wo 2014/201119 A2 |[I1 I A0F V000 O A

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2014/201119 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

18 December 2014 (18.12.2014) WIPOIPCT

International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
A61B 5/103 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. L i DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
International Application Number: HN, HR, HU, ID, I, IN, IR, IS, JP, KE, KG, KN, KP, KR,
PCT/US2014/041913 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
11 June 2014 (11.06.2014) OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
. ] SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
Filing Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

Publication Language: English ZW.
Priority Data: (84) D.esignated. States (unle.ss othefﬂwise indicated, for every
61/833.576 11 June 2013 (11.06.2013) Us kind of regional protection available): ARIPO (BW, GH,
61/949,421 7 March 2014 (07.03.2014) US GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
61/949,435 7 March 2014 (07.03.2014) Us UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Applicant: ADVENTIST HEALTH SYSTEM/SUN- EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
BELT, INC. [US/US]; 900 Hope Way, Altamonte Springs, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM,
FL 32714 (US). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

Inventor: BAUMGARTNER, James, Edmund; 100 KM, ML, MR, NE, SN, TD, TG).
Stirling Avenue, Winter Park, FL 32789 (US). Published:

Agents: VAN EMAN, Matthew et al.; McCarter & Eng-
lish, LLP, 265 Franklin Street, Boston, MA 02110 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: INTRA-OPERATIVE FIDUCIAL SYSTEM AND METHOD FOR NEURONAVIGATION

(57) Abstract: An imageable fiducial marker includes a base formed from a material transparent to radiation from an imaging source
and a pair of fiducial elements fixed to the base at a preselected separation. A bracket temporarily secures the marker to a skull of a
human for intra-operative scanning in neurosurgery procedures, wherein only three fiducial pairs provide for reliable surgical navig-
ation.



WO 2014/201119 PCT/US2014/041913

INTRA-OPERATIVE FIDUCIAL SYSTEM
AND METHOD FOR NEURONAVIGATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims priority to U.S. Provisional Application Ser. No. 61/833,576,
filed June 11, 2013, entitled “Intra-Operative Fiducial System and Method for Neuronavigation,”
U.S. Provisional Application Ser. No. 61/949,421, filed March 7, 2014, entitled “Probe for
Surgical Navigation of the Brain,” and U.S. Provisional Application Ser. No. 61/949,435, filed
March 7, 2014, entitled “MRI-Compatible Fiducial Markers and Methods for Using the Same,”
the disclosures of which are herein incorporated by reference in their entirety, and are all

commonly owned.

FIELD OF INVENTION

[0002] Embodiments of the invention generally relate to fiducial markers placed in a field of
view of an imaging system for providing a reference point, and in particular to fiducial markers

temporarily fixed to a patient during intra-operative imaging, such as with MRI or CT scans.

BACKGROUND

[0003]  Asis well known in the medical arts, a fiducial marker or fiducial is an object placed
in the field of view of an imaging system, which appears in the image produced, for use as a
point of reference or a measure. The fiducial is typically placed into or on the imaging subject,
or a mark or set of marks in the reticle of an optical instrument. Fiduciary markers are well
known to be used in a wide range of medical imaging applications.

[0004] By way of example, images of the same subject produced with different imaging
systems may be correlated by placing a fiduciary marker in the area imaged by the different
systems. As a result, functional information or positron emission tomography may be related to
anatomical information provided by magnetic resonance imaging (MRI), by way of example.
Further, fiducial points established during an MRI can be correlated with brain images generated
by magnetoencephalography (MEG) to localize the source of brain activity. Such fiducial
markers are often created in the MRI and computed tomography images.

[0005] Measurement and recording techniques which are not primarily designed to produce

images, such as the MEG, electroencephalography (EEG), electrocardiography (EKG), and
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others, produce data typically represented as maps containing positional information. Imaging
systems such as computed tomographic (CT) x-ray imagers, positron emission tomographic
(PET) scanners, single photon emission computed tomography (SPECT) scanners and nuclear
magnetic resonance imaging (MRI) machines have provided an ability to improve visualization
of the anatomical structure of the human body.

[0006] A problem associated with such scanning techniques concerns the accurate selection
and comparison of views of identical areas in images that have been obtained essentially at the
same time using different image modalities, e.g., CT, MRI, SPECT, and PET. In order to relate
the information in an image of the anatomy to the anatomy itself, it is necessary to establish a
one-to-one mapping between points in the image and points of anatomy for registering image
space to physical space. Further, the registration of one image space onto another image space
may require multiple imaging steps, which during intra-operative procedures is undesirable. A
goal of registering two arbitrarily oriented three dimensional images is to align the coordinate
systems of the two images such that any given point in the scanned anatomy is assigned identical
addresses in both images. The fiducials are used to correlate image space to physical space and
to correlate one image space to another image space. The fiducial markers provide a constant
frame of reference visible in a given imaging mode to make registration possible.

[0007] Well known methods of using fiducial markers to obtain registration of image data
across time is described, by way of example, in U.S. Patents Nos. 4,991,579 and 5,142,930
which address implanting the fiducials within a patient using a series of three fiducial markers
whose location can be determined in the image space of an imager. Image markers can be
temporary or permanent with respect to the duration of their placement within the human body.
Typically, permanent markers are placed entirely beneath the epidermis of the skin for extended
periods of time. Temporary markers may include a base that is implanted into bone, and a
temporary image marker portion that is attached to the base for brief intervals of time. In both
the temporary and the permanent markers, the marker may use aqueous imaging agents to
provide imaging capability in the desired imaging modality or modalities. The precise location
of a geometric center of the marker must be determined.

[0008] By way of example, US Patent No. 4,612,930 discloses a head fixation apparatus
including a crown and skull pins, wherein the crown surrounds the head of a patient and is held

by the skull pins. US Patent No. 4,991,579 describes a fiducial implant for the human body that
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is configured to be detected by an imaging system when placed beneath the skin. As above
described, the placement of three fiducial implants into a portion of the anatomy of the human
body allows for the recreation of a particular image slice of the portion of the anatomy taken by
an imaging system with respect to one time period and at subsequent imaging sessions with
different scan modalities. This provides a doctor with the ability to accurately follow the
progress of the portion of the anatomy of interest. The three fiducial implants allow a target to
be identified within the portion of anatomy relative to an external coordinate system.

[0009] There remains a need for a temporarily implanted fiducial that allows use of an intra-
operative MRI scanner with neuro-navigation, especially in children below the age of five. With
sterile MRI or CT compatible fiducials, a desirable use of intra-operative navigation results. A
safer and improved accuracy is desirable for surgery on children with intra-cranial disease.

Embodiments of the invention herein described are directed to providing such a solution.

SUMMARY

[0010] One embodiment of the present invention may comprise a fiducial marker pair having
one marker in a fixed space-relationship to a second marker. The fiducial marker pair may be
temporarily held in a fixed location in an anatomy during an intra-operative scanning procedure.
A bracket may be employed to attach the marker pair to a skull of a patient, by way of example.
Optionally, absorbable plates may be used to attach the fiducial marker pair to the skull.

[0011] One embodiment may be dimensioned for pediatric neurosurgeons requiring precision
in locating surgical points without having to execute intra-operative scanning multiple times.
[0012]  One fiducial marker according to the teachings of the present invention may comprise
a pure gold sphere incorporated in a method for cranial and spinal applications. The fiducial
marker pair comprising at least two spheres may be carried by a housing or bracket. It is well
known to use a small hole in the bone, wherein the sphere is placed and the hole sealed with
bone wax to avoid marker migration in a permanent use of the fiducial. However, it is desirable
to use such spheres in a temporary fiducial marker, as provided by the teachings of the present
invention.

[0013]  As above described, implantable fiducial markers provide a highly effective method of
ensuring accurate target localization for tumors or organs which move in respect to external

anatomy, as well as for a precise localization needed for stercotactic rating of therapy. A variety
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of fiducial markers are known and typically use in surgery related to the prostate, lungs and
abdomen, breasts, and head and neck as will herein be described by way of example, a bone
marker formed from a pure gold sphere approximately 2 mm is desirable for head and neck.
Embodiments of the present invention are directed to a temporary fixation of such fiducial

marking procedures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Embodiments of the invention are described by way of example with reference to the
accompanying drawings in which:

[0015] FIG. 1 is a perspective view of one embodiment of the invention illustrating a fiducial
element pair carried within a base formed of a plastic material transparent to imaging source
radiation, wherein the base is operative with a bracket and screws for temporarily securing the
fiducial element pair to a skull, wherein each fiducial element comprises a spherical shape;
[0016] FIGS. 2A, 2B and 2C are perspective views of alternate embodiments of a base
carrying the fiducial element pair;

[0017]  FIG. 3 is a perspective view of an alternate embodiment illustrating cylindrical shaped
fiducial clements carried within a bracket;

[0018] FIG. 3A is a fiducial element pair illustrated in FIG. 3;

[0019] FIG. 4 is a diagrammatical illustration of a fiducial marking system including three
pairs of fiducial elements;

[0020] FIG. 5A and 5B are top plan and side views, respectively, of a fiducial marker
comprising a base formed as a disk and a fiducial marker element pair carried on a surface of the
disk; and

[0021] FIG. 6A, 6B and 6C are exploded perspective, top plan and side views, respectively,
of a fiducial marker comprising a base formed as a disk and an alternate fiducial marker element
pair carried on a surface of the disk, wherein the disk and marker element pair are to be secured

to a skull using screws, by way of example.

DETAILED DESCRIPTION OF EMBODIMENTS

[0022] The present invention will now be described more fully hereinafter with reference to

the accompanying drawings, in which embodiments of the invention are shown by way of
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illustration and example. This invention may, however, be embodied in many forms and should
not be construed as limited to the embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the scope
of the invention to those skilled in the art.

[0023]  Asillustrated initially with reference to FIG. 1, one fiducial marker 10 according to
the teachings of the present invention comprises a fiducial element pair 12 comprising fiducial
clements formed as spheres 14, 16 fixed to a base 18, herein described as a casing. The casing
18 is dimensioned to be temporarily secured to a skull, by way of example, using a bracket 20
having securing means 22, such as screws 24 herein illustrated. The casing 18 is transparent to
imaging modalities to be employed. By way of example for an MRI or CT scan, the casing 18
may be formed from a plastic material. The spherical fiducial elements 14, 16, herein illustrated
as gold spheres, may be embedded in an injection molded plastic casing 18, as further illustrated
with reference to FIGS. 2A, 2B and 2C. The bracket 20 and securing means 22 may or may not
be transparent to scanning radiation, as desired. By way of example, the securing means 22 may
comprise titanium screws 24, as herein illustrated passing through holes in end portions of the
bracket 20.

[0024] By way of further example and with reference to FIGS. 3 and 3A, the fiducial marker
10 may comprise cylindrically shaped elements. Whether a gold sphere marker 10, or cylindrical
fiducial marker 11, or the like is employed, the fiducial elements 14, 16 or 26, 28 are secured at a
fixed separation distance 30 between markers elements within the marker pair 12.

[0025]  Asillustrated with reference to FIG. 4, one embodiment of a fiducial marking system
32, according to the teachings of the present invention, comprises three fiducial markers 10A,
10B, 10C temporarily fixed to a skull 34 during an intraoperative scanning procedure, by way of
example. By way of further example and as illustrated with reference to FIG. 4, the three
fiducial marker pairs 12, unlike typical fiducial markers using a single element, improves on
identifying mapping locations and avoid the need for multiple measurements. As a result,
improved reliability and efficiency are realized over typical fiducial employment.

[0026]  Optionally, and as illustrated with reference to FIGS. 5A and 5B, the bracket 20 may
comprise a disk 36 formed from a material transparent to the scanning modality and securing the
fiducial marker 10 having the element pair 12 secured with the base 18. The disk 36, as herein

described by way of example, may comprise the fiducial element pair 12 and used as a multi-
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locality fiducial system 32 used in image guided surgery to correlate scanned images to a patient
anatomy.

[0027]  Further, the use of multiple fiducial marker pairs 12 is beneficial for both CT and MRI
use optionally, wherein each fiducial marker pair may be attached to a stick on a base (such as
that illustrated with reference to FIG. 5SA) which may be used for routine stereotactic planning,
by way of example.

[0028]  Although the invention has been described relative to various selected embodiments
herein presented by way of example, there are numerous variations and modifications that will
be readily apparent to those skilled in the art in light of the above teachings. It is therefore to be
understood that, within the scope of the claims supported by this specification, the invention may

be practiced other than as specifically described.
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That Which Is Claimed Is:

1. An imageable fiducial marker comprising:
a base formed from a material transparent to radiation from an imaging source; and

first and second fiducial elements fixed to the base at a preselected separation.

2. The imageable fiducial marker according to Claim 1, further comprising:
a bracket dimensioned for receiving the base; and

means for removably securing the bracket to a skull of a human.

3. The imageable fiducial marker according to Claim 1, wherein the base is formed

from a plastic material.

4. The imageable fiducial marker according to Claim 1, wherein the first and second

fiducial elements are molded within the base.

5. The imageable fiducial marker according to Claim 1, wherein at least one of the
first and second fiducial elements comprises at least one of a spherical shape and a cylindrical

shape.

6. The imageable fiducial marker according to Claim 1, wherein at least one of the

first and second fiducial elements is gold.

7. The imageable fiducial marker according to Claim 1, wherein the base comprises

a cylindrical body, and wherein the fiducial elements are secured within the cylindrical body.

8. The imageable fiducial marker according to Claim 7, further comprising a bracket
having a central portion formed for receiving the cylindrical body and spaced apart end portions

including means for removably securing the bracket to a skull of a human.
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9. The imageable fiducial marker according to Claim 8, wherein the securing means
comprises an opening extending through each of the end portions and a screw extending through

the opening for penetrating the skull and securing the marker thereto.

10.  The imageable fiducial marker according to Claim 9, wherein the screw is formed

from a titanium material.

11.  An intra-operative neuro-navigation imaging system comprising:

a base formed from a material transparent to radiation from an imaging source;

first and second fiducial elements fixed to the base at a preselected separation from each
other;

a bracket dimensioned for receiving the base; and

means for removably securing the bracket to a skull of a human.

12.  The system according to Claim 11, wherein the first and second fiducial elements

together form a fiducial pair, and wherein the system comprises only three fiducial pairs.

13. The system according to Claim 11, wherein the first and second fiducial elements

together form a fiducial pair, and wherein the system comprises at least three fiducial pairs.

14.  The system according to Claim 11, wherein the first and second fiducial elements
together form a fiducial pair, and wherein each element comprises a similar shape and similar

composition.

15.  The system according to Claim 14, wherein the shape is at least one of spherical

and cylindrical, and wherein the composition comprises a gold material.

16. The system according to Claim 11, wherein the first and second fiducial elements

are molded within the base.
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17. The system according to Claim 11, wherein the first and second fiducial elements
cach have a cylindrical shape, and wherein each is fixed to an end of a cylindrical rod, the rod

being formed of a material transparent to the imaging source of radiation.

18. The system according to Claim 17, wherein the rod is carried by at least one of
the base and the bracket.
19.  The system according to Claim 11, wherein the fiducial elements comprise gold

spheres having about a 2 mm diameter.
20.  The system according to Claim 11, wherein the base comprises a disk having an
opening extending therethrough, the opening sufficient for receiving the securing means

extending therethrough.

21.  The system according to Claim 19, wherein the base comprises a plate.
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