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DESCRIPTION

[0001] The present invention relates to an apparatus for increasing cerebral blood flow, In
particular for improving the flow of blood to the brain during and/or following ischaemic strokes
and other events, such as delayed cerebral vasospasm after sub-arachnoid haemorrhage,
reversible cerebral vasospasm syndrome or any disease that can restrict an adequate amount
of blood reaching the target tissue.

[0002] An acute ischemic stroke I1s characterised by the sudden loss of blood circulation to an
area of the brain, resulting In corresponding loss of neurological function. This loss of blood
flow to the brain occurs when an artery becomes blocked by the formation of a blood clot,
either within the brain (cerebral thrombosis) or elsewhere (embolism) or in the case of cerebral
vasospasm when the artery i1s severely narrowed, which can also occur In other similar
conditions such as reversible cerebral vasospasm syndrome. When the principal cerebral
blood flow fails, such as in the case of an ischemic stroke, a subsidiary network of vascular
channels operates to try to stabilise cerebral blood flow. This subsidiary network i1s formed of
cerebral collaterals. Collateral status differs among patients with acute ischemic stroke and
poor collaterals are a strong predictor of poor neurological outcome after a stroke. The goal of
any acute treatment of a stroke, therefore, Is to restore blood flow to the part of the brain
affected by the blockage as quickly as possible, to improve the outcome for the patient.

[0003] In one such treatment, an aortic occlusion device has been designed to be inserted into
the abdominal aorta of a patient to divert blood flow from the lower extremities to the brain, and
Improve the circulation of the hypoxic brain tissue by increasing cerebral collateral circulation,
In patients with acute ongoing stroke. The device aims to increase delivery of oxygenated
blood to the stroke's ischemic penumbra, the area of the brain that, despite lacking oxygen, Is
not dead but will continue to progress to cellular death, If a blood supply i1s not restored. The
ability to salvage that penumbra and minimise the size of the infarcted area may lead to
Improved neurological recovery. The device, developed by CoAxia and known as NeuroFlo
Technology, has shown promising results in randomised trials (SENTIS - Safety & Efficacy of
NeuroFlo Technology In Ischemic Stroke).

[0004] It will be Immediately appreciated, however, that this treatment requires a surgical
procedure - inserting the device into the aorta. The treatment i1s, therefore, not without risks
and may not be readily available as an early intervention technique to restore cerebral blood
flow. Accordingly, there Is a need for an additional method of improving cerebral blood flow In
order to maximise the chances of a good neurological recovery after a stroke. The present
Invention aims to address this need by providing a non-surgical stroke treatment suitable for
early intervention, such as in the case of an emergency, by paramedics, for example

[0005] US2008/015478 A1 discloses a system for increasing blood flow to the brain during a
period following a stroke.
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[0006] In its broadest sense, the present invention provides an apparatus comprising a
plurality of cuffs, each cuff being inflatable and deflatable, and each cuff being positionable, In
use, around a respective limb of a patient and inflatable to exert a pressure upon the Imb
sufficient to reduce blood flow to the Iimb below the point at which the cuff is positioned; and a
control module, to which the cuffs are attachable, the control module comprising a pump with
which each cuff is In fluid communication and a valve arrangement associated with each cuff to
control flow of fluid to and from each cuff; wherein the control module Is adapted to inflate and
deflate each cuff independently of the others.

[0007] More particularly, the present invention provides an apparatus for maintaining cerebral
circulation Iin a patient above a baseline flow rate during treatment, the apparatus comprising:
(a) a plurality of compression cuffs, each cuff being inflatable and deflatable and each cuff
being positionable, In use, around a respective limb of a patient and inflatable to exert a
pressure upon the limb sufficient to reduce limb blood flow below the point at which the cuff is
positioned; (b) a control module to which the cuffs are attachable, the control module
comprising a pump with which each cuff is In fluid communication and a valve arrangement
associated with each cuff to control flow of fluid to and from each cuff, the control module being
adapted to inflate and deflate each cuff independently of the others; and (c) a cerebral blood
flow monitoring apparatus adapted to detect the baseline flow rate in the cerebral circulation
and to repeatedly measure or continuously monitor flow rate in the cerebral circulation during
treatment of the patient, wherein the control module 1s In operative communication with the
cerebral blood flow monitoring apparatus, such that the control module I1s adapted to inflate
one or more cuffs to reduce the respective Iimb blood flow below the point around the
respective limb at which the inflated cuff or each Inflated cuff is positioned and maintain
Inflation of the or each cuff for a predetermined period, to thereby elevate the cerebral
circulation from the baseline flow rate to an increased flow rate, and thereafter control inflation
of the plurality of cuffs to maintain the measured or monitored flow rate above the baseline flow
rate during treatment, by reducing limb blood flow and augmenting cerebral circulation,
wherein the control module further comprises an imaging device adapted to determine where
an occlusion is present in the cerebral circulation.

[0008] The reference to reducing blood flow to the limb below the point at which the cuff Is
positioned will be understood as referring to reducing blood flow In that part of the limb (to
which the cuff is positioned) remote the head of the patient.

[0009] In one embodiment, the control module Is configured to deflate each cuff sequentially
for a plurality of release periods, the release periods being Iintermittent during the
predetermined period. Conveniently, the fluid is air.

[0010] Preferably, the cerebral blood flow monitoring apparatus is further adapted to detect
flow direction In the cerebral circulation.

[0011] Preferably, the cerebral blood flow monitoring apparatus 1s adapted to measure
cerebral circulation in both anterior and posterior circulation.
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[0012] Preferably, the cerebral blood flow monitoring apparatus iIs adapted to determine
cerebral blood flow rate in cerebral collateral arteries.

[0013] Preferably, each cuff Is Independently Inflatable to a determined pressure, which
pressure may be the same as or different from each other cuff or all other cuffs.

[0014] Preferably, the control module Includes a sensor to determine the number of cuffs
attached to the control module.

[0015] Preferably, each cuff comprises a blood flow sensor to determine whether, in use, blood
Is flowing through the limb of the patient adjacent the cuff.

[0016] Suitably, the apparatus comprises four cuffs.

[0017] In one embodiment, the control module Is configured to inflate each of the plurality of
cuffs simultaneously to restrict blood flow to each limb for a first predetermined period. Ideally,
the first predetermined period is less than the time for limb occlusion, which 1s about 6 hours.
Preferably, the control module Is configured to deflate at least one cuff after the first
predetermined period. More preferably, the control module is configured to deflate a first cuff
after the first predetermined period and a second cuff after a second predetermined period,
wherein the first cuff i1s re-inflated after the first predetermined period. Preferably, the second
predetermined period Is less than the time for limb occlusion.

[0018] In another embodiment, the control module is configured to control flow of fluid to and
from the cuffs following a cyclical routine, each cycle of the routine comprising a series of steps
of inflating all of the cuffs apart from one cuff to increase the cerebral circulation from the
baseline flow rate to the increased flow rate and maintaining this configuration for a release
period; and repeating this step for each of the plurality of cuffs in turn such that each cuff is
deflated In turn and i1s maintained Iin a sufficiently-deflated state to allow blood flow to the
respective limb whilst the other cuffs are configured Iin a sufficiently-inflated state to reduce
limb blood flow.

[0019] In a further embodiment, the control module Is configured to Inflate each cuff
simultaneously for a first predetermined period, with intermittent release of pressure In each
cuff for a plurality of release periods to temporarily allow blood flow to the Iimbs during the first
predetermined period.

[0020] In preferred embodiments, the apparatus further comprises a heart rate sensor. More
preferably, the control module of the apparatus controls the cuffs to inflate with cardiac gating,
In time with contraction of the heart ventricles, in response to an output from the heart rate
SEensor.

[0021] In further preferred embodiments, the apparatus further comprises a cerebral blood
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flow monitoring apparatus; or is formed as a system comprising an apparatus as described
above and further comprising a cerebral blood flow monitoring apparatus in communication
with the control module of the apparatus.

[0022] Suitably, the cerebral blood flow monitoring apparatus uses: 1) ultrasound and
transcranial Doppler; 1) infra-red sensing; and/or 1) computed tomography and/or magnetic
resonance imaging. However, other devices for monitoring blood flow will be suitable for use In
the present invention.

[0023] Preferably, the control module further comprises a feedback module paired to the
cerebral blood flow monitoring apparatus and providing regular or continuous monitoring of the
cerebral circulation such that the control module provides automatic adjustment of cuff inflation
to maintain optimal cerebral circulation as close to normal circulation as possible.

[0024] The above and other aspects of the present invention will now be described In further
detail, by way of example only, with reference to the accompanying drawing in which:

Figure 1 schematically illustrates an embodiment of the apparatus of the present invention
applied to a patient and comprising four inflatable pressure cuffs.

[0025] In general terms, the apparatus of the present invention operate by inflating cuffs
attached to an upper portion of each of the limbs of the patient to limit the blood flow to each
imb for a predetermined period. Blood flow can either be fully or partially occluded. VWhere
blood flow to a limb 1s cut off completely, the time for limb occlusion is generally up to about 6
hours. However, If blood flow iIs reduced, rather than cut off, the time to limb occlusion can be
extended. The overall aim of the apparatus of the present invention is to divert as much blood
as possible to the collaterals of the brain of a patient until clinicians can remove a blockage that
IS preventing principal blood flow to the brain.

[0026] This aim Is achieved using a system of pressure cuffs, adapted for use in a number of
ways. For example, blood flow to all of the patient's limbs can be cut off for a predetermined
period to maximise blood flow to the cerebral collaterals for that period. Alternatively, blood flow
to all of the Iimbs can be reduced, diverting less blood to the cerebral collaterals but
nevertheless providing increased blood flow to the cerebral collaterals, whilst blockages are
removed. Other alternatives include reducing or cutting off blood flow to one or more limbs for
a predetermined period but providing for short release periods of normal blood flow
iIntermittently during the predetermined period, to allow the limbs some recovery time before
blood flow Is again reduced or cut off.

[0027] With reference to Figure 1, the apparatus comprises four pressure cuffs 10, 11, 12, 13.
The cuffs are of a generally standard construction as used in medical apparatus, such as
sphygmomanometers, and include a transducer or other sensor to determine the presence or
absence of blood flow (pulse) through the cuff. Cuffs 10, 11, 12, 13 are dimensioned to fit a
respective limb 14, 15, 16, 17 and are attached, Iin use, towards the upper portion thereof,
adjacent the torso, in order to achieve maximum effect. That is to say, each cuff 10, 11, 12, 13
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IS attached to an upper thigh or an upper arm. Typically, cuffs 10, 11, 12, 13 are inflated to
apply a pressure to the limb at just above the systolic pressure. However, lower pressures may
suffice and a pressure below systolic pressure will be sufficient to divert flow away from the
limb and to the brain.

[0028] In a preferred embodiment, once each of cuffs 10, 11, 12, 13 Is Inflated, the pressure In
a first cuff 10 Is reduced for a short release period, suitably around two to three minutes, to
allow normal blood flow to respective limb 14. At the end of the release period, the pressure to
first cuff 10 Is Increased again to re-reduce the blood flow, whilst the pressure to a second cuff
11 1s reduced to allow normal blood flow to its associated Iimb 15 for the release period. The
apparatus cycles through this procedure for each cuff 10, 11, 12, 13 In turn, thereby limiting
aggregate blood flow to limbs 14, 15, 16, 17, but without reducing blood flow to each individual
imb 14, 15, 16, 17 to levels at which tissue damage to the limb will occur.

[0029] By limiting blood flow to limbs 14, 15, 16, 17, blood flow Is diverted to the brain 21, to
enhance circulation to the cerebral collaterals. Collateral circulation maintains a degree of
blood flow to the brain while the clinicians treating the patient treat the blood clot that is
disrupting the principal blood supply to brain 21, in the event of a stroke. Additionally, the same
procedure will trigger mechanisms collectively referred to as 'ischaemic conditioning’, thought
to be useful for the treatment of other conditions such as cerebral vasospasm, atherosclerosis
and preventing strokes after mini-strokes (transient ischaemic attacks - T1As).

[0030] The apparatus further includes a control module 20. Cuffs 10, 11, 12, 13 are attachable
to control module 20 and control module 20 includes sensors to determine the number of cuffs
10, 11, 12, 13 attached. Consequently, control module 20 is able to control Inflation and
deflation to fewer than all four cuffs 10, 11, 12, 13 Iif appropriate. For example, where the
patient has fewer than four limbs or where clinical considerations dictate that blood flow to a
particular limb should not be moderated, such as in the case of limb damage where it may be
preferable for blood flow not to be constricted whilst treatment to the limb I1s undertaken; or If
drugs are being administered via a particular limb; or if arterial access Is required for a
mechanical thrombectomy procedure, for example.

[0031] Control module 20 i1s adapted to inflate and deflate each cuff 10, 11, 12, 13
iIndependently. The skilled person will be readily able to determine suitable air pump and valves
mechanisms, and electrical control circuits and control mechanisms.

[0032] To illustrate operation of control module 20 during use of the apparatus of the present
Invention, an example cyclical routine is:

1. (1) Module 20 inflates cuffs 11, 12, 13 to a level to restrict blood flow to limbs 15, 16, 17
respectively. |deally the cuffs are inflated to a pressure just above systolic pressure.
Module 20 deflates cuff 10 to a level to allow blood flow to limb 14.

2. (1) After 2 minutes, module 20 inflates cuff 10 to restrict blood flow to Imb 14. At the
same time, module 20 deflates cuff 11 to allow blood flow to limb 15. Cuffs 12, 13 remain
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Inflated to restrict blood flow to limbs 16, 17 respectively.

3. (1) After a further 2 minutes, module 20 inflates cuff 11 to restrict blood flow to limb 15.
At the same time, module 20 deflates cuff 12 to allow blood flow to limb 16. Cuffs 10, 13
remain inflated to restrict blood flow to Iimbs 14, 17 respectively.

4. (Iv) After a further 2 minutes, module 20 inflates cuff 12 to restrict blood flow to limb 16.
At the same time, module 20 deflates cuff 13 to allow blood flow to limb 17. Cuffs 10, 11
remain inflated to restrict blood flow to Iimbs 14, 15 respectively.

[0033] This routine can be repeatedly cycled as appropriate to the patient, for example, for the
duration of the process of surgical removal of the blood clot from the blocked vessel, thereby

enhancing blood flow to the collaterals until principal blood flow Is restored.

[0034] The apparatus of the present invention does not prevent the simultaneous use of an
aortic occlusion device or the administration of thrombolytic therapy. On the contrary, the
present invention provides both a system which has standalone functionality to increase
cerebral blood flow and a system which can be used to supplement existing treatments and
therapies. In particular, use of the apparatus of the present invention does not preclude
mechanical thrombectomy, which, under current medical practice, is the standard treatment for
acute thromboembolic stroke. The use of the apparatus of the present invention can be
continued during a mechanical thrombectomy in order to maintain cerebral circulation until the
blood clot 1s removed. In this instance, a single cuff, ordinarily the cuff on the right lower limb,
would be removed Iin order to obtain arterial access to perform mechanical thrombectomy.

[0035] In preferred embodiments, the apparatus further Includes a feedback control

arrangement, and preferably forms part of a system further comprising at least one cerebral
blood flow assessment or monitoring apparatus, such that blood circulation to the brain Is

periodically or constantly assessed during operation of the apparatus.

[0036] The cerebral blood flow monitoring apparatus may, for example, involve the use of:

1. 1. Ultrasound and transcranial Doppler, for assessing brain circulation continuously;

2. 2. Near Infra-red technology, for assessing the cerebral circulation continuously; or

3.3. CT or MR Imaging modalities that can be performed at a single time point or
repeatedly to optimise cerebral circulation.

[0037] By monitoring the cerebral circulation, individualised flow re-direction from the limbs to
the brain can be achieved. For example it may be seen that, in certain patients, inflation of only
the leg cuffs Is sufficient for achieving maximal cerebral circulation and therefore inflation of the
arm cuffs will add no further improvement to the cerebral circulation. In another instance it may
be Indicated that inflation of all the cuffs Is required but that the cuff pressure required to
achieve maximal cerebral circulation does not require complete occlusion of the arterial
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circulation to the limb 1.e. 80% of systolic blood pressure re-directs the blood to the brain to the
same degree as 100% of the systolic blood pressure, such that complete occlusion of the limb
circulation is unnecessary.

[0038] Accordingly, the control module of the apparatus described above further includes a
feedback module to which the cerebral blood flow monitoring apparatus is paired to provide
regular or continuous monitoring of the cerebral circulation and automatically adjust the cuff
Inflation to maintain optimal cerebral circulation as close to normal as possible. Using
continuous feedback It can be envisaged that in certain circumstances the starting cuff
pressure may need to be increased over time to maintain optimal cerebral circulation. It will
also be appreciated that in certain clinical scenarios, the blood flow returns to normal if, for
example, an obstructive clot is lysed (destroyed) in which case, the feedback mechanism
would detect a complete normalisation of the cerebral flow and deflate all of the cuffs.

[0039] Ideally the cerebral blood flow monitoring apparatus is able to detect the direction of
flow In the cerebral vessels (anterograde or retrograde). Equally, the apparatus should, ideally,
be able to measure the cerebral circulation in both the anterior and posterior circulation. In
preferred embodiments, the cerebral blood flow apparatus Is portable and, optionally, fully
Integrated with the control module. Nevertheless, a standalone apparatus couplable with the
control module is also encompassed by the present invention.

[0040] Furthermore, 1t I1s envisaged that, over time and with use of the apparatus of the
present invention, data collected from patients will be analysed such that, via automatic control
and machine learning, an optimum cerebral circulation (flow direction, flow rate etc.) will be
determined that will allow optimised care for individual patients. Accordingly, the control module
of the apparatus of the present invention may further include data storage and communication
functionality, for communicating with a central database of patient data.

[0041] Preferred embodiments of the present invention further include a heart rate monitor
device for simultaneous monitoring of the heart rate, such as via an electrocardiogram (ECG).
Simultaneous monitoring allows the control module to control inflation of the cuffs such that
they are inflated with cardiac gating - in time with contraction of the heart (ventricles) - so that
redirection of the blood occurs principally during the systolic phase. Partial deflation of the cuffs
during the diastolic phase (ventricles relaxed and filling) could occur to allow blood flow to
reach the Iimbs. By monitoring the heart rate and cerebral circulation and controlling the Iimb
cuffs, optimal redirection of blood to the brain can be achieved. Inflation of the cuffs with the
heart beat may or may not be required and In certain situations may not be feasible, for
example In patients with atrial fibrillation where there is an irregular heartbeat.

[0042] It i1s further envisaged that the control module will include a control panel illustrating
which of the cuffs are active cuffs, the activation of cuffs, In addition to information, in the
preferred embodiments, regarding the cerebral circulation heart rate (ECG data). This will
allow for easy identification of pertinent information and a user-friendly interface.
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[0043] In preferred embodiments, the feedback control mechanism uses at least transcranial
Doppler imaging of the intracranial cerebral arteries in order to control the cuff pressure of Imb
cuffs. A combination of transcranial ultrasound and additional imaging methods, for example
textural analysis or near infra-red imaging of the brain, may also be used in conjunction with
transcranial ultrasound.

[0044] Transcranial Doppler (TCD) ultrasonography provides a relatively Inexpensive,
noninvasive real-time measurement of blood flow characteristics and cerebrovascular
hemodynamics within the basal arteries of the brain. The physiologic data obtained from these
measurements are complementary to structural data obtained from various modes of currently
avallable vascular imaging. TCD i1s the most convenient way to monitor vascular changes In
response to interventions during acute cerebrovascular events at the bedside. Given the
convenience of this tool as a diagnostic modality, its clinical and research applications will
continue to increase In the many disorders of the cerebral vessel

[0045] TCD ultrasonography is based on the principle of the Doppler effect. According to this
principle, ultrasound waves emitted from the Doppler probe are transmitted through the skull
and reflected by moving red blood cells within the Intracerebral vessels. The difference in the
frequency between the emitted and reflected waves, referred to as the "Doppler shift
frequency,” Is directly proportional to the speed of the moving red blood cells (blood flow

velocity).

[0046] Two types of TCD equipment are currently available: non-duplex (non-imaging) and
duplex (Imaging) devices. In non-duplex devices, the arteries are identified "blindly”, based on
the audible Doppler shift and the spectral display. Specific vessel identification Is based on
standard criteria, which includes the cranial window used, orientation of the probe, depth of
sample volume, direction of blood flow, relationship to the terminal internal carotid artery, and
response to various maneuvers such as the common carotid artery compression and eye
opening and closing. The imaging B-mode transcranial color-coded duplex (TCCD) combines
pulsed wave Doppler ultrasound with a cross-sectional view of the area of insonation, which
allows identification of the arteries in relation to various anatomic locations. The color-coded
Doppler also depicts the direction of the flow In relation to the probe (transducer) while
recording blood flow velocities. In TCD, the angle of insonation is assumed < 30 degrees (as
close to zero as possible) to minimize the Doppler shift measurement error. However, in TCCD,
the angle of insonation can be measured and used to correct the flow velocity measurement.
More recently, a more advanced technology, called the power motion-mode TCD (PMD/TCD),
has also become available that provides multi-gate flow information simultaneously In the
power M-mode display. It uses several overlapping sample volumes to simultaneously display
flow signals. PMD/TCD appears to simplify handling of the TCD by facilitating the temporal
window location and alignment of the incident signal to allow cerebral blood flow velocity
recordings through multiple vessels.

[0047] The TCD examination 1s performed using a 2 MHz frequency ultrasound probe. The
higher frequency probes used in extracranial Doppler studies are not applicable for intracranial
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measurements because higher frequency waves are not able to adequately penetrate through
the skull. In addition to using a lower frequency probe, insonation of the cerebral arteries Is
only possible through thinner regions of the skull, termed acoustic windows. Therefore,
familiarity with the anatomic location of cerebral arteries relative to the acoustic windows and
blood flow velocities for the various arteries i1s critical for accurate blood flow measurements
through the nonduplex mode. However, we envisage a device that 1s fully automated and
therefore, the user (e.g. the paramedic) i1s not required to be trained in the use of TCD.

[0048] In general, four main acoustic windows have been described: (1) the transtemporal
window (2) the transorbital window (3) the submandibular window, and (4) the suboccipital
window. Although each window has unique advantages for different arteries and indications, for
convenience, preferred embodiments of the present invention are primarily adapted to use the
trans-temporal acoustic window to assess the cerebral arteries.

[0049] Specific arteries of the circle of Willis are identified using the following criteria: (1)
relative direction of the probe within a specific acoustic window, (2) direction of blood flow
relative to the probe, (3) depth of insonation, and (4) in difficult cases when it is not possible to
differentiate the anterior from the posterior circulation, the blood flow response to carotid
compression or vibration may be used.

[0050] Using the transtemporal acoustic window, the Intracranial carotid artery (ICA)
bifurcation can be identified at depths of 55 to 65 mm with simultaneous flow toward and away
from the probe as the ICA bifurcation terminates in the anterior (flow away from the probe) and
middle (flow toward the probe) cerebral arteries (ACA and MCA).

[0051] The ICA terminus Is a convenient anatomic landmark to locate the vessels of the
anterior circulation. The M1 segment of the MCA, viewed at depths of 35 to 55 mm, runs
laterally and slightly anterior after its origin from the ICA. Flow in the M1 segment of the MCA
should be toward the probe until the MCA bifurcation/ trifurcation where flow normally becomes
bidirectional. The ACA, which can be viewed at depths of 60 to 70 mm, begins coursing
medially and then anteriorly after the |ICA bifurcation. The ACA flow should normally be away
from the probe.

[0052] The posterior cerebral artery (PCA) can also be insonated/scanned through the
transtemporal window. In general, the PCA 1s found 1 to 2 cm posterior to the ICA bifurcation,
but In the same plane as the circle of Willis. The PCA can be found posterior and deep to the
ICA and MCA, at a depth of about 60 to 70 mm. Flow In the proximal PCA (P1 segment) Is
towards the probe and In the distal PCA (P2 segment) away from the probe. The PCA will
always exhibit lower velocities than the MCA. It Is important to note that in individuals where the
PCA derives most of its flow from the ICA through a large posterior communicating artery
(Pcom), the so-called fetal PCA configuration, the P1 segment is hypoplastic and may be very
difficult to identify.

[0053] In addition to the direction of flow within the major arteries of the brain, TCD can also



DK/EP 3609410 T3

assess the waveform within these arteries and calculate the velocity of blood flow within the
respective arteries. In this regard there is an extensive body of literature that has determined
the normal waveform, direction and flow velocity within the different intra-cranial cerebral
arteries.

[0054] The purpose of the advanced imaging, be it TCD, near infra-red or a combination of
Imaging modalities, i1s, in the first instance, to determine if an obstructive/ partially obstructive
clot is present. In order to do this the monitoring device would have two scanning probes that
would ideally use the trans-temporal window to automatically determine the flow pattern and
direction of flow In the intracranial arteries. The sequence would follow a similar, programmed
and repeatable pattern - detection and direction of flow in the ICA, MCA, and ACA bilaterally. If
there Is absence of a normal flow pattern/signal in one of the arteries the system would then
correlate with the flow from the contralateral side as well the flow In the arteries distal to the
blockage. In these distal vessels there may be reversal of flow. This process would be entirely
computerised and automated however, a display screen would show the flow patterns in the
different arteries in order for operators to independently assess the flow pattern and the site of
the thromboembolus. The system would also display the likely location of the blockage for the
operator e.g. proximal MCA/ M1 occlusion.

[0055] If there I1s no occlusion seen In the anterior circulation (ICA, MCA, or ACA bilaterally) the
system would automatically proceed to assessing the posterior circulation territory and analyse
the waveform and flow rate to determine If there I1s a possible occlusion at this site. Again, it
would look at the flow and pattern in comparison to the flow in the anterior circulation and
bilaterally in order to determine if there is an occlusion In the intracranial arteries for example.
Again the device screen would demonstrate the waveform seen in each individual branch that
IS being assessed and whether a clot is present or not.

[0056] It Is envisaged that, through machine learning, this process would increase In speed
and accuracy over time and this information would be shared between all the devices via
regular updates of the software.

[0057] If there Is no evidence of clot (all vessels have a normal flow pattern, velocity and
waveform) in any of the arteries the machine would recommend continued monitoring, but not
therapy.

[0058] The collateral supply of the brain i1s highly variable and this collateral supply i1s essential
In preserving the brain until definitive treatment with thrombolysis (clot-busting drugs) or
thrombectomy (mechanical removal of the clot using surgery performed in dedicated hospitals)
can be performed. It iIs well understood that the collateral supply can increase the time window
In which these procedures can be performed and therefore, a greater number of people can
undergo these treatments, as well a larger volume of brain tissue being preserved which will
result in Improved patient outcomes.

[0059] TCD can be used to assess this collateral supply. For example, as described earlier, the
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typical flow in the MCA is initially towards the probe (the M1 segment) and then becomes
bidirectional and/or away from the probe (M2 branches distal to the bifurcation/trifurcation).
Similarly, the velocity and flow patterns will be different in these different branches. If there Is
an occlusion Iin the M1 branch of the MCA then the flow will be, In the presence of good
collaterals, reversed in the M2 branches i.e. it may flow towards the probe. There may also be
a change In the flow pattern and velocity.

[0060] The TCD device after detecting the site of the blockage would then analyse the
collateral flow pattern and commence augmentation. Augmentation of the collateral supply
would Involve Inflating the Imb cuffs of the apparatus of the present invention. Under
continuous automated TCD monitoring of the collateral supply (e.g. the M2 branches in the
presence of an M1 occlusion) the control system would initially recommend assessment of the
blood pressure. This would be done by inflating a cuff, ideally that of the left arm, and
calculating the systolic and diastolic blood pressure. Following the calculation of the systolic
and diastolic pressure of the patient the device would inflate all the attached limb cuffs, of
which there would typically be four, in a standard embodiment, but could be fewer in number
where appropriate, for example for a patient having had a limb amputation. The control module
then begins to inflate all the connected limb cuffs. At the same time as the cuffs are being
Inflated, the TCD assessment module would be monitoring the collateral supply of the brain for
alterations in the blood flow and velocity. In particular the TCD assessment module would be
assessing whether inflation of the cuffs caused an increase In the blood flow towards the
blockage. The cuffs would be gradually inflated so as to allow accurate monitoring of the
cerebral blood flow. If there Is a sudden change In the blood flow pattern the device would
rescan the proximal vessels (ICA, ACA and MCA or proximal basilar artery in the case of a
posterior circulation stroke) as it may be that the clot dissolves spontaneously or after
thrombolysis (which could be instituted after the machine detects the clot).

[0061] If the clot does not disintegrate, the flow In the collaterals would be continuously
monitored as the pressure in the cuff increases. As long as the flow in the collaterals continues
to improve, the cuffs will continue to Inflate. An upper Iimit of cuff pressure would be
approximately 20 mmHg (approximately 2666 Pa) above the systolic pressure. If there is no
change whatsoever In the collateral flow during the cuff inflation, as recorded by the TCD
scanning device, the cuffs would be deflated and the device would simply continue to monitor
the cerebral blood flow.

[0062] The process would, for example, follow the following order:

1. 1. The TCD monitoring device scans the cerebral blood vessels bilaterally to determine
the site of the potential occlusion e.g. left M1 segment occlusion.

2. 2. After determining the location of the clot, the TCD assesses the collateral circulation
e.g. the left M2 vessels to determine if there Is any collateral flow.

3. 3. This information is continuously gathered and sent to the control module.

4. 4. After determining the location of the clot and the collateral supply, the control module
determines the blood pressure of the patient using the standard automated mechanism.
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5. 5. After the blood pressure has been calculated, and in the presence of a clot, the cuffs
are Inflated. During the Inflation of the cuffs, the TCD monitoring part of the device
continuously monitors the cerebral blood flow.

6. 6. The machine continues to inflate the cuffs as long as the blood flow Iin the collateral
arteries continues to improve e.g. better blood flow.

/. 7. If there 1s no iImprovement in the collateral flow between the initial reading of the
collateral flow and during the cuff inflation then the cuffs will be deflated.

8. 8. If there 1s a sudden change In the blood flow pattern the TCD monitoring component
of the device will reassess all the vessels to determine If there Is still a clot present. If
there Is no evidence of a clot, the cuffs will be iImmediately deflated.

9. 9. The TCD monitoring of the cerebral blood flow will continue throughout the time the
cuffs are inflated.

10. 10. The cuff Inflation pressure may need to be continuously adjusted to optimise
cerebral blood flow In the collaterals. For example, it may be found that cuff pressure
needs to be increased after 30 minutes in order to maintain an optimal collateral blood
flow.

[0063] The control module will display the actions being taken at each step and the likely
location of the clot as well as the cuff pressure and the patient's blood pressure.

[0064] Other patterns of function are also suitable.

[0065] The cuffs and the TCD monitoring parts of the device can be retained /in situ whilst the
patient receives thrombolysis or undergoes a thrombectomy. However, in the case of a
thrombectomy, a single cuff may need to be removed - which would typically be the right lower
imb cuff. The monitoring of the collateral blood flow can continue until the clot has been
dissolved/removed, at which point the TCD monitoring part of the device will recognise that the
blood flow has been restored and the cuffs will be deflated.
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PATENTKRAYV

1. Anordning til bevaring af en patients cerebrale cirkulation over en baseline-
stromningshastighed under behandling, hvilken anordning omfatter:

(a) en flerhed af kompressionsmanchetter (10, 11, 12, 13), hvor hver manchet (10, 11, 12,
13) kan pustes op og luften kan fjernes derfra, og hvor hver manchet (10, 11, 12, 13) kan
placeres, 1 anvendelse, omkring en patients tilsvarende lem (14, 15, 16, 17) og pustes op for at
udgve et tryk mod lemmet (14, 135, 16, 17), der er tilstraekkeligt til at reducere lemmets (14, 15,
16, 17) blodgennemstrgmning under det punkt, hvor manchetten (10, 11, 12, 13) er placeret;
(b) et styringsmodul (20), hvortil manchetterne (10, 11, 12, 13) kan fastggres, hvilket
styringsmodul (20) omfatter en pumpe, hvormed hver manchet (10, 11, 12, 13) star i
flmidforbindelse, og en ventilanordning, der er forbundet med hver manchet (10, 11, 12, 13),
til styring af fluidstrgmning til og fra hver manchet (10, 11, 12, 13), hvilket styringsmodul (20)
er tilpasset til puste hver manchet (10, 11, 12, 13) op og lukke luften ud deraf vathaengigt af
hinanden; og

(C) en anordning til monitorering af cerebral blodgennemstrgmning, der er tilpasset til
detektere baseline-strgmningshastigheden 1 den cerebrale cirkulation og til gentagne gange at
male eller kontinuerligt at monitorere strgmningshastighed i den cerebrale cirkulation under
patientens behandling,

hvor styringsmodulet (20) star 1 operativ forbindelse med anordningen til monitorering af den
cerebrale blodgennemstrgmning, saledes at styringsmodulet (20) er tilpasset til puste én eller
flere manchetter (10, 11, 12, 13) op for at reducere blodgennemstrgmning til det tilsvarende
lem (14, 15, 16, 17) under punktet omkring det tilsvarende lem (14, 15, 16, 17), hvor den
oppustede manchet (10, 11, 12, 13) eller hver oppustet manchet (10, 11, 12, 13) er placeret, og
bevare oppustning af manchetten eller hver manchet (10, 11, 12, 13) 1 et forudbestemt tidsrum
for derved at gge den cerebrale cirkulation fra baseline-strgmningshastigheden til en gget
stromningshastighed, og derefter styre oppustning af flerheden at manchetter (10, 11, 12, 13)
for at bevare den malte eller monitorerede cerebrale strgmningshastighed over den cerebrale
baseline-strgmningshastighed under behandling ved at reducere blodgennemstrgmning 1
lemmet (14, 15, 16, 17) og @¢ge cerebral cirkulation;

kendetegnet ved, at styringsmodulet (20) endvidere omftatter en billeddannelsesanordning, der

er tilpasset til bestemme, nar der er en okklusion til stede 1 den cerebrale cirkulation.

2. Anordning 1fglge krav 1, hvor det forudbestemte tidsrum er mindst 6 timer.
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3. Anordning ifglge krav 1 eller krav 2 hvor styringsmodulet (20) er konfigureret til at
lukke luft ud af hver manchet (10, 11, 12, 13) sekventielt for en flerhed af frigivelsestidsrum,

hvilket frigivelsestidsrum er intermitterende 1 det forudbestemte tidsrum.

4. Anordning ifglge et hvilket som helst foregaende krav, der endvidere omfatter en sensor

til at bestemme antallet af manchetter (10, 11, 12, 13), der er fastgjort til styringsmodulet (20).

J. Anordning ifglge et hvilket som helst foregaende krav, hvor monitoreringsanordningen
til cerebral blodgennemstrgmning endvidere er tilpasset til detektere strgmningsretningen 1 den

cerebrale cirkulation.

6. Anordning ifglge et hvilket som helst foregaende krav, hvor monitoreringsanordningen
til cerebral blodgennemstrgmning er tilpasset til male cerebral cirkulation 1 bade forrest og

bagerst cirkulation.

7. Anordning ifglge et hvilket som helst foregaende krav, hvor monitoreringsanordningen
til  cerebral blodgennemstrgmning er  tilpasset t1l at bestemme  cerebral

blodgennemstrgmningshastighed 1 cerebrale kollaterale arterier.

8. Anordning ifglge et hvilket som helst foregaende krav, hvor hver manchet (10, 11, 12,
13) vuathaengigt kan pustes op til et bestemt tryk, hvilket tryk kan vaere det samme som eller

adskille sig fra enhver anden manchet (10, 11, 12, 13) eller samtlige andre manchetter (10, 11,

12, 13).

9. Anordning ifglge et hvilket som helst foregaende krav, hvor hver manchet (10, 11, 12,
13) omfatter en blodgennemstrgmningssensor til at bestemme, om, 1 anvendelse, blod

strommer gennem patientens lem (14, 15, 16, 17) stgdende op til manchetten (10, 11, 12, 13).

10.  Anordning ifglge et hvilket som helst foregaende krav omfattende fire manchetter (10,
11, 12,13).

11.  Anordning ifglge et hvilket som helst foregaende krav, hvor styringsmodulet (20) er
tilpasset til puste hver af flerheden af manchetter (10, 11, 12, 13) op samtidigt for at reducere
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lem- (14, 15, 16, 17) blodgennemstrgmning til hvert lem (14, 13, 16, 17) samtidigt.

12.  Anordning ifglge et hvilket som helst af kravene 1 til 2, 0g 4 t1l 11, hvor styringsmodulet
(20) er konfigureret til samtidigt at lukke Iuft ud af hver manchet (10, 11, 12, 13)

intermitterende for en flerhed af frigivelsestidsrum.

13.  Anordning ifglge et hvilket som helst foregaende krav, hvor det forudbestemte tidsrum

er op til seks timer.

14.  Anordning ifglge et hvilket som helst foregaende krav, hvor styringsmodulet (20) er
konfigureret til at styre fluidstrgmning til og fra manchetterne (10, 11, 12, 13) efter en klinisk
rutine, hvor hver cyklus af rutinen omfatter en raekke trin med oppustning af samtlige af
manchetterne (10, 11, 12, 13) bortset fra én manchet (10, 11, 12, 13) for at gge den cerecbrale
cirkulation fra baseline-strgmningshastigheden til den ggede strgmningshastighed og bevare
denne konfiguration 1 et friggrelsestidsrum; og gentagelse af dette trin for hver af flerheden af
manchetter (10, 11, 12, 13) efter tur, saledes at der efter tur lukkes luft ud af hver manchet (10,
11, 12, 13) og manchetten holdes 1 en tilstand med tilstrekkeligt fjernet luft til at muligggre
blodgennemstrgmning til det tilsvarende lem (14, 15, 16, 17), mens de andre manchetter (10,
11, 12, 13) er konfigureret 1 en tistrekkeligt oppustet tilstand t1l at reducere
blodgennemstrgmning 1 lemmet (14, 15, 16, 17).

15.  Anordning ifglge krav 14, hvor friggrelsestidsrummet er
(1) mellem €t og tyve minutter; og/eller

(11)  mundst to minutter; og/eller

(11)  op tl fem minutter; og/eller

(1v)  to til tre minutter.
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