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Description
FIELD OF THE INVENTION

[0001] The present invention generally relates to an
apparatus for non-invasively measuring intracranial
pressure and more specifically relates to a head frame
with an integrated pressure chamber for non-invasively
measuring intracranial pressure.

BACKGROUND OF THE INVENTION

[0002] This invention is a new apparatus capable of
being used in conjunction with our methods previously
described in U.S. Pat. Nos. 5,951,477 and 8,394,025.
This new head frame offers advantages over the appa-
ratuses described in the '477 and 025 patents.

[0003] An apparatus for determining the pressure and
flow inside the ophthalmic artery is described in U.S. Pat.
No. 4,907,595 to Strauss. The apparatus uses a rigid
chamber that can be affixed and sealed over the human
eye so that it can be pressurized to apply an external
pressure against the eyeball. An ultrasonic transducer is
also mounted to the chamber and oriented to transmit
ultrasonic pulses for a Doppler type measurement of the
flow inside the ophthalmic artery (OA). The apparatus
operates by enabling an operator to increase the pres-
sure to such a level that the blood flow through the OA
ceases. The pressure at which this occurs is then an
indication of the pressure inside the OA. Typically, the
pressure at which this event occurs is in the range of
about 170 mmHg.

[0004] A problem associated with an apparatus as de-
scribed in the ’595 Patent is that the pressure necessary
to obtain the desired measurement is so high that it gen-
erally exceeds maximum recommended pressures by a
significant amount. When such device is then used for
an extended time, tissue damage can arise and may re-
sult in an increase in the intracranial pressure, ICP, to
unacceptable levels.

[0005] In our previously granted 477 and '025 patents
we described an apparatus and method for determining
the pressure inside the brain. An apparatus as described
in the 477 and '025 patents requires annular inflatable
pressure chamber with an ultrasonic transducer posi-
tioned in the open center of the annular chamber. Thus,
the ultrasonic transducer would be positioned against the
closed eye-lid of a patient, only separated by the thin,
flexible layer of ultrasonically transparent material, sono-
gel or sonopad.

[0006] An apparatus in accordance with either the '477
or the '025 patents restricted the size of the ultrasonic
transducer. The diameter of the ultrasonic transducer
could only be equal to or less than the diameter of the
opening in the annular pressure chamber. The ultrasonic
transducer was further limited in size and movement by
skullbones around the eye. Further, previously described
apparatuses allowed for risk of injury to the patient’s eye
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or facial tissues arround the eye upon movement and
adjustment of the ultrasonic transducer’s position either
manually or robotically. Furthermore, an apparatus with
similar features is known from U.S. Pat. No. 3,903,871.

SUMMARY OF THE INVENTION

[0007] An apparatus in accordance with the invention
isaheadframe ,asdefinedinclaim 1. It further comprises
a shield with a smooth, hard surface and a pressure con-
trolled ultrasonically transparent liquid-filled chamber
formed by an elastic film fixed to one side of the lens or
shield. Connectors positioned on the lens allow for inlet
and outlet of liquid into the pressure chamber. When the
head frame of the invention is mounted on the head of a
patient and pressure in the chamber is increased, the
elastic film expands and conforms to shape of the pa-
tient's closed eye imparting a pressure on the tissues
around the eye and orbital tissues.

[0008] With an apparatus in accordance with the in-
vention one can derive an indication of the pressure in-
side a skull in a non-invasive manner using previously
known methods, such as that described in or 025 patent
without risk of injury to the patient’'s eye. Such methods
involve use of an ultrasonic Doppler device to measure
blood flow velocities in intracranial and extracranial seg-
ments of the ophthalmic artery under varying amounts
of pressure applied to the tissues around the eye.
[0009] An apparatus in accordance with the invention
allows for measurement of the intracranial pressure of a
patient without placing the ultrasonic transducer of Dop-
pler device against the eye-lid of the patient. A further
aspect of the invention enables the use of a wide range
of ultrasonic transducers of different sizes. The diameter
of the ultrasonic transducer of Doppler device is not lim-
ited, allowing for optimization of the ultrasonic beam and
better Doppler signal to noise ratio. Because the ultra-
sonic transducer of Doppler device is not placed against
the eye of the patient, the present invention enables
measurement of intracranial pressure by manual opera-
tor or robotic driver without discomfort or risk of injury to
patient.

[0010] An apparatus in accordance with the invention
is compatible with all patients and can conform to any
patent’s eye independent of race and/or facial structure.
An apparatus in accordance with the invention provides
a surface area that allows for the ultrasonic transducer
of Doppler device to be positioned away from the eye
and allows for free movement across the entire area of
the shield or lens.

[0011] Itis therefore an object of the invention to allow
for the fast and safe optimal positioning of the ultrasonic
transducer in order to cross the intracranial and extrac-
ranial segments of an ophthalmic artery with the ultra-
sonic beam at the needed depths from the surface of the
ultrasonic transducer and also for non-invasive meas-
urement of intracranial pressure of any patientregardless
of age, race, or facial structure.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0012]

FIG. 1 is a perspective view of the apparatus posi-
tioned on the head of a patient.

FIG. 2 is an exploded view of the head frame.

FIGS. 3a - 3b are perspective views of the head
frame with a collapsed chamber and an expanded
chamber, respectively.

FIGS. 4a-4c are front elevational view, top plan view
and a side elevational view with the dotted line indi-
cating an expanded chamber, respectively.

FIG. 5is aright side cutaway view of the head frame
positioned on the head of a patient showing the head
frame in use with a transducer, the dotted line indi-
cating the elastic film of the expanded chamber.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The exemplary embodiments of the present in-
vention may be further understood with reference to the
following description and the related appended drawings,
wherein like elements are provided with the same refer-
ence numerals. The exemplary embodiments of the
present invention are related to a head frame for use in
non-invasively determining the absolute value of intrac-
ranial pressure (ICP) of a living body.

[0014] With an apparatus in accordance with the in-
ventionthe ICP inside aperson’s head can be determined
from an observation of the blood velocities inside the two
segments of the ophthalmic artery (OA) by using an ul-
trasonic Doppler apparatus which senses the response
of the blood flow to a pressure "challenge" applied to the
tissues around the eye and orbital tissues. The pressure
is applied to the eye at the necessary level for equilibrat-
ing parameters representative of the intracranial and ex-
tracranial blood flows in the OA leading to the eye. The
possibility of this type of measurement has been dem-
onstrated with the analysis presented in our previous
U.S. Patent Nos. 5,951,477 and 8,394,025.

[0015] The apparatus of the present invention is sig-
nificantly improved over previous apparatuses used for
noninvasive measurement of ICP for several reasons.
The transducer surface of an apparatus in accordance
with the present invention is not located against the
closed eyelid of a patient, but is located on the shield of
the apparatus, reducing risk of injury when an ultrasonic
device is being used to take measurements.

[0016] Additionally, the shield provides an unrestricted
surface to allow for easy movement and manipulation of
ultrasonic transducer. Manipulation of the ultrasonic
transducer of Doppler device is required to locate and
steer the ultrasonic transducer toward the intracranial
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and extracranial segments of of the ophthalmic artery.
The manipulation and steering of the ultrasonic transduc-
er may be performed manually or by robotic steering.
Because the transducer is not placed against the eyelid
of the patient, robotic manipulation is much safer with the
present invention.

[0017] With reference to Figure 1, a head frame 10 is
shown positioned on the head of a patient. Lens or shield
20 is configured to fit over at least an eye area of the
patient. Shield 20 in some embodiments extends across
the wearer’s face from one temple, over the bridge of the
nose to the other temple. Shield 20 extends vertically
along the wearer’s face from about the cheek bone or
lower wall of the orbital to about the upper wall of the
orbital or the brow of the wearer. In some embodiments
not according to the invention the shield 20 extends only
over one eye of the patient.

[0018] Strap 30 secures head frame 10 in place on the
head of the patient. Elastic film 22 is fixed to the inner
side of the shield 20. An expandable chamber 28 is
formed by the elastic film 22 sealed with the shield 20.
To inflate the chamber 28, pressurized liquid is sent into
the chamber through a first connector 24. When the
chamber 28 is pressurized the elastic film 22 conforms
to the eye of a patient and imparts pressure on the eye
and tissues around the eye of the patient. Connectors
24,25 provide aninletand outletofliquid into the chamber
28 for adjusting the pressure of the chamber 28 and are
in connection with a pressurized liquid. The location of
the connectors 24, 25 may be anywhere on the shield
that would not interfere with the manipulation of a trans-
ducer in measuring or monitoring the ICP of the patient.
In the Figures, the connectors 24, 25 are located near
the edge of the shield close to the nose of the patient,
but could be positioned in other locations.

[0019] The connectors 24, 25 are in connection with a
source of pressurized liquid. The pressurized liquid may
be any ultrasonically transparent liquid. It is preferable
that the liquid have low attenuation of ultrasound and
provide optimal speed of ultrasound. In some embodi-
ments the pressurized liquid is water. Pure water without
gas is the preferred liquid. The pressurized liquid may
also be an acoustic gel. Ultrasonically transparent liquid
is liquid that does not contain solid particles or gas. It is
further preferable that the pressurized liquid does not
pose a hazard to the patient in the case of a leak or rup-
ture.

[0020] In some embodiments connectors 24, 25 are
connected via tubing 26 to a system for monitoring and
adjusting the amount of liquid and therefore pressure in
the chamber 28. For example, the tubing may be con-
nected to an electromechanical pump, valves, microcon-
troller with pressure sensor, and other components to
monitor and adjust the pressure in the chamber 28.
[0021] As best seen in Figure 2, an exploded view of
head frame 10 is shown. Shield 20 is configured to cover
at least an eye area of a patient. First and second con-
nectors 24, 25 are positioned on shield 20. Elastic film
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22 is fixed to shield 20 and expands when pressurized
forming a chamber 28 (See Fig. 3a-3b). In some embod-
iments elastic film 22 is fixed to shield 20 along its outer
edge 32 by liquid adhesive. In some embodiments elastic
film 22 is fixed to shield 20 in such a way as to form a
hermetic seal to prevent liquid from escaping chamber
28 when pressurized up to 100 mmHg.

[0022] Thestrap 30 ofthe headframe 10 may be elastic
or inelastic. The strap 30 is adjustable so as to allow the
head frame 10 to be used with any patient. The head
frame 10 of this invention may be disposable.

[0023] As can be seen best in the series of Figures 3
and 4 elastic film 22 flexes and chamber 28 expands with
the application of pressure/introduction of liquid. The con-
nectors 24, 25 allow for the inlet and outlet of liquid to
and from the chamber 28. The expanded chamber 28
applies pressure to a patient’s eye when head frame 10
is positioned on the head of a patient. Elastic film 22
conforms to the shape of the eye when the chamber 28
is pressurized imparting a slight pressurization of the tis-
sues around the eye. These tissues are contiguous with
tissues in the posterior orbital portion of the eye socket,
so the applied pressure is effective there as well. This
results in a pressurization of the extracranial segment of
an ophthalmic artery.

[0024] Itis preferable thatin combination, the materials
of shield 20 and elastic film 22 must not distort or atten-
uate an ultrasonic beam in the frequency range 1.5 MHz
to 3.0 MHz. It is further preferable that the materials be
non-allergenic and transparent. The shield 20 of the cur-
rent invention provides a suitable surface for making
acoustic contact with an ultrasonic transducer 40. In
some embodiments shield 20 is made of transparent
polycarbonate. The elastic film 22, in some embodiments
is made of synthetic polyisoprene latex having a thick-
ness between 40 and 60 microns.

[0025] Figure 5illustrates the location of the transducer
away from the patient’s eye. The transducer 40 is ma-
nipulated on the transducer surface of the shield 20. Fig-
ure 5 is also the best illustration of the elastic film 22
conforming to the eye of the patient upon inflation of the
chamber 28.

[0026] Anadvantage of head frame 10 is that the struc-
ture of the head frame 10, with corresponding lens 20
and chamber 28, provides protection for the patient’s eye
when an ultrasonic transducer of Doppler device or trans-
ducer 40 is in use. The apparatus of this invention further
allows for safe manual or robotic positioning of ultrasonic
transducer and for measurement of intracranial pressure
without risk of injury to patient. Head frame 10 allows for
accurate measurements by an ultrasonic Doppler device
by providing a lens 20 surface that can accommodate a
variety of ultrasonic transducer diameters. Ultrasonic
transducers used in connection with the invention are
preferably between 15mm and 30mm in diameter.
[0027] By accommodating a wide range of transducer
sizes, the apparatus of this invention provides the user
with the ability to optimize the diameter of the ultrasonic
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transducer 40 to achieve the most accurate Doppler sig-
nals. Larger diameter transducers provide a greater abil-
ity to focus the ultrasonic beam. A focused ultrasonic
beam provides stronger signals and better signal to noise
ratios.

[0028] For use with a patient, the operator or user
would place the head frame 10 on the head of the patient
with the elastic film 22 proximal the patient’s eye area.
The operator would adjust the strap 30 to secure the head
frame 10 in place. The operator would then apply pres-
sure to the eye of the patient by sending pressurized
liquid through the first connector 24. The elastic film 22
would expand and conform to the eye of the patient.
[0029] Next, the operator would position the transduc-
er in acoustic contact with the shield 20 for either manual
or robotic manipulation. The positions and optimal depths
of intracranial and extracranial segments of the ophthal-
mic artery are located by manipulation of the transducer
40 on the outer surface of the shield 20 away from the
patient’s eye. The transducer 40 connected to Doppler
device can then measure the velocity of the blood flow
in the intracranial and extracranial segments of the OA.
The operator may adjust the pressure by sending fluid in
through connector 24 or allowing fluid out of the chamber
28 through a second connector 25. The adjustment of
pressure in the chamber 28 has little or no effect on the
angle and position of the ultrasonic transducer 40. This
allows the transducer 40 to continue measuring the ap-
propriate blood flow velocities as the pressure is adjust-
ed.

[0030] It should be understood that the foregoing is
illustrative and not limiting, and that obvious modifica-
tions may be made by those skilled in the art without
departing from the scope of the claims, which define the
invention.

Claims

1. A head frame (10) for use in non-invasively deter-
mining the absolute value of intracranial pressure of
a living body such as a patient comprising:

a hard, flexible shield (20) adapted to cover an
eye area of the patient,

wherein the shield (20) comprises an inner sur-
face and an outer transducer surface;

an elastic film (22) having an outer edge (32),
wherein said elastic film is sealed along its outer
edge to the inner surface of the shield (20) form-
ing an expandable chamber (28);

a first connector (24) located on the shield (20)
adapted to permit an inflow of pressurized liquid
into said chamber (28);

wherein said elastic film (22) is adapted to ex-
pand inward toward the patient's eye with an
inflow of pressurized liquid into said chamber
(28) imparting a pressure against the eye of the
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patient; and

an adjustable strap (30) attached to the ends of
said shield (20) adapted to secure the head
frame (10) to the patient;

characterized in that the head frame (10) compris-
es a second connector (25) located on the shield
(20) adapted to permit an outflow of pressurized lig-
uid from the chamber (28); and in that the hard, flex-
ible shield (20) and the elastic film (22) are adapted
for covering the eye area of the patient extending
from the right temple over the bridge of the nose to
the left temple, and extending from a point below the
lower wall of the patient’s orbital to a point above the
upper wall of the patient’s orbital.

The head frame of claim 1, wherein the elastic film
(22) is fixed to the shield (20) by a liquid adhesive.

The head frame of any one of claims 1-2, wherein
the chamber (28) is hermetically sealed under pres-
sures up to 100 mmHg.

The head frame of any one of claims 1-3, wherein
the outer transducer surface is smooth and suitable
for making acoustic contact with an ultrasonic trans-
ducer.

The head frame of any one of claims 1-4, wherein
the shield (20) is 1.0-2.0 mm polycarbonate.

The head frame of any one of claims 1-5, wherein
the elastic film (22) conforms to the outer surface of
the patient’s closed eye when the chamber (28) is
pressurized.

A method for noninvasively determining the absolute
value of intracranial pressure of a living body such
as a patient comprising:

providing a head frame (10), according to claim
1;

placing said head frame (10) on the patient
wherein the elastic film (22) is positioned prox-
imal the patient;

applying external pressure to the eye of the pa-
tient by sending pressurized liquid through the
first connector (24) inflating said chamber (28);
and

placing an ultrasonic transducer (40) in acoustic
contact with said outer surface of said shield (20)
to noninvasively locate an intracranial segment
and extracranial segment of an ophthalmic ar-
tery extending from inside the cranium into the
eye by steering the ultrasonic transducer (40) to
measure the velocity of blood flow at a plurality
of depths through the pressurized chamber (28).
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8.

The method of claim 7, wherein the steering of the
ultrasonic transducer (40) is performed by robotic
means.

The method of claim 7 or 8, further comprising ad-
justing the external pressure applied to the eye by
sending pressurized liquid through the first connec-
tor (24) and permitting the outflow of pressurized lig-
uid from the chamber (28) through the second con-
nector (25).

Patentanspriiche

1.

Kopfgestell (10) zur Verwendung bei der nicht-inva-
siven Bestimmung des absoluten Werts des Hirn-
drucks eines lebenden Korpers, wie etwa eines Pa-
tienten, Folgendes umfassend:

einen harten, biegsamen Schirm (20), der dafur
eingerichtet ist, einen Augenbereich des Pati-
enten abzudecken,

wobei der Schirm (20) eine innere Flache und
eine aulere Wandlerflache umfasst;

eine elastische Folie (22), die einen Auflenrand
(32) hat, wobei die elastische Folie, die entlang
ihrem Aufenrand zur inneren Flache des
Schirms (20) abgedichtet ist, ein expandierbare
Kammer (28) bildet;

einen ersten Anschluss (24), der sich auf dem
Schirm (20) befindet und der dafir eingerichtet
ist, einen Zufluss einer unter Druck stehenden
Flissigkeit in die Kammer (28) zu gestatten;
wobei die elastische Folie (22) dafiir eingerichtet
ist, mit einem Zufluss von unter Druck stehender
Flissigkeit in die Kammer (28) nach innen in
Richtung des Auges des Patienten zu expan-
dieren, wodurch ein Druck auf das Auge des Pa-
tienten ausgelibt wird; und

ein einstellbares Halteband (30), das an den En-
den des Schirms (20) befestigt ist und das dafur
eingerichtet ist, das Kopfgestell (10) am Patien-
ten zu fixieren;

dadurch gekennzeichnet, dass das Kopfge-
stell (10) einen zweiten Anschluss (25) umfasst,
der sich auf dem Schirm (20) befindet und der
dafiir eingerichtet ist, einen Abfluss einer unter
Druck stehenden Flissigkeit aus der Kammer
(28) zu gestatten; und dadurch, dass

der harte, biegsame Schirm (20) und die elasti-
sche Folie (22) daflr eingerichtet sind, den Au-
genbereich des Patienten abzudecken, der sich
von der rechten Schlafe tber die Nasenbriicke
zur linken Schlafe erstreckt und der sich von ei-
nem Punkt unterhalb der unteren Wand der Au-
genhodhle des Patienten zu einem Punkt ober-
halb der oberen Wand der Augenhdhle des Pa-
tienten erstreckt.
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Kopfgestell nach Anspruch 1, wobei die elastische
Folie (22) am Schirm (20) durch einen Flussigkleber
befestigt ist.

Kopfgestell nach einem der Anspriiche 1 bis 2, wobei
die Kammer (28) unter Driicken von bis zu 100 mm
Hg hermetisch abgedichtet ist.

Kopfgestell nach einem der Anspriiche 1 bis 3, wobei
die duRBere Wandlerflache glattistund dafiir geeignet
ist, mit einem Ultraschallwandler einen akustischen
Kontakt herzustellen.

Kopfgestell nach einem der Anspriiche 1 bis 4, wobei
der Schirm aus 1,0 bis 2,0 mm Polycarbonat besteht.

Kopfgestellnach einem der Anspriiche 1 bis 5, wobei
die elastische Folie (22) sich der AuRRenflache des
geschlossenen Auges des Patienten anpasst, wenn
die Kammer (28) unter Druck steht.

Verfahren zur nicht-invasiven Bestimmung des ab-
soluten Werts des Hirndrucks eines lebenden Kor-
pers, wie etwa eines Patienten, Folgendes umfas-
send:

Bereitstellen eines Kopfgestells (10) nach An-
spruch 1;

Platzieren des Kopfgestells (10) am Patienten,
wobei die elastische Folie (22) zum Patienten
hin positioniert wird;

Anwenden eines externen Drucks auf das Auge
des Patienten, indem eine unter Druck stehende
Flussigkeit durch den ersten Anschluss (24) ge-
leitet wird, wodurch sich die Kammer (28) auf-
pumpt; und

Platzieren eines Ultraschallwandlers (40) in
akustischem Kontakt mit der duferen Flache
des Schirms (20) zur nicht-invasiven Lokalisie-
rung eines intrakraniellen Segments und eines
extrakraniellen Segments einer Augenarterie,
die vom Inneren des Schéadels in das Auge hi-
nein verlauft, indem der Ultraschallwandler (40)
gesteuert wird, um die Geschwindigkeit des
Blutflusses in mehreren Tiefen durch die unter
Druck stehende Kammer (28) zu messen.

Verfahren nach Anspruch 7, wobei die Steuerung
des Ultraschallwandlers (40) durch ein Robotermittel
ausgefihrt wird.

Verfahren nach Anspruch 7 oder 8, das auferdem
das Einstellen des externen Drucks umfasst, der auf
das Auge angewendet wird, indem unter Druck ste-
hende Flissigkeit durch den ersten Anschluss (24)
geleitet wird und indem der Abfluss von unter Druck
stehender Flussigkeit aus der Kammer (28) durch
den zweiten Anschluss (25) gestattet wird.
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Revendications

Cadre de téte (10) pour une utilisation dans la dé-
termination non invasive de la valeur absolue de
pression intracranienne d’un corps vivant tel qu’un
patient comprenant :

un écran de protection dur flexible (20) adapté
pour couvrir une zone oculaire du patient,
dans lequel I'écran de protection (20) comprend
une surface interne et une surface de transduc-
teur externe ;

un film élastique (22) comportant un bord exter-
ne (32), dans lequel ledit film élastique est scellé
le long de son bord externe a la surface interne
de I'écran de protection (20) formant une cham-
bre extensible (28) ;

un premier raccord (24) situé sur I'écran de pro-
tection (20) adapté pour permettre une arrivée
de liquide sous pression dans ladite chambre
(28);

dans lequel ledit film élastique (22) est adapté
pour s’étendre vers l'intérieur en direction de
I'oeil du patient, une entrée de liquide sous pres-
sion dans ladite chambre (28) appliquant une
pression contre I'oeil du patient ; et

une sangle réglable (30) attachée aux extrémi-
tés dudit écran de protection (20) adaptée pour
attacher le cadre de téte (10) au patient ;
caractérisé en ce que le cadre de téte (10) com-
prend un second raccord (25) situé sur I'écran
de protection (20) adapté pour permettre une
sortie de liquide sous pression de la chambre
(28) ; etence que I'écran de protection dur flexi-
ble (20) et le film élastique (22) sont adaptés
pour couvrir la zone oculaire du patient s’éten-
dant de la tempe droite, au-dessus de la voite
nasale, jusqu’a la tempe gauche, et s’étendant
d’un point en dessous de la paroi inférieure de
I'orbite du patient a un point au-dessus de la
paroi supérieure de I'orbite du patient.

Cadre de téte selon la revendication 1, dans lequel
le film élastique (22) est fixé a I'écran de protection
(20) par un adhésif liquide.

Cadre de téte selon I'une quelconque des revendi-
cations 1 et2, danslequellachambre (28) estfermée
hermétiquement a des pressions allant jusqu’a 100
mmHg.

Cadre de téte selon I'une quelconque des revendi-
cations 1 a 3, dans lequel la surface du transducteur
externe estlisse et appropriée pour établirun contact
acoustique avec un transducteur ultrasonore.

Cadre de téte selon I'une quelconque des revendi-
cations 1 a 4, dans lequel I'écran de protection (20)
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est du polycarbonate de 1,0 a 2,0 mm.

Cadre de téte selon I'une quelconque des revendi-
cations 1a 5, dans lequel le film élastique (22) épou-
se la surface externe de l'oeil fermé du patient lors-
que la chambre (28) est sous pression.

Procédé de détermination non invasive de la valeur
absolue de la pression intracranienne d’un corps vi-
vant tel qu’un patient comprenant :

la fourniture d’'un cadre de téte (10), selon la
revendication 1 ;

le placement dudit cadre de téte (10) sur le pa-
tient dans lequel le film élastique (22) est posi-
tionné prés du patient ;

I'application de pression externe sur I'oeil du pa-
tient par I'’envoi de liquide sous pression a tra-
vers le premier raccord (24) gonflant ladite
chambre (28) ; et

la mise en contact acoustique d’un transducteur
ultrasonore (40) avec ladite surface externe du-
dit écran de protection (20) pour localiser de ma-
niére non invasive un segment intracranien et
un segment extracranien d’une artére ophtalmi-
que s’étendant de l'intérieur du crane jusque
dans l'oeil en orientant le transducteur ultraso-
nore (40) pour mesurer la vitesse du débit san-
guin a une pluralité de profondeurs a travers la
chambre sous pression (28).

Procédé selonlarevendication 7, dans lequel I'orien-
tation du transducteur ultrasonore (40) est effectuée
a l'aide de moyens robotiques.

Procédé selon la revendication 7 ou 8, comprenant
en outre le réglage de la pression externe appliquée
sur I'oeil en envoyant du liquide sous pression a tra-
vers le premier raccord (24) eten permettant la sortie
de liquide sous pression de la chambre (28) a travers
le second raccord (25).
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