wO 2014/1427741 A1 | OO0 0000 OO 0 0 A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(43) International Publication Date
18 September 2014 (18.09.2014)

(10) International Publication Number

WO 2014/142741 Al

WIPOIPCT

(51) International Patent Classification:
AG6IN 1/05 (2006.01) AG6IN 5/06 (2006.01)
A61B 5/00 (2006.01)

(21) International Application Number:
PCT/SE2014/050314

(22) International Filing Date:
14 March 2014 (14.03.2014)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
61/788,204 15 March 2013 (15.03.2013) US
1350409-7 2 April 2013 (02.04.2013) SE

(72) Inventor; and
(71) Applicant : WARDELL, Karin [SE/SE]; Kungsgatan
35A, S-582 18 Linkdping (SE).

Agent: BERGENSTRAHLE & LINDVALL AB;
P.O.Box 17704, S-118 93 Stockholm (SE).

(74

(81) Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

[Continued on next page]

(54) Title: COMBINATION PROBE FOR LOCALIZING, RECORDING AND STIMULATING A TARGET TISSUE

(57) Abstract: A combination probe for localizing, recording and operatively stimu-
2 - lating a target tissue, said probe comprising an essentially tube shaped outer housing

o

2b

Fig.

accommodating a centred tube shaped inner portion for receiving an elongated con-
ducting element serving as an electrode, and at least one optical fibre pair arranged
in close proximity to the tube shaped inner portion, wherein one of the fibre pairs is
operatively connected to a laser source, and the other fibre of the fibre pair is con-
nected to a detector unit,for intra cerebral guidance during functional neurosurgery.



WO 2014/142741 A1 WK 000N A00 0 00

84)

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2014/142741 PCT/SE2014/050314

Combination probe for localizing, recording and stimulating a target tissue

Technical field

[0001] The present invention relates generally to a combination probe, method
for localizing, recording and operatively stimulating a target tissue and use of the

same. More particularly, the technical field relates to neurosurgery.

Background of invention

[0002]Deep brain stimulation (DBS) involves neurosurgery to implant electrodes
directly into specific brain regions. A probe is used for preparing a path into the
target tissue, so that the DBS-electrode may be deployed to the intended site. A
battery pack is surgically deployed under the skin, usually in the chest, and wires
link the battery pack to the DBS-electrodes, which deliver a continuous current of

electricity to alter abnormal patterns of nerve activity.

[0003]The vast majority of centers use electrophysiological mapping techniques to
finalize target selection during the implantation of deep brain stimulationlead for
the treatment of Parkinson’s disease and tremor. Deep brain stimulation is today
used for alleviation of movement disorders (e.g Parkinson’s disease, essential
tremor, dystonia), but brain stimulation (does not have to be deep) is currently
increased toward other disorders such as to prevent, alleviate or treat for example

pain, and psychiatric illness.

[0004]Mapping strategies vary greatly across centers, but may be broadly
categorized into those that use microelectrode or semi micro electrode techniques
to optimize position prior to implantation and macro stimulation through a macro
electrode or the DBS lead, and those that rely solely on macro stimulation and its

threshold for clinical effects (benefits and side effects).

[0005]Today, there are two commercial methods available for intra operative

recording; micro electrode recording (MER) and impedance measurements.
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[0006]Micro electrode recording is the most common intra operative measurement
method during deep brain stimulation. In order to minimize targeting error, studies
with the recommendation of using microelectrode recording in place of intra
operative imaging to arrive at the target location have been published. Implanting
centers commonly use intra operative microelectrode recording to provide

additional information and to better ensure placement at the desired target.

[0007]Micro electrodes or semi micro electrodes are used to characterize precisely
the target nucleus and its boundaries prior to deployment of a macro
electrode/DBS electrode. The physiological characteristics of the target
subthalamic nucleus (STN), globus pallidus internus (GPi), ventral intermedius
nucleus of the thalamus (Vim), cingulate cortex for depression and other, including
the firing rate and pattern of its neurons, and those of surrounding structures, allow
its positive identification. Moreover, the nature of the evoked responses of its
neurons, €.g. movement-evoked responses, or local field potential (LFP), further

allows characterization of the topography within the nucleus.

[0008]Impedance determines the voltage response of electrodes to current flow
during recording and determines the current flow in response to voltage during

stimulation.

[0009]Haemorrhagic complications carry by far the highest risk of devastating
neurological outcome in functional neurosurgery. Well established patient factors
include increased age and a history of hypertension. Surgical methodologies
associated with haemorrhage include the use of MER and incursion by the
trajectory into a sulcus or ventricle bleeding is common (variation of 0-30.4%)
when MER is used during DBS implantation (Zrinzo et al., 2012). The sharp tip
profile associated with MER may be one explanation to the haemorrhage

complications.

[00010] Research oriented techniques for intra operative navigation are optical
methods, and there are two slightly different methods patented by Giller (US
6,567,690) and Wardell (EP 1146827), respectively.
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[00011] US 6,567,690 describes a method and apparatus for probe localization in
brain matter. The method comprises determining a deployment point for an object
at a desired localisation within a tissue. The measuring use reflectance properties
and near infrared light (NIRS).

[00012] EP1146827 uses reflectance spectroscopy and describes an apparatus
for destroying a predetermined defined volume in a tissue, such as generating a
lesion in for example the brain. The apparatus uses Laser Doppler perfusion

monitoring (LDPM) for recording the tissue blood flow and tissue type.

[00013] According to WHO, neurological and psychiatric illness will increase
rapidly in the next few decades, and many of the signs and symptoms seen in

patients today arise as a consequence of disordered activity in neural circuits.

[00014] In view of the above, deep brain stimulation is an important technology
for treating neurological, pain, and psychiatric illness. Since one of the most
common complications is haemorrhage there is a need of a probe that minimizes
the bleeding risk. Moreover, improved navigation of the probe is also important for

securing successful deployment of electrodes into the target area.

Summary of the invention

[00015] The present invention describes a novel combination probe for preparing
a path into a target tissue, so that a DBS-electrode may be deployed into the

intended target site.

[00016] The present probe minimizes the risk for haemorrhagic complications,
I.e., reduces the bleeding risk during the deployment and navigation into a target

tissue.

[00017] In one embodiment the present probe comprises a modified MER
electrode in combination with at least one pair of optical fibres, coupled to a light
source and a recording unit, respectively, thus providing a more accurate and
secure probe for neurosurgery. The light source may be any light source for

example a laser.
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[00018] The present combination probe is not limited to a specific system; it may

be used in any suitable commercial analysis, monitoring and/or navigation system.

[00019] An object of the present invention is to provide an improved and more
accurate probe for use in neurosurgery, for example in deep brain stimulation. The

probe is not limited to be used in deep brain areas, other areas also count.

[00020] This object is achieved by means of a combination probe according to

the appended claims.

[00021] In one embodiment should the present combination probe be used for
preparing a path into a target tissue, so that a DBS-electrode may be deployed
into the intended target site. The probe comprises an essentially tube shaped
outer housing accommodating a centred tube shaped inner portion for receiving an
elongated conducting element serving as an electrode. At least one optical fibre
pair is arranged in close proximity to the tube shaped inner portion, wherein one of
the fibre pair are operatively connected to for example a laser source. The other
fibre of the fibre pair is connected to a detector unit, for example for inira cerabral

guidance during functional newrosurgery,

[00022] in one embodimert tha elongated conducting element serving as an

electrode is a MER electrode.

[00023] In one embodiment the fibers are aligned straight along the tube.
Thereby the construction may be very much simplified. It may also be important to
control the distance between the fibres, e.g. so that the fibres of each pair are

closely arranged along each other.

[00024] One embodiment of the present invention provides a prabe, comprising a
MER electrode and optical fibres, vithzing oplical sources such as Lassr Doppler

{LD) and/or diffuse reflectance spectroscopy (DRE)

;

[00025] In one embodiment is the combination probe used for localizing (by
optics), recording and operatively stimulating tissue, by a MER electrode in the

target, i.e., the electrophysiology is recorded. In another embodiment it is also
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possible to stimulate the tissue by using a MER electrode and to see how the

tissue reacts or responds to the stimulation by optics and clinical evaluation.

[00026] i one embodiment Laser doppler may be used and the source of light iIn
this casea may ba in the rangs of 700-000 nm, for exampis 780 nm. Inthe
embodiment where refleciance speciroscopy is used the wavelength may be in the
range of 400-1000 nm.

[00027] in ane embodiment the navigation is monitorad.

[00028] In one embodiment the elongated conducting element serving as an
electrode is a MER electrode, and according to this or other embodiments the tip
of the elongated conducting element serving as an electrode is adjustable in the

axial direction of the probe.

[00029] In one embodiment the optical probe may also be used separately before
insertion of a MER electrode in order to record the blood flow and reduce the risk

for haemorrhage in the measurement site or along the trajectory.

[00030] In one embodiment is a micro gun (Elekta MicroDrive, St. Jude) or a
micro drive or similar supporting equipment used together with the optical probe
(i.e., the present probe without a MER-electrode) to enable implantation of an
electrode in the brain tissue. The measurement may be performed at positions

from the cortex to the target region.

[00031] The tip is in one embodiment rounded for not damaging the tissue during

deployment.

[00032] In yet another embodiment the probe is connected to a controllable

energy source, for example a battery

[00033] In yet an embodiment, biocompatible glue is attached to the proximal end

of the probe and stabilizes and fixes the optical fibers in the right position.

[00034] In one embodiment the tip diameter is more than 0.9 mm for not

generating bleedings. The tip diameter is defined as the entire probe tip diameter.
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[00035] In one embodiment is the combination probe connected to an energy

source.

[00036] Another object of the present invention is to provide a method for
localizing, recording and operatively stimulating a target tissue, said method

comprising the steps of:
- drilling a hole at a predetermined site in a skull

- moving the probe to the pre drilled hole via a navigation system,

mechanical or by a hand driven mechanical device,

- deploying the probe into the pre drilled hole, with or without a supporting

device,

- holding the probe in a certain position, measuring and recording the
micro vascular perfusion and the total backscattered light intensity (TLI) at

predetermined points from the target,

- push the electrode forward and record if the microcirculation is within a

valid level,

- repeating the previous step on the next level if necessary for targeting

the target tissue,
- stimulating the target tissue, and
- removing the probe.

[00037] While recording if the microcirculation is within a valid level the

electrode is held still at the position of measurement.

[00038] In one embodiment is the navigation to the target tissue monitored.

The monitoring equipment is any commercial equipment suitable for this purpose.

[00039] In one embodiment markers for different cells, organelles or blood

may be extracted from the spectra, for example markers for Hb, HbO; or SOy,
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chromophores, e.g. lipofysin, melanin, neuromelanin, cytochromes. Other suitable

markers may also be used.
[00040] In one embodiment is the target tissue brain tissue.

[00041] In one embodiment the method described herein is for preventing,

alleviating and/or treat neuro physiological or neuro associated disorders.

[00042] Common neurological and psychiatric conditions are for example
Parkinson’s disease (PD), essentiell tremor, dystonia, obsessive compulsive
disorder, Gilles de la Tourettes syndrome, Alzheimers and depression. But brain
stimulation (does not have to be in deep areas) is currently increased toward other
disorders such as to prevent, alleviate or treat for example pain, and psychiatric

illness.

[00043] Yet an object of the present invention is to provide a system
comprising the combination probe described in the attached claims and above.
Any commercial system that may be used in combination with the present probe is

comprised in the present invention.

[00044] The system for localizing and operatively stimulating a target tissue

may comprise:
- a combination probe as disclosed herein,

- a navigation system or a hand driven mechanical device for moving the

combination probe via a pre drilled hole in a skull,

- a means for measuring and recording the micro vascular perfusion and

the total backscattered light intensity (TLI) at predetermined points in the target,

- a means for pushing the electrode forward and recording if the

microcirculation is within a valid level,
- a means for stimulating the target tissue.

[00045] In one embodiment the system is connected to an analysis system.
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[00046] Yet another object of the present invention is use of the probes

described above for localizing and operatively stimulating a target tissue.

[00047] In one embodiment is the probes used for a target tissue that is brain
tissue.
[00048] In yet another embodiment is the probes described above used for

alleviating, preventing and/or treat neurophysiological or neuro associated

disorders.

[00049] The present technique/method may avoid bleedings by combining
MER with laser Doppler (LD) measurements in one probe. At the same time LD
may act as an intraoperative navigation tool as grey- and white matter may be
distinguished with high resolution. DRS (TLI) also provides the opportunity to
perform extraction of chromophore blood markers from the spectra, such as
haemoglobine (Hb), deoxy heamoglobine (HbO;), SO, Lipofuscin, melanin,

neuromelanin, cytochromes etc.

[00050] Further aspects and embodiments are defined in the appended claims,

which are specifically incorporated herein by reference.

Brief description of drawings

[00051] The invention is now described, by way of example, with reference to the

accompanying drawings, in which:

[00052] Figure 1 shows a schematic view of a combination probe according to

the present invention.

[00053] Figure 2a shows a cross sectional view of the probe and figure 2b shows

an axial sectional view of the probe 1.

Detailed description

[00054] In the following, the present invention will be described in more detail by

way of embodiments and with reference to the accompanying drawings.
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[00055] Other features and uses of the invention and their associated advantages
will be evident to a person skilled in the art upon reading the description and the

examples.

[00056] It is to be understood that this invention is not limited to the particular
embodiments shown here. The following examples are provided for illustrative
purposes and are not intended to limit the scope of the invention since the scope
of the present invention is limited only by the appended claims and equivalents

thereof.

[00057] If nothing else is defined, any terms and scientific terminology used
herein are intended to have the meanings commonly understood by those of skill

in the art to which this invention pertains.

[00058] The term “about” as used in connection with a numerical value
throughout the description and the claims denotes an interval of accuracy, familiar

and acceptable to a person skilled in the art. Said interval is + 10 %.

[00059] Standard protocol for neurostimulation with DBS involves a multipolar
electrode placed within a target area of the brain, commonly the STN. The
individual DBS electrode contacts are mounted within a non-rigid insulating carrier
and delivered with a rigid stylet through an insertion tube, using stereotactic
technique. Once the electrode is in the appropriate location, the insertion tube is
removed, the electrode is fixated at the burr hole, and the rigid internal stylet is

removed.

[00060] Figure 1 shows a schematic drawing of the outer dimensions of the
combination probe 1 of the present invention. The probe 1 is suitable to common
commercial navigation systems used today, for example the Leksell Stereotactic
System (LSS), Brown Robert Wells (BRW) or commercial frameless systems. The
probe 1 is essentially tube shaped, having a distal D and a proximal 2 end. The
essentially tube shaped probe 1 tapers in the proximal end 2. The proximal end 2
comprises a tip 4, which is the end of the probe that enters the brain tissue. The

total length L1 of the probe is in this embodiment about 190 mm long, and the
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tapered portion L2 is about 20-40 mm long. The diameter of the wider portion of
the probe is in this embodiment about 2.1-2.2 mm and the diameter of the tapered
portion is in this embodiment about 1.5-1.6 mm. The probe is connected to an

energy source via the distal end D of the probe.

[00061] Figure 2a shows a cross sectional (V-V in Fig. 1) view of the proximal
end portion 2 of the probe 1. The total diameter 10 of the outer tube shaped
housing 13 is in this embodiment about 1.5 mm. Thereby the tip diameter, defined
as the entire probe tip diameter, is more than 0.9 mm for not generating bleedings.
The probe 1 also comprises a centred tube shaped inner portion 11 having a
diameter in this embodiment about 0.7-0.9 mm. The tube shaped inner portion 11
receives and surrounds a MER electrode 12 having in this embodiment a diameter
of about 0.66 mm, other diameters are also valid. Optical fibres 14 are arranged in

close proximity to the tube shaped inner portion 11.

[00062] Figure 2b shows an axial sectional view of a portion of the proximal end
portion 2 of the probe 1. The outer tube shaped housing 13 accommodates the
fibres 14, and a tube shaped inner portion 11 comprises the MER-electrode 12 as
shown in the figure. The MER tip 4 is adjustable in 1-3 mm steps in the axial
direction A. However, other embodiments of the probe may have a MER-tip that is
adjustable in 0.1-1 mm steps. The MER-electrode is measuring characteristics of
the surroundings for identifying and localizing the target. The MER-electrode must
be absolutely still in its position during each measurement step, otherwise there is
a risk for miscalculations. The tube shaped inner portion 11 is surrounded by at
least one pair of optical fibres 14 (J = e.g. 125um or 140um or 250um) going in
parallel to the tube all the way to the bottom of the probe (meaning a forward
looking probe). Each pair of fibres is placed next to each other or on each side of
the tube shaped inner portion 11 or in a circle around. The fibres of the present
invention may be arranged in any way and not limited to the arrangement
described here. One fibre from each pair is connected to a laser source and the
other to a detector unit. The laser source may be a low power laser, but other laser

sources are also possible to use. No separate tubes are necessary for the optical
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fibres 14. 30 shows the optical sampling volume. The numerical aperture of the

optical fibres may be e.g. 0.22 or 0.37.

[00063] Biocompatible glue (20) is attached and polished into and onto the
rounded end portion of the proximal end 2. The glue is fixating and stabilizing the
positioning of the fibres. In this embodiment the rounded tip is having a diameter
over 0.9 mm, but may be less than that in other embodiments. The fact that the tip
is rounded makes it less sharp and easier to navigate through the tissue compared

to other tips and minimizes therefore the risk of puncturing a vessel.

[00064] In order to perform LD measurements of the micro vascular blood flow
the probe needs to be fixed at one position. A hand driven mechanical device
(instead of an electric one) that may both change the position of the entire probe 1,
and also the position of the MER tip 4. During the measurement the probe and its

electrode is fixed at the site.

[00065] The probe and laser Doppler system (e.g. a Periflux, Perimed AB) are
calibrated in order to show blood flow values in the range between 0-999. After
calibration the system presents 250 units in Motility standard on the visualisation
unit. Normal values in white matter are < 50 units, in cortex the values may range
but are normally < 200 units, but may go up to 999 units when crossing a sulci and
in the vicinity to a small vessel. Values in the deep brain structures STN, Vim and
GPi are normally < 100. Other structures in the brain may be between other

intervals.
Surgery procedure

During surgery, the probe is moved to a site in the brain by a hand driven
mechanical device fixed to the LSS. Once in place the blood flow is measured by
sending out laser light in one fibre and detecting the backscattered light in the
neighbouring fibre(s). The detected signal is processed to a blood flow value =
<v>*CMBC (concentration of moving blood cells). In addition the total

backscattered light intensity (TLI in the range of 0-10.0 units) of the laser Doppler
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system may be used to determine the tissue type (grey matter, white matter, and

blood vessel). These values are stored together with the blood flow values.

[00066] If the blood flow value is above a predetermined threshold (e.g. 200
units) or TLI-signal is extremely low a warning signal is given (sound or blinking
light in presentation panel) before deployment of the MER tip 4. If no warning is
given, the MER tip 4 may be pushed forward in 1mm steps (1, 2, 3 mm) and the
recordings be done in a safe way. The blood flow is measured during this
procedure, and if the blood flow value changes more than a predefined value a
new warning is given in order to indicate a potential bleeding or a vessel in the
vicinity of the tip. In that case the MER tip could be withdrawn with the manual
mechanical device. Measurement results - raw data or summarized ones will be
presented online alone the trajectory on the patient's anatomical images (for
example MRI) in order to assist the neurologists/neurosurgeons in deciding about

the final implantation site.

[00067] The optical probe may be pushed down in order to occlude the bleeding,
but might also be fixed at the spot (point) to occlude the bleeding. What the

surgeon does depends on the situation.

Visualisation of blood flow, TLI, chromophores, SO, and MER signals are stored in

relation to anatomy.

[00068] The MR images are presented together with a modelled probe and the
current measurement site. The TLI, chromophores, SO, MER signal and blood
flow signals are presented together or one at the time in the same panel.

Presentations may be done in axial, coronal, sagital and “the probes view”.

[00069] The present invention discloses a novel combination probe that
counteracts some of the serious drawbacks, such as haemorrhage, of prior art.
The probe is compatible with commercial navigation and monitoring systems used
today. The present probe detects the surrounding tissue type more accurate due
to its inventive combination of optical sources together with a MER electrode,

thereby providing a superior probe.
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CLAIMS

1. A combination probe (1) for localizing, recording and operatively
stimulating a target tissue, said probe (1) comprising an essentially tube shaped
outer housing (13) accommodating a centred tube shaped inner portion (11) for
receiving an elongated conducting element serving as an electrode (12), wherein
the tip (4) of the elongated conducting element serving as an electrode is
adjustable in the axial direction (A) of the probe, and wherein at least one optical
fibre pair (14) is arranged in close proximity to the tube shaped inner portion (11)
towards the proximal end (2), wherein at least one fibre of the fibre pair is

operatively connected to

- a light source, or

- a detector unit,

for intra cerebral guidance during functional neurosurgery.

2. A combination probe according to claim 1, wherein the elongated

conducting element serving as an electrode is a MER electrode.

3. A combination probe according to any of claims 1-2, wherein the tip

diameter is more than 0.9 mm.

4. A combination probe according to any of claim 1-3, wherein the probe is

connected to a controllable energy source.

. A system for localizing and operatively stimulating a target tissue, said

system comprising:

- a combination probe (1) according to any one of claims 1- 4

- a navigation system or a hand driven mechanical device for moving the

combination probe via a pre drilled hole in a skull,

- a means for measuring and recording the micro vascular perfusion and

the total backscattered light intensity (TLI) at predetermined points in the target,
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- a means for pushing the electrode forward and recording if the

microcirculation is within a valid level,
- a means for stimulating the target tissue.
6. The system according to claim 5 further comprising an analysis system.

7. A method for localizing and operatively stimulating a target tissue, said

method comprising the steps of:
- drilling a hole at a predetermined site in a skull

- moving a combination probe (1) according to claims 1- 4 to the pre drilled

hole via a navigation system or by a hand driven mechanical device, or by hand

- deploying the probe into the pre drilled hole with or without a supporting

device,

- measuring and recording the micro vascular perfusion and the total

backscattered light intensity (TLI) at predetermined points in the target,

- push the electrode forward and record if the microcirculation is within a

valid level,
- stimulating the target tissue, and
- removing the probe.

8. The method according to claim 7, wherein markers for different cells,
organelles or blood are extracted from the spectra, for example markers for Hb,
HbO, or SO..

9. The method according to claim 7 or 8, wherein the target tissue is brain
tissue.
10. The method according to any of claim 7 to 9 for alleviating

neurophysiological disorders.
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11. Use of the probe according to any of claims1-4 for localizing and

operatively stimulating a target tissue.

12. The use of the probe according to claim 11, wherein the target tissue is

brain tissue.

13. The use of the probe according to any of claims 11-12 for alleviating

neurophysiological disorders.



PCT/SE2014/050314

1/3

L1

s

“ “
z R A AR R LA NN \n\ FLTET TR NY R RF P Fs s Fu FdFDFD FPEEOE O F P Fa Ot el fa s

it 7 B B x&“\&\x&\\&\\@\@&\\m«\&\&\@ .........
’ s S P

WO 2014/142741

Fig. 1



WO 2014/142741

2/3

PCT/SE2014/050314

10

S
= I N

o

S

=
o
\\\\\\\\\\\\\\\\\\\\\\\\\"“

Fig. 2a



PCT/SE2014/050314

WO 2014/142741

3/3




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2014/050314

A CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: A61B, A61N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE, DK, FI, NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, PAJ, WPI data, BIOSIS, COMPENDEX, EMBASE, INSPEC, MEDLINE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A KR 20120088501 A (MI TECH CO LTD), 8 August 2012 (2012- | 1-13
08-08); figure 1; and WPI abstract
A US 20020045832 A1 (GILLER COLE ET AL), 18 April 2002 1-13
(2002-04-18); abstract; paragraphs [0047]-[0048]; figures 7a
and 8
A Guk Bae Kim et al. 'Cortical Mapping of the Optically Evoked 1-13

6769-6772; Sections | and Il

Responses in Channelrhodopsin-2 Mouse Model' In: 33rd
Annual International Conference of the IEEE EMBS, Boston,
Massachusetts USA, August 30 -September 3, 2011, pages

Further documents are listed in the continuation of Box C.

X

& See patent family annex.

* Special categories of cited documents:

«A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”*  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

03-07-2014

Date of mailing of the international search report

04-07-2014

Name and mailing address of the ISA/SE
Patent- och registreringsverket

Box 5055

S-102 42 STOCKHOLM

Facsimile No. + 46 8 666 02 86

Authorized officer
Henrik Eriksson

Telephone No. + 46 8 782 25 00

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2014/050314

C (Continuvation). DOCUMENTS CONSIDERED TO BE RELEVANT

(2001-10-16); abstract; claim 1

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 7883536 B1 (BENDETT MARK P ET AL), 8 February 1-13

2011 (2011-02-08); abstract; figure 1; claim 1
A US 6304784 B1 (ALLEE DAVID R ET AL), 16 October 2001 1-13

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2014/050314

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L & Claims Nos.: 7-13

because they relate to subject matter not required to be searched by this Authority, namely:

Claims 7-13 relate to a method for treatment of the human or animal body by
o

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims.

2. |:| As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

|:| The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2014/050314

Continuation of: Box No. I

surgery or by therapy, as well as diagnostic methods, see PCT rule 39.1(iv). Nevertheless,
a search has been made for these claims. The search has been directed to the technical
content of the claims.

Form PCT/ISA/210 (extra sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2014/050314

Continuation of: second sheet
International Patent Classification (IPC)
A61N 1/05 (2006.01)

A61B 5/00 (2006.01)
AG1N 5/06 (2006.01)

Form PCT/ISA/210 (extra sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/SE2014/050314

KR 20120088501 A 08/08/2012 CN 103167892 A 19/06/2013
EP 2630986 A4  16/04/2014
JP 2013543743 A 09/12/2013
SG 189526 A1 31/05/2013

e us 20130237906 A1 12/09/2013

U 20020045832 A1 18/04/2002 US 6567690 B2 20/05/2003

us 7883536 B1  08/02/2011 US 8632577 B1  21/01/2014

e us 8357187 B1  22/01/2013

Us 6304784 B1  16/10/2001 NONE

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report

