role of Inflammation. Front Neurol. 2021 May 14;12:661955. doi:
10.3389/fneur.2021.661955. PMID: 34054705; PMCID: PMC8160112.

49. Yaghi S et al., Treatment and Outcome of Hemorrhagic Transformation After Intravenous Alteplase in
Acute Ischemic Stroke: A Scientific Statement for Healthcare Professionals From the American Heart
Association/American Stroke Association. StrokeVolume 48, Issue 12, December 2017; Pages e343-e361
https://doi.org/10.1161/STR.0000000000000152

50. Molina C.A., Montaner J., Abilleira S., Ibarra B., Romero F., Arenillas J.F., Alvarez-Sabin J. Timing of
spontaneous recanalization and risk of hemorrhagic transformation in acute cardioembolic stroke. Stroke.
2001;32:1079-1084. doi: 10.1161/01.STR.32.5.1079.

51. Al-Ajlan FS, Alkhiri A, Alamri AF, Alghamdi BA, Almaghrabi AA, Alharbi AR, Alansari N, Almilibari AZ,
Hussain MS, Audebert HJ, Grotta JC, Shuaib A, Saver JL, Alhazzani A. Golden Hour Intravenous

Thrombolysis for Acute Ischemic Stroke: A Systematic Review and Meta-Analysis. Ann Neurol. 2024
Sep;96(3):582-590. doi: 10.1002/ana.27007. Epub 2024 Jun 25. PMID: 38922985.

52. Alexandrov AV, Molina CA, Grotta JC, Garami Z, Ford SR, Alvarez-Sabin J, Montaner J, Saqqur M,
Demchuk AM, Moyé LA, Hill MD, Wojner AW; CLOTBUST Investigators. Ultrasound -enhanced systemic
thrombolysis for acute ischemic stroke. N Engl J Med. 2004 Nov 18;351(21):2170-8.
doi:10.1056/NEJM0a041175. PMID: 15548777.

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 42



https://doi.org/10.18103/mra.v14i6/7547
https://esmed.org/MRA/mra/article/view/7190
https://doi.org/10.1161/STR.0000000000000152

THE EUROPEAN SOCIETY OF MEDICINE

53. TsivgoulisGEggersJRiboMPerrenFSaqqurMRubieraMet alSafety and efficacy of ultrasound-enhanced
thrombolysis: a comprehensive review and meta-analysis of randomized and nonrandomized studies. Stroke
(2010) 41(2):280-7.10.1161/STROKEAHA.109.563304

54. RicciSDinialLDel SetteMAnzolaPMazzoliTCenciarelliSet alSonothrombolysis for acute ischaemic stroke.
Cochrane Database Syst Rev (2012) 10:CD008348.10.1002/14651858.CD008348.pub3

55. Saqqur M, Tsivgoulis G, Nicoli F, Skoloudik D, Sharma VK, Larrue V et al. The role of sonolysis and
sonothrombolysis in acute ischemic stroke: a systematic review and meta-analysis of randomized controlled
trials and case-control studies. J Neuroimaging (2014) 24(3):209-20.10.1111/jon.12026.

56. Molina CA, Barreto AD, Tsivgoulis G, Sierzenski P, Malkoff MD, Rubiera M et a.l. Transcranial ultrasound
in clinical sonothrombolysis (TUCSON) trial. Ann Neurol (2009) 66(1):28-38.10.1002/ana.21723

57. Rubiera M, Ribo M, Delgado-Mederos R, Santamarina E, Maisterra O, Delgado P et al. Do bubble
characteristics  affect recanalization in stroke patients treated with microbubble-enhanced
sonothrombolysis?Ultrasound Med Biol (2008) 34(1 0):1573-7.10.1016/j.ultrasmedbio.2008.02.011.

58. Perren F, Loulidi J, Poglia D, LandisT, Sztajzel R. Microbubble potentiated transcranial duplex ultrasound
enhances IV thrombolysis in acute stroke. J Thromb Thrombolysis (2008) 25(2):219-23.10.1007/s11239-007-
0044-6

59. Alexandrov A V, Mikulik R, Ribo M, Sharma VK, Lao AY, Tsivgoulis G et al. A pilot randomized clinical
safety study of sonothrombolysis augmentation with ultrasound-activated perflutren-lipid microspheres for
acute ischemic stroke. Stroke (2008) 39(5):1464-9.10.1161/STROKEAHA.107.505727

60. Dinia L., Rubiera M., Ribo M., Maisterra O., Ortega G., del Sette M., Alvarez-Sabin J., Molina C.A.
Reperfusion after stroke sonothrombolysis with microbubbles may predict intracranial bleeding. Neurology.
2009,73:775-780. doi: 10.1212/WNL.0b013e31863

61. Georgios Tsivgoulis, MD , Aristeidis H. Katsanos, MD, Jurgen Eggers, MD, Vincent Larrue, MD
https://orcid.org/0000-0002-7097-894X, Lars Thomassen, MD, James C. Grotta, MD, Georgios Seitidis, MSc
, Andrei V. Alexandrov et al.., Sonothrombolysis in Patients With Acute Ischemic Stroke With Large Vessel
Occlusion: An Individual Patient Data Meta-Analysis. Stroke. Volume 52, Number 12.
https://doi.org/10.1161/STROKEAHA.120.030960.

62. Dhaivat Shah, Nishitha Sai Sreeni, Karishma Patil, Anchu Thomas, Aagam Jain, Rajkamal Pandya,
Abdiwahid adam, Pooja Sekar, Ramit Singla, and Urvish K Patel. Abstract 13614: Nationwide Trends in
Transcranial Doppler Utilization During Acute Ischemic Stroke Hospitalizations. Circulation Volume 148,
Number Suppl_1 https://doi.org/10.1161/circ.148.suppl 1.13614. 1bbébb45.

63. Daffertshofer M, Gass A, Ringleb P, Sitzer M, Sliwka U, Els T,Sedlaczek O, Koroshetz WJ, Hennerici MG.
Transcranial Low-Frequency Ultrasound-Mediated Thrombolysis in Brain Ischemia. Increased Risk of
Hemorrhage With Combined Ultrasound and Tissue Plasminogen Activator: Results of a Phase Il Clinical
Trial. Stroke

64. S. Antic et al.: Music as an Auditory Stimulus in Stroke Patients. Coll. Antropol. 32 (2008) Suppl. 1: 19—
23.2005; 36:7:1441-6.

65. Fletcher JJ, Edberg A, Grifka R, Westendorp J, Elias A, Knott J, Martin E, Siddiqui F. Music Interventions
in Hyperacute and Acute Stroke Patients: A Randomized Controlled Pilot Feasibility Study. Ann Clin Transl
Neurol. 2025 May;12(5):938-946. doi: 10.1002/acn3.70024. Epub 2025 Mar 3. PMID: 40033585; PMCID:
PMC12093327.

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 43



https://doi.org/10.18103/mra.v14i6/7547
https://orcid.org/0000-0002-7097-894X
https://doi.org/10.1161/STROKEAHA.120.030960
https://doi.org/10.1161/circ.148.suppl_1.13614

THE EUROPEAN SOCIETY OF MEDICINE

66. Dhanesha N, Schnell T, Rahmatalla S, DeShaw J, Thedens D, Parker BM, Zimmerman MB, Pieper AA,
Chauhan AK, Leira EC. Low-Frequency Vibrations Enhance Thrombolytic Therapy and Improve Stroke
Outcomes. Stroke. 2020 Jun;51(6):1855-1861. doi: 10.1161/STROKEAHA.120.029405. Epub 2020 May 13.
PMID: 32397935; PMCID: PMC7263385.

67. Bartel L, Mosabbir A. Possible Mechanisms for the Effects of Sound Vibration on Human Health.
Healthcare (Basel). 2021 May 18;9(5):597. doi: 10.3390/healthcare9050597. PMID: 34069792; PMCID:
PMC8157227.

68. Farber J, Purvis J. Conduction of Cardiovascular Sound Along Arteries. Circulation Research, Volume
XIl, March 1983.

69. Hoffmann A, Gill H. Externally Applied Vibration at 50 Hz Facilitates Dissolution of Blood Clots In-Vitro.
Am J Biomed Sci. 2012; 4: 274-284. 16.

70. Wobser E, Stumpff U. Intragastral disintegration of blood coagula by mechanical vibration. Endoscopy.
1978; 10: 15-19. 18.

71. Yohannes FG, Hoffmann AK: Non-invasive low frequency vibration as a potential adjunctive treatment
for heart attack and stroke. An in-vitro flow model. J Thromb Thrombolysis. 2008; 25:3:251-258

72. Folts J: An In Vivo Model of Experimental Arterial Stenosis, Intimal Damage, and Periodic Thrombosis.
Circulation. 1991; 83:6, IV3-14.

73. Hoffmann A, Gill H. Diastolic timed Vibro-Percussion at 50 Hz delivered across a chest wall-sized meat
barrier enhances clot dissolution and remotely administered Streptokinase effectiveness in an in-vitro model
of acute coronary thrombosis. Thrombosis Journal. 2012, 10:23. doi:10.1186/1477-9560-10-23

74. Arko FR, Davis CM 3rd, Murphy EH, Smith ST, Timaran CH, Modrall JG, Valentine RJ, Clagett GP.
Aggressive percutaneous mechanical thrombectomy of deep venous thrombosis: early clinical results. Arch
Surg. 2007 Jun;142(6):513-8; discussion 518-9. doi: 10.1001/archsurg.142.6.513. PMID: 17576886.

75. Hoffmann, A K: US patent No. 8870796. Vibration method for clearing acute arterial thrombotic
occlusions in the emergency treatment of heart attack and stroke. Filed April 5, 2010.

76. Hoffmann, A K. Carotid Vibro-Compression: A Reperfusive Treatment for Acute Ischemic Stroke?
Feasibility Data and a Potential Risk / Benefit Discussion in View to Animal Testing J Exp Stroke Transl Med
(www.jestm.com) Vol 9 pp 1-12.Thrombectomy of Deep Venous Thrombosis. Arch Surg. 2007; 142: 513-
519.

77. Neild A, Ng T, Sheard G, Liowers M, Oberti S (2010). Swirl mixing at microfluidic junctions due to low-
frequency side-channel fluidic perturbations. Sensors and Actuators B: Chemical 150:811-818

78. Oberti S, Neild A, Ng T (2009). Microfluidic mixing under low-frequency vibration. Lab Chili 435-1438.

79. Margulis M, Grundel L (1982). Physiochemical processes induced by low-frequency acoustic vibrations
in liquids. |. Growth and Pulsation of Gas Bubbles. Russian Journal of Physical Chemistry 56: 876-878.

80. Griesinger HR, Hiller WJ, Kowalewski TA, Kreter F (1989). Vibration-induced current fields and cavitation
effects on model systems for root canal preparation. Zahnarztliche Praxis 40: 213-217.

81. Alexandrovna Savvina |, Mikhailovna Zabrodskaya Y, Olegovna Petrova A, Alexandrovich Samochernykh
K. Cerebral Vasospasm: Mechanisms, Pathomorphology, Diagnostics, Treatment [Internet]. Cerebrovascular
Diseases - Elucidating Key Principles. IntechOpen; 2022. https://doi.org/10.5772/intechopen.101229

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 44



https://doi.org/10.18103/mra.v14i6/7547
www.jestm.com
https://doi.org/10.5772/intechopen.101229

THE EUROPEAN SOCIETY OF MEDICINE

82. Li M, Qian M, Kyler K, Xu J. Endothelial-Vascular Smooth Muscle Cells Interactions in Atherosclerosis.
Front Cardiovasc Med. 2018 Oct 23:5:151. doi: 10.3389/fcvm.2018.00151. PMID: 30406116; PMCID:
PMC6207093.

83. Karlsen J, Qiu W, Augustsson P, Bruss H. Acoustic Streaming and Its Suppression in Inhomogeneous
Fluids. Phys. Rev. Lett. 120, 054501 - Published 30 January, 2018. DOI:
https://doi.org/10.1103/PhysRevLett.120.054501

84. Maramizonouz, S, Rahmati M, Link A, Franke T, Fu Y. Numerical and experimental studies of acoustic
streaming effects on microparticles/droplets in microchannel flow. International Journal of Engineering
Science. 1 Dec, 2021, Vol 169, pp 1 - 15.Article 103563.

85. Marzencki M, Kajbafzadeh B, Khosrow-khavar F, Kaminska B, Menon C (2012). Accelerating Reperfusion
with Low Frequency Vessel Deformation during Myocardial Infarction. Computing in Cardiology 9:737-740.

86. Wardlaw, J. M., Chappell, F. M., Stevenson M., et al. Non-invasive imaging compared with intra-arterial
angiography in the diagnosis of symptomatic carotid stenosis: a meta-analysis. (2006). 367 (9521) 1503 -
1512.

87. Lo W. B et al. Multidetector CT angiography vs duplex ultrasound for carotid stenosis: a comparison
study. (2010). SNA Scientific Assembly Abstract.

88. Zeng HL, Shao FQ, Peng XF, Lei CY. Systematic review and meta-analysis of the diagnostic value of
computed tomography angiography for severe internal carotid artery stenosis. BMC Med Imaging. 2024
Aug 14;24(1):215. doi: 10.1186/512880-024-01390-6. PMID: 39143526, PMCID: PMC11325575.

89. Pakizer D, Kozel J, Elmers J, Feber J, Dunet V, Michel P, Skoloudik D, Sirimarco G. Carotid plaque
characteristics by computed Tomography: A diagnostic accuracy systematic review. Int J Cardiol Heart Vasc.
2025 Mar 21;58:101656. doi: 10.1016/j.ijcha.2025.101656. PMID: 40213415; PMCID: PMC11982955.

90. Tola M, Yurdakul M, Cumhur T. Combined use of color duplex ultrasonography and B-flow imaging for
evaluation of patients with carotid artery stenosis. AUNR Am J Neuroradiol. 2004 Nov-Dec;25(10):1856-60.
PMID: 15569764; PMCID: PMC8148736.

91. Ohm C, Bendick PJ, Monash J, Bove PG, Brown OW, Long GW, Zelenock GB, Shanley CJ. Diagnosis of
total internal carotid occlusions with duplex ultrasound and ultrasound contrast. Vasc Endovascular Surg.
2005 May-Jun;39(3):237-43. doi: 10.1177/153857440503900304. PMID: 15920652.

92. Chen A, Chen Z, Su J, Pen J, Luo T, Zhong H. The effects of carotid plaque classification and bifurcation

angle on plaque: a computational fluid dynamics simulation. Front Physiol. 2025 Mar 21;16:1509875. doi:
10.3389/fphys.2025.1509875. PMID: 40190413; PMCID: PMC11969119.

93. WOMERSLEY JR. Method for the calculation of velocity, rate of flow and viscous drag in arteries when
the pressure gradient is known. J Physiol. 1955 Mar 28;127(3):553-63. doi: 10.1113/jphysiol.1955.sp005276.
PMID: 14368548; PMCID: PMC1365740.

94. Riley J, Kops S. Recent progress on turbulence, in density stratified fluids. (2001). American Institute of
Aeronautics and Astronautics Paper, 2001 - 2836.

95. Stone H.A., Stroock, A.D, Ajdari A. (2004) Engineering flows in small devices: microfluidics toward a lab-
on-a-chip. Annual Review of Fluid Mechanics, 36, 381-411.

96. Stroock AD, Dertinger SK, Ajdari A, Mezic |, Stone HA, Whitesides GM. Chaotic mixer for microchannels.
Science. 2002 Jan 25;295(5555):647-51. doi: 10.1126/science.1066238. PMID: 11809963.

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 45



https://doi.org/10.18103/mra.v14i6/7547
https://doi.org/10.1103/PhysRevLett.120.054501

THE EUROPEAN SOCIETY OF MEDICINE

97. Francis CW, Blinc A, Lee S, Cox C. Ultrasound accelerates transport of recombinant tissue plasminogen
activator into clots. Ultrasound Med Biol. 1995:21(3):419-24. doi: 10.1016/0301-5629(94)00119-x. PMID:
7645133.

98. Sakharov DV, Hekkenberg RT, Rijken DC, et al. Acceleration of fibrinolysis by high-frequency ultrasound:
The contribution of acoustic streaming and temperature rise. Thromb Res. 2000;100:333-40. doi:
10.1016/s0049-3848(00)00319-4.

99. Aaslid R. Transcranial Doppler examination techniques. In: Aaslid R, ed Transcranial Doppler
Sonography. New York, NY: Springer — Verlag New York, Inc; 1986. p. 39-59.

100. Guan J, Zhang S, Zhou Q, Li C, Lu Z. Usefulness of Transcranial Doppler Ultrasound in Evaluating
Cervical-Cranial Collateral Circulations. Interv Neurol. Oct 2013; 2(1): 8-18. Published online Sep 13, 2013.
doi: 10.1159/000354732.

101. Jawad Naqvi, Kok Hooi Yap, Gulraiz Ahmad and Jonathan Ghosh. Review Article. Transcranial Doppler
Ultrasound: A Review of the Physical Principles and Major Applications in Critical Care. Hindawi Publishing
Corporation. Int Journ Vasc Med. Volume 2013, Article ID 629378, 13 pages.
http://dx.doi.org/10.1155/2013/629378

102. Bao L, He S. Effects of manual carotid compression in endovascular thrombectomy for acute anterior
circulation large-vessel occlusion: a multicenter, propensity score-matching study. Front Neurol. 2025 Oct
1;16:1669778, pp 1 - 8. doi: 10.3389/fneur.2025.1669778. PMID: 41103509; PMCID: PMC12520965.

103. Lacerda Gde C, Pedrosa RC, Lacerda RC, Santos MC, Brasil AT, Siqueira-Filho AG. Complications
related to carotid sinus massage in 502 ambulatory patients. Arq Bras Cardiol. 2009 Feb;92(2):78-87.
English, Portuguese, and Spanish. doi: 10.1590/50066-782x2009000200002. PMID: 19360238.

104 Jatuzis D, Zachrisson H, Blomstrand C, Ekholm S, Holm J, Volkmann R. Evaluation of posterior cerebral
artery blood flow with transcranial Doppler sonography: value and risk of common carotid artery
compression. J Clin Ultrasound. 2000 Nov-Dec;28(9):452-60.

105. Khaffaf N, Karnik R, Winkler WB, Valentin A, Slany J. Embolic stroke by compression maneuver during
transcranial Doppler sonography. Stroke. 1994; May 25(5):1056-7.

106. Beal MF, Park TS, Fisher M. Cerebral atheromatous embolism following carotid sinus pressure. Arch
Neurol. 1981; 38:310-312.

107. Bastulli JA, Orlowski JP. Stroke as a complication of carotid sinus massage. Crit Care Med. 1985;13:869.

108. Friedman SG. Transient ischemic attacks resulting from carotid duplex imaging. Surgery. 1990;107:153-
155.

109. Han J, Wong K. Is Counterpulsation a Potential Therapy for Ischemic Stroke? Cerebrovasc Dis
2008;26:97-105. DOI 10.1159/000139655

110. Han J, Leung T, Lam W, Soo Y, Alexandrov AW, Mok V, Leung Y, Lo R, Wong K. Preliminary Findings
of External Counterpulsation for Ischemic Stroke Patient With Large Artery Occlusive Disease. Stroke.
2008;39:000-000. DOI: 10.1161/STROKEAH?A.107.500132

111. Guluma KZ, Liebeskind DS, Raman R, Rapp KS, Ernstrom KB, Alexandrov AV, Shahripour RB, Barlinn K,
Starkman S, Grunberg ID, Hemmen TM, Meyer BC, Alexandrov AW. Feasibility and Safety of Using External
Counterpulsation to Augment Cerebral Blood Flow in Acute Ischemic Stroke-The Counterpulsation to
Upgrade Forward Flow in Stroke (CUFFS) Trial. J Stroke Cerebrovasc Dis. 2015 Nov;24(11):2596-604. doi:
10.1016/j.jstrokecerebrovasdis.2015.07.013. Epub 2015 Sep 4. PMID: 26347398; PMCID: PMC4630102.

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 46



https://doi.org/10.18103/mra.v14i6/7547
http://dx.doi.org/10.1155/2013/629378

THE EUROPEAN SOCIETY OF MEDICINE

112. Lin W, Han J, Chen X, Xiong L, Leung HW, Leung TW, Soo Y, Wong LK. Predictors of good functional
outcome in counterpulsation-treated recent ischaemic stroke patients. BMJ Open, 2013 Jun 20;3(4).

113. Li X, Han J, Lin W, Chen X, Leung T, Soo Y, Wong K. Abstract W P55: The Degree of Cerebral Blood
Flow Augmentation by External Counterpulsation Correlates With Clinical Outcome After Acute Ischemic
Stroke. Stroke, 2014,45:AWP55

114. Haneline MT, Croft AC, Frishberg BM (2003). Association of internal carotid artery dissection and
chiropractic manipulation. Neurologist 9:35-44.

115. Cassidy JD, Boyle E, Cote li, He Y, Hogg-Johnson S, et al. (2008). Risk of vertebrobasilar stroke and
chiropractic care: results of a lioliulation-based case-control and case-crossover study. Spine 15:176-183.

116. Wynd S, Westaway M, Vohra S, Kawchuk G (2013). The Quality of Reports on Cervical Arterial Dissection
following Cervical Spinal Manipulation 8 : €59170.

117. Biffl WL, Moore EE, Ryu RK, Offner liJ, Novak Z, Coldwell DM, et al. (1998). The Unrecognized Epidemic
of Blunt Carotid Arterial Injuries. Early Diagnosis Improves Neurologic Outcome. Annals of Surgery 228 :462-
470.

118. Norris JW, Beletsky V, Nadareishvili ZG (2000). on behalf of the The Canadian Stroke Consortium.
Sudden neck movement and cervical artery dissection. CMAJ 163: 38-40.

119. DeSouza RM, Crocker MJ, Haliasos N, Rennie A, Saxena A (2011). Blunt traumatic vertebral artery injury:
a clinical review. Eur Spine 20:1405-1416.

120. Abaixa A, Aliéc J (2010). Cardioembolic Stroke: Clinical Features, Specific Cardiac Disorders and
Diagnosis. Curr Cardiol 6:150-161.

121. Arenillas JF. Special Reports Intracranial Atherosclerosis Current Concepts. Stroke (2011) 42:520-523.

122. Bum JK, Jong SK. Ischemic Stroke Subtype Classification: An Asian View Point. Journal of Stroke.
(2014), 16:8-17.

123. Baron J, Mosely M. For how long is brain tissue salvageable? Imaging-based evidence. J of Stroke
Cerebrovascular Diseases. 2000, 9:15-20.

124. Smith D, Ishimitsu T, Craige E. Mechanical vibration transmission characteristics of the left ventricle:
implications with regard to auscultation and phonocardiography. J Am Coll Cardiol. 1984 Sep;4(3):517-21.
doi: 10.1016/s0735-1097(84)80095-9. PMID: 6470331.

125. An, H., He, F., Xing, L. et al. Oscillation frequency of simplified arterial tubes. Front. Mech. Eng. China
4, 300-304 (2009). https://doi.org/10.1007/s11465-009-0038-5

126. Claral F, Alfie J, Blanco G, Casarini A. Spectral Analysis of Arterial System Resonance. Journal of
Clinical Cardiology and Cardiology Research 2025 Volume 4, Issue 2 pp 1 - 8. DOI: 10.59657/2837-
4673.brs.25.049

127. Jahan R, Stewart D, Vinters H, Yong W, Vinuela F, et al. (2008). Middle cerebral artery occlusion in the
rabbit using selective angiography: application for assessment of thrombolysis. Stroke 39: 1613-1615

128 Melia-Sorolla M, Castafio C, DeGregorio-Rocasolano N, Rodriguez-Esparragoza L, Déavalos A, Marti-
Sistac O, Gasull T. Relevance of Porcine Stroke Models to Bridge the Gap from Pre-Clinical Findings to
Clinical Implementation. Int J Mol Sci. 2020 Sep 8;21(18):6568. doi: 10.3390/ijms21186568. PMID:
32911769; PMCID: PMC7555414.

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 47



https://doi.org/10.18103/mra.v14i6/7547
https://doi.org/10.1007/s11465-009-0038-5

THE EUROPEAN SOCIETY OF MEDICINE

129. Golubczyk, D., Kalkowski, L., Kwiatkowska, J. et al. Endovascular model of ischemic stroke in swine
guided by real-time MRI. Sci Rep 10, 17318 (2020). https://doi.org/10.1038/s41598-020-74411-3

130. Symansk et al. Recanalization and reperfusion in clinically-relevant porcine model of stroke. (2025)
Frontiers in Neuroscience 19: 1572925. DOI: 10.3389/fnins.2025.1572925

131. Ortega et a. Relevance of Porcine Stroke Models to Bridge the Gap from Pre-Clinical Findings to
Clinical Implementation. (2020). International Journal of Molecular Sciences 21(18): 6568,2020.

132. Golubczyk et al., Thrombin-induced porcine stroke model allows reproducible large vessel occlusion
and reperfusion. (2020). JCI Insight 5(6):3134747,2020. DOI 10.1172/jci.insight.134747.

133. US patent application 20090069728A1, entitled “Randomic vibration for treatment of blood flow
disorders”, Inventors, Carlo Menon and Andrew Hoffmann. Filed Nov 5, 2008.
00900

Medical Research Archives | https://doi.org/10.18103/mra.v14i6/7547 48



https://doi.org/10.18103/mra.v14i6/7547
https://doi.org/10.1038/s41598-020-74411-3

