wo 2015/200449 A 1[I/ N0FV0 000000 T YO0 O

(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 2015/200449 A1

30 December 2015 (30.12.2015) WIPOIPCT
(51) International Patent Classification: (74) Agent: BIANCO, Paul D.; Fleit Gibbons Gutman Bongini
A61B 19/00 (2006.01) & Bianco, 21355 East Dixie Highway, Suite 115, Miami,
(21) International Application Number: FL 33180 (US).
PCT/US2015/037366 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, 151", AU, Ag, BA, BB, BG, BH), BN, BR, BW, BY,
24 June 2015 (24.06.2015) BZ, CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English 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,
(26) Publication Language: English KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
14/316,396 26 June 2014 (26.06.2014) Us PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(71) Applicant: UNIVERSITY OF FLORIDA RESEARCH TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
FOUNDATION, INC. [US/US]; 223 Grinter Hall, . o
Gainesville, FL 32611 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: MITTAUER, Kathryn Elizabeth; c¢/o Univer- GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
sity of Florida Research Foundation, Inc., 223 Grinter Hall, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Gainesville, FL 32611 (US). YAN, Guanghua; ¢/0 Uni- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
versity of Florida Research Foundation, Inc., 223 Grinter DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Hall, Gainesville, FL 32611 (US). HELMIG, Richard; c/o LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
University of Florida Research Foundation, Inc., 223 SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Grinter Hall, Gainesville, FL 32611 (US). LIU, Chihray; GW, KM, ML, MR, NE, SN, TD, TG).
c/o University of Florida Research Foundation, Inc., 223 Published:

Grinter Hall, Gainesville, FL 32611 (US). LU, Bo; c/o
University of Florida Research Foundation, Inc., 223
Grinter Hall, Gainesville, FL 32611 (US).

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

(54) Title: CRANIAL ALIGNMENT DEVICE FOR USE IN INTRACRANIAL STEREOTACTIC SURGERY

FIG. 2

(57) Abstract: A cranial alignment device for use in intracranial stereotactic radiotherapy includes a nosepiece that is custom shaped
to mate with the dorsum and alae of the patient's nose application. It would be advantageous to provide a cranial alignment device
for use in intracranial stereotactic radiotherapy that is comfortable, that does not require effort from the patient, and that operates
with a high degree of repeatability even if the patient loses or gains weight, and even if the patient's hair pattern changes (hair loss
occurs in patients who undergo chemotherapy).



10

15

20

25

30

WO 2015/200449 PCT/US2015/037366

CRANIAL ALIGNMENT DEVICE FOR USE IN
INTRACRANIAL STEREOTACTIC SURGERY

Background of the Invention

The invention relates to radiotherapy, and more particularly relates to stereotactic
radiotherapy. In its most immediate sense, the invention relates to intracranial stereotactic
radiotherapy.

In radiotherapy, a treatment beam of high-energy radiation is made incident on to a
tumor that is to be destroyed. In intracranial stereotactic radiotherapy, an image-guided
radiotherapy apparatus (“IGRT” apparatus) is used to destroy a brain tumor. An IGRT
apparatus includes an imaging system such as a cone-beam computed tomography system (a
“CBCT” system) and a linear accelerator. The imaging system is used to acquire an image of
the tumor and the linear accelerator is used to produce the treatment beam, which is aimed at
the tumor to destroy it.

In order to carry out intracranial stereotactic radiotherapy successfully, two
localizations must occur. One of these localizations is carried out by the imaging modality;
the e.g. CBCT image localizes the tumor within the patient’s head. The other required
localization is the localization of the patient’s head within the coordinate system of the IGRT
apparatus. This is carried out using an alignment device that is recognized by the IGRT
apparatus or by equipment that is used together with it.

Before the patient’s treatment begins, the alignment device is mounted to the patient
and a computed tomography study (a “simulation”) is carried out to acquire an image of the
patient’s head. During this image acquisition, the alignment device is used to register the
precise location and orientation of the patient’s head. Then, the information acquired during
this simulation is used to develop a treatment plan for irradiating the tumor. To treat a patient
who has been placed within the IGRT apparatus, the alignment device is used again to
localize the patient’s actual head position within the coordinate system of the IGRT apparatus
and to place the patient’s head in a location that precisely matches the position and
orientation of the patient’s head during the simulation procedure. And, since the position of
the tumor within the patient’s head is known from the image acquired during simulation, the
treatment plan can be executed to destroy the tumor with little or no destruction of healthy

tissue that surrounds the tumor.
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The alignment device must operate with a high degree of repeatability because the
localization of the patient within the IGRT apparatus must always be precise. If the
alignment device works differently during patient imaging then during patient treatment, or if
it works differently during successive treatments, the beam of ionizing radiation will be
inaccurately aimed. This will cause unnecessary destruction of healthy tissue and insufficient
destruction of tumor tissue.

In one category of alignment devices, a component with a known structure is
physically attached to the patient’s head and interacts with apparatus that registers the
location of the component. This permits the location of the patient’s head to be accurately
determined. For example, the SonArray device manufactured by Varian has a bite plate that
is held in the patient’s mouth. Proper repeat positioning of the patient using the SonArray
device requires the patient to bite with consistent pressure. This can be difficult. In addition,
the SonArray device can be uncomfortable in use, especially with patients who have had
teeth extracted (as is the case with many head and neck radiotherapy patients). Furthermore,
if the patient swallows his or her saliva, the SonArray device can move with respect to the
patient, causing the position of patient’s head to be mis-registered within the coordinate
system of the IGRT apparatus.

In the AlignRT device manufactured by Vision RT, the position of the patient is
determined by image processing. The AlignRT device acquires images of the patient’s head
using two cameras whose locations and orientations are precisely known. After the two
images are acquired, the device identifies patient features that appear in both images and then
reconstructs 3D surface data to localize the patient’s head using triangulation. If the patient
loses weight or the pattern of the patient’s facial hair changes (both conditions are often
encountered with chemotherapy), the precision with which the patient’s head is localized can

be adversely affected.

Summary of the Invention
It would be advantageous to provide a cranial alignment device for use in intracranial
stereotactic radiotherapy that is comfortable, that does not require effort from the patient, and
that operates with a high degree of repeatability even if the patient loses or gains weight, and
even if the patient’s hair pattern changes (hair loss occurs in patients who undergo
chemotherapy).
Disclosed herein are a method for reproducibly positioning a patient’s head, and a

cranial alignment device for use in intracranial stereotactic radiotherapy, that are comfortable
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for the patient, that do not require the patient to exert effort, and that operate with a high
degree of repeatability even if the patient’s surface anatomy changes (as by gain or loss of
weight or hair loss).

Also disclosed is, in general, improvement on known devices and methods of this
general type.

The invention proceeds from the realization that for any patient, the shapes of the
dorsum and alae of the patient’s nose do not change when the patient gains or loses weight.
Furthermore, these locations seldom have substantial hair growth. Thus, an alignment device
that is mounted to the patient’s head using a custom shaped nosepiece that mates with the
dorsum and alae of the patient’s nose will always fit on the patient’s head in precisely the
same way and in a rigid manner. This will be true whether the patient gains or loses weight
or whether the patient loses hair.

A device in accordance with the invention has two earpieces and a front frame that is
connected between them. These components are dimensioned to fit upon a patient’s face
with the front frame in front of the patient’s eyes and each earpiece engaging behind one of
the patient’s ears. The device further has a nosepiece that is custom shaped to mate with the
dorsum and alae of the patient’s nose and that is detachably securable to the front frame. The
device also has a plurality of infrared-reflecting markers mounted on the front frame.

A device in accordance with the invention is worn on the patient’s head like a pair of
eyeglasses. The patient is not required to exert any effort to keep the device in place, and
changes in the patient’s weight and hair patterns do not affect the way the device fits on the
patient’s head. A conventional optical tracking system such as is conventionally used with
IGRT apparatus can be used to register with six-degrees-of-freedom (translation and rotation)
the position of the device — and therefore the position of the patient’s head — in the coordinate
system of the IGRT apparatus.

A device in accordance with the invention is inexpensive and simple to make and to
fit to a patient. And, no additional equipment is needed because an optical tracking system
will likely be available anyway.

Advantageously, the infrared-reflecting markers are not coplanar and are positioned
asymmetrically in two groups, each group being associated with one of the patient’s eyes.
Such a pattern minimizes the likelihood that the optical tracking system will improperly

localize the device within the coordinate system of the IGRT apparatus.
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In a method in accordance with the invention, a nosepiece that mates with the dorsum
and alae of the patient’s nose is created. The nosepiece is attached to a fixture that is adapted

for mounting on the patient’s head, and the fixture is mounted on the patient’s head.

Brief Description of the Drawings

The invention will be better understood with reference to the following illustrative
and non-limiting drawings, in which:

Fig. 1 shows a preferred embodiment of a device in accordance with the invention
before assembly;

Fig. 2 shows a preferred embodiment of a device in accordance with the invention in
the assembled state;

Fig. 3 illustrates a preferred embodiment of a device in accordance with the invention
mounted on a patient; and

Fig. 4 is a flow chart of a preferred embodiment of a method in accordance with the

invention.

Detailed Description of Preferred Embodiments

The drawings are not necessarily to scale, and individual parts may be enlarged or
reduced for clarity.

Referring first to Fig. 1, a cranial alignment device for use in intracranial stereotactic
radiotherapy generally indicated by reference numeral 2 has a front frame 10 connected
between two earpieces 12 and 14. The front frame 10 and the earpieces 12 and 14 are
dimensioned to fit upon the face of a patient 4 (Fig. 3) with the front frame in front of the
eyes of the patient 4 and with each earpiece engaging behind one of the ears of the patient 4
(see Fig. 3). Advantageously, the front frame 10 and earpieces 14 are parts of a conventional
pair of protective goggles.

A nosepiece 16 is formed from a sheet of thermoplastic. (Advantageously but not
necessarily, the thermoplastic is available in sheet form from Klarity Medical as product
number R-3242A.) The sheet is placed in hot water until it is appropriately pliable. Once the
sheet has been withdrawn from the hot water, the sheet is folded into a U that encloses the
nosepiece region 20 of the front frame 10. Then, the front frame 10 and earpieces 12 and 14
are placed on the patient’s face, and the sheet is pressed over the dorsum and the two alae of a
patient’s nose. In this way, the sheet is made to conform to the patient 4 and to the nosepiece

region 20 of the front frame 10 in a single operation. (The sheet may also be — and in the
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preferred embodiment is - pressed over the radix of the patient’s nose and onto the patient’s
forehead, but this is not required.) The sheet, after cooling, becomes rigid and forms the
nosepiece 16. When the nosepiece region 20 of the front frame 10 has been slipped into the
U of the nosepiece 16 as shown in Fig. 2 the device 2 fits securely on the head of the patient 4
in a consistently repeatable manner (see Fig. 3).

Six infrared-reflective markers 18 are mounted to the front frame 10 at locations that
are known precisely. Such markers are used because an optical tracking system (not shown)
of the type conventionally used with an IGRT apparatus uses such markers as fiducials. The
markers 18 are not coplanar, no three of them are collinear, and they are positioned
asymmetrically in two groups, each group being associated with one of the patient’s eyes (see
Fig. 3). This minimizes the likelihood that the optical tracking system will improperly
localize the device 2.

In the initial step 50 of a method in accordance with a preferred embodiment of the
invention, a sheet of thermoplastic material is heated so as to become plastic. In the next step
52, the sheet is folded into a U-shaped element that is sandwiched over the nosepiece region
of a conventional pair of protective goggles. Subsequently, in step 54, the goggles are placed
on the patient’s head and the still-plastic sheet is placed over the dorsum and alae of the nose
of a patient who is to undergo intracranial stereotactic radiotherapy. When the sheet cools
(step 56), a nosepiece is formed; the nosepiece mates with the dorsum and alae of the
patient’s nose as well as with the nosepiece region of the protective goggles. This enables the
resulting fixture made up of the goggles and the nosepiece to be mounted to a patient’s head
(step 58) in a highly repeatable manner.

Although a preferred embodiment has been described above, the scope of the

invention is determined only by the following claims:
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The Claims

What is claimed is:

1. A cranial alignment device for use in intracranial stereotactic radiotherapy,
comprising:
a. two earpieces;
b. a front frame connected between the earpieces, the front frame and earpieces
being dimensioned to fit upon a patient’s face with the front frame in front of the
patient’s eyes and each earpiece engaging behind one of the patient’s ears;
c. a nosepiece, the nosepiece being custom shaped to mate with the dorsum and

alae of the patient’s nose and being detachably securable to the front frame; and

d. a plurality of infrared-reflecting markers mounted on the front frame.
2. The device of claim 1, wherein the nosepiece is of a thermoplastic.
3. The device of claim 2, wherein the nosepiece is U-shaped and the front frame is fitted

into the nosepiece.

4. The device of claim 1, wherein the infrared-reflecting markers are not co-planar.

5. The device of claim 4, wherein the infrared-reflecting markers are disposed in two

groups, each group being associated with a one of the patient’s eyes.

6. The device of claim 5, wherein the infrared-reflecting markers are positioned

asymmetrically.

7. The device of claim 6, wherein no three of the infra-red reflecting markets are

collinear.

8. The device of claim 1, wherein the earpieces and front frame are parts of a

conventional pair of protective goggles.
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9. A method of reproducibly positioning a patient’s head, comprising the following
steps:
a. creating a nosepiece that mates with the dorsum and alae of the patient’s
nose;
b. attaching the nosepiece to a fixture that is adapted for mounting on the
patient’s head; and

c. mounting the fixture on the patient’s head.

10. The method of claim 9, wherein the creating step is carried out by molding a

thermoplastic sheet.

11. The method of claim 9, further comprising the step of positioning the fixture at a

predetermined location.

12. The method of claim 11, wherein the fixture has infrared-reflecting markers mounted
upon it and the positioning step comprises the step of using a conventional optical tracking

system.

13. The method of claim 9, wherein the creating step further comprises creating a

nosepiece that mates with the radix of the patient’s nose and the patient’s forehead.

14. The method of claim 10, wherein the creating and attaching steps are carried out in a

single operation.
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FIG. 4

HEAT SHEET OF THERMOPLASTIC MTERTAL 1

1

FOLD SHEET INTO A U-SHAPED ELEMENT |32
SANDWICHED OVER NOSEPIECE REGION OF
CONVENTIONAL PROTECTIVE GOGGLES

1

PLACE GOGGLES ON PATIENT'S HEAD b4
AND PLACE STILL-PLASTIC SHEET OVER
DORSUM AND ALAE OF PATIENT'S NOSE

1

SHEET COOLS TO FORM MOLDED NOSEPIECE b0

1

MOUNT FIXTURE MADE UP OF GOGOLES AN L38
NOSEPTELE T0 A PATIENT'S HEAD
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