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MATERIALS LICENSE |
Pursuant to the Atamie Energy Act of 1954, as amended, the Energy Reorganization Act of 1973 (Public Law 93-438h and Title 10.

| Code of i cderal Regulations. Chapter 1. Parts 30,31. 32,33,34,35,39. 40 and 70. and in reliance on statements and representations heretofore |,

made by the licensee, a license is hereby issued authorizing the licensee to receive. acquire, possess, and transfer byproduct. source, and special
nuclear material designated below; to use su~h material for the purpose (s) and at the place (s) designated below; to deliver or transfer such material
to persons authorized to receise it in accordance with the regulations of the applicable Part(s). This license shall be deemed to contain the conditions'

f pecined in Section 183 of the Atomie Energy Act of 1954, as amended, and is subject to all applicable rules, regulations and orders of the Nuclear !
Regulatory Commission now or hereafter in effect and to any conditions specified below.

,

|(
g. ,

Ucens"
g In accordance with letters dated
i September 30, 1996 and November 1, 1996

.

I Columbia HCA Health Services 3. Ucense number 35-12091-02 is amended in |

|1. of Oklahoma, Inc. its entirety to read as follows:

g dba Columbia Presbyterian Hospital {.
| 2. 700 N.E. 13th Street g
I Oklahoma City, Oklahoma 73104 4. Expiration date July 31, 2002 ig
N t
g 5. Docket or 030-17190 P!
g, Reference N.o

|gI' 6. Byproduet, source, and.or 7. Chemical and/or physical S. Maximurn amount that !icensee li:
I spectal nuclear material form may possess at any one time j-ii

under this license

f A. Cobalt-60 A. Sealed sources A. 14,500 curies (402 f
g (General Electric sources of not more Iip
| Company AB Elekta than 36 curies each) F|
N Model 43047) k;
I 'F: j
N D:
I >:
N F,
g 9. Authorized storage: g;

N F
G A. For use, installation, source replacement and temporary storage of a Leksell nj i

$g
Gamma System Model 23004 Type B (a.k.a Gamma Knife or Cerebral Stereotactic B

Radiosurgical Unit) radiation therapy unit for the treatment of humans. [3
5R

)h1
g. CONDITIONS '

I !i 10. Licensed materia may be used only at the licensee's facilities located at 700 N.E. f
8 13th Street, Oklahoma City, Oklahoma. @
N '

| 11. The Radiation Safety Officer for this license is Clifford W. Richter, Ph.D.
'

1
N 12. Licensed material shall be used by, or under the supervision of, Clinton A. Medbery, '

N III, M.D., John R. Taylor, M.D., or Astrid Morrison, M.D. ;I

| 13. Gamma Knife Physicist: Clifford k Richter, Ph.D.
I
g 14. A. The Gamma Knife shall be tested for leakage and/or contamination at intervals
g not to exceed 6 months or at such other intervals as specified by the p

I certificate of registration referred to in 10 CFR 32.210. F

N h

I N
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NRC FORM 374A U.S. NUCLEAR REGULATORY COMMISSION PAGE 2 CF 4 P/ 'ES |

g|
.o Lscene Number

g 35-12091-02 |
g!g M ATERIALS I lCENSE DMet or Reference Number g

g SUPPLEMENTARY SHEET 030-17190 gj
u Ei
y Amendment No. 10 j

g!h E
W E
N E
I

N
In the absence of a certificate from a transferor indicating that a leak test EB.
has been made within 6 months prior to the transfer, a sealed source or E

i
I detector cell received from another person shall not be put into use until El

ftested.

N C. The test sample shall be taken from selected accessible surfaces of the Gamma El
I Knife. The selected accessible surfaces should be those surfaces on which one E '

N might expect contamination (if there were to be leakage) to accumulate and E
N shall include the inner surface of the most frequently used helmets. A minimum E
N of a single wipe of the entire surface of the collimator will be taken. |En

|EN D. The leak test shall be capable of detecting the presence of 0.005 microcurie of jE
N radioactive material on the test sample. If the test reveals the presence of jE
|N 0.005 microcurie or more of removable contamination, a report shall be filed jE
15 with the U.S. Nuclear Regulatory Commission in accordance with jE
B 10 CFR 30.50(b)(2), and the source shall be remc,ved immediately from service jE
E and decontaminated, repaired, or disposed of in accordance with Commission E
B regulations. The report shall be filed within 5 days of the date the leak test f5M result is known with the U.S. Nuclear Regulatory Commission, Region IV, 611

,

, j
B Ryan Plaza Drive, Suite 400, Arlington, Texas 76011, ATTN: Director, Division

j |3 of Nuclear Materials Safety. The report shall specify the source involved, the j|H test results, and corrective action taken. ;E

@|B !E
E.

|s
lests for leakage and/or contamination shall be performed by the licensee or by 'E

i

i

other persons specifically licensed by the Commission or an Agreement State to E|
ti

,Is Perform such services. 'E
is I

EIg 15. The licensee is exempted from decommissioning financial assurance requirements for s
|g possession of licensed material in sealed sources in quantities greater than the j
|g limits in 10 CFR 30.35(d) for the purpose of source changes only. This exemption is g,
|y granted for no more than 30 days for any one source change. i
@!g 16. EA. Access to the Gamma Knife room shall be controlled by a door at each entrance. g
jy Such doors shall be normally closed. y

|s
i

E
3 B. Each entrance to the Gamma Knife room shall be equipped with an electrical g
|3 interlrck system that will remove the patient from the focus beam of radiation gj
|3 upon opening of any entrance door. The interlock system shall be connected in
!; such a manner that the patient cannot be returned to the focus beam until all g

treatment room entrance doors are closed and the control is reset at the g

j control panel. |
| C. Electrical interlccks on entrance doors to the Gamma Knife room shall be tested E

|b
| for proper operation at least once every 6 months. Records of test results
| shall be maintained for inspection by the Commission. Records may be disposed |

of following Commission inspection. g|
| E
|3 E
|

; ||
E

| E
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[g|'

., License Number

g 35-12091-02 g|
g MATERIALS LICENSE Docket or Reference Number (!
y SUPPLEMENTARY SHEET 030-17190 g|

Amendment No. 10

E $
N E
N

E|
E ED. In the event of malfunction of any door interlock, the Gamma Knife control

E|lI shall be locked in the "off" condition and not used, except as may be necessary
N for repair or replacement of the interlock system, until the interlock system El

is shown to be functioning properly. E

E 17. A. Any changes made in the treatment room shielding, location of the unit within E
N the treatment room, or use of the Gamma Knife unit that could result in

i

E

E|E increased radiation levels in areas outside the Gamma Knife treatment room '

N shall be evaluated by a radiation' survey made in accordance with condition 18 E
N and reported to the Commission within 30~ days following completion of the E
N change (s).

'

E
N E
N B. Relocation of the Gamma Knife unit to a new facility is not permitted without E
N prior approval of the plans and details by the commission. Following such E
N approval and relocation, a radiation survey shall be made in accordance with E
B Condition 18. and reported to the Commission within 30 days after completion of E
N the move. E
N E
N 18. Before initiation of a treatment program, and subsequent to each installation of a E
N Gamma Knife source, radiation surveys and tests shall be performed in accordance E!
B with the following: E'
B I

E
y A. A radiation survey shall be made of:

E
N E|
g (i) The Gamma Knife source housing, with the shielding door closed. The g'
y maximum and average radiation levels at 1 meter from the Gamma Knife y
y housing in the closed position shall not exceed 10 milliroentgens per hour g'<

y and 2 milliroentgens per hour, respectively. g
3

Ei (ii) All areas adjacent to the treatment room with the Gamma Knife shielding'I door in the open position. The survey shall be performed with a phantom
g

y y
y in the focus beam of radiation and shall clearly establish: g
3 Ey (a) That radiation levels in restricted areas are not likely to cause y
y personnel exposure in excess of the limits specified in
g 10 CFR 20.1201. g

g

f (b) The quantities of radiation in unrestricted areas do not exceed the E

y limits specified in 10 CFR 20.1301.

B. Tests shall be made to determine proper operation of:

) (1) Electrical interlocks on entrance doors to the Gamma Knife treatment room.

| (ii) The Gamma Knife treatment timing device.
|

|3
|3 E

|3 E

E
3

E
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*b License Numner

g| )
e.

35-12091-02 gy
g MATERIAI.S LICENSE Docket or Reference Number ||)
g SUPPLEMENTARY SHEET 030-17190 g|

Amendment No. 10

B E

N E

N E

EN C. A report of the results of the above surveys and tests shall be sent to the
EE U.S. Nuclear Regulatory Commission, Region IV, 611 Ryan Plaza Drive, Suite 400,

N NArlington, Texas 76011, ATTN: Director, Division of Nuclear Materials Safety
not more than 30 days after each installation of a teletherapy source.

I 19. The following shall be performed by the manufacturer or persons specifically E ,

N licensed by the Commission or an Agreement State to perform such services: E '

9 El
N A. Installation, relocation, or removal of Gamma Knife units containing sources. E

~

g -e g

N B. Source exchange.
'

E-

B E.

N C. Any maintenance or repair operations on the Gamma Knife unit involving a E

N mechanism that could expose the source, reduce the shielding around the E

N sources, or compromise the safety of the unit and result"in increased radiaiton E

N levels. E
~.

, g

N 20. The licensee shall comply with the provisions of Title 10, Code of Federal E

P Regulation, Part 35, " Human Uses of Byproduct Material," Sections 35.600 through E

N 35.647, except Section 35.M(b)(2), (3), and (6) and Section 35.634(a)(3) and (4). E

N 632- A E

N 21. Except as specifically providerotherwise in.this license, the licensee shall E
.

N conduct its program in accordance with the statements, representations, and g
g procedures contained in the documents, including any enclosures, listed below, g|i
y except for minor changes in the medical use radiation safety procedures as provided g'|
g in 10 CFR 35.31. The U.S. Nuclear Regulatory Commission's regulations shall govern g
y unless the statements, representations, and procedures in the. licensee's application g.

y and correspondence are more restrictive than the regulations. g

N E
y A. Application dated April 21, 1996 g
y B. Letters dated September 30, 1996 g
y C. Letter dated November 1, 1996 g
N E

N E

N E

| FOR THE U.S. NUCLEAR REGULATORY COMMISSION

N Original Signed By E

N HOV o i336 Vivian H. Campbell E

|Date By
Nuclear Materials Licensing Section

|y Region IV N
,

y

|Arlington, Texas 76011l y

N E
N E
N E

| N E
B E
B E
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CCOLUMBIA
Eresbyteriantiospital
706 Northeast 13th St;eet
Oklahoma Oty, Oklahoma 73104 5070

C As page ts httpwwww awumtnanet

November 1. 1996

Vivian H. Campbell. Health Physicist
Nuclear Materials Licensing Section
Region IV
U. S. Nuclear Regulatory Commission
611 Ryan Plaza Dr.. Suite 1000
Arlington. Texas 76011

Re: License #: 35 120391 02
Docket #: 030 17190
Control #: 466078

Response to your request for added information dated October 31, 1996

Dear Ms. Campbell:

Please find enclosed a detailed response to your request for additional
information. This response will follow your module detailing the request.

Quality Management Program

Due to the complexity of the gamma knife written directive, we have elected to
used the Treatment Planning Protocol as the written directive. This protocol
is derived by an authorized user. It contains:

a. the target coordinates
b. the collimator size
c. the plug pattern
d. the total dose
e: the treatment time

The written directive will be signed by the authorized user. In order to
assure that the treatment parameters are in accordance with the written
directive, it will be verified and signed by a medical physicist.

Verification will be performed by an authorized user and another qualified
individual to assure that the stereotactic frame coordinates on the patients
skull match those on the treatment plan (written directive) and that the films
used to determine frame coordinates positively and unambiguously identify the
right and left hemispheres.

Dose calculations will be checked' by a medical physicist or an authorized user
who did not perform the original calculations.

The treatment planning protocol will be signed or initialed at the end of each
target treatment. When the treatment is completed, the authorized user will
review, sign and make a notation that the treatment was deliver ed as
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.

prescribed, j;
3

Our program review for the OHP incudes review of all written directives. This,

; verifies compliance and effectiveness of the program. When deviations occur. |

| all recordable facts will be preserved to determine the cause of the |
deviation. Then corrective action, if indicated, will be implemented to |

,

| prevent recurrence. The program will be evaluated at least annually. Records
of relevant facts, corrective actions, and annual reviews will be maintained

;

j for at least three years.

Item 5:
u 1

Our current source strength is 6208 Curies of Co 60 on 7 1 96. I believe that
6700 Curies (less that 10% more than we received) plus the decayed sources to
be removed would be more than adequate. 1

Item 9.3:

Record of training of individuals will contain the date. . duration of training,
and the topics covered.

!

Item 10.2:
i

Calibration of survey meters will be completed annually. The report will be !

dated with the result of the calibration and the name of the organization
providing the service. These records will be maintained for at least three
years.

Item 10.6:
1

The Leksell Gamma Knife comes complete with a color CCTV and intercom. We has
'

installed an additional CCTV and intercom in the room (a total of two). ;

'

Patients will not be treated unless there is a functional CCTV and intercom.
There is no viewing window.

Item 10.7:

The Gamma Knife suite is in radiation therapy, which is locked when not
occupied. The door to the treatment unit is posted with a ' Caution
Radioactive Material' and a ' Caution Radiation Area' sign. Currently there is '

a red beam on warning light over the door (this is to be changed to another
type radiation warning sign that lights when the beam is 'on'). Warning
lights are also on the unit and the control console.

We have a remote area monitor installed at the control console. The door is
interlocked to the unit in a conventional fashion.

We have enclosed a copy of our response to tests required after installation |

of a teletherapy unit rquired by 10 CFR 35.645 dated 10 25 96. This was
mailed this week.

Item 10.8:

As noted in the previous paragraph, surveys have been completed to insure

. .- -
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compliance with Parts 19 and 20.

Since the gamma knife suite is located in radiation oncology, controls exist
to insure that the department is locked when not occupied. Only trained
employees in this area are issued keys. The gamma knife control is locked
when not in use.

Except for the treatment room during use, and during emergency situations,
there are no restricted areas.

Clearly visible ' Caution Radioactive Materials' and ' Caution Radiation Area'
sign are posted at the entry door to the gamma knife suite.

In order to address the possibility of a worker exceeding the limits in 10 CFR
19.12 (100 mrems) during an emergency, all employees working with the gamma
knife will be instructed and issued monitoring devices.,

The surveys required by 10 CFR 20.1501 and 35.641 dated 10 25 96 are enclosed.

Item 11.1:
i

We have adopted Appendix D of RG 10.8, Rev. 2.

Item 11.2:

We have adopted Appendix F of RG 10.8. Rev. 2.

Item 11.3:

We have adopted Appendix G of RG 10.8, Rev. 2.

Item 11.4:

We have adopted Appendix H of RG 10.8, Rev. 2 and/may use a licensed
commercial source to provide leak testing services.

Item 11.21:

Enclosed with our report of required tests dated 10 25 96, we have enclosed an
Emergency Procedure. These items are addressed.

Item 11.23.1:

The GSR unit may be operated for testing and measurements by a trained medical
physicist. When used for patient treatment and authorized user and a medical
physicist will be present.

The unit will only be used for required tests and measurements that are needed
to insure regulatory / safety purposes in preparation for and to treat human
disease processes.

Item 11.23.2:

Safety device checks will be done following manufactu"es recommendations.

|
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Test frequency on some items are day of use, others weekly / monthly.

If any malfunction is noted that would affect clinical use, the ur.it will not
be used until it has been serviced or otherwise cleared by the manufacture as
safe for clinical use.

Item 11.23.3:

The periodic spot check will be performed once each calendar month of use by a
medical abysicist. If the spot check is not performed by the GSR physicist,
it will se reviewed and signed by the GSR physicist within 15 days of being
conducted. The monthly spot check for the month of the annual calibration
will be incorporated into that report.

'

Item 11.23.4:

Elekta will perform routine preventative maintenance to ensure that systems
that deteriorate from use are identified and replaced.

Item 11.23.6:

Reports of surveys will be done after source changes, modification of the GSR
unit or treatment room, or any other time that it would be suspected there
would be a change in the radiation levels around the unit or room.

Certain reports are required to be send to the NRC per 10 CFR 35.641.
4

Enclosed is a copy of the report dated 10.25 96.

Item 11.23.8:

The Radiation Safety Officer maintains all records relating to the license and
supporting documents, personnel dosimetry records, survey instrument
calibrations / day of use checks, day of use beam monitor checks, day of use )checks of audible alarm personal dosimeters, calibration of dosimetry systems
used for the full calibration, calibration /intercomparison of dosimetry
systems used for spot check measurements and training of new personnel and the
annual refresher courses.

Item 11.23.9:

Enclosed with our report of 10 25 96 is the Emergency Procedure posted at the
console, along with the notification list.

The Emergency Procedure will be practiced at least once per year. A record of
that drill will be maintained.

I
As we discussed, we have a team from Elekta Sweden here next week (November 4)

'

to assist us in treating patients (starting Wednesday), provided we have our
license. If you need any additional information and cannot get in touch with
me, please call 405 271 6445 and have me paged.

I appreciate you help in this endeavor and would like to invite you up to view

;
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patient treatment. Thanks again for your help.

|

Sincerely.
1

A

} fD4fl
~' |/d i

;

.

Clifford W. Richter. Ph. D.
Radiation Safety Officer

i

1

|

)

_ . . .
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October 25, 1996

Vivian H. Campbell . Health Physicist
Nuclear Materials Licensing Section
Region IV
U. S. Nuclear Regulatory Commission
611 Ryan Plaza Dr.. Suite 1000
Arlington Texas 76011

Re: License #: 35 120391 02
Control #: 466078

Reports of teletherapy surveys, checks, tests, and measurements (35.645)

Dear Ms. Campbell:

Please find enclosed reports required after the installation of our Leksell
Gamma Knife teletherapy unit.

The unit is a Leksell Gamma Knife Model 23004 (*B' model), containing 6208
Curies of Co 60 on July 1, 1996. The installation was completed on October
17. 1996 by Elekta personnel.

1) The following safety features were tested and were found to function
properly:

a) The electrical interlocks at the entry door,
~

b) The beam condition indicators on the treatment unit, over the
door, and at the treatment console,

c) The patient viewing system (CCTV) and two way communication
system.

d) The proper opening and closing of the electrically assisted door
from both inside and outside the room.

These items demonstrate compliance with 10 CFR 35.634(d).

2) The enclosed report of the survey of the teletherapy head partially
completed on August 23 and completed on October 2,1996. The maximum
value (2.3 mR/hr) was measured in a small area directly in front of the
shielding doors. The average value was 0.68 mR/hr.

This survey demonstrates compliance with 10 CFR 35.641(1). gA//22203
3) The radiation survey was completed on October 16, 1996, with a Ludlum

14C GM survey meter calibrated on October 15 1996.

The survey was conducted with the helmet in the maximum out positio
This resulted in the highest radiation exposure in all areas.

DA.NcNA.
JWC



-
.

.The locations are noted on th enclos:d drawing. The measured radiation
lev 31s were measured at one foot from the barrier. Recorded levels and

-

locations are the maximum observed for that barrier. The background was
measured at 0.03 mR/hr.

Location Occupancy Exposure Rate Exposure per week

1) Control area 1 0.03 mR/hr 0 mR

2) Entry door 1 0.04 mR/hr 0.1 mR

3) West wall 1/4 0.03 mR/hr 0 mR

4) North wall 1/16 0.12 mR/hr 0.1 mR

5) East wall 1/16 0.05 mR/hr 0 mR

6) Roof 1/16 0.5 mr/hr 0.3 mR

The February 13. 1996 Radiation Protection Design calculated a maximum
beam "on" time of 9 hours per week. This beam "on" time and occupancy
factors were used to evaluate the weekly / annual exposure values.

There is no area where an individual could receive more than 2 mR in any
hour or more than 100 mR in a year, considering occupancy and the design
use factor of the gamma knife.

This survey demonstrates compliance with 10 CFR 20.1301 and 10 CFR
35.641.

'

'

4) The output of the unit was measured on October 16. 1996 with a Capintec
PR-05P ionization chamber. This chamber was calibrated by K & S
Associates. Nashville, Tennessee on October 15. 1996 (an AAPM Accredited
Dosimetry Calibration Laboratory).

The output the unit at the focus of radiation with the 18 mm helmet was
measured to be 368 rads per minute (3.68 Gy/ min) at the center of a 16
cm spherical phantom of water equivalent plastic, per Elekta procedures.
Dose was calculated using the AAPM TG 21 protocol.

If you have question concerning the results of this survey, or need other
information, please contact us.

Sincerely.

'

Clifford W. Richter. Ph. D.
Radiation Safety Officer
Director of Medical Physics
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| Measuring distance fmm the sources: Im, i.e. appr. 60 cm from the surface of the radiation unit. 1
*

"Ihe measurement is performed in accordance with NCRP 33
'

e

i
Use drawing 43824 for the LGK 23016 and 43834 for LGK 23004 as instruction for where to measure. )e

i
j

'

If the measurement is done on LGK 23004, the plastic hood must be removed.
= '

* A calibrated instrument shall always be used for the measurement.
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General Operator Safety Instructions
i

1) The operator shall insure that only the patient is in the room when the l

unit is operated. The operator will be the last person out of the roomand close the entry door.

2) The unit shall not be operated without a means to see and communicatewith the patient.

3) If the radiation monitor in not operational, any individual entering the
treatment room must use a survey instrument or audible alarm personal
dosimeter to monitor the room for any malfunction of the source exposure

,mechanism. The monitor shall be promptly repaired or replaced if it is Iinoperable.

1

;

t

9

i

, .-
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E) ERG.ENCY PROCE)URE-GAMMA KNIE

Due to the complexity of this procedure and significant risk of radiation
exposure, only trained individuals may enter the room during an emergency.

The emergency will be noted by indications on the control, CCTV, intercom,patient monitors, etc.
The shielding doors of the unit take approximately one

oinute to close (with retraction of the patient from the treatment position).
Entry into the treatment room in most emergency situations will result inradiation exposure to personnel.<

1) Avoid the area of the maximum radiation as much as possible. The high;

radiation area is noted on the floor. Patient safety is the primaryconcern.

2) Follow the detailed instructions for removal of the patient and closingthe shielding doors of the unit. The instructions are attached.
3) Try to estimate the time and your location in the room during theemergency.

4) If the shielding doors of the unit can not be closed, lock the entry: door and post a notice of the situation. Immediately notify the R.S.O.
5) Notify the Radiation Safety Officer of the emergency.

i
6) If the emergency involved a malfunction of the unit, do not use the unit

until Elekta has been notified.
Emergency Call List:

Cliffford W. Richter. Ph. D. 271 3867 office 340-1195 homeRadiation Safety Officer 627-4854 cellular 636 8478 pager
Clinton Hedbery, M. D. 271 3866 office 524 4163 home

.

Radiation Oncologist 820 3056 cellular;

Max D'Souza. Ph. D. 271 6445 office 528 1313 homeMedical Physicist 833 2396 cellular 967 4862 pager
! The hospital operator (271 5477) can page these or other staff.

<

1

4

4
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K&S Associates, Inc.M. 1926 Elm Tree Driv 2 Nashvills, Tcnn:ssee 37210-3718
Voice 615-883-9760 Fax 615-871-0856 Schedule 800-622-232S

ACCRFDITED DOSIMETRY CAI IRRATION LABORATORY

CALIBRATION REPORT

SUBMITTED BY: COLUMBIA PRESBYTERIAN HOSPITAL
700 NORTHEAST 13TH STREET
OKLAHOMA CITY, OKLAHOMA 73104-5070

()*
INSTRUMENT: CAPINTEC PR-05P #CII.078460

KEITHLEY 35614 #17942,

(f-REPORT NO.: 6073

f
TEST NO.: 96690

; e

REPORT DATE: OCTOBER 15,1996 l

The CAUBRATION FACTORS contained in this report were obtained by intercomparison with
instruments calibrated by, or directly traceable to, the National Institute of Standards and Technology
(NIST). K & S Associates, Inc. is licensed by the State of Tennessee (R-19075-G97, R-19136-800) to
perform calibrations, and is recognized by the American Association of Physicists in Medicine (AAPM)
as an ACCREDITED DOSIMETRY CAllBRATION LABORA10RY with special accredit tion for the
calibration ofbrachytherapy sources and well chambers. As part of the accreditation K & S participates in
a measurement assurance program conducted by the AAPM and NIST.

The CAUBRA TION FACTORS stated herein are valid under Le conditions specified. It is the instrument
'

user's responsibility to perform the appropriate constancy tests prior to shipment and afler return from
calibration. It is also the responsibility of the user to assure '. hat the interpretation of the information in
this report is consistent with that intended by K & S Associates, Inc.

ANSI standards require that this report not be reproduced except infull without the written
permission ofK & S Associates, Inc.
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- K& S ASS 5CIATES,INC TestNo. 96690

IONIIATION CHAMBER CALIBRATION
;

DATE: 10/12/96

SUBMITTED BY: Columbia Presbyterian Hospital
Oklahoma City, Oklahoma |

'

CHAMBER:;

j Mfgr: Capintec
Model No.: PR-05P (0.07 ml, C552) ;

Serial No.: Cll.078460 ij

ORIENTATION / CONDITIONS:

white stripe toward source;
with polystyrene Co-60 build-up cap

|

ION COLLECTION EFFICIENCY (Aion): 0.998

! POLARIZING POTENTIAL: -359 V on thimble CHAMBER LEAKAGE:<1 x 10-15 A

; BEAM QUALITY EXPOSURE SCD CALIBRATION CLASS
HVT (mm) H.C. kVp RATE (cm) FACTOR

.

10 R/C IICo-60 25 R/ min 80

Nf= 4.774 x 10
N='

- -

84.197x 10 Gy/C

COMMENTS: Ngas /(N Aion) = 8.60 x 10-3 Gy/R hx,

Calibrated by: ~h S we As, Reviewed by: ./ A4[
/A/Cg(L U|(/ f'

Title:Title: 5 9,2 -y-otso,-.,

Checked by: U D Prepared by M D Log C-32 Page 301

L

J

A CCREDITED DOSIMETR Y CALIBRA TION LA BORA TOR Y Page- 2 of4
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K & SASSO'CIATES,INC TestNa 96690

ELECTROMETER CALIBRATION

i

DATE: 10/12/96

SUBMITTED BY: Columbia Presbyterian Hospital |
Oklahoma City, Oklahoma i

INSTRUMENT:
Manufacturer: Keithley
Model No.: 35614
Serial No.: 17942

SCALES, SWITCH POSITIONS, CONDITIONS:

BIAS: 100%, + (other settings good);
CURRENT SUPPRESS: OFF; RANGL.

POLARIZING POTENTIAL: -359 V LEAKAGE: +2.3 x 10~I4 A
4

LINEARITY: within +/-0.1 % or the precision of the reading, whichever is greater, except as
noted.

CALIBRATION FACTOR:

FUNCTION UNITS CALIBRATION FACTOR

10-8 C N/A 1.006 C/rdg

COMMENTS:

Calibrated by: _bm B. S. Reviewed by:/ O/

Title: $ Title: (A c& /o e
a -

N repared by N D Log E-22 Page 130Checked by: P

A CCREDITED DOSIMETR Y C4 LIBRA TION IA BORA TOR Y Page- 3 of4
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02 88c UNITED STATES
# f* NUCLEAR REGULATORY COMMISSION;-

|' f f ,,$ REGloN IV
=., c

I' O 4 611 RYAN PLAZA drive, SulTE 400

4.....[j^ % AR LINGToN, TEXAS 760118064
;

!
)

: October 31,1996
i

<

| Columbia HCA Health Services of Oklahoma, Inc.
dba Columbia Presbyterian Hospital-

| ATTN: Clifford W. Richter, Ph.D.
RSO

' 700 N.E.13th Street
Oklahoma City, Oklahoma 73104

.

| SUBJECT: GAMMA KNIFE

i- .

21,1996, and your letter dated September4 We have reviewed your application dated April
j 30,1996, requesting an amendment to your byproduct materiallicense to use gamma
i stereotactic radiosurgery. Before further action can be taken, we shall need the

information identified in the attached checklist. Specific items that'should be ' addressed.

are indic'ated as the shaded a're'as in the checklist. (No additionalinformation is necessary
~

'

i for the items marked with an "X.") Review the information provided in your application
4 and compare it to that outlined in the draft Gamma Stereotactic Radiosurgery Module, the

applicable items in Regulatory Guide 10.8, Revision 2, and the corresponding NRC,

j regulations. Additionally, you should update operating and emergency procedures and the
; radiation safety manual to reflect changes implemented as a result of changes made to the
, application.

!

j In order to continue review of your application, we request that you submit your response
j to this letter within 30 calendar days from the date of this letter. Please reply in duplicate
j and refer to the license, docket, and control number specified above. If you have
; questions or require clarification on any of the information stated above, we encourage you

to contact us at (8171860-8100.
:

i [S.in erely,;

|' -s

| %l .Gynf 20
Vivian H. Campbell

| Senior Health Physicist
i Nuclear Materials Licensing Branch
| Docket: 030-17190
i License: 35-12091-02
i Control: 466078
,i

] Enclosure:
j 1. Checklist

i
:
i

V

, . _, _ _. .. _.
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|

j GAMMA STEREOTACTIC RADIOSURGERY MODULE
' Dated September 7,1995
3

4

NOTE: Licensee should address the general information requested in Regulatory 10.8 |,

1
,

a

Licensee / Applicant: Columbia HCA Health Services of Oklahoma, Inc.
License Number: 35-12091-02
Docket Number: 030 17190

: Control Number: 466078
:

! Date of Application: April 21,1996
3 Application Signed [X] Yes [] No

| James O'Loughlin, Ph.D, President & CEO

! REGULATORY PERFORMANCE-
f

[] Review of last three inspections reveals no major regulatory considerations.
,-

.
d

|
j DATE INSPECTOR VIOLATIONS

: E
i

E,

E
i

[] Major violations / repeat violations:

| [] Reviewer and inspector concerns:
!

i. QUALITY MANAGEMENT PROGRAM
4

i QMP on file: [X] YES [] N O
'

Date of submittal: September 30,1996

G Authorized for gamma stereotactic radiosurgery

K..,r's~_vli..sh^3f..lhT.isihtsh. .'.OMPT6.i^",~~i. f.575is.m,W,.m _iiE. 5. H.siebTs, Bas.lh.'eEV. 6. 5e'asihritii.d.ib, li.s._isi,B d IR. hi F
z ..s . ... . . g:~. . ~,..
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.u.m .

iew of th. .~
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ct.i ;o edso eappe.a. r:to rneet t
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.:; . . , . +-. ...
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Checklist -2-

A' written directive for a gamma sterotactic radiosurgery radiation dose, as defined
in 10 CFR 35.2, must include the target coordinates, the collimator size, plug
pattern, and total dose,- Your written directive for administration of a gamma
sterotactic radiosurgery radiation dose does not contain:

.

/a, the target coordinates,
the collimator size,

c/ the plug pattern, !

d[ the total dose.

Your submittal for gamma sterotactic radiosurgery administration docs not
adequately describe procedures to ensure that each administration is in accordance
with the written directive as required by 10 CFR 35.32(a)(4). Examples of
acceptable procedures include:

g. verification, before administering each gamma sterotactic radiosurgery dose,
to assure that the treatment parameters are in accordance with the written
directive, should be performed by at least one qualified person (e.g., an
oncology physician, radiation therapy physicist, or radiation therapy
technologist) other than the individuals who dated and signed the written
directive and plan of treatment. The prescribed target coordinates, collimator
size, plug pattern, and the total dose should be confirmed by the person
administering the treatment to verify agreement with the written directive
and treatment plan.

b. verify that the sterotactic frame coordinates on the patient's skull match
those of the plan of treatment, and that films used to determine frame
coordinates positively and unambiguously identify right and left hemispheres.

c. check of dose calculations (i.e., computer-generated dose calculations and/or
manual dose calculations) by an authorized user or a qualified person under
supervision of an authorized user who whenever possible did not make the
original calculations.

d. prompt recording of the treatment parameters, and sign or initial the patient's
chart or appropriate record.

Your QMP must include policies / procedures to institute corrective actions to be
taken after an unintended deviation has been identified.

ITEM 1: AMENDMENT TO LICENSE NO 35-12091-02

ITEM 2: NAME AND MAILING ADDRESS OF APPLICANT

Columbia HCA Health Services of Oklahoma, Inc.
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Checklist -3-

dba Columbia Presbyterian Hospital
700 N.E.13th Street,

i Oklahoma City, OK 73104

*

ITEM 3: LOCATION OF USE

Same address as above,
i

ITEM 4: NAME OF PERSON TO BE CONTACTED ABOUT APPLICATION

Clifford W. Richter, Ph.D.
405 271-3867

| ITEM 5: RADIOACTIVE MATERIAL
i
i

i Byproduct Material Chemical / Physical Form Maximum Amount of
Possession.

Cobalt 60 Sealed sources (General Specify th' maximume
Electric Company AB Elekta amount to be possession.
Model 43047 Your application states

6700 curies,'plus.de cyed
sources at source
exchange,

ITEM 6: PURPOSE FOR WHICH MATERIAL WILL BE USED

Authorized use:

For use, installation, source replacement and temporary storage of a Leksell Gamma
System Model 23004 Type B (a.k.a. Gamma Knife) radiation therapy unit for the
treatment of humans.

ITEM 7: AUTHORIZED USERS

A. A. Medbery, ll!, M.D.
B. e Taylor, M.D.
C. AM- rison M D, ..

ITEM 8: INDIVIDUALS RESPONSIBLE FOR RADIATION SAFETY

ltem 8.4 GSR Physicist [35.961(a) & (b)]

(X) Full Name: Clifford W. Richter, Ph.D.
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! Checklist -4- '

i
i
4

:

:

:
i

; (X) Training and Experience |

(X) Authorized on NRC/ Agreement State license as medical physicist.
|

License No.35-13058-02(authorizes Co-60 teletherapy):

1
.

'

ITEM 9: TRAINING FOR INDIVIDUALS WORKING IN OR FREQUENTING RESTRICTED |

AREAS
|

|

| Item 9.1: Trainina Proaram
|

Item 9.1.1 Trainina Proaram for Individuals Responsible for GSR Treatment of Patients
I

.

(X) Description of procedure for " team approach" '

] (X) Minimum, includes qualified medical physicist and physician.
; (X) Manufacturer's training

(X) Commitment to instruct personnel"

(X) Before assuming duties
(X) Annual refresher
(X) Significant changes in duties

Item 9.1.2 Trainina for Nursina Staff

(X) Instruction includes following topics:
(X) Basic radiation biology
(X) Basic radiation physics (time, distance, shielding)
(X) Risk estimates
(X) ALARA
(X) Posting req.
(X) Personnel dosimetry
(X) QM Program
(X) Emergency procedures
(X) Occupation dose limits (20.1207)
(X) Embryo / fetus dose limits (declaration of pregnancy) (20.1208)
(X) Public dose limits (20.1301)
(X) Right to be informed of exposure (19.13)
(X) Report unsafe conditions to RSO (19.12)
(X) Regs, License conditions, IN, Bulletins
(X) Location of regs, license, etc.
(X) Record keeping
(X) Case Histories regarding incidents
(X) O/A

Item 9.1.3 Trainino for the Medical Physics Staff
(medical physicist, therapists, and dosimetrists)

(X) Instruction includes following topics:
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| Checklist -5-
|

(X) Topics covered for nursing staff
(X) Appropriate surveys
(X) Leak testing

|

(X) Emergency procedures
| (X) Operating procedures (daily PM, patient treatment)

(X) Computerized treatment planning system
(X) Dosimetry protocol

item 9.1.4 Trainina for Ancillary Personnel (Housekeecina, dietary services, securitv.

SL.d

(X) Instruction includes following topics:
(NA) May choose to prohibit ancillary personnel from entering restricted

|
area.

(X) Posting / labeling |
(X) Precautions i

item 9.1.5 Trainina for Contractors j

(X) instruct as employees according to appropriateness

item 9.3 Records

- TDate
Duration'of training

h ' : Topics covered
(X) Instructor
(X) Attendees
(X) Maintained for 3 years

ITEM 10: FACILITIES AND EQUIPMENT

ltem 10.1 Facility Diaaram

(X) Annotated drawings for:
(X) GSR suite (X) remote loading device
IX) Scale
(X) Direction of north
(X) Principal use of each room
(X) Location of GSR unit and source within the treatment room
(X) Type, thickness, and density of shielding materials (walls, floor, and

ceiling)
(X) Location of doors, windows, conduits, and other penetratiors
(X) Adjacent areas- uses of and distances to
(X) Height of earth against outside walls, if applicable
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Checklist -6-

Item 10.2 Survev Instruments and Radiation Monitors

(X) Portable survey instrument meeting (35.620)
(X) Beam on radiation monitor permanently mounted in suite [35.615(d)) |

(X) backup emergency power supply . |
(X) provides visible indication of exposed source 1

(X) visible indicator must be readily observable by any person entering
suite

(X) Dosimetry system (35.630)
(X) lastrument sufficiently sensitive for counting leak-test samples.
(X) Calibration of instruments

(X) By manufacturer
(X) By person authorized by NRC or Agreement State

(X) Name: HCA Health Services of Oklahoma, Inc.
(X) License No.35-12091-O' I

.Frequersy of calibrationihnud |

_ y/L Dateinte!d records for 3 yei~rs0
f,

// Results 1
~

0 .Name of organization providing service |

Item 10.5 Temocrary Hot Cell Construction and Source Loadina I

(Self shielded loader used instead of a temporary hot cell)
(X) Name of service company: Elekta Radiosurgery, Inc. and Alpha Omega i

Services I
(X) Copy of NRC or Agreement State license
(X) Copy of operating procedures
() Copy of agreements regarding radiation safety procedures that will be used

during source installation procedures,

item 10.6 Viewino System (only 1 system required, either/or)

() Viewing window
() Thickness
() density
() Type of material

e c be backup system, or h/Me[> b
() Procedure to be used in case electronic system malfunction, or
(X) Specify treatments will be suspended until electronic system is

repaired.

There 'sppenis16 bsirico6sistendVMithin VoufTipplicati6niegsiding' thy
viewing'systirnnWhile;you iridis ~ telithat!Vou blardn.a"6ask'upjCCTVfarida

intercomilterng6[statedi$t tresirnents wiinoilbsjoriejnless|CCTV
,



_. . - _ _ - -_ _ _ . _ _ _ _ - _ ~ -__ _ _ __._ _. . _.

: |
' -

.

, ,,

i

Checklist -7-4

.

,

i system'is opefational.31te6f E.5j2|C7of.iAppendiE11:23;9isesrns t6fnfei
.

'

that if theLCCTV ceaseitb; workitheist'ient"will tii ob' served |visballyd,

Please clarifyylf Vou plan;onfusing'.a^vieining;wiridoWas baskUpiprovide the
'

applicable inforisationd if|y6u|will havi; a' backup CCTV and i.ntercorh/ please
describe.

i item 10.7 Warnino Systems and Access Cor-irols (35.615)

i
().,a 1 Describe'wamingis9st6|ms}(e.gGlobk.s[ signs, warning lights'and alarms |2

.

interlock systems) for each GSR suite
.

(X) Describe methods for controlling occupancy for each restricted area.;

(NA) If 2 radiation producing units occupy same room, describe steps to ensure4

both units cannot be operated simultaneously.

2 Item 10.8 Adecuacy of Shieldino
i
'

(X) Identify each area adjacent to treatment room as restricted or unrestricted.
| (X) Submit calculations of maximum radiation levels

(X) Maximum anticipated workload data4

(X) Value of each parameter used in your calculations,

(X) Contribution from primary, leakage (w/ source "on") and scattered
I radiation

(X) Calculation for each area adjacent to suite (exclude areas not,

excavated)
(X) ' Worst case" situations for exposure in adjacent areas
(X) Consideration of continuous occupancy (factor of unity) for

j unrestricted areas (except if you request authorization for higher
*

radiation levels)
, (X) Results of calculations in mrem in any 1 hour and mrem in any 1 day,

or milliSieverts in any 1 hour and milliSieverts in any 1 day
.

'
(X) For each unrestricted area, state how you will meet 10 CFR 20.1301, or

j (NA) Request authorization for higher levels by providing information required by
i 10 CFR 20.1301(c) |

,
( For each unrestricted;;ifeK.'dsieribe|V;6u|pfogia6{f6ffisietin{ Parts 319|and

'

[ ' restricted.ihdidin.ini.s..tF.at.i.s./.e b66tr.b.i.s#Used''tb.i..es.t. r. i.ct"abcess. t6.
; ; Physi 6. st~

- - . - .. -+_.c,

area
Nom 65Q$oIdi6h7sifiEmii(1,66stloii6fyarni6d;sig65[fWr~eitricted
areaj

p JProsissif6ij6siirihithit'piii6H651'estsii6Fisitii6fidYrsilais
~

,

instructed in ~accordance'with r10'CFR 19;12

iPrograr(d;fo(ensuringMdpersjnne.1 enteribfierstrl6ti(afsa^ sfe.

monitore
bcuiSNy{Mif6frHidjeF;10;;CFR;;20|1501|shd)5 641)
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Checklist -8-
!

ITEM 11: RADIATION SAFETY PROGRAM I

! Item 11.1 Personnel Monitorina Proaram

[ ?AppendiRDilof RG;1.0.87Re9;2..impleinented andLfollowed-

(): ' Equivalent procedures irnpjemented and followed
,

i

; item 11.2 Radiation Safety Committee (RSC)/ Radiation Safety Officer (RSO)

I ' Appendix F of RGL10.8, ReV.2 im.plemented and follow 6d
.

,

() ~ . Equivalent procedures subrnitted !
,

item 11.3 ALARA Proaram

V Appendix G_of RG 10.8, Rev.2 implemented and followed ;

1

() Equivalent procedures submitted-

.

|

Item 11.4 Leak Test'

! Appendix H of.RG 10.8, Rev.2 implemented and followed
'

. ,

() Equivalent procedures submitted
,

item 11.21 Emeraency Instructions

Submit copy of procedures, minimum to include
(X) When procedures are to be followed

; (X) Step-by-step actions to be taken and by whom
(X) 1st consideration should be minimizing exposure to patient (usually by

removing patient);

~ linstr0ct'staffjoTctjuicklp'and calmly;1 arid ^ avoid prirWarp beani
(X) Require room to be secured as soon as staff and patient are out of

roomy
Vf? .,Specifp'Wh6 Mill tis"iiotified.?(Narnes of at'least'2 tridividUats" arid'di6

andjffidhtshlephhnsM@bersI '
~ ~ " ~ ' ~

Item 11.22 GSR Survev Reoorts;

(X) 10 CFR 35.641 report
(X) Name, address, and license no. of organization providing service
(X) Name, address of each person conducting survey.

(X) Describe reason for survey (installation, relocation)'

,
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Checklist -9-

,

4

(X) Date work completed
(X) Date survey conducted
(X) Info about radiation detection instrument used |

(X) Manufacturer's name and model number !

(X) Date of last calibration;

: (X) Standard and procedures used in calibration
I (X) Manufacturer's name and model name and number of GSR unit

(X) Manufacture's name and model number of GSR sources
I

(X) Activity of each source and assay date -

'

(X) Intensity of primary beam at isocenter and date measured
I (X) Maximum and average radiation levels measured at 1 meter from
; sources in off position

(X) Describe location of the 14-26 points and levels measured at
each point

(X) Describe phantom used when measuring radiation levels in adjacent
areas, includin0 composition of phantom and size.

; (X) Plan and elevation drawings of GSR facility (reference item 10.1) |
(X) Identify location at which radiation levels were measured I

(X) Describe tests conducted and results of tests to ensure proper ),

: operation of safety systems
(X) GSR treatment room door interlock (35.615)
(X) GSR treatment timing device

(X) If GSR unit or sources removed provide:
(X) Date of removal
(X) Name, address, and license no. of person who took possession

of unit / sources.
(X) Describe recommendations of surveyor to improve safety operations

and your response to recommendations.

Item 11.23 Operatino Procedures for GSR I

ltem 11. 3.1 Use of the GSR Unit i

/ @ lWho mayfoperate the' Unit
,

y < How,u~ nit map b' usede

O!_ [How unit is to;be operafe'dJsep06 ripe |ofistepit6]olidw)
(X) Who must be present during treatment
(X) Ensure that only patient is in the room when the primary beam on
(X) Specify daily checks to ensure proper operation

item 11.23.2 Safety Device Checks !

MM Nw$ {lnstru;ctions f# making"chselis k @k i

j ;R.ecommended..freque.ncysonce a wee.
u

V.ilPro' pt'6o)(ection of shelfunction|or:defelti!ribt6dm
(X) Record of check made (can use a simple checklist)
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Checklist -10-4

<

|Iri' event'of malfUnctida7stsps"thatysrionnd! Will folloWsh.561d.;d&lafjij.

correction occur

i ltem 11.23.3 Periodic Scot-Check Measurements of GSR Units (35.634)
'

(X) Performed once each calendar month
(X) Properly calibrated dosimetry system required (35.630) |

,

Of ? Specifp|when(how; and by whom thispot-checKmiasUisihentsyilijbe
made.

:

: We understand that this procedure will be performed by the GSR physicist.

JNA) Procedures established by GSR physicist
V(NA) GSR physicist to review and initial spotcheck results within 15 days of being

'

; conducted.

item 11.23.4 insoection and Servicino of the GSR Unit (35.641),

(X) Fully inspected and serviced during source replacement, or at intervals not to
exceed 5 years

j [ LPreventative'm'aintenance to| ensure.that svstems that"deterio' rate fr'orn use
,

are identified and repaire.d2 g|g g7g ph
i item 11.23.5 Limitations on Work Done on GSR nit

(X) Work limited to authorized persons (35.605)
(X) Install, relocate, remove sealed source or unit
(X) Maintenance, adjustment, repair of unit that involve mechanisms that j

"

could expose source, etc.
() 'ocrating procedures sufficient to ensure compliance

,

item 11.23.6 Survev Reoorts (Reference item 11.22)
(X,) Who will perform formal surveys

W[T 3When and to;whom cokiesjor. mal r6part will be'sehiH6W and when survsVsMill b's~6ohdUcted>

,

Pisisi)rWidicopi6s~of rsp6[t[bffiUfVsys[shsclii[tssH7snd|isssiUFehishii
L89$1redpyj10,CFR 35.645

;

Item 11.23.7 Relocation of GSR Unit (35.606)-

< (X) Operating procedures ensure compliance (amendment request required)
'

Item 11.23.8 Recordkeeoino
(X) OP identifies individual responsible for maintaining records
() R cords consist of:

. J5MLicepse[ahdjidpp6[ tipi [li{paip(d6EUMs6ts
(X) Results of safety device checks
fiE f Pers6ndeld{sidi6Mp]ss6rds
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Checklist -11 -

S6rvep'instrum enticalibfationsLand ' daily; check
Daily. check'sfof.beain!oh nionitof
Daily checks ofiaudible-alarm pers6nal.dosime'ter
Calibration of'ddsirnetrV|systern used for fullicalitiration

~

.

Calibration /intercornparis'onfof dosimetry;systern;for.' spot-check.-

measurements
(X) Full caIibration measurements

'

(X) Spot-check measurements
(X Leak-test results
il) Tra.ining'of new personnel ars! annual refresher
(X) Fullinspection and servicing of unit
(X) Reports of surveys
(X) Receipt and disposal records

item 11.23.9 Safety Instructions (35.610)

( ) Written emergency instructions established (item 11.21)
1 Posted at console

(X) ~

Practice drills at least;once a year
OP specified categories of occurrences that require notification

{ Names and telephone numbers to be notified

ITEM 12: WASTE DISPOSAL

ltem 12.3 Returnina Sources (20,2001-20.2007)

(X) Transfer to authorized recipient (20,2001(a)(1)

.
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! Caution
1

'

The teksell Gamma Knifeis a sophisticated medicalinstru-
ment designed exclusively for treatment of the human brain.

|
,

'

This instru ment must not be used for treatment of any part of 1
the human bodyother chan the brain.

Any procedures performed using the equipment must be
done by validly licensed (depending on requirements of the
user's sta te and country tegulations) and qualified neuro-
surgeons, radiation oncologists, and radiation physicists, who

i

are trained and experienced in stereotactic techniques and
Gamma Knife radiosurgical procedures.

|

While every effort has been made ro make this Manual un-
derstandable, cenain sections may be difficult to understand,
depending upon the user's background and experience. Do
not use the equipment if there is any instruction, direction,

-

preca ution or note which you do not understand or which is
unclear. Contact an a uthorized Elekta representative for fur-
ther information and clarification before proceeding to use
theequipment.

.

It's very important that allpersonnel working with, and
around, the teksell Gamma Knife have read the User's
Manual.

Neither Elekta Imtrument S.A. nor any ofits a ffilia tes repre-
sent that the Gamma Knife will be useful for the treatment of
any particular condition or in any set ofcircumstances.The
neurosurgeo n usingthe Gamma Knife is responsible for
assessing each situation, based on the patient's condition and
the neurosurgeon's experience. While experience has shown
tha t the Gamma Knife is useful in treating certain condi-
tions, no representa tion or warranty has been, or will be
made, that the Gamma Knife will be usefulin treating any\

- particular person or condition. The only warranties telated ro
i

the Gamma Knife are those explicitly set forth in the Pur-
chase Agreement between the Purchaser of the Gamma

Knife and the Elekta Instrument S.A. or Elekta
InstrumentsInc.

2
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Technical Training Manual Conventions
To make the user of this TechnicalTraining Manual aware of espe-
cially important instructions or consequences, the following indica-
tions are used.

*if$$T#[Ddr?" an[e7''' t >

a?g.

Warning: W'.rnings are marked orange and used when a mis-
trxe in the procedure may have serious da nger or
harmful consequences for the patient.

~

-

Coution: Cautions are marked yellow and used when the oper-
-

ator can choose an alternative to the normal proce-
I, dure.This alternative may cause harmful conse-

quences for the patient if the operator is not
absolutelysureofhisactions.

Note: Notes are used when the consequences involve
cely the equipment and there is no danger to the
patient.

'.

3

f3
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| Genera Princip es of
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Stereotaxy

.

|

| This chapter gives the reader an introduction

| and description of the principles of stereotaxy and

Gamina Knife surgery.

.
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Definition of Stereotaxy
The spelling of the word stereotactic is derived from the Greek

l
word stereo for three-dimensional and the Latin word tactus :

meaning to touch. Stereotactic surgery involves more than
merely displaying the brain in three dimensions. It also makes it
possible to touch structures deep within the brain, without visu- |
al control (Ph. L. Gildenberg in L. D. Lunsford,1988).

Cartesian Coordinate System
The principles of stereotactic surgery are based on the use of ei-
ti.er a rectilinear or polar coordinate system.

It was observed early that it is possible to define the location of |
- an individual point in space by relating it to three planes inter-

secting each other at right angles. To define a point, one must
define three coordinates, each corresponding to the distance be-
tween the point and one of the intersecting planes (Gildenberg |.

in Lunsford,1988), along a line perpendicular to that plane.

The rectilinear coordinate system of the Leksel! frame has its
origin outside the frame, superior, posterior and lateral to its
right side. It conforms with the X , Y- and Z-nomenclature
used in CT- and MR-scanning. The coordinate scales on the
frame indicates positive values only.

I i

100

X

'"o. umy ,,

1 % am

ir

}1 The coordinate system with its origo.

2>
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Arc Centre Principle
Stereotactic instrument are of different designs. The four basic

designs include the burr-hole mounted systems, the translation-
al and the interlocking arc instruments, and finally, the arc-cen-
tre systems. Of these, the most frequently used are the two lat-

ter types.

Although most instruments in use today have similar capabili-
ties, they nonetheless have different characteristics which main-
ly translate into differences in their practical use. There is little
doubt that the arc centre principle, pioneered by Leksell in
1949, coupled with a rectilinear or Cartesian coordinate sys-
tem, makes the instrument more intuitive and easier to use.-

The are centre design is based on two conditions:

1. That the stereotactic are represents a segment of a per-

fect circle.

2. That all instruments, i.e. electrodes, biopsy forceps etc.,
that are passed through the are have a known and fixed
length which must equal the radius of the arc. -

Given these two requirements, the surgical procedure is easily
described and the benefits of the are centre principle easily un-

derstood:

By applying the coordinate frame to the patient, the surgical
target is encompassed by a well defined three-dimensional

space, i.e. the stereotactic space.

The localization procedure has the purpose of assigning a
numerical value to each one of the three axes of the coordinate
system (X, Y, Z). The target point is thereby defined by the
point of intersection of all three axes.

By attaching the semicircular are to the frame, its centre is
brought to exactly coincide with the point, X, Y and Z de-

; scribed above. Since the probe to be used has the same length as

F$ the arc radius, its tip will always be on the target when it is in-

h serted to its full length.

$$
;!,.

1>
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The are centre principle. |

-8

In addition, since the are can be tilted back and forth and since

the instrument holder slides along the whole arc, the target can

be approached from an infinite number of points, limited only
by the anatomy of the patient.

When applied to the collimator helmet of the Gamma Knife,
the basic principle of the stereotactic are remains unchanged.

'

The only difference is that,in the case of the Gamma Knife, we
deal with a segment of a perfect sphere, rather than a segment

of a circle.

(

D

si
!I

.Il
11
1>

GENERAL PRINOPLES of STEREoTAn - LEKSEtt CAMMA KNlrE PaocaAm Jb^

667



.. - - - . . - - - . _ - - . - _ . .
__

(.

ELEKiAi

i
-

I I
a j

| Bibliography 1

! Philip L. Gildenberg General concepts of stereotactic surgery referred in:
'

L. Dade Lunsford: Modern Stereotactic Surgery,
Martinus Nijhoff Publishing, Boston,1988.'

I i

.,

; -

:
i
t

I
!

i

i

i

i
!

:

i
i -

5 I
! l,

!

i

}
i

|

1 |

$2 j
ii ;

si i

O! I

I

If,> !

h

GENinAt PRINCIPLES or SrtneoTAxy - Lexsett GAMMA $NIFs PaocaAM



_. _ - _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ - __._ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ ._ _

I

!..

|
.

-

. . . _

EltKTA

i
i

i

i

!

!

i
i

| Design and |
, 1

| Construction |
; 2 .

i
i

This chapter describes the construction of the Leksell Gam-

ma Knife (LGK) type 23004, the main parts will be shown,
,

| and their names will be given.
i
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General Description of the
,

! Leksell Gamma Knife and
j Auxiliary Equipment
; . . _ _ . . _ _ _ _ _ . . . _

! 7 i

k

es P 9

-

TV camero | N'
'

.

!

{ Control panel from
fj this the teksell Gammo *'

i Knife is operated % ._ gM, |; SP %* . . . ' ~~ ,, ?
| | 1

i

i ^ Helmet hoist used to move i

'

| _f" the helmet between storage, .3
j t+ table and operating table'

|< -

I; 5
.

1
-

|,

.. i

| Und,

! =. 'u
I i

Radiation unit with shielding Operating table v:;rn mobile
g j. for the *oCo sources. couch

!
~

!
'

:NI ,

. muss a

f
Helmet with collimator used , ,, fM : L

<

to get the gamma radiation | gme=Ni from each individual source 1 '''

. ----- W

bb ~ kt / i j
~-

'm. ,

j *; '

~ / j M.te

Mii
!3 Electrical cabinet . distributes
$i Helmet Storage Table power and controls the teksell
3| Gamma Knife functions, con-
I I, nected to the control panel
:

General view of the Leksell Gamma Knife package main parts.
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1 g__.
1
.

|

| Radiation Unit i
1

i

T*

1

k ,;_' shielding doors

j collimator system
'

**
.,

,

!

;

central body "'

.

i Cobalt sources /
^d'1
~

,

~n ,

,

$ ,
, |

'

! y
-

r I
! [o] | u a g

| |i L.J L __ t

| |
I ! |

11 ,

S

Cross-section of the Leksell Gamma Knife
i

!

! The radiation unit contains 201 'oCobalt sources distributed .

f. about a hemispherical central body. These sources are heavily
shielded in order to provide adequate radiation protection for'

the patient and hospital staff.

! During treatment the shielding doors open, allowing the patient

f to be moved into treatment position by the operating table. The

j doors are electrically driven.
:

w

I

:
|

|
!

!
;

;
,

;
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$i'
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:f

i

DE$1GN AND CONSTRUCTION - LEK 5 ELL Gauru KsirE PaoceAu
'

i



.

!
;

b

ELEKYA
:
j B-
|

:

; Operating Table
; - - - -

. . _ _ _ . . _

i
4

! ._a
4 $ weas=**

j Helmet support
'

Mobile coucht

1 / Manrm,

. $W; ,/;.

n
'

: .

s > .-w .. ..

i U. \%
: Framework
i
i

j View of the operating table.
1

i

i The operating table consists of a framework and a mobile
|

~

couch with a helmet support. The mobile couch constitutes the
I movable patient couch and is driven by an electrical motor
| system.
i *

|

l

i Helmets
e

The Leksell Gamma Knife is provided with four helmets made
!

of cast iron and perforated with 201 precision drilled holes for
i the collimators.
(

i !
; 1 Cap
;

@Q@
i -

!
Cop . dicour4 e

,-,
'

/
" ovio. pa

| 97-.
1 .-
| '

| te >

| :, :: ,. - -
.

- N'.

j *{ Micro mk:h '

i
'

! 11 .#-,
.$ | Cone.corst

1 7I
i :: ?

The helmet has 201 precision drilled holes, where collimators are mounted .
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)
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:
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!
1

i Collimator System
i

j There are four different sizes of collimators and each helmet
; has a dedicated set of 201 openings of the same size.These col-

] limators are placed in the 201 perforations in the helmet. A col-

} limator can be replaced by a plug and thereby radiation beam
may be blocked.

,

i

,! . - - - . . ---.--- . _.-----,

1

i

"8
ii

: 4

| . |'

| Final collimator and plug |
1

.

The collimators and plugs are made of tungsten.
,

!

!

| Micro Switches
i

i To verify that the helmet is in the correct treatment position in
I the radiation unit, each helmet is provided with two micro
,

I switches.

! When the micro switches are in contact with the central body,

{ correct position is verified.

i,

W m with Wro swith.

| \ !

\ f
\

!

!
''

! g3 .

i N "

! !E
! 2. i
i na
i {| _ _ . . . . _ . _ _ _ _ __ __ _ ...._ _ ___

h AF Helmet micro switches are used to verify that the helmet is in correct treat-

1 ment position.

!
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! Helmet Hoist
1
4

| The helmet hoist is operated manually and is used to handle the
; helmets when moving them between the helmer storage table
'

and the teksell Gamma Knife.
_ _ _ . _ . _ _ _ _ _ . . _ _ . _ . . . - _

| Loclung leer Turning leer

!

' " 'T [
.. a

f _

- e
.

4

: lowenngIce-
,,

j . . y ..-;

7+h,!"%we .
'

G |~
:

-
i

'

-

s

!j ! >

1 | |

i
-

| Helmet hoist and its different parts.

i
1

| Helmet Storage Table
i

j The Leksell Gamma Knife is delivered together with a helmet

{ storage table where the helmets, tools and collimators are kept.
i .

,
ii i

b.e -

a
j |E . . _ _ . _ . _ _ _ _ _ _ _ . _ . _ _ .

| ${ The helmet storage table can store four helmets, collimators and the different

|$F
tools needed for mounting and testing.

f
j
1
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| Control Panel and Audio System
|

j The control panel is located in an adjacent area separated from
j the treatment room. The Leksell Gamma Knife is operated from
j this panel.
; . - - - . - - _ . _-. . . - - . . . - .

I
!

- Oh
i

{
4 , , - ,

tIdd |,

: . .e , m

i i |
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4

-- -. m v. - --r.

! LL! W ** W W F .

!
"

i

t 1

) Control panel.
:

!
I
'

A camera is mounted in the treatment room so that the patient -

can be supervised on a monitor, and an intercom system en-
ables conversation between the doctor and the patient.

i

!
i

6

? ,

i |

|:r-
.,

u.-
1

U Eg
h

,

-

|

E2
g- ---__ . . - . . . . - . . - - . - . . - . - - . . - - . |

The patient can be viewed on a monitor placed on the controlpanel,

sI
h
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! Electrical Cabinet
!

,
Note that the cabinet among other things contains the follow-
.

; ing:

| conversion and distribution of power.*

| Control systern with two Programmable Logic Control*

j (PLC) units (one for backup) which initiates the treatment

j procedures

j batteries for electrical power backup.*
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. Electrical cabinet
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Functions
I

This chapter describes the functions of the Leksell Gamma 1
'

'

Knife (LGK), model 23004, and it's control panel.
,
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: Collimator System
The central body contains 201 ' Cobalt sources. The beam,

! from each individual source is collimated and converged to the
common focal point at the centre of the radiation unit.

; The helmet with collimators constitutes the final segment of the
; beam channel.

- . - _ _ . . _ _ _ . ._.

|

'h ,

, . --__& ______ _ _ _ _ _ . _ . _ . _ _ _ _.._ _ g ._._. _ , _ g
'

I

en a=x/ m ,_,

c#tr/ !r %.,
4

'b.'.

i

j Cross-section of the collimator system.

i

The configuration of the dose distribution can be varied in a,

: number of ways. The dose may be delivered as a single " shot"

] through one helmet or several shots may be used with any com-
bination of collimator helmets.*

! The number of shots and dosage is a clinical matter to be decid-

: ed by the operating team.

The Leksell Gamma Knife is delivered with four different colli-
mator sizes; 4 mm,8 mm,14 mm,18 mm. These sizes refer to
the diameter of the 50% isodose in the X-Y plane.

In addition, collimators may be~ plugged for one or more shots
to give extra accuracy of dose distribution.
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when using plugs instead of collimators the isodose can be shaped.
, .

Plugging
;,

When it is necessary to use plugging, a given radiation beam
may be blocked by replacing the relevant tungsten collimator
with its central channel with a solid plug with no channel. This
is illustrated below.

@ @

s L'-

r@
@

2

A
y
f- Use special scretedriver to turn the collimator to release position, use there-
*! after the special tong to withdraw the collimator.
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Thereafter mount the selected plug or collimator, using the

same tools.

Note: Do not forget to secure the mounted plug or
collimator.

Couch with Framework

limit switches
\N
\ N,

~ | ho' 1 i
- 4

-- |

Frome

Ekctrical motor

Cross-section of the framework

To indicate the position of the' couch, there are several sensors
and limit switches mounted on the framework of the operating
table. The limit switches stop the couch when it is in its outer;,

y5 or inner position. Inductive sensors are placed near the limit

j! switches in order to slow down the movement of the couch just

ji before it reaches the end positions. Moreover, the limit switches

f! and the sensors indicate the treatment cycle status on the con-
1E trol panel.
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Check the couch Adjustment
The couch is mobile and provided with a pad, adjustable in
height in order to give the 12tient a comfortable position during
treatment, and to enable the patient's head with its attached

I
stereotactic frame, to be placed correctly for fitting into the

| helmet.

! Be sure to adjust gradually when shif:ing benveen the left and
the right adjustment screws.

Rechoraable
screwcinver," -

a

I

Adjustment
l screwuj

,

p

h -

e 4
C

e
l

Use the rechargeable screwdriver to achieve the correct height on the couch.

Minor adjustments may be done when the patient is in place.

I

l

?=

Ib
!;:

2r
.k j
T1
:F l

|
1

FUNCTONS - LEKSELL G,,uma KNIFE Paocaw



._. __ _ _ _ __ _ .

O
I,

.
%j)

'
EltKTA

; --

,

Helmet Hoist
When a helmet is not in use, it is placed on the Helmet Storage

i Table. The helmet hoist is used to transport and to mount the
j helmet on the mobile couch.

- . - - - - - - - . _ _ - - . - - ._ _ _ . . _ - . - _ _ _ _ _

wk,% w u,,i

= ,*3
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! P !
i e

f h'
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, ,

tjA w
fp" ' i1w . win -

.,

* h, *

,

I
'

Because of the weight of the helmets a helmet hoist must be used when trans.
porting and mounting the helmet on the mobile couch.

The helmet shelf is lifted by pumping the pedal, and lowered by
turning the lever.

Caution: Never attempt to lift the helmet manually.,

Mounting and Dismounting Helmet
1. Push the ha.st correctly into the table by using the

guides under the table (see illustration on next page).

2. Lower the helmet shelf towards the helmet. j
3. Secure the helmet to the shelf with the locking lever '

.! when it is in position.
i

*

y
a ,

T |

i* |
Ik ,

if |

|
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i
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<
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i The helmet hoist must be pushed correctly into the helmet storage table
i when getting a helmet for transportation.
A

1 .

!

4. Lift the helmer up and pull the hoist out from the table,

j Tilt the shelf and lift it to its upper position.
-

,

t

Note: It is important that the tilted shelf is lifted to its
.

upper position before ' ashing the hoist to the i

couch. |

|
.

- / N

N
,

Jf -,
,

5
'

'

.ij
g

I- * *:=

k ..

~~ |

,q ;c .: ; 1

hl |
M '' 4

**y,

r5
Y b.
;i
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yg . _ . . _ . . .______. _ . . _ _ . . _ _ _ _ _ _ . _ . . - . . _ . . . _ - . _ _

Ef Push the hoist to the couch and use the guides on the framework to get it in |

correct position.
_
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5. Secure the helmet to the helmet support and connect the

two plug-in connectors.

l W'

0

\
',

I

- The helmet must be secured to the helmet support.

w
.

/
@

Oo

o

O
)] !

|O w
3 ) L/

-

|

* Don't forget to connect the two plug-in connectors.

When dismounting a heltnet, perform the above sequence in the

reverse order.

Note: Disconnect the two plug-in connectors before
dismounting the helmet, and be sure that the

| re
!| shelf is in its upper position when you move the

EE helmet hoist out from the helmet.
OI
'i
: a,
i .>

!
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| Control Panel Functions
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'

| EN
;

w .~~s m

i144 i4

.. ,,
,
'

I 1

W G tl13d*

- _, , , , , .,,,y

i O e' EE W
:

' The control panel

i

1

i The treatment is initiated and surveyed from the control panel.

I Here the course of the treatment is indicated by a nuinber of in-

) dicator lamps. These lamps and their functions are described in
the section Control Panel during treatment on page 11.j .

There are several push buttons on the panel to start and stop.

the treatment. The push buttons have the following functions:

Power ON/OFF
i

A key-operated master switch controls all powsr supply to the
i

Gamma Knife.i
--

:

$

Treatment Start
This push button starts the treatment cycle. A normal treatment
is described later on in this section.

n Treatment Stoo*
g! Initiates the treatment stop cycle. This means chat the couch!

fI moves out to its outer position and the shielding doors close.

I
F
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Emergency Interrupt |
|

This button is used to stop any movement. It affects both the '

shielding doors and the couch.

! With one push of the button the emergency interrupt is activat.
ed and all movement is stopped simultaneously, while the emer- !

gency interrupt button starts to blink to indicate the activation.

| The treatment stop cycle is initiated when the push button is
released.

i
'

Control Panel During Treatment
! ;; , ,

i \
-

o %7 ;ur: .; The indicator lamp Radiation'

'

j W F'"E T on immediately lights up.

j
. 44 : .r ;.i and remains on until treat-

I*'% | ment stops. The Shield open

._Q T''Wf a ld light blinks until shielding
doors are completely open., .,

'' I AN The Treatment No light is on,

Q ... _. _.. .. _ d without blinking.=

-

When the shielding doors~ , _ .
__marwNr wunm gj-

i uw
are completely open, the i

' 'm * *) *
.

,

Shield Open light stops blink-

mg and the Patient in light,

EOUEI E :i starts to blink and continues
blinking as long as the

l couch is moving to its inner~
__

- ... . a.u8* .. L .) position..

When the couch is in its in-
E E'*E Y ner position, the Patientin

| J light stops blinking and re-
,, $ mains on while the timers'*

z

h ,,, W T *:N' Efo start to count. The Treatment5

$f I No light goes out and the

h I a - Trectment Yes light goes on

d auM..- ... I without blinking.. . . . .
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j

When the treatment time is
- - u-, me wm miw~W M over, the Fatient Out light"" * ") o~

- |g starts to blink and the Patient
in light turns off. The couch

i ne ram emm we
&R starts to move out from theC"" "

i
'

radiation unit. The Treatment,,

I
!

- Yes light goes out and the I
* -|

| Treatment No light goes on

without blinking.

When the couch reaches itsg gr wg y
; outCr position, the Patient Out

.

2 -@ light remains on but stops.

,

| i blinking. The shield Open,, ,,, ,,, ,,
OPEN N OUT COSED h. ht goes out and the shieldg, -

r

j J d closed lamp starts blinking.
4 - 4

4--... '."*".. : :t2ur

1

!

1

j g 4e^ % wgm"{ The 3hielding doors close
~ -

.

J .i and the lamp shield closed re-
-

n

] j. _t ');! mains on but stops blinking.
di At the same time the Radio-! j w,ENerim ,,- we

{'
'1 0 N OUT CO5fD #

$ tion On light goes out. |, ,

i i \ D |
| 47 i

u. . a ~ .'?'", a <a.m b k

-:L .
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Ih
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Safety Functions
Treatment Start-up

To start a treatment the following conditions must be met:

the Gamma Knife is supplied from the electric grid, not*

the battery backup

the PLC units are working normally*

the couch is in its outer positione
,

no alarm lamps are ona

the battery voltage is over a preset limit.a

If any of the above conditions are not met, a treatment starts

will not be possible.

When you have pushed Treatment start button, the shielding

doors start to open. The shielding doors must be completely
open before the couch starts to move.

The couch movement is secured by timers in the safety system.

If the couch has not reached its inner position within 90 sec-
,

-

Ionds, the Treatment Stop cycle is activated and the couch
moves out again. If the couch does not reach the Patient Out
position in another 90 seconds, the external flashlight starts
blinking.

|

Treatment I
se |

Two timers keep independent control of treatment time. |*

Each timer is connected to one of the PLC units.

If the main power supply fails, the standby battery backup*

is immediately activated and allows the treatment to con-
tinue.

Failure in the backup PLC unit - treatment is completed*

but no new treatment is possible.

Failure in the main PLC unit activates the treatment stopIe -

h cycle and no new treatment is possible until the fault is re-

5{
paired.

,

5) There are several ways in which the treatment may be inter-

$) rupted manually. See more in section Stop Treatment Functions on

page 14.
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! After Treatment
,

a

When the couch is ordered out (by time or by push button), the

; safety functions will check that: f
1

I 'the couch has left the Patient in position within 7 seconds,=

otherwise the external flashlight will start flashing.

the shielding doors closed position is reached within 90i *

seconds, otherwise the external flashlight will start

flashing.
1

i

{ Stop Traatment Functions
5 Treatment is normally stopped automatically when the treat-

] ment time has elapsed.

However, there are three other ways of interrupting the |
I,

; treatment:

., s

-
3

Activate Treatment Stop push button

i
Activate the Treatment Stop push button. The treatment stop

cycle is activated and the couch immediately starts to return to
its outer position and the shielding doors close.ye

?5
16
If
I3

'. I!
1F1

FUNCTIONS - LEK $ ELL GAMMA KNIFE PeocnAM



. - . .- -

'

/gt.

ILEKfA

'
i

<

N~
~

\
,

|

\
,

|'

Turn the main switch key off and on.*

1

-
'

.? ,..

Emergency Treatment push buttons, that are supplied and installed,

; by the hospital, activate the treatment stop cycle.
,

4

Other Safety Functions
I * If anyone either accidentally or intentionally enters the
i treatment roont during treatment, micro switches - con-

taining photocells - on the doors, activate the treatment
stop cycle.

1

* Emergency Interrupt push buttons are located on the Leksell i

Gamma Knife and on the control panel. These are used to
stop any movement of the shielding doors or couch.

|

Ee
Ii
!E
Ei
5i
il
5f
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operonng table

,

i

t

Emergency interrupt push b::: ions.

i

.

!

! Note: The emergency interrupt has no immediate ef-
fect on an ongoing treatment. The timers con-

-

.

tinue counting until the treatment time has
,

: elapsed. Then the couch moves out from the |
'

treatment position (approx. 5 cm) which is
enough to get the helmet out of the point where
the rays coincide. Thereafter an external flash-
light is activated.

The couch or the shielding doors are not able to return until the
Emergency Interrupt push button is released.

Eo
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Alarm Lamps~

There are four alarm lamps mounted on the control panel to in-
dicate malfunction of the equipment.

!
:

I

FU$E BAT TIMER EW.Cf 5AFETY
;

. ,

~hfkG W f.y 'tREATMEkT | E.-
NTERRUPT F , , ,. i4

5 TOP | . , ~}T_'
s,um 9ca.

,~ .er m.,# ,4830 fel.
1

.d%30'Wi! M Y N N Med
;

,

t

Alarm lamps on the controlpanel.'

.

All alarm lamps indicate a malfunction that is preventing the j
|

start of treatment. While one of these indicator lamps is lit, no !

treatment can start.j

If an alarm lamp lights up during treatment no interrupt will be
initiated. The treatment continues. However, no new treatment

start is possible, until the relevant fault has been corrected.

FUSE BATa

This red lamp indicates that the power is supplied by the batter-#

tes, due to power failure or a tripped fuse. The treatment con-'

1

tinues as planned.'

!

i TIMERS
There are three cases when the alarm lamp TIMERS is lic:=e*

i I5
* when a fuse is blown and there is an alarm from the back-! "--

j |I up PLC unit

,f h
* if the timers have counted down to zero, but the couch is

if still in its inner position
,

Fuscious - LEK 5Eu GAmeA KNIFE PaocaAu
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Patient Out is ordered but has no effect and the couch is*

still in the radiation unit.

HELMET
This indicator lamp turns on when the cap on the top of the
helmet is not in position, or if one of the angle connectors on
the helmet is not properly connected.

SAFETY

This lamp is lit when a safety switch or emergency interrupt
push button is activated.

External Flashlight
There is an external flashlight to make hospital staff aware of

equipment malfunction .

The flashlight is lit if:

the PLC II malfunctions* .

the door switch is activated*

the couch has not reached the Patient in position within 90*

seconds

* Treatment stop is ordered and the Shield Closed position

for the door is not reached within 90 seconds

the correct position of the heltner in the central body hasa

9 not been reached within two seconds following the Couch

in indication

the couch is ordered out from treatment position and has*

not left the Patient in position within 7 seconds.

Audio and Monitor System
ye The TV-camera to monitor the patient is maneuvered by the

f~ zoom and focus buttons.
!;:

!!
;a
6

4|
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Push the zoom and focus button to control the monitor.
;
,

! The microphone on the control panel which is activated with a
push button, enables the operator to communicate with the pa-;

I tient.
:

| Both the monitor and the audio system are automatically oper- -

]
ating when the main power is turned on.

i

s

*

!

!

' i,
i

i.e
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. Coordinate Frame
!

| and Frame Fixation
|

This chapter explains the various parts of the
,

|
- Leksell stereotactic frame, how to prepare the frame for

i Gamma Knife Surgery and frame fixation.

| (Some of the auxiliary equipment described in this chapter,

| such as film holder, CT , and MR-scales, are excluded from
*

| the standard delivery of the LGK.)
I |

$ |
|

'

5
'

i

'

+i i

i

|
|

I

e
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Coordinate Frame
The coordinate frame is engineered and manufactured in a way
which enables ease of use in conjunction with all presently
available imaging techniques. It has the slape of a rectangle
which is 25 mm high,206 mm wide and 236 mm long. It is

; made of light weight aluminum and has four feet which connect
it to various imaging equipment. The rectilinear coordinate sys-,

tem has its origin outside the frame. It is located on the right.

side superiorly, posteriorly and laterally (see illustration below).
It conforms with the X , Y- and Z-nomenclature used in CT- |
and MR-scanning. The coordinate scales on the frame indicate i,

positive values only. Thus, for instance, confusion between |
right and left is precluded. ),

.

{
'"

4 -
i.

! x i

j y , , . j'"o. . i.

)I"
E N -

s.

I; 4.i.

*

! i
<w

! The frame with its coordinate system. ,

!.

.

! Caution: The numeric coordinate values engraved on the

I frame, represent millimeters.
1

;

I

The X , Y- and Z-scales are filled with color as an adjunct for
,

ge the preoperative setting of the coordinate. !
r

[[ The anterior part of the frame is removable. There are two al-

$! ternative front pieces. One is a straight aluminum bar with an

ff engraved X-scale. The other is a curved, non-engraved bar
iD
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which provides extra space within the frame. It is U-shaped and
it can be reversed.

a

1/ ~\ '

of O

?-
Q. **

g%
.

s

%h, ,e4bsY \
@ |

1

!
.

j"
,

| 1
!

[ !x
< |

.,y .

- |

The two different front pieces of the coordinate frame. |
1

J
!The design and material in the frame has been chosen in order

to exclude artefacts in CT- and MR-imaging. In spite of this,
i

the frame is also used for localization of a target from conven-v

tional x-ray films by means of the x-ray indicator. The frame is
also devoid of magnetic materials allowing it to be used in con-
junction with MRI.

1The frame is provided with six posts for fixation to the patient.
Two are long and angled at the top, two are long and straight
and two are short. |

?,

zS
$f
ir

?|!
.!

1>
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1

: Fixation posts. |
I

1

:

! The long angled posts are used in the front. The threaded hole

| is used with the tapered screws to attach the frame to the head.
The long straight posts are used posteriorly. They have the'

- same two holes at their top as the angled anterior posts. The

short posts are also used posteriorly. A further difference be-
tween the two sets of posterior posts is that the threaded hole is
perpendicular to the post in the long ones while it is angled up. ,

wards in the short ones.

_

/ .; -

- ~

e'

.*

Tapered fixation screws and socket wrench.

Each post is attached to the frame by first inserting the correct
screw through the hole in the corner of the frame. Next the ap-
propriate nur is inserted into the slot of the post from inside.

gy The post and nur are now brought together with the screw and

ji the post is secured to the frame.

?, !,
n
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Securing the post to the frame.

The position of the posts is adjustable. By slightly loosening the
locking screws, each post slides up and down and the optimal -

position can be selected. The posts are locked in position using
the instrument screw driver.

|

Instrument screw driver.

|

The frame is provided with two ear plugs which are used as an |
aid for the orientation of the frame on the patient's head prior

[(j to its fixation. They sit in their own ear plug holders which

N slide onto the right and left sides of the frame. Each earplug

I|.! holder has three holes, the use of which determines the height

at which the frame will be attached to the head.! '

3>
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Earplug holders and earplugs attached to the frame.

.

Preparation of the Coordinate Frame
\-

1. Select and mount the front piece to the frame. The i

possibility to choose between the straight and curved
front piece should be kept in mind when planning the l

frame application.

,

Caution: The selection between the straight and curved
front piece and its fixation to the frame must be |

performed before frame fixation. Once the frame.

is fixed to the patient's head, it will be impossible
to exchange the front piece.

,

1

|2. Mount the fixation posts in four corners of the frame as
previously described.

3. Secure the earplug holders to the frame at an appropri-
i are Y value which should be the same on both sides and |

| [3i insert the earplugs. The exact placement of the carplug |

| [y
holders is not critical and will vary from patient to pa-

7 [,
tient. |

!>
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4. Insert the fixation screws into each fixation post so that
the tip of the screw barely protrudes the hole. The
length of the chosen fixation screw should be as short
as possible.

|
1

i

Note: Damaged or broken fixation screws must be re- i

placed.

1

Frame Fixat. ion |

'

Attachment of the frame is greatly aided by the use of the ear !

plugs. These ensure that the frame is indeed in the intended po-
sition when frame fixation is completed. The frame application
ako becomes much more cumbersome when the ear plugs are

not used.

The head of the patient is scrubbed and the coordinate frame is
aligned on the patient's head with the aid of the ear plugs. Since -

the%vidth of the frame is ample for most cases it can be placed

either symmetrically on the head or displaced towards the right,
the left, backwards or forwards or any feasible combination of

these directions.

1. If the target is in the midline the frame can be adjusted
to a symmetrical position by symmetrical adjustment of
the two ear plugs.

2. If, on the other hand, the target is somewhere between
the midline and the skull, the frame should be placed

asymmetrically on the head.

The centre of the frame should be on the same side as
the surgical target. This extra precaution during the ap-
plication of the frame will maximize accessibility during

f3
the subsequent surgical procedure.

kE
G
!!
T 1,
1r
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Shifting of the frame centre.

The height of the frame on the head is determined by selection
of one of the three holes in the ear plug holders. !

The highest position is achieved by using the lowermost holes. |

Note: The ear plugs must be inserted into the outer
canals past their cartilaginous portion. This
means that the tip of each plug is on or beyond
the junction between cartilage and bone. The

.

bony canal is normally quite sensitive and all
unnecessary pushing or pulling on the frame
should be avoided while it is supported by the

ear plugs.y

I$
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If the frame is placed very low and/or inclined backwards, it
| may be necessary to use long fixation posts also at the back of !
| the head. Two additional long posts are delivered with the

'

! frame for this purpose.

Once the frame is held to the head by means of the ear plugs,it !
swivels around these and it is easy to select an angle which I

gives the desired relationship to the canto-meatal plane.

!

Caution: If the frame is tilted backwards excessively,it
i

might later become difficult to return the frame |

to the vertical position required for CT- or MR-.

scanning. Keep in mind that the patient can only
flex his neck until the chin hits the sternum.

|

Before finally securing the frame to the head, some consider-

ation should be given to the fixation posts. They may be raised ;

or lowered to any suitable position. I
-

When attaching the frame to the head the screws are first
turned down towards the skin. This is done by hand preferably
in a diagonal fashion by using the two supplied wrenches.

The earplugs and their supports are removed and firm attach-
ment of the coordinate frame is checked by grasping the frame
from above and gently lifting it.
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Checking the attachment of the frame. |
|
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| CT- oca ization
I

| and Target Coordinate
Determ.inat. ion,

!
-

!

} This chapte: gives technical

information about the equipment used together with the'

*

Leksell coordinate frame for CT-imaging..

It also describes various techniques for target coordinate

determination, using both manual and

; software based methods.
!
'
,

!

l
!

i
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Principles for Target Definition
The principle for target definition in CT and MRI is based on
the determination of the frame center on the scanner picture

and the target's distances from that center in the X- and Y-
direction.

Note: The method of localization is depending on the

clinical indications. Thus a clinical decision has
to be made by the physician or by the operating

team.

er s

. Equipment for CT-localization
The Leksell stereotactic frame allows CT-scans to be made par- |

allel to the coordinate frame. This in turn provides repeatabili-
~

ty, the scans can be superimposed on each other and the images

can be compared with chose of an atlas. In order to achieve
this, che frame E. .., be perpendicular to the gantry during
scanning. Such precise perpendicularity is obtained by means of
an adapter, which acts as an interface between the patient and
the scanner, i.e. the patient lies in a fixed position during the
whole imaging procedure. This position remains unaltered even
if, for any reason, imaging has to be interrupted. An added ad-
vantage of this system is that the patient's head is comfortably

supported throughout the scanning procedure.

A consequence of this technique is that the adapter has to be

properly adjusted prior to being used the first time, see

Preparation.

0
8I
2i
.Ni
T!
3. >
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| The CT-adapter.

| . The illustration shows the adjustable CT-adapter which links

j the stereotactic coordinate frame to the tabletop of any CT-

| scanner. The adapter firmly attaches to the table, replacing the

j table's standard headrest. ,

I

|

ha
I

|

|

!

,

,

E, CT-adapter attached to the table.
I
g ,5, The adapter is designed to maximize patient safety. It gives firm

si fixation but also allows easy detachment in case of an involun-

?! tary movement of the patient.The frame attaches to the adapt-

$E er by means of slots which accommodates the feet of the frame.
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A Perspex plate is attached to the base of the adapter. This

plate, which is easily removable, can be used to support the oc-
ciput of the patient when in the supine position. A small inflat-
able rubber cushion is then placed underneath the patient's
head and sufficiently inflated to relieve pressure from the sub-
occipital screws.

Note: Over inflation of the cushion may raise the
head and possibly disconnect the frame from
the adapter.

For target localization in the CT, coordinate indicators are
,

used. These are three square plastic plates, two of which fit
onto each side of the frame. The two lateral plates are held to-

gether by a plastic piece which connects to both lateral plates, j

The third plate is placed in front of the patient and attaches to
'

the two side plates. The lateral plates are marked "left" and
"right".

The indicators are locked to the frame with the snap-on locking ;.

mechanism. In the plastic, several thin radio-opaque bars are
embedded. These bars are reproduced as fiducials on the CT-

images.

Each lateral indicator plate contains two vertical bars parallel
to their anterior and posterior margins respectively. Between
them is a diagonal bar, descending from the patients posterior-
superior to anterior-inferior. The two lateral indicator plates
are mirror-images of each other, but otherwise identical.

The frontal plate is characterized by its opening for the patients
nose. It also has two vertical bars, one on the left and one on

the right side. Between these is the diagonal bar which runs
from the upper right to the lower left corner.

A thin cross-line is engraved on all indicators, one horizontal
and one vertical. The cross-lines correspond to the mid planes

;

)e of the coordinate system.

II
5i
Yk
i s,
1>
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Coution: If it is difficult to attach the indicator to the

| frame, check that the indicator not has been dam-
'

aged in any way.

_ _ _ _ _ _ _ . _ _ . _ . _ _ _ _ _ _ _ _

fU.?

~

,

i

The CTindicator box.

.

Preparation of the Equipment
After receipt of the equipment, the following preparations are
necessary:

The CT-adapter is attached to the table top of the scanner, re-
placing its standard headrest. The coordinate frame with the

..

three CT-indicators is coupled to the adapter with the remov-
able front piece facing upwards. The aim is now to adjust the
adapter in such a way that the frame rests perpendicular to the
gantry. The laser light and its relationship to the vertical cross-
lines on the indicators gives a preliminary rough indication of
correct or incorrect positioning. The vertical cross-lines on the
indicators, which represent the mid plane of the frame in the
transaxial plane, are aligned perfectly with the laser light of the
scanner.

E

?j To check frame / gantry alignment more precisely, a scan is made

j, at any level that crosses the diagonal bars. The scan will thenE

ji include the frontal diagonal indicator as well as the diagonals

h on the left and right sides on the frame.
2>
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!

! Warning: The gantr.ymust be at 0 degree tilt when'doing
'

n .. : .e ; . . c. . ~

de. wanve:n .>r no circumstances may trie gantry
:- .- -i . .

. . h. .>t is scan.
|

3
-

.-

lbe tilted wi[eE2doid[a sslEltactiICT-examina-
^

*~ i-

tiod'with 'the!Leksellinst' ument. '
'# r

. . .

!
i

:

l If there is a misalignment between the frame and the scanner,

i i.e. if the frame is not perpendicular to the gantry, this can now |
i be seen on the CT-scan as described below. ]

Corrections can be made on the adapter which provides two i

| manual adjustment possibilities. One adjusts the frame towards

i left or right. The other corrects for sagging of the table, i.e. it

| adjusts any angular deviation between the frame and the hori-

i Zontal plane.
I
a

.
*

1

!

e ,

|.

Twist lock
e i ,

i Tilt odiustment

Tiltlock
!
I

Iwist
a

j odjustment

i i

! !

! !

!

| The CT-adapter has two manualadiustment possibilities.

;

I On the test scan a total of nine fiducials will appear. There will
,

be three fiducials on the left and three on the right side of the*

g.

patient. In addition there will be three fiducials anteriorly. The
] j[i right and left fiducials serve for localization of the target. The

g

j

j f! anterior three are only for assessment of correct positioning of

y the frame in the scanner.;

|

;

CT-tocAuzArcN/CocaDINATE DETERMINATUN - LEKstu GAuuA KN9E PaocaAM'

!

!



i

! ELEKf#

| 1

:
|
!

!

|
h2

|
!

!
|

|

| 7
; I
f

{ 1 3

|
Y'

|

R L
Distance 1-2-3

i

I In a correct scanned CT-image, nine fiducial points willappear and the dis-
tances 1,2 and 3 are the same.

j In the example above the scan is made at a low level (caudal) in

: the frame. Since the origin of the coordinate system is at the su-
j pertor posterior corner on the patient's right side and since

j the diagonals run from superior posterior to inferior anterior .

| (upper right to lower left for the frontal plate), the three diago-
nals will show up as indicated in the illustration above.

| When the frame is correctly aligned with the gantry (as it is in
the example above) the distances 1,2 and 3 in the illustration
are the same.

3

The different misalignments and their adjustments are described

f in the following section.

I
f3
Ef
sI3

r ]a
5
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Misalignments
If the frame is tilted downwards or upwards with respect to the
horizonta! plane, the image will appear as in the illustration
below.

@ @2 3

.

1 3 1 3

R L R l
L Distance 1-3 < 2 Disiance 1-3>2

|
|

| CT-image with the frame tilted downwards or upwards with respect to the

j horizontalplane, when the image was taken. -

! In example A, the table of the CT-scanner may be saggingj

|
(heavy patient), the fratne may not be correctly attached to the

j adapter or the adapter may be grossly maladjusted. In any
event the frame is not horizontal, the head is hanging down and'

must be raised.

The adjustment screw on the adapter (see above) allows the
3

j frame to be easily raised. Normally the misalignments that
occur are of the magnitude of a few degrees only and conse-;

quently one needs to turn the adjustment screw very little.

When the measured distance between the frontal vertical fidu-
cial on the right side of the frame and the centre of the frontal

! diagonal (2) equals the distance between the posterior vertical
fiducials and the lateral diagonals (1 and 3), the frame will be

] g
j pe correctly positioned in the horizontal plane. At this time the

'gi lever locking the horizontal adjustment screw should be'

N|
tightened.

1!
j it In example B, the cranial aspect of the frame is raised with re-

spect to the horizontal plane. The distance between the posteri-! **
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i

or vertical fiducials and the lateral diagonals (1 and 3) is greater
than that between the frontal vertical on the right side and the

frontal diagonal (2), i.e. the frontal diagonal is closer to the
' frame centre than the lateral ones. The frame must be lowered.
t

|
This is accomplished with the same adjustment screw as in ex-

| ample A, only it has to be turned in the opposite direction.

| Once the position of the frame is perpendicular to the gantry,

j the locking lever is tightened.

I If the frame cannot be adjusted by adjusting the adapter, the

patient's body is moved a tiny amount in the appropriate direc-
tion in the long axis of the CT-table, to reduce the amount of
angling within the adapter. It will then be a simple matter to'

" fine tune" the position of the adapter to obtain alignment.

j During this adjustment, much time will be saved if both sides of j

j the indicator are checked to avoid rotation in the coronal plane. |

i .

,

If the frame is angulated sideways with respect to the longitudi- |

nal axis of the table, the image as illustrated on next page may |

| appear. In example C, the frame is angulated towards the pa- |
,

tient's left side. The opposite is illustrated in example D. j'

_

:

I @ @
, ,

!

!
,

4 w n

!

! $i 1 3

!
I r

|
'

1<-
i l

l
R Dimince 1< 2 < 3Disionce 1 > 2 > 3

1

CT-image with the frame angulated sideways with respect to the longitudinalg
axis of the table, when the image was taken. |p

?. 5
.

j{j The second adjustment screw on the adapter allows the frame i
2

Yi to be easily adjusted for left/right angulation.
2>
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Note: In a pure sagging misalignment, the two lateral
diagonals will remain in position. Only the an-
terior diagonal will appear in a wrong position.
On the other hand,if there is a sideways tilt,

not only will the latcral diagonal fiducials shift i
!

but the anterior one too. Consequently, when

misalignment occur in both planes, it is easier
to adjust first the sideways tilt. Once the frame !

is aligned with the longitudinal plane of -
table,it is easy to make it concur with the hori-

zontal plane.

A rotation of the whole image on the screen,
) i.e. the nose is turned right or left, does not af-

fect localization. The position of the diagonal
fiducials is not affected by rotation.

Once the preparations outlined above have been made, the po-
sition of the frame in the CT-scanner aperture usually remains

unchanged as long as the scanner is not modified or its parts ,

displaced.

The method described above usually indicates that any relevant

displacement of the frame occurring between procedures will be
seen on any scan traversing the three indicator plates. If the first
scan of a new patient shows discrepancies in the distances be-

tween diagonal fiducials as illustrated above, the surgeon can
easily verify the distances by using the MEASURE DISTANCE
function of the scanner and,if needed, he can make the neces-

sary adjustments on the CT-adapter.

It should be noted that such adjustments are made without

need to detach the patient frem the adapter.

Note: With some CT-scanners it may be necessary to

enlarge the field of view in order to visualize
?

T$
the fiducials from the anterior place. With very

! large fields of view the image quality (resolu-

j[j tion) is compromised.

I'
n
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The magnification factor must be known to the
operating team before each treatment.

If the field of view necessary to visualize the an-

terior fiduciais with a particular CT-scanner is
so large that image quality is unacceptable, the
anterior indicator plate may have to be dis-

regarded. Since it represents a means of quality ;

control and is not part of the localization itself, |

Its exclusion does not compromise the execu-

tion of the surgical procedure.
1

(

If it is difficult to obtain a properly quadratic image of the |)
frame, this is usually due to inaccuracies in the photographic i

equipment (multiformat camera) of the scanner, which should i

then be adjusted by the scanner or camera service represen-

.
tative.

A way of checking squareness of the image can be made

through two simple equations as follows:
~

|R-L and A-P
190 120

The real distance between the lateral indicator plates is 190
mm. The real distance between the anterior and posterior verti-

cal bars on each plate is 120 mm. The distance between the left
and right vertical fiducials on the image (R-L) is measured and
divided by 190. The procedure is repeated for the distance (A-
P) between the anterior and posterior vertical fiducials on one
side of the image and this number is divided by 120.

t

, , ,

E

F?
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is '
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o
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1
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a 1

:

! A-P
!

!

!

!s ,'m
|

4
-

! The squareness of an CT-image can be calculated by dividing the distance

) (A-P) with 120 and the distance (R.L) suith 190.
i

The two quotients should coincide as closely as possible. Differ-
! ences of more than 5 % should not be accepted and will also

| make it difficult to align the film with the coordinate scale. An
; adjustment of the photographic equipment of the CT-scanner is
! then called for.
! -

|

Caution: To check that no patient rnovement has occurred
during the course of the CT examination, the cur-
sor is placed over each of the four vertical

| ! fiducials in the lateral plates in turn. Then the

j first and last films of the series are inspected in
turn. The relationship of the cursor to fiducial'

Ishould remain unchanged. If not, then some
frame movement will have occurred during the
examination, which will have to be repeated.

1

Y

f3
!I
EI
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: Target Coordinate Determination
- Manual Technique

Equipment-

For target coordinate determination from CT-images, a special
scale is used. The CT-scale consists of a square semi-transpar-

: ent Perspex sheet with an engraved projection of the coordinate
! frame.

The scale is made individually for each customer and the degree

of magnification of the printed coordinate scale is selected ac-
) cording to the size of the CT-images that the surgeon chooses i

to work with. The user is required to send a good quality CT- !
I

image of the frame with the indicators to the manufacturer or

,

its supplier. As a rule, it is more convenient to localize from big
images than from small. The target is better defined on a larger
image and target coordinates are ther-fore easier and more pre- !

cisely obtained from such an image. |

&~; .w

. . L ." . P. . . r. . . . . -

F .": !-I '

*** #:-:
-j !,*'-e

:
: :.

*: ;
#- 5:.j ..: -

-, ,.
n 'i 'i g g.s, . , , o

S
=. |

t The CT coordinate scale,je '

g$
N The four " double boxes" on the scale are aligned with the ante-g,g
J2 rior and posterior fiducials that appear on the right and left

sides of the image. These are generated by the vertical barsD
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embedded at the anterior and posterior margins of each lateral

indicator plate. The fiducials appearing on the upper part of the
images,i.e. in front of the patient, are generated by the third, |

frontal, indicator plate. They have nothing to do with the actu-
allocalization of the target.

To read off the correct target coordinates, a ruler is used. This

is a transparent sheet of plexiglass with thin cross-lines en-
graved on one side. For X , Y- and Z-coordinate determination,*

the ruler is superimposed on the film and the coordinate scale.

fawing irs

i

!
I

i

|
_ .

A ruler is used to read off the correct target coordinates.

Method
Only the late. indicator plates are important for the actual
localization of the target. The frontal plate is used merely as a
means of verifying correct positioning of the frame within the
gantry of the scanner. Therefore, only the lateral plates are
mentioned in what follows. Each coordinate indicator plate in-

corporates two vertical and one diagonal indicator bar. The ;

i middle of the diagonal bar represents the centre of the coordi-

h, nate frame (Y = 100, Z = 100). The diagonal bar always de- |
i scends from the posterior to the anterior side of the frame.

1

.I[j Thus all CT-images will include three fiducials on each side.
I" Scans above the Z = 100 (i.e. Z < 100) level will show the |
4

middle (diagonal) fiducial closer to the posterior vertical one.'
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The X , Y- and Z-coordinates of the target can be read off di-
rectly from the CT-image using the CT-scale.

1. The CT-scale is first placed on the viewing box.

2. The CT-image is superimposed on the scale and orient-
ed so that the four vertical fiducials coincide symmetri-
cally with their respective " double boxes" on the scale.
The film is now secured to the scale with adhesive tape.

Caution: Each vertical fiducial should be placed at the
point where the corners of the two boxes in each
of the four couples meet.

| If the fiducials, with the film symmetrically
'

) placed on the scale, enter the inner or outer. .s

" boxes" this indicates either incongruous magni-
fication of the scale with respect to the image or
distortion of the image which is then not properly

- quadratic.

Each line in the boxes represents 1 % decreased or
increased magnification. Variance of more than 5 % . ,

'

should not be accepted. If the fiducials do not coincide

with the point of intersection between the two boxes in
their respective couple, there are two possible explana-
tions:

* The image is too small or too large. All four fiducials
will be off the scale to the same extent and in the
same direction. In this case, the image magnification
is incorrect and has to be adjusted or a new scale has

to be ordered, corresponding to the new image size

being used.

* The size of the image is correct but one or more fidu-
cials are not in the correct position. In this case, the

image is distorted and the multiformat camera needs
to be serviced by the manufacturer.

I

?9
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| 3. The transparent ruler is placed on the film and two in-

| tersecting lines are placed on the target point. The X-
! and Y-coordinates are read off directly from the point

of intersection between the two cross-lines and the

/ coordinate scale. The Z<oordinate is defined as the

| point where a line through the centre of both the middle
i fiducials, intersects the coordinate scale. '

I
.

:
4

) | . _ _ -- __-- - ,-_

/ '

Z

Y
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|
- I |
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__

Manual target coordinate determination.,

?
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As an example, in the illustration above, the target coordinates*

are:

X = 72.5

Y = 95
.

Z = 102.5

t

Note: The vertical and horizontal cross lines of the
ruler must be parallel to the printed scale when
the coordinates are read off. Read off the X-
and Y- coordinates on both X- and Y-scales. |

5.\
|

.

Target Coordinate Determination
- Software Based Techniques

In quite a few centres it has become customary to use standard .

scanner software for the determination of target coordinates.
The accuracy of the localization then depends on the perfor-
mance of the software of the particular scanner being used.

Caution: Elekta AB, the manufacturer of the teksell Micro-

| Stereotactic System and the Leksell Gamma Knife,
does not recommend or endorse the use of any
scanner software which has not been specifically

designed for use with the Leksell Micro-Stereotac-
tic System and approved by Elekta AB.

s

Software options on currently available CT-scanners differ be-
tween manufacturers. However, simple distance measurements

by means of a cursor are usually available. A simple alternative
method for coordinate determination involves using the com-

(h puter's standard scanner software to obtain the X., Y , and Z-

gj coordinates of the target.The basic principle of the Leksell

p Stereotactic Instrument should be remembered in the sense that

8g the definition of a target point always refers to the centre of the
,

coordinate frame (X = 100, Y = 100, Z = 100). The target point'
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can therefore be specified in terms of a left-right distance from
the centre of the frame (X-coordinate), an anterior-posterior
distance from the centre of the frame (Y-coordinate), and a su-
perior or inferior distance from the centre of the frame (Z-
coordinate). The coordinate system of the stereotactic instru-

ment conforms to that used in CT- and MR-scanners.

Caution: It is important to remember that CT-scan images

| are normally read from below. The patient's left
'

side is therefore on the right of the CT-image and
vice versa.

1

Scanner Console Method (GE 8800)
The following descriptions are based on experiences with the
General Electric 8800 and 9800 CT-scanners but similar proce-
dures can probably be adopted for other CT-scanners.

To determine the stereotactic coordinates from the CT-image, .

the user must first identify the centre of the stereota: tic frame
on the CT-image. The centre of the stereotactic frame is identi-
fied by defining the centre of the rectangle formed by the four
fiducials created by the vertical radio-opaque bars in the coor-
dinate indicator plates which are attached to the framc during
CT-imaging. The centre of the frame can be identified by plac-
ing the cursor first on one of the anterior fiducials and then on

\6 the contra lateral posterior one, depositing the cursor at each
point and then depressing the MEASURE DISTANCE key. This
is repeated for the two remaining fiducials. Both sets of fidu.
cials will now be connected by the diagonal lines drawn by
MEASURE DISTANCE and the intersection of these two lines
will represent the centre of the frame (X - 100, Y = 100). The
cursor should then be moved to rest over the intersection of
these two lines, the ERASE GRAPH key is depressed to elimi-

t nate the diagonallines, and the centre of the frame where the

d cursor now rests should be redeposited (press CURSOR
DEPOSIT key).

A

cIo
: .>
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Note: Identifying the frame center should be carried |

out using the " bone window" to ensure accu- |
rate cursor placement. |

|

The cursor is then moved to the selected target on the axial CT-
image. 7/ hat the user wishes to know at this point is how far to
the left or right and how far anterior or posterior the target is
from the centre of the frame.

This information can be obtained in the following way:

1. The centre of the frame (as described above) is deposit-

ed by placing the cursor over the centre of the frame
)

and depressing the CURSOR DEPOSIT key.

2. The cursor is then moved to the target and the CUR-
SOR DEPOSIT key is depressed again.

- 3. The MEASURE DISTANCE key is depressed; at this

point the computer console will display the scanner's
X- and Y-coordinates of the target and the scanner's X-

and Y-coordinates of the centre of the frame (these X- .

and Y-coordinates thus represent the position of these
points referable to the X = 0, Y = 0 point of the CT
computer system).
The user is interested only in the difference between the

X-value of the frame centre and the X-value of the tar-
get, and similarly the Y-value of the frame centre and
the Y-value of the target.

3_.
4. The signs given to the X- and Y-coordinates reflect the

quadrant of the CT coordinate system in which they are
located. For example, if the target is located anterior
and to the right side of the frame centre both values wills.

'- be positive provided that the coordinates of the frame
centre are also in the right upper quadrant on the CT-

image.

I

v2 However, the following rules can be followed to obtain the ac-

SI tual stereotactic X- and Y-coordinates from the two X- and Y-
coordinates provided on the CT-monitor:

m
u
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When the signs of the two X- or Y-values are different, the ac-
tual stereotactic coordinate will represent the som of the two
values regardless of their signs; when the signs of both the X- or
the Y-values are the same, the actual stereotactic X- or Y-

coordinates will represent the difference between these two
values (disregarding their signs).

The X- and Y-values obtained represent the true left/right (X)
and anterior / posterior (Y) distances from the frame centre. The
final X- and Y-frame coordinates can now be obtained by add-
ing or subtracting the above distances from X = 100, Y = 100
(frame centre) knowing the target position in relation to the
frame centre and the origin of the frame cocedinate system.

i The Z-coordinate (superior / anterior) is obtained by moving the
cursor to the lateral side of the image, on the same side as the
target. The distance between the middle (diagonal) and the pos-
terior (vertical) fiducialis measured by means of MEASURE
DIST. It should now be kept in mind that the lateral posterior
fiducial on the CT-image represents a Z-value of 40 millime-
ters. Therefore by adding 40 to the measured distance the true
stereotactic Z-coordinate is obtained. .

If the measured distance is called D, the Z-coordinate can be

obtained by the formula:

Z = 40 mm + D

Note: When measuring the distance from which the
Z-coordinate will be calculated, use the " bone-

window" on the CT. This facilitates accurate
placement of the cursor and thus improves the
accuracy of the measurement.

Caution: Some scanners display distances in number of
,

| pixels or in centimeters. In these cases the mea-*
ze
$[ sured distances must by translated to millimeters.'

If

5!
Il
n
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Scanner Console Method (GE 9800)
1. Select the proper slice for the target.

2. The image must now be positioned on the monitor so i
,

that the geometrical centre of the frame coincides with
the centre of the scanner's grid system. To accomplish

,

'

this, nvo diagonal lines benveen the anterior and poste-
rior fiducials on opposite sides have to be drawn. This
will reveal the centre of the frame which will be repre-
sented by the point of intersection of the nvo diagonals. |
These diagonals are drawn by using the keyboard as

follows: i

A. Press ANNOT DISPLAY, select " Draw a line".
Place the curser at the posterior vertical fiducial on
one side and press DEPOS CURSOR. Move the cur- |

- sor to the anterior vertical fiducial on the opposite I

side of the frame and press DEPOS CURSOR again. |,

Two diagonal lines have now been drawn. |
|

|
'

Note: Identifying the frame centre should be carried
out using the " bone window" to ensure accu-
rate cursor placement.

<

B. Place the cursor at the point of intersection of the
two diagonal lines, i.e. at the frame centre. Press

- MAG CURSOR and select the desired magnifica-

tion. The computer will now shift the image so that
perfect alignment benveen the frame centre and the
centre of the scanner's grid system will be obtained.

C. Press GRID. Place the cursor at the selected target.

By means of MEASURE DIST two perpendicular
lines, one horizontal and one vertical, are drawn

,

je from the target to the X- and Y-axes of the grid. The

:|
X- and Y- coordinates of the target are now read off

gi directly from the grid, paying attention to the nu-

d merical X- and Y-values of the origin of the grid, X

$E and Y = 100 mm.
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| The cursor is now moved to the lateral side of the
image, on the same side as the target, and the dis-
tance between the middle (diagonal) and the posteri-
or (vertical) fiducials is measured by means of MEA-
SURE DIST. A distance figure will appear in the
Icwer right hand corner of the screen.

If the distance is called D, the Z-coordinate is easily
obtained by the formula:

Z = 40 mm + D

Note: When measuring tne distance from which the
- Z-coordinate will be calculated, use the " bone

window" on the CT. This facilitates accurate
placement of the cursor and thus improves the
accuracy of the measurement.

.

<

Caution: Some scanners give distances in number of pixels

! or in centimeters. In these cases the measured dis-

tances must be translated to millimeters.

This section described how it was possible to obtain the X , Y-
and Z-coordinates of a target from an image produced by the

General Electric 8800 and 9800 CT scanners. The two exam-
ples may overlap and partly be applied to one scanner or the
other. Similar procedures can in most cases be used also withr

CT-scanners other than GE, although they may have to be per--'

formed in different ways.
|
|

|
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Leksell Localizer Method;

;, The Leksell Stereotactic System has relied on a variety of local- |
izing techniques for a long time. Different techniques have been

J used for CT and for MRI rond there has been more than one

,i
technique for different stud:e4 involvine conventional x-rays.

In an effort to simplify the localization of targets from different

i kinds of images, the teksell Localizer was designed. This instru-

i ment provides the user with an integrated, reliable and self-ex-

: planatory method of determining target coordinates. It can be
used with images produced by all currently available tech-

rhques.

The Leksell Localizer consists of a digitizing table, pointing de-
'

vice and a small keyboard with LED-display. All components
are built into an easy-to-use transportable tabletop unit which^

incorporates adequate lighting for viewing of images. ,

>-

For further information on the Leksell Localizer, see the sepa- )

i rate User's Manual. |
|

1

o

The Leksell Locali:er.
,

|

k.

|
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MR-loca ization and !
'

i, _

Target Coordinate
,

I Determ.inat. ion
| |
j .

.

| Here you willfind technical

| information about the equipment used together
*

| with the Leksell coordinate frame for MR-imaging.

This chapter also describes techniques for

| target coordinate determination, using both

! manual and software based methods.
!
!

!

!

l
!
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| Principles for Target Definition
'

i
j The principle for target definition in CT and MRI is based on i
j the determination of the frame center on the scanner picture |
j and the target's distances from that center in the X- and Y- l

i direction. |
1 I
I |

| Equipment for MR-localization
For MR-scanning a non-magnetic adapter is available.

!
- _ _

I
: *

.

i

i

To different kinds of MR-ad.spters.
f

i -

This adapter will fit into any MR-scanner with a head-coil sys-
tem having an inner diameter of 30 centimeters or more. The

,

j stereotactic frame is attached to the MR-adapter m the same
'

way as with the CT-adapter (see Equipment for CT-Localiza-

tions, page 5-4).

For target localizations an MR' coordinate indicator box is
used. The principle for the box is based on the same principles

i I, as the CT coordinate indicators (see Equipment for CT-Localiza-

! [j tions, page 5-5) but instead of a radio-opaque material, the

j y indicator contains multiple channels which are filled with a lig-

| y uid. The channels in each plate communicate with each other

! Q and the channel system is sealed by two small screws which are

i
~

used when refilling the system.

i
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An AtR indicator box is used for target locali:ations from h1R images. It can
be used with or without a fifth posterior indicator plate. The indicator box is
delivered with an extra long cannula to fill the liquid into the indicator

*

plates.

The two lateral indicators are attached to the frame in the same
- way as with the CT-indicators. The lateral indicator plates are

marked "left" and "right side anterior". In addition to the lat-
eral indicator plates, there is a third one which is placed on top
of the frame. This serves for localizations from sagittal films .

and the top plate is attached to the lateral indicators by means
of two screws. There is also a fourth indicator plate which
attaches to the front, much in the same manner as the frontal

indicator plate in CT. A fifth posterior indicator plate secures
sagittal localizations. In MR the frontal plate serves two pur-
poses: It aids localizations from sagittal scans and it makes pos-
sible the assessment of correct positioning of the frame. The
thin cross-lines engraved on the outer surface of all plates corre-
spond to the mid planes of the coordinate system. They are also
used when checking the position of the frame against the laser
alignment light in the MR-scanner.

To fill the indicators with the included liquid, both the sealing
screws are removed. The supplied syringe, with its extra long
cannula, is filled with the liquid and inserted into the most dis-

y tal corner. The liquid is now injected (if necessary, more than

Tj 20 mi may have to be used) until a solid flow comes from the

j[j
[ second opening in the plate. It must be ascertained that no air

bubbles remain in the channels. While holding the filling holes

G upwards and horizontal, the channel system is sealed again
with the two screws. Due to the plastic material being some-"

MR Localization / COORDINATE DETERMINATION - LEKSELL GAuuA KNIFE PaocnAu
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! what hygroscopic, bubbles of air tend to appear in the channels
; with time. This is obviated by refilling the system whenever
; necessary,

i

i
.

; Note: Inspect the plates once a week to check for bub-
bles or other irregularities.i

1

1

l
|.

The MR-indicators also include channels on the upper and low- |
-

| er margins of the plate. These are necessary for coordinate de-
'

| , ,
termination from coronal MR-scans. For localizations from

|
sagittal scans the frontal and vertex indicator plates are used. |

' 4r.Mii%9,ift2h h a e f ].M[T 'K:fW kh5hEhhI'Mk 3|

j | >t . . '.'. ,. ... .. . . .
,

' 1 I _ . . . - __ !.Y. '). . .'. ' '_ _ . d k . .. _ _ . . .. __ . . . .. . . u . . ,v . t. . . . . . u .

.

Preparation of the Equipment
After receipt of the equipment the following preparations are
necessary to obtain a permanent installation:

The adapter is attached to the MR-scanner in the way indicated
in the instructions included with the adapter. The technique for

this varies with different makes of scanners. As with CT-scan-
ning,it is important to obtain a perpendicular position of the
coordinate frame in the head coil.

Misalignments
Misalignment of the frame in the coilis verified in the same
manner as in CT scanning. A transaxial MR-scan will show the

same fiducials as those seen on a CT-scan. For instructions on

li , the verification of proper positioning in the axial plane, see CT-

Q localization and Target Coordinate Determination, Equipment for CT-

i|- localization, Misolignments. For position verification from coronal
scans, the distances from the interior fiducials (right and left

8- side) to the middle (diagonal) fiducials just above them, should
." be the same. If they are not, it means that the head is tilted right'

MR LocAuzArON/CootDINATE DETERWNATON - LEK 5 ELL GamA KNat Proc 2Am
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to use reasonably sized films, as described in Torget Coordinate
Determination - Manual Technique, on page 5-14.

The scale is made individually for each customer and the degree
of magnification of the printed coordinate scale is selected ac-
cording to the size of the MR-images that the user chooses to
work with. The user is required to send a good quality MR-im-
age of the frame with the indicators to the manufacturer or its
supplier.

6

-

y --- e-

.:; !:,, ,
.-

!! $'I | |Ia .: :.

'Y
.}. a. Q..

_

.

.

The MR-scale is used for manual target coordinate determination from MR.
images.

For reading off the target coordinates, the same cross-line ruler
which is used in CT-localization is employed.

Localization from Transaxial MR-images
When localizing a target from a transaxial image the coordinate
scale is rotated so that the text TRANSAXIAL is read on top of

the scale,i.e. the origin of the engraved scales (the 0-point)
should be on the image's bottom left-hand corner (with patient
viewed from below). The transaxial MR-image is aligned with
the scale in exactly the same way as already described when us-

ing transaxial CT-scans. The procedure for reading off the tar-
,,

h get coordinates by means of the cross-line ruler is also described

h,E in CT-localization and Target Coordinate Determination, Target Coor-

ji dinate Determination - Manual Technique, Equipment.

#1
I"
n
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| Localization from Coronal MR-images
When the localization is done from coronal MR-scans the scale
is rotated until the text CORONAL at the top, i.e. the origin of
the engraved scales (the 0-point) should be on the image's up-

,

|
per left-hand corner (with patient viewed from the front). Once

; again the film is aligned to the scale in the same fashion as pre-

j viously described in the CT-localization chapter. The only dif-
.

ference is that the fiducials which are to be aligned with the
'

2

s scale are located above and below instead of anteriorly and

posteriorly with respect to the image of the brain.
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A coronalMR-image.

There are also three fiducials on the top of the image. The later-

; y al ones are also aligned with their own boxes.

T.e The X-coordinate is now read off from the point where the ver-
-

F
:-
*1 tical cross-line from the target intersects the upper scale.
,

.Ii!

~ i,e>
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The Z-coordinate is represented by the horizontal cross-line
from the target which intersects the scale on the right and/or
left side of the image.

The Y-coordinate is obtained from the point where a horizontal
line traversing the centre of the middle (diagonal) fiducials in-
tersects the coordinate scale. In this case, a vertical line origi-
nating from the horizontal one and traversing the upper (cen-
tre) diagonal fiducial, should give the same value for Y on the
upper scale as on the right and left ones.

In summary, the X-coordinate of the target is obtained in the
same way from both transaxial and coronal scans while the
middle (diagonal) fiducial will represent the Z-coordinate in
transaxial scans and the Y-coordinate in coronal scans.

Localization from Sagittal MR-images
Sagittal scans may also be used for a gross target coordinate de-
termination, provided that the frontal and vertex plates and, if
possible, the posterior plate, have been attached to the frame.

,

The scale is rotated so that the text SAGITTAL is at the top.

The film is aligned with the scale by placing the anterior and
posterior fiducials which are seen above the head in their re-
spective boxes on the scale.

Note : The nose of the patient must point towards the
left.

Anterior to the head there are two fiducials. One originates

from the frontal diagonal. The second, which is above the diag-
onal, originates from a channel running from left to right in the
frontal plate. Because of the nose of the patient, no such chan-
nel exists below the frontal diagonal. This means that there are
a total of five fiducials in a sagittal scan (or eight with attached

( posterior plate), two of which are diagonals (three with posteri-
or plate). The remaining fiducials are used to align the film to

y the scale.

?i
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A sagittal MR image.

j The cross-line ruler is now placed on the target and the X-coor-
~

j dinate is read off at the intersection between the scale and a
j verticalline crossing the midpoint of the upper diagonal fidu-
d cial.

The Y-coordinate is represented by the point where a vertical
cross-line from the target intersects the scale.

| The Z-coordinate is read off at the point where the horizontal
cross-line through the target intersects the scale.
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Target Coordinate Determination
i - Software Based Techniques

Leksell Localizer Method'

' The Leksell Stereotactic System has relied on a variety of local-i

izing techniques for a long time. Different techniques have beenj
used for CT and for MRI and there has been more than one
technique for different studies involving conventional x-rays.-

! In an effort to simplify the localization of targets from different
kinds of images, the Leksell Localizer was designed. This instru-

!

ment provides the user with an integrated, reliable and self-|
.l' explanatory method of determining target coordinates. It canj

be used with images produced by all currently available tech-

mques.

The Leksell Localizer consists of a digitizing table, pointing de-

vice and a small keyboard with and LED-display. All compo-'

nents are built into an easy-to-use transportable tabletop unit

which incorporates adequate lighting for viewing of images. .

;

I For further information on the Leksell Localizer, see the sepa-

rate User's Manual.
.

i

!
i

i

!
|

1

0~
r. .

4

.,

5 e
fF<

EI
i *i The Leksell Localizer,

.E|
i 51
1 3>

MR toCAUZAtloN/ COORDINATE DETERMINAfloN - LEK 5 ELL GAMMA KNire PaocaAM



!
j fLEKfA

!
!

;

i
i

!

| X-ray Localization
|3 and Target Coordinate

.g.

i
Determ,ination

!
!

'

| The equipment for x-ray localization is

: technically described in this chapter, together

with methods for manual and software based target -

| coordinate determination. The chapter covers target coordi-

! nate determination of both visible

| and invisible targets.
1

i

d
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Principles for Target Definition
i

The principle for X-ray target definition is based on that the I

target coordinates defined by direct measurements on a visible
scale system depicted on the lateral and A-P films. I

!

Equipment for X-ray Localization |

X-ray Indicatar
The Leksell Stereotactic x-ray equipment allows x-ray expo-
sures to be made with the tube head at a very short distance |
from the film. For target localization using conventional x-rays,

a special x-ray indicator is used.

'

@ I
'

.,

):]
,M

' (:

I gnt .
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'
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The x ray mdicator.

( This indicator incorporates radio-opaque X , Y- and Z-coordi-
nate scales. It attaches to the coordinate frame in the same way

{{j{ as the CT- and MR-indicators. The Z- and Y-scales on the right

Aj side are reversed.The same applies to the posterior X-scale.

h The word RIGHT is engraved in reverse on the anterior Z-scale

on the right side. The reason for this is explained below.
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Caution: When localizing a target the lateral exposures i
'

should be made with the tube head on the left
side of the patient. Those scales which are en-
graved in reverse on the x-ray indicator will then ;

appear correct on the films. The reversed RIGHT |
engraved on the anterior Z-scale on the right side '

|
of the indicator will of course also appear correct
on tb Ineral films. It serves as a means of check- )-

ing that the trame and indicator have been cor-
rectly placed on the head. On the film the word
RIGHT will thus appear on the smaller (less mag- !

nified) scale, i.e. on the distal one (on the pa-
'' tient's right side).

1

Caution: A-P films should be taken with the x-ray tube in I
front of the patients,in order to see the posterior

|
X-scale on the indicator correctly on the films. It -

is advisable to make a habit of the above since-

this allows any error of placement of the frame or
x-ray indicator to be seen on the localization
films before the surgical procedure is started.

Indicator for Computer Based X-ray
Localization

In addition to the above x-ray indicator a special indicator box
E with incorporated reference fiducials is available to be used

[3i with various computerised planning systems and/or the Leksell

Ih Localizer.
iI
L!
8.

?
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Indicator for computer basedx-ray localiwion.
i

l

) The lateral as well as the anterior and posterior panels have em-

i bedded reference marks with known coordinates. These marks

i are shaped as "+" on the anterior and left indicator panels and
~

I as "x" on the posterior and right indicator panels in order to
identify respective side on the A-P and lateral films.

|
|

For target coordinate calculation using the indicator for com- |

! puter based localization, please see the separate User's Manual (
'

! for the Leksell Localizer or for respective computer planning

system.

!
"

j Equipment for Use with Existing Mobile
j and/or Fixed X-ray Units
!
!

t
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J 7

: ofihe localization, that the framb and thicassettej y '

j !. ' are positioned in an absolute parallel fashion.
; .s

y.

j "d The x-ray cassette holder is designed to hold a cassette in any

| size parallel to the rame, both in the A-P direction as well as in
i
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the lateral. The cassette holder can be attached to any side of
the frame, thus permitting the x-ray unit to be positioned on
any suitable side of the patient. I

Warning: Due to the ehra w'eight from the cassette holder'

1j'ind cassette $ifi's"e'slential,ihit the frame'is se "
,

| di.. ,I:,,e :ai eurb,ly;'fixedWtIEciM.,. SitEn br examination ta , .,,
t

-<n u m .rs . - - - v-- ;, .
ble. . a - r- fidd.clamE or table'fix. . ;n. be.w. _,via the' .

f
'
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d. h. .:t.H u< fore.a nw:the wei t is. ato the .F"- M,.opurt"39

d; i M$. $observ.,.ru ningP,hed3.W ofr*a,me..e ditur:e:*:to.
-x

i': r.; t; m'r . jg;g3,, g y,, .;,m j
e this precaution:may cause tfie fr^,a,g y ,,;f 3

.
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i 2'O The x ray easset:e holder is designed to hold a cassette parallel to the frame
both in lateral as well as in the A P direction .
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For target coordinate determination from conventional x-rays,
several methods are available, using manual and software based

techniques. Each has its merits and are described below. j

Manual Techniques - Visible
~

argets |

Graphic Method |

As in CT- or MR-scanning, it is desirable to be able to localize

a target manually, also from conventional x-ray films. A manu-
al technique for localization ensures that a procedure can bem
completed, regardless of computer malfunctioning.

The graphic method for target coordinate determination in-
volves the use of two or three graphs which are essentially pro-

jections of the Leksell coordinate system in different planes.

One depicts the coordinate system (frame) in the axial projec-
tion, the second in the lateral view and the third in a frontal .

view. Information from the x-ray films is transferred to these

grids from which the X , Y- and Z-coordinates can be read.

This technique is used in conventional x-ray imaging, angio-
graphy and encephalography. The method works regardless of
the distance between the x-ray tube and the frame. The position
of the central beam is not critical. It is recommended to adjust

_
the central beam to correspond as closely as possible to the cen-
tre of the coordinate system (X, Y, Z = 100). ThL makes it very
simple to identify the frame centre during dose planning, which,
while not essential, nonetheless facilitates accuracy (see illustra-

tion below). In addition,it may be mentioned that it is general-
ly easier to achieve better visualization on the lateral than on

the A-P films.

The x-ray equipment may be either one of the Leksell units or

y any other suitable x-ray machine.
it 3
r

II
?. I

5|
I ',

>
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Short distance x rays produce an image of the frame where the proximal part :
1
i of the frame differs in magnification as compared to the distal part.

|
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[j This is easy with the Leksell units since they are designed to

~[ hold the cassettes in a fixed position. However, with other units

.! j it is also fairly easy to accomplish. It should be noted, that with

13
short distance projections, there is a variable degree of magnifi-
cation. In addition the proximal indicator scale, i.e. the oner

!
:
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closest to the x-ray tube, is more magnified than the distal one.
This is important to keep in mind when doing the exposures.
With the x-ray tube on the left side of the patient the left indi-
cator scale will be more magnified than the right. The same ap-
plies to the anterior indicator scale if the x-ray tube is in front
of the patient.

j

The graphs used are the same for visible and invisible targets. I
When the coordinates are read off the films they are transferred )
to the LOCALIZATION DATA sheet is used. Once it has been j

compiled it may serve as a record of the localization, together ]
with the graphs. J

1

Note: The AXIAL GRAPH is used to determine the i
target X- and Y-coordinates, while either one of
the LATERAL or FRONTAL GRAPHS are

~

used depending on whether the Z-values are
read off from the A-P or lateral film.

.

It is advisable to determine the true Z-coordinate using the x-

ray projection most clearly visualizing the target. If the A-P and
lateral films are equal in this respect, the Z-coordinate may be
determined based on each and an average value used.;

However, it should be remembered that differences in the Z-
coordinates imply differences in target selection on the A-P and
lateral projections or misalignment of framermdicator, film or

_,

x-ray tube.

This difficulty can be largely avoided by having the centre
beam of the x-ray concordant with the X, Y, Z, 100,100,100
point. If this is not possible, the centre point can still be defined ,

if there is excellent visualization of all the scales on the films.

For determination of the stereotactic coordinates of a visible
target using conventional skull x-ray, use the following step-by- ,

I

y step instruction. The technique takes a great deal less time to

f$ perform in practice than it does to describe: s

!E
EI
$! |

T1
'

o i
;

|
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A. Reading the A-P and lateral skull films

Note: The proximal scale has the larger magnifica-
tion.

1. Read the A-P film and mark the position of the target.

2. Draw a line from the target perpendicular to the X-
scales of the indicator.

3. Read X on the proximal (XP) and distal (XD) scales.

4. Make a note of the XP and XD on the LOCALIZA-
TION DATA sheet.

.

_

d

ideN72n"o"8^
^ ---

..
-

--
=

5- 7
5

"

I
6

: 1

i ~

!

|
1

|

!

Localization data sheet for visible targets.
t

5. Draw a line from the target perpendicular to the Z- q

scales of the indicator.
6

6. Read Z on the proximal (ZP) and distal (ZD) scales, 11

7. Make a note of ZP and ZD on the LOCALIZATION

! DATA sheet.
e

b. 8. Read the lateral film and mark the position of the tar-
=
si get.
u

?f 9. Draw a line through the target perpendicular to the Y-

is scales of the indicator.

_
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10. Read Y on the proximal (YP) and distal (YD) scales.

11. Make a note of the YP and YD on the LOCALIZA-
"

TION DATA sheet.

12. Draw a line through the target perpendicular to the Z-
scales of the indicator. i

'

1

13. Read Z on the proximal (ZP) and distal (ZD) scales.

14. Make a note of the ZP and ZD on the LOCALIZA-
TION DATA sheet.

B. Calculation of the target coordinates using the
graphs
1. Start by using the AXIAL GRAPH. |

|

|

!
|E

'

I
;

1h_ | 1AML ansen n

- I '

|
. :. ep

.A 31 .

,,. :.

j ',.
-.

'
.; -

j } .. l
..

..

1 -s

! h
,J

f
,

* : :. ze "f.I| |-

; L* ).

J

The axialgraph.
.

2. Plot the position of YP _on the Y-scale marked LEFT,if
the x-ray tube was on the patient's left side when the

lateral film was obtained.

t
z2
'g f Caution: If the x-ray rube was on the patient's right side,

p YP should be plotted on the Y-scale of the graph

5I marked RIGHT.
#

1r

__
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Note: When plotting, use an H or 2H pencil to ensure
maximum accuracy.

3. Mark the position of the YD on the Y-scale marked
RIGHT,if the x-ray tube was on the patient's left side
when the lateral film was obtained.

Coution: If the x-ray tube was on the patient's right side,
YD should be plotted on the Y-scale marked
LEFT.

4. Draw a straight line on the AXIAL GRAPH between-

the points YP and YD on the left and right Y-scales.

5. Plot the position of XP on the X-scale marked
. ANTERIOR,if the x-ray tube was anterior to (facing)

the patient when the A-P film was obtained.

Caution: If the x-ray tube was posterior to the patient -

| when the A-P film was obtained, XP should be
'

plotted on the X-scale marked POSTERIOR.

6. Plot the position of XD on the X-scale marked
POSTERIOR, if the x-ray tube was anterior to (facing)
the patient when the A-P film was obtained.

Caution: If the x-ray tube was posterior to the patient
when the A-P film was obtained, XD should be
plotted on the X-scale marked ANTERIOR.

7. Draw a straight line on the AXIAL GRAPH between
the points XP and XD on the anterior and posterior X-
scales.

8. Read the X- and Y-coordinates of the point of intersec-,
*

g tion between the lines YP-YD and XP-XD in the axial

ki graph. These are the true X- and Y-coordinates of the

U target.
Elis 9. Write down the true X- and Y-coordinates of the target
h on the LOCALIZATION DATA sheet.
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Note: The following (10 - 17) describes the use of the
FRONTAL GRAPH, used when ZP and ZD

are obtained from the lateral film.

10. Use the FRONTAL GRAPH to calculate the Z-coordi-
nate for the target.

_

--

FRONTAL GRAPH |m

-

_

.d|-
.

,.
_

i g
-

.

7

I''
,

.-

{ *;
,.

,,

~ ,

'
,.

'
,,

J

f..- .

-
. . .u. ._ . -

The frontalgraph.

:

,

Note: When plotting, use an H or 2H pencil to ensure
maximum accuracy.

11. Mark the position of the true X-coordinate just ob-
tained (see B:9 above) on the upper and lower X-scales
of the FRONTAL GRAPH.

12. Draw a straight line behveen the points marked on the
upper and lower X-scales of the graph.

I 13. Plot the position of ZP from the lateral film on the Z-
e

f; scale marked LEFT, if the x-ray tube was on the pa-
a;e tient's left side when the lateral film was obtained.g '.

.E i
r1
$E
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Caution: If the x-ray tube was on the patient's right side,
ZP should be plotted on the Z-scale marked
RIGHT.

14. Plot the position of ZD from the lateral film on the Z-
scale marked RIGHT,if the x-ray tube was on the pa-
tient's left side when the lateral film was obtained.

Coution: If the x-ray tube was on the patient's right side,
ZD should be plotted on the Z-scale marked
LEFT.

15. Draw a straight line on the FRONTAL GRAPH be-
tween the points ZP and ZD on the left and right Z-

,
scales.

16. Read the Z-coordinates of the point ofintersection be-
tween the X-line and the ZP ZD line in the FRONTAL
GRAPH. This is the true Z-coordinate of the target.

,

17. Write down the true Z-coordinate for the target on the
LOCALIZATION DATA sheet.

Note: The following (18 - 25) describes the use of the
LATERAL GRAPH used when ZP and ZD are
obtained from the A-P film.

z.

18. Use the LATERAL GRAPH to calculate the Z-coordi-
nate of the target.

ir

T$
u
SI
Jl
Ti
>
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The lateral graph.

.

Note: When plotting, use an H or 2H pencil to ensure
maximum accuracy.

19. Plot the position of the true Y-coordinate just obtained
(see B:17 above) on the upper and lower Y-scales of the
LATERAL GRAPH.

20. Draw a straight line between the points marked on the
upper and lower Y-scales of the graph.

21. Plot the position of ZP from the A-P film on the Z-scale
marked ANTERIOR,if the x-ray tube was facing the
patient when the A-P film was obtained.

Caution: If the x-ray tube was behind the patient, ZP
| should be plotted on the Z-scale marked-

g

)j POSTERIOR.
8I

|I 22. Plot the position of ZD from the A-P film on the Z.

{! scale marked POSTERIOR,if the x-ray tube was facing
2E the patient when the A-P film was obtained.
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Coution: If the x-ray tube was behind the patient ZD

| should be plotted on the Z-scale marked ANTE-
RIOR.*

|

23. Draw a straight line on the LATERAL GRAPH between1

the points ZP and ZD on the anterior and posterior Z-
scales.

24. Read the Z-coordinates of the point of intersection be-
tween the Y-line and the ZP-ZD line in the LATERAL
GRAPH. This is the true Z-coordinate of the target.

|

|-

25. Write down the true Z-coordinate of the target on the
LOCALIZATION DATA sheet. l

.

26. Select the Z-coordinate to be used considering the accu-
racy in target determination on the A-P and lat- al film.<

.

27. Write down the selected Z-coordinate on the
LOCALIZATION DATA sheet. |

28. The X , Y- and Z-coordinates of the target point have
now been determined.

|
..

|

|

t

I$
u

n.N
2>
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Mathematical Method !

Usually, the stereotactic coordinates of a target point, as well as
the magnification of image planes, are determined by a graphic
method. An alternative mathematical method is described be-
low which may be more accurate than the graphic one. The for-
mulas that are used for the calculations can easily be stored in a

pocket calculator or alternatively executed by suitable comput-
er worksheet programs.

The same three constraints which apply to the graphic method

also apply to the mathematical method. Geometrical errors of
uncertain dimensions may be introduced if the radiological ex-
aminations are not correctly performed. The important factors

"- are:

1. X-ray film and frame must at all times be aligned at a
tight angle to the central ray of the diagnostic beam.

~

2. The frame must be so positioned in :, lation to the x-ray
tube and the film that all proximal and distal scales are

visible.

3. The position of the x-ray tube in relation to the head (in
-

front, behind on the A-P series, or on the right or the
left in the lateral series) must be known, in order to
know which are the proximal and which are the distal
scales on the films used in dose planning.

Calculation of the Coordinates of a Point
In the following examples it is assumed that the x-ray tube is
either located at the right side of the patient or behind the pa-
tient. For the calculations we need to read six figures. From the

lateral film (Figure 2) the Y,, Y , Z, ad Z are red ad X,t u

and X, are read from the AP-film (Figure 1).

If we solve X , Y and Z by using equations ( 1 ),( 2 ) and ( 37 7 r

), we have the tools and the data to calculate the coordinates of

jr a point that is located within the space of the Leksell Stereotac-
e

fr tic System.
!E

!

A.
B ,

X-aAv locAUZAfloN/CoonDINATE DETERMINATION - LEKSEu GamuA KNIFE PaocaAu

|



,

. - . _ - . . - . . . . - - -.. -.____ ..-. . . . . . - - - . . . . . . - . - . . -

!
:
I
:

1 ELEKfA

1

I
,i

|
,

j 180(190 - Y,) - (Y - Y,) (X, 10)t

@ X, = X, + (X, X,)i
(X,- X,)(Y Y,) - W: g

l
1

| (X, - X,) (190 - Y,) 180(X, 10)

h Y = Y, + (Y Y ,)
2 t7

(X,- X,)(Y - Y,) 180t j

i |; ,

| (X, - X,) (190 - Y,) 180(X, 10)

@ ;-;+ (;-;): 2

j (X, - X,)(Y - Y,) - 180t

i
i

i
! 1
J

i bi |
_. - _ , .

j ,

|
.

'_'.1; V -
; ,

.

,-

! : '. :,

i | | :'

: .. . .,.

;
i

f
A

"-"' "*/i !i i .

[h.l _4fi ) . - .-

, . y -
s .-

/;h;

i

| V y
i

,/.

' / .. .. , , , . .! :

m- ,.

| =
i xm nA. . i

I'

|
- w-,

i_._ ig
|

|
|
|

!

l Projection of the three dimensional Angio box and a target point T on a film
| plane, as seen from behind the patient.a
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| Projection of the three dimensional Angio box and a target point T on a film

) plane, as seen from the patient's right side

!
.

In this example, we have assumed that Z is determined fromr
i the lateral film. This is most often the case because the shape of

the head results in a generally better picture quality in the later-;

j al films as compared to the A-P films. If for some reason the

| AP-films should be used, clien the formula used to calculate Zr
i must be rewritten.
:

!

i

Magnification of Image Planes;
, ,.

! 7, g In any view of the films, there are an infinite number of planes
'y directed at a right angle to the beam axis. Of these, at least} g

three are of interest. Moreover, two of these planes are made

h[
*j

i visible, the planes containing the scales of the frame. In the A-P

J film, the Y-axis values are 10 for the plane closest to the x-ray
,

1

1
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tube and 190 for the plane furthest from the tube. The third
parallel plane, containing the centre of the target, has the Y val-

ue Y . Plane Y,o has the larger magnification and the plane Y,,7
has the smaller. The magnification of the YT will be intermedi-
ate between these two extremes, the actual magnification de-

pending on its position. If the target has an elongated shape in
the Y-direction, several planes with different magnification may
be needed. The same principles apply when viewing the lateral |

films but this time in relation to the X-axis. |

To calculate the magnification of lateral and A-P images planes,

: the coordinates of the target must be known. This is here as-
sumed, for convenience, to have the previously determined
coordinates X , Y , Z . In the A-P films, the magnification M,7 7 r

'

of the proximal plane (Y,o) is obtained from the scale as is M,
the magnification of the distal plane (Y,,o). In the same way,in
the lateral films, M, de magdcadon d de proximal scale

~

(X ,) and M the magnification of the distal scale (X,,o) are
1 e

again read off the scales. With thase values available, the mag-

nifications M , and M may be derived for any A-P plane or
3 ur

lateral plane from the following two equations. -

M,(X - 10)T

AQ = M, + M-M,)
M (190 - X I + M $ ~ @t r a

M (Y - 10)p 7

MAP " M + (M,-@P M,(190 - Y ) + M (Y - 10)7 p 7y

Comment
In figures 1 and 2 we have assumed that the x-ray tube is
aligned relative to the frame so that the beam axis passes
through the frame centre (100,100,100). This geometrical ar-
rangement helps when a radiosurgical procedure is planned
with KULA because one of the fixed reference points of the iso-

dose printouts from KULA is the frame centre, or its projection.
,

}; To this end,it helps to use a large film size. With some of the

M smaller film sizes currently in use, it may be impossible both to
=

ji centre the film at 100,100,100 and at the same time retain all

d the indicator scales in the picture. In this circumstance, there is

N no choice but to move the centre so as to ensure the scales are
visible.
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Manual Technique - Invisible
Targets .

i Assumption
I

i It is difficult or impossible to find the anterior and posterior

| commissures on an A-P x-ray film. It is therefore assumed that

| the Y-Z plane through the middle of the third ventricle also
passes through the commissures. This assumption is a reason-1

able approximation unless the frame has been fixed to the skull
in excessive rotation.

Graphic Methodi

The graphic method for target coordinate determination of
invisible targets involves the use of two graphs. These are essen-
tially projections of the Leksell coordinate system in two
planes, axial (X-Y) and frontal (X-Z). The technique is used in,

*p conjunction with conventional x-ray imaging, angiography and

N enchephalography. The method works regardless of the dis-

Y tance between the x-ray tube head and the frame. It is recom-
mended to adjust the central beam to correspond as closely as

d possible to the centre of the coordinate system (X, Y, Z = 100).
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; This makes it very simple to identify the frame centre during

j dose planning, which, while not essential, nonetheless facilitates

j accuracy. In addition,it is generally easier to achieve better vi-

| sualization on the lateral than on the A-P films.

f The x-ray equipment may be either one of the teksell units or
' '

any other suitable x-ray machine.
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It should be noted that with short distance projections there is a
variable degree of magnification. In addition the proximalindi-
cator scale, i.e. the one closest to the tube head, is more magni-

fied than the distal one. This is important to keep in mind when
doing the exposures. With the tube head on the left side of the
patient the left indicator scale will be more magnified than the
right. The same applies to the anterior indicator scale if the
tube head is in front of the patient and so on.

The graphs used are the same for visible and invisible targets.
When the coordinates are read off the films the LOCALIZA-

f' TION DATA sheet is used.

For determination of stereotactic coordinates of an invisible tar-
get in reference to the midpoint on the intercommissural line
using stereotactic ventriculography, use the following step-by-

,

fe step instruction:
f
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Warning: Since the graphic method for invisible target co-

! ~ ordinate determination cannot compensate for
any frame rotation in the sagittal, coronal or
transaxial plane, the accuracy of the method is in j

. direct relation to the distance from the target to !

the frame centre. l
|

1

|

A. Reading of the A-P and lateral ventriculograms I

Note: The proximal scale has the larger magnifica-
tion.

1. Read the A-P film and draw a line in the mid plane of
the third ventricle perpendicular to the X-scales of the
frame.

2. Read X on the proximal (XP) and distal (XD) scales. .

3. Write down XP and XD on the LOCALIZATION
DATA sheet.
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Locali:ation data sheet for invisiNe targets.
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14. Read the lateral film and mark the position of the AC.

5. Draw a line through the AC perpendicular to the Y-
scales of the frame.

6. Read Y on the proximal (YP) and distal (YD) scales.

7. Write down YP and YD for the AC on the ,

LOCALIZATION DATA sheet.

8. Draw a line through the AC perpendicular to the Z-
.

)
scales of the frame. 1

,
9. Read Z from the proximal (ZP) and distal (ZD) scales.

|
10. Write down ZP and ZD for the AC on the

LOCALIZATION DATA sheet. .
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B. Calculation of the commissure coordinates |
using the two graphs

)
1. Start by using the AXIAL GRAPH. '
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The axialgraph.

.

Note: When plotting, use an H or 2H pencil to ensure
maximum accuracy.

2. Plot the position of YP on the Y-scale marked LEFT,if
the x-ray tube was on the patient's left side when the
lateral film was obtained.

Caution: If the x-ray tube was on the patient's right side,
YP should be plotted on the Y-scale marked

E ! RIGHT.3
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3. Plot the position of YD on the Y-scale marked RIGHT,
if the x-ray tube was on the patient's left side when the
lateral film was obtained.

| Coution: If the x-ray tube was on the patient's right side,
'

YD should be plotted on the left Y-scale marked
LEFT.

4. Draw a straight line on the AXIAL GRAPH between
the points YP and YD on the left and right Y-scales.

5. Plot the position of XP on the X-scale marked
ANTERIOR,if the x-ray tube was anterior to (facing)
the patient when the A-P film was obtained.

Caution: If the x-ray tube was posterior to (behind) the
! patient when the A-P film was obtained, XP

*

should be plotted on the X-scale marked
POSTERIOR.

6. Plot the position of XD on the X-scale marked
POSTERIOR,if the x-ray tube was anterior to (facing)
the patient when the A-P film was obtained.

Caution: If the x-ray tube was posterior to (behind) the
patient when the A-P film was obtained, the XD
should be plotted on the X-scale marked
ANTERIOR.

7. Draw a straight line on the AXIAL GRAPH between
the points XP and XD on the anterior and posterior X-

I scales.
b,
!E
F 8. Read the X- and Y-coordinates of the point of intersec-

tion between the lines YP-YD and XP-XD in the AXIAL

J GRAPH. These are the true X- and Y-coordinates of the
AC.
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9. Write down the true X- and Y-coordinates of the AC on
the LOCALIZATION DATA sheet.

10. Use the FRONTAL GRAPH to calculate the Z-coordi-

nate for the anterior commissure (AC).

E

F810NTAL GRAPH% __
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The frontalgraph.

Note: When plotting, use an H or 2H pencil to ensure
maximum accuracy.

11. Plot the position of the true X-coordinate just obtained
(see B:9 above) on the upper and lower X-scales of the

,~
FRONTAL GRAPH.

12. Draw a straight line between the points marked on the
upper and lower X-scales of the graph.

I

N
|E 13. Plot the position of ZP (from the lateral film) on the Z-

jI scale marked LEFF,if the x-ray tube was on the pa-

{! tient's left side when the lateral film was obtained.
2$
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Caution: If the x-ray tube was on the patient's right side,
! ZP should be plotted on the Z-scale marked

RIGHT.

14. Plot the position of ZD on the Z-scale marked RIGHT,
if the x. ray tube was on the patient's left side when the
lateral film was obtained.

Caution: If the x-ray tube was on the patient's right side,
ZD should be plotted on the Z-scale marked
LEFT.

l

3 15. Draw a straight line on the FRONTAL GRAPH be- |
^

tween the points ZP and ZD on the left and right Z-
'

scales.

16. Read the Z-coordinates of the point ofintersection be-
i tween the XP-XD line and the ZP-ZD line in the
I FRONTAL GRAPH. This is the Z-coordinate of the AC. *

1
.

i

17. Write down the X , Y- and Z-coordinate for the AC on |
the LOCALIZATION DATA sheet.

C. Marking the position of PC.
Repeat all steps from A:4 through B:17 to obtain the coordi-
nates for the PC. Write down the X , Y- and Z-coordinates for

the PC on the LOCALIZATION DATA sheet.
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D. Target point coordinate determination.
For the target point coordinate determination follow the steps
below:

1. The AC-PC line can now be drawn on the AXIAL
GRAPH and its midpoint (IM) marked by dividing this
line into equal halves.

2. The AC-PC line can also be drawn in the FRONTAL
GRAPH and the midpoint (IM) marked (in the
FRONTAL GRAPH the AC-PC line is a point if the
frame has been positioned with its X-Y plane parallel to
the transaxial plane through the commissures).

3. The midpoint on the intercommissural line (IM) is usu-
ally the reference point for the target. Since the position

of IM is now marked on the AXIAL and FRONTAL i

GRAPHS, the target point (TP) can now also be marked
i
'

in these graphs at the appropriate distance from IM.
.

Note: Corrections must be made for third ventricles
of exceptional width.

4. Read the X- and Y-coordinates of the target point (TP)
v from the AXIAL GRAPH and write them down on the

LOCALIZATION DATA sheet.

s, 5. Read the Z-coordinate of TP from the FRONTAL
GRAPH and make a note of it on the LOCALIZATION
DATA sheet.

6. The true X , Y- and Z-coordinates of the target point
I (TP) have now been determined.e
I Tr'
!E
Bi
!!>-

>
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Target Coordinate Determination
- Software Based Techniques

Target Coordinate Calculator Method
An alternative for the manual target localization is to use the
calculator which features a stereotactic software allowing X ,
Y- and Z-coordinates to be determined from x-ray films regard-
less of the distance between tube head and coordinate frame.
Visible as well as invisible targets are localized.

|
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The Target Coordinate Calculator.

The use of the calculator involves the transfer of numerical val-
ues directly from the x-ray films to the calculator.

For further information on the use of the Target Coordinate
Calculator, see the separate User's Manual

s

Leksell Localizer Method
The teksell Stereotactic System, has relied on a variety of local-

izing techniques for a long time. Different techniques have been

I, used for CT and for MRI and there has been more than one

(i technique for different studies involving conventional x-rays.

!k In an effort to simplify the localization of targets from different

h kinds of images, the Leksell Localizer was designed. This instru-|

5 ment provides the user with an integrated, reliable and self-
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; explanatory method of determining target coordinates. It can
! be used with images produced by all currently available tech-

niques.,

i

j The Leksell Localizer consists of a digitizing table, pointing de-

| vice and a small keyboard with and LED-display. All compo-

| nents are built into an easy-to-use transportable tabletop unit

] which incorporates adequate lighting for viewing of images.
.

j For further information on the Leksell Localizer, see the sepa-

! rate User's Manual.
.
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j The Leksell Localizer.
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| Emergency Rout'nes
|
4

i The following relevant actions are to be taken

when the equipment is out of order.
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Safety
The Gamma Knife must only be maneuvered by personnel who
have a full understanding of the operation of the unit, including
procedures applicable in an emergency.

Prepare a check list that is followed during each procedure.
This list of steps which can improve safety, depends to a large
extent on local conditions. Some of the steps that should be in-
cluded are outlined below.

1. At least two persons should be present during the prepara-
tion of the Gamma Knife for treatment, the positioning pro-
cedure of the patient and during treatment.

2. All procedures that affect the treatment such as selection of
helmets, their plugging, the setting of stereotactic coordi-

.
nates, the setting of the treatment timer etc. must be verified
by a second person prior to treatment. This DOUBLE

CHECK IS AN ABSOLUTE REQUIREMENT for safe
treatments with the Gamma Knife.

,
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Caution: Check before accepting a treatment plan that the i

! treatment time, and the coordinates for each irra- (
diatiopnare reasonable as judged by your experi-

ence.

D 3. Before positioning the patient in the unit, estimate that the

!! Y- and Z-coordinates set on the frame approximately cor-

y respond with the location of the target in the skull.

N 4. When the patient is positioned in the unit, ensure that the

2 .0 head of the patient is dislocated in the correct direction.
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5. The person who is responsible for he procedure should be
the last to leave the treatinent room before treatment. At
this moment he/she should have checked that no items
such as collimators, tools etc. are left on the bed between

the helmet and the unit. Check that everyone except the
patient has left the treatment room.

6. The person who maneuvers the unit should frequently
communicate with the patient via the audio-vision com- l

munication system. |
7. Although the Gamma Knife is simple to operate and is |

reliable in its function, emergency situations may occur. It
is therefore strongly recommended that procedures which
are applicable in possible emergency situations are pre-

pared and personnel trained at regular intervals.

8. It is helpful in emergency situations to have a checklist vis-
- ible at the maneuver panel of the Gamma Knife. |

.
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i Emergency Routines for the
: Leksell Gamma Knife

If the couch does not leave the treatment position when the
'

treatment time has elapsed, proceed as follows:,

|
_ _ _ . _ _ _ . _ _ _ . __ _

i
_ _ . . . - . . . . ,

| Turn 6e poww off. ,
2:n wn. |,

;Entw treatment room. :

' '. _
l ;,

,

i Pull out h couch. , ;

\

/ |
-

ru /c u eus
'

!
i
'

Yes

loosen the screw
*

wi6 6e long AJlen
key-

i toosen 6 patient
*'

Release b patient wr
and frame Eem its

,

ition wi6 h
xm renaw.

\ . - - . . . - . - . . , _ . . ~ .

Leave 6e treatment
room toge6w wi6
6e patent. j

~

s

I
| Lock b treatmentj
; room.

1

conkxt responsible
radiation safety
officw and Elekta for
furbr instructions.

. - - . - . - - - . - . - -

1
i _. -

f; The dilferent actions in an emergency situation.
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Couch not Returning Properly

(2 persons required)
. _ _ _ _ _ _ . . _ . . _ _ ___

N% 4 -

,

!

,

Turn off the main power key and be sure to take the key with you.

|
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4

Enter the treatment room and try to withdraw the couch manually.
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Loosen the patient with an Allen key.

.

-

- -

4

-

d b'g-

. _

l

J

h h

Leave the treatment room together with the patient.

Try to restart the equipment and to close the shielding doors
from the control panel. If this does not succeed, close the
shielding doors manually (see Shielding Doors Stuck).

Ie
fEe
gj Note: In order to close the shielding doors from the

$$ control panel, the couch must be withdrawn to

If its outer position.
t r-

.
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Couch Stuck in Treatment Position
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Loosen the patient with the long Allen key and release patient with trunnion
remover. Help the patient out of the Gamma Knife.

Shielding Doors Stuck
Call authorized personnel for help. The procedure is as follows:

.

Note: Before starting, turn off the main switch key.
Bring the key, which is needed to unlock the

'

handwheel, into the treatment room. |

To
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Pull the brake release knob. |

|

.

O-
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I

|
f

. . . .

!

Remove the cover lid, unlock the handwheel (with the key that comes with
the main switch key). Full out the knob with the special tool.
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Rotate the handwheel clockwise until the doors are closed.

Caution: Always hold the handwheel with both hands.
. | Otherwise the doors can close with considerable

force and may be damaged.

.

l
1

|

|
After an Emergency Situation j

,

Lock the doors to the treatment room and tape a warning on j

the doors.
,

iCall without any delay for Elekta assistance for further infor-'

I
mation and instructions.
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CCOLUMBIA
Resbyterian Hospital
700 Northeast 13th Street
Oklahoma Oty. Oklahoma 73104 5070
Phone (405) 2715100 f
CowMBIA s home page is http /deww cofumtNative't

i ,l .'
4
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September 30, 1996

U. S. Nuclear Regulatory Commission
611 S. Ryan Plaza Drive, Suite 400
Arlington, Texas 76011

RE: License Amendment for Gamma Sterectactic Radiosurgery (GSR)
License number: 35-120391-02

Subject: Removal of Colbolt 60 Teletherapy Unit

Dear Ms. Campbell:

On August 23, 1996, Xray Equipment Company of Mansfield, Texas removed our
AECL Theratron 80 Teletherapy Unit and source. We have enclosed the
appropriately signed Transfer Certificate.

This effectively removes material identified in (6A Colbolt 60) and (6B
Uranium, natural or depleted) from this license. You will recall that the
license still contains material for the gamma stereotactic radiosurgery unit.

We do not plan on decommissioning this room, as this room is used to house our
high dose rate unit as noted in license number 35-12091-01.

If you have questions regarding this notification, please do not hesitate to
contact us.

Sincerely,

/'M' '
,

_ /'

Clifford W. Richter, Ph.D
Radiation Safety Officer
Director of Medical Physics

'
_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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X-RAY EQUIPMENT COMPANY: -.

1

SOURCE DISPOSAL CERTIFICATE;
1

'THIS IS TO CERTIFY THAT A COBALT 60 SOURCE;
i

MODEL NUMBER: C-146
1

j SERIAL NUMBER: S-3977
4

CATALOG NUMBER:
.-

<

CONTAINING 6684 CI COBALT 60
^

{ MEASUREMENT DATE: 3 / 16 / 87

THE ABOVE SOURCE HAS BEEN DETERMINED BY WIPE TEST TO BE' FREE OF REMOVABLE
:
: CONTAMINATION.
q DESCRIBED AS FOLLOWS;THIS SOURCE HAS BEEN REMOVED FROM THE TELETHERAFY UNIT

MANUFACTURER:
'

l MODEL NUMBER: T-80
\,

.

i
SERIAL NUMBER: 139

4

: THE ABOVE UNIT HAS d Uf BEEN REMOVED FROM SERVICE.
| AND IS HEREBY TRANSFERED TO:
.

X-RAY EQUIPMENT COMPANY
;

; 2214 HWY. 1187
{ MANSFIELD, TEXAS 76063
;.

-

,

TEXAS RADIOACTIVE MATERIAL LICNESE LO1485
FROM THE POSSESSION OF;

i
.

j Columbia HCA Health Services - Columbia Presbyterian Hospital

700 N.E. 13th Street-

,

J

Oklahoma City, OK 73104
,

4

RADIOACTIVE MATERIAL LICENSE NUMBER: 35-12091-02
1

'

ENTIVE OF SER:
X-RAY EQUIPMENT COMPANY

"
* AWWW s

'

- v-.

.

DATE / /M DATE 8 / / d'

,

e
^

2214 HWY. 1187 MANSFIELD, TEXAS 76063
: (817)473-8600

;

__ . , .
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SEPTEMBER 30, 1996

FIEGIONIV

Vivian H. Campbell, Health Physicist j

Nuclear Materials Licensing Section |

Region IV l

U. S. Nuclear Regulatory Commission
611 S. Ryan Plaza Drive, Suite 400 f

Arlington, Texas 76011
|

RE: License Amendment for Gamma Stereotactic Radiosaurgery (GSR) J

License number: 35-120391-02
Contrt.1 : 466078 j

Dear Ms. Campbell: j

Please find enclosed the following information with regard to our gamma knife
project:

A. An updated technical manual describing the model B Leksell j
Gamma Knife. This technical program's manual specifically
addresses some of the items that you had questions about
and includes in Chapter 12 at the latest updated version of
the emergency procedures that we will use.

B. The quality management programs specifically developed for our j

gamma knife. 1

C. A schedule that outlines the required regulatory tests and their
frequency.

As prevjously discussed, se are attempting to begin clinical operations early
in November. Naturally, if you or your staff have questions concerning our
reques t', please do not hesitate to call.

1

Sincerely,

je

C fford W. Richter, Ph.D
Radiation Safety Officer

|Director of Medical Physics

|

466223
1

i
i
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STEREOTACTIC RADIOSURGERY |
QUALITY MANAGEMENT PROGRAM - GAMMA

I. Responsibility and authority: these procedures are established to meet
the requirements of a Quality Management Program (QMP) identified in 10 CFR
35.32 for Gamma Stereotactic Radiosurgery.

II. Elements of the Program are based on a record keeping system, worker
methodology regarding the procedures to follow relating to physician written
directives, and verification that the patient and the treatment plan will be
confirmed to establish agreement wih the written directive.

A. Records (i.e., written directives and other written instructions or
records) relating to the medical use will be legible and written
clearly, precisely, and in a manner to minimize the likelihood of
misunderstanding.

B. All workers involved in medical usae will equest clarification from
an authorized user or a physician under the supervision of an
authorized user if any element of a written directive, and other
written instruction or record is unclear, ambiguous, or apparently
erroneous, before proceeding with the procedure.

C. Before medical use, the person administering the byproduct material
will verify that the medical use is in accordance with the written
directive and/or clinical procedures manual.

III. Specific Elements for gamma stereotactic radiosurgery applications.

A. Before writing a directive, the authorized user or the physician
under the supervision of an authorized user (hereaf ter under 1tood

as the authorized user) will prsonally review the patient's case to
establish that thd medical use is indicated for the patient.

B. Before administering gamma stereotactic radiosurgery , the authorized
user will personally make, date and sign a written directive.

C. Any change in the written directive will be made by the authorized
user, will be recorded in writing in appropriate record, and will
be dated and signed.

D. Before administering gamma stereotactic radiosugery, the identity of
the patient will be confirmed by more than one method as the
individual named in the written directive, and the plan of treatment
will be confirmed to establish agreement with the written directive.

E. For gamma stereotactic radiosurgery procedures qppropriate images of
the treatment area (volume) will be completed to verify treatment
area. For these images or from fixed geometry data, calculations
will be performed to calculate, exposure time and/or dose (as
required by the written directive).
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F. The authorized user will date and sign or initial the

calculations and record the administered dose.

G. After the completion of the gamma stereotactic radiosurgery
proceeduare, the authorized user will make, date and sign a
written record which describes the dosage administered, and
will record the agreement, or lack thereof, between the actual
dose administered.

IV. QMP review to evaluate patient administrations, recordable events, and
all misadministrations will be established.

A. These reviews will be conducted at least annually. The purpose of
review will be:

1. verify compliance with all aspects of the quality
management program;

2. determine the effectiveness of the program, and if
necessary, make modifications to assure that byproduct
materials are administered as directed by the authorized
user.

B. Records of each review will include evaluations and findings of the
review and will be maintained for three years.

I

C. Recordable events will be evaluated within 30 days of discovery of
the recordable event by:

1. assembling the recordable facts including the cause,
2. identifying what, if any corrective action is required to

prevent recurrence; and
3. retaining a record of the relevant facts and any corrective

actions for three years. .

D. Records of each written directive and each administered gamma
stereotactic radiosurgery dose will be maintained in an auditable
form for three years from date of administration.

E. As needed, modifications will be made to increase the efficiency of
the QMP program without reducing the program's effectiveness.

The above listed policies are to be implemented at this facility on or before I

clinicLuseoftgeLEKSELLGAMMAKNIFE.

D $ {c
Dire or of Ra Adn Date' ' '

4 . Tk is A[ Oncology / M F MH44f A ,

'Rpfki "on Safety (Qffice^
N/g/9c

Date
- wN ~

-

Hosp'tal ministration Date

2
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REGULATORY TEST AND FREOUENCY
GAMMA ETFDFOTACTIC RADIOSURGERY

DAY OF USE:

Door Interlock.

Area Monitor.

TV/ Intercom.

Timer termination of exposure.

Survey meter (present).

MONTHLY:

Output check.

Timer constancy / accuracy /linearity.

Shutter error.

Check of required postings.

SEMI-ANNUAL:

Demonstration of emergency proceedures.

Leak Tests of sealed sources.

ANNUAL:

Calibration.

.
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