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Gentlemen:

Enclosed is the information required to amend Nuclear Medicine
-Licence #21-12916-01 to provide for Xenon Gas Studies at this I

!.bdical Center. I

Sincerely yours,
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A. M. HOLMAli, M. D.
Acting Medical Center Director
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REQUEST FOR AMEND.ENT OF NUCLEAR MEDICINE LICENSE Af'
TO PROVIDE FOR XENON GAS VENTILATION STUDIES .i V .;

:,~
g. ,

,., (i.% * '.
1. Name & Address of Institution:

f%.>.Vg.y < .s

VA Medical Center $ 1.-_-
West "H" Street U|; N
Iron Mountain, Michigan 49801 .T. y,y,

. ., a. . s

%,.N'
.. .a2. Current Radioactive Materials : ' . . -.

9. .,
License # 21-12916-01 ;iv e

4p
[s, . 7s-

3 Radioactive lhterial: .Slf,
m. m.v.

Xenon Xe133 Gas 'NOi
4. Type of Study:

. 15;
,-

d -

, .:,a .- 4q/
Pulrcnar:/ Ventilation Study 4) * ,-

> .L .7 -

c 4., n
5. Possession Limit: 300mC '4 e

(E[[;\-
?.*

Estimate: 100mC/ week maximum, adjusted for 4 days precalibration
# "f :':J,would equal approximately 170mC (10000 x 1.7 precalibration factor). i

|IM'"Tf
A maximum of 100mC trapped and decaying. Total estimated inventory

- 'N170 + 100 = 270mC.
f!f V6. Dose Employed: Average dose per patient - 10mC. Higher doses will %gv 3

be used only when professional medical judgement indicates it to be
l[g.4,i .y i-

necessary.
._

7. Patient Load- N' ,_

gg R-
Estimate: A nnximum of 10 patients per week, 520 patients per year.

[s .. .m,[c
~

8. Source of Radiopharnneeutical: D.j(.)
h)G .~:.h

New England Nuclear Corporation b.;W j
Atomic Light Place U . ..: -

hi7]North Billerica, Massachusettes 01862

'g.\ . -

Catalog Number NRP-127-Xenon Xe133 Gas [n unit dose vials. (See vi| 9,,y
Attachment A for NDA approved package insert). J.

.c 3 .

9. Imaging Equipment: v, .) /
.if ; :

"Searle PHO gal?.!A V

9%
10. Specini Equipment: W F.

. , , .-
-

,v t .

Instruction for Xenon Delivery System (See Attachment B). N<-
r.)3310 M..,.',igr, :

a u
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a. Atomic Products Delivery System 130-330 -

Atomic Products Corporation
Center Abriches, New York,11934, product literature obtained.

b. Atomic Products Gas Trap System Abdel #127-313 ,

Atomic Products Corporation
Center Abriches, New York,11934, product literature obtained. -

-

'

11. Dose Calibration:

Capintec Dose Calibrator Model CRC-22NB
,

Nuclear Chicago (Searle) Mediac Calibrator

All doses for patient use will be checked immediately prior to admini-
stration using the above equipment.

12. Personnel Safety:

All personnel working in the dpeartment will use both whole body
film badges and TLD finger badges.

13. Scale Drawing of Nuclear hbdicine Service (See Attachment C). -

. .

14. Description of Storage Area (Hot Lab):

The Xenon 133 Gas will be stored in its 1/8 inch thick lead shipping
'

container within the storage cave until used. A description of
this storage area, the work area, radiation monitoring equiptent
and radiological safety procedures are the same as described in the
original license subcdssion. The ventilation in this storage area

.

is by two exhaust ducts having a total airflow of 500 cfm. This
-

^

may be increased to 3587 cfm by repositioning a selector switch on
the wall. The selector switch is equipped with indicator lights
which identify operating status. An audio alarm will sound if
the system fails. The total volume of this room is 370 cu. ft. Air
can enter the room through a vent in the door. All air leaving the
room is through the vents which also keep the room at a slight nega-
tive air flow. The maximum concentration of Xenon 133 over forty
hours in seven consecutive days fo- this Restricted Area has been 7
calculated on the following basis:

a. Ehximum amount of Xenon 133 activity lost per week is 300mC
(Xenon Trap will be stored in this area when not in use).

,

-

b. Estimated escape fraction (maximum Xenon 133 activity lost
due to leakage and inadvertent release) is 0.25. "

c. Air flow volurn will be 500 cfm.
..

There fore , using the above data and appropriate conversion factors, C '

can be calculated:
m

3A 300mC (1x10 )
7C=VX F=500 f t>/ min ( 6.797x10 ) X 0.25= 022x10-5uC/ml/40 hr. Week .

-'

u
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3h Total agr flow volume = 6300 ft / min. " -(
Volum for both rooms .O

"- 3430 f t . Therefore : Volume 34 30
7 Air Flow / min = turnover time 6300 = .54 min. [.y ;. . . .-

b 17. Description of the Disposal Phase: The disposal phase of the Xenon
. . .

1..

~'

5 133 gas will be done by trapping the Xenon 133 gas in an Atomic Products r
'

Gas Trap System Abdel 127-31' The potential leakage of Xenon 133 j , j.,
E- fitm this unit, as well as other sources of leakage, are included in

g g" g- the Escape Fraction figure. To insure that the trap is working g...
efficiently, the exhausted air will be monitored from the trap using 5yv

.

c

k the following procedure: d.M -
Y y.C
-

Immediately after the last Xenon 133 lung ventilation procedure each .' '(d
{ week, a 5 liter polyethylene bag will be placed over the exhaust port (;:..g.(
- of the Xenon Trap, and the unic will be operated until the bag is full.

7(,7,
4.,_

{ The bag will be sealed end placed in front of the Gamma Camera and '

p;fg
,

-

counted for one minute on the appropriate settings. The Counts Per g'.y1-

_

Minute (CPM) will be recorded in a record book and compared with<
_

previous readings. A repiacement cartridge will be installed whenever f.%.F-
there is a significant increase in the weekly CPM. The saturated p.'y
cartridge will be placed in the hot lab in a radiation waste barrel i / -% .
with other radioactive waste, and disposed of as ordinary trash when 'n bs

h reading reaches background levels. Q.p"f
n ;.; e5 18. Equipment Operation and Ebnitoring for Leakage: W. '

/y -F a. The Atomic Products Delivery System, mocel 130-330, will be M
{ checked prior to use to insure proper operation. The m'inufacturer's (.y q S
g operating instructionc will be followed. y
, ,. : m .-.

( b. The Atomic Products Gas Trap will be checked prior to each venti-
.

p__ 1ation procedure to insure that it is securely connected to the y*r h,,& Iblivery Syster. Xenon leakage from the exhaust port will be moni- f.
"

tored as previcualy described. The manufacturer's operating [j
instructions will be followed and the desiccant in the water trap 4- '

y will be checked daily and replenished as needed. ()h
iE 'Q,jS
C All exhaust vents will be checked twice a year to confirmc. . ; , ,y,

k their continued efficiency. In addition, they will be checked 4."ig.?
u_ whenever structural changes are made which could affect their .pg 3

% e fficiency . Records verlfying these procedures will be maintained. ,%(.s
y.*
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RADI ATION DOSl%!ETRY VAMC, Iron Mt., Michigan
t he estimated absorbed radiation doses (2 8 to an aserage
p tient 170 kg) for pulrmnary perfusion and cerebral bhiod A

flow stud:es from a maximum dose of 30 malheuries of
Xenon Xe 133 in 3 hters of air are shown in lable Ill. ,

Table ill i

Radiation Doses

I lfective Whole f
fla t f-t ime Lunn' lirain Body *

i rads /30 mci i
Pulmonary Perfusion 2 min. 0.25 0.0014 0.0027
cerebral blood I low 5 nun. OM 0.0035 0 0068

'W; of activity is in lungs
(2) N!ctbod of Calculation: A Sthe.na for Absorbed-Dose
Calculat ion for Hiologically Distributed Radionuclides.

,

Suppleinent No. l. illRD pamphlet No.1. L Nucl. Nied.. I

j , < > . ' " ' ENON Xe 133i{ llOW SUPPLIED ;
(, lhe Xenon Xe 133 gas is supplied as part of the CaliJose@ f

9 stem. tonsisting of 2 ml unit dose vials and the Calidose
dispenscr* f or shielded dispensiug. I ,

iWrm.tlly vials tontaimnr "t her 10 or 20 mCifvaal. packed
up to 5 sials per stueld tube, ire supphed. Vial scts contain-
ing up to 100 mCaisial are asailable.

I Catalog Number NRI'-127
' Patent Pending |

.
.

i
l'

|

|

|
|

|

!i |
|

1

d- ,

V

i
I A

IM01 New England Nuclear
# 'Radiopharmaceutical Division

A

^'!NDe7$bssoiac2 [P;:01 New England Nuclear
v

10 I P ' 5 16 s | Prmied m U.S A

S-13482
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DI M RIPTION'" mlosed respr i or systems or spirometers.
.,

\eng \c 133 lor dignostic use n \ jable as 55 gas in he sugge ictnity range emplo>cd for inhalation by the.

nob thouJe dduent *% erage adult patient 170 kg)is:--
,

Pulmonary function muludmg imagmg: 2-30 mcigc1g(>Ns.

in 3 fiters of air.Xenon Xe 133 is a readily dif fusible ras w hit h is neither
Cerebral blood thiw: 10-30 mci in 3 litas of air.utth/cd nor produced by the body, it passes through cell

inembrancs and freel) esthanges between blood and tissue. 'Ihe patient dose should be measured by a suitable radio-
It teods to camcentrate more m body fat than in blood, activity cahbration system immediately prior to admin-
plasma, water or protem solutions. In the concentrations ntration.

uscJ tor diagnmtic purposes it is physiologically inattne. PilYSICAL Cll AR ACTERISTICS
Inhaled Xeron Xe 133 gas will enter the ahcolar wall and Xenon Xe 133 decays by beta and gamma emissions with a
tnter the pulmonary venous tirculation via the capillaries. physical half-hfe of 5.27 daysil'. Photons that are useful
. imt of the Xenon Xe 133 that enters the circulation from for imaging studies are listed in Table 1.
a single breath is returned to the lungs and exhaled after a
single pass through the periph:ral circulation ,

INDICATIONS Principal Radiation Emission Data Xenon Xe 133
inhalation of Xenon Xe 133 gas has proved saluable for the

Mean % per Mean Energy
evaluation of pulmonar) function and for imaging the lungs.

Radiation Dnmtegration (keVI
It may also be apphed to assessment if cerebral flow

beta.2 99.3 100.6 j

CONT R AIN DIC ATIONS Gamma-2 34.99 81.0
lo date, no known contraindications to the use of Xenon K int. con.
Xe 133 gas h.ne been reported. elec t rons, -2 47.24 45.0 |

WARNINGS L int. con.
T his radiopharmaceutical should not be admmistered to elect rons, -2 7.87 75.7 j

pregnant or factatmg women unless the benefits to be M int. con.
elect rons, -2 9.84 S0.0 |gained outw eigh the poteniul hazards.

K x-rays 34.70 30.8 i

ideall), exammations using radiopharmaceuticals, especial- . vrays W .~
p,

1) those electne in nature, of a wornan of childbearing
tapabihty should be performed during the first few (ap- (1) Dillman, L.T., Radionuelide Decay Schemes and Nuclear
proximately 10l days following the onset 11 the menses. Parameters for Use in Radiation-Dose Estimation, Part 2.

Radiopharmaceuticals should be used only by physicians Supplement No. 4 MIRD pamphlet No. 6. J. Nucl. Med.,
w ho are quahfied by specific traming in the safe use and p.28,1970.
handlmg of radionuchdes produced by nuclear reactor or The sphitie gamma ray constant for Xenon Xe 133 is 0.44
particle accel rator, and whme experience and trainmg hase R/ mci-hr. at I cm The half value lay er is I mm of Pb.
been apprmed by the appropriate gmernmental agency Io correct for physical decay of this radionuclide. the frac-
authorized to hcense the use of radionuslides tions that remain at selected time intervals before and after

the date of cahbration are shown in Table 11.
I PREC AUTIONS

As in the use of any other radioactne material care should
be taken to insure minimum radiation exposure to the pa- Table 11

tient, consistent with proper patient management, and to Xenon Xe 133 Physical Decay Chart

insure minimum radiation exposure to occupational w orkers. (llalf-life 5.27 days)
! xpired Xenon Ne 133 gas should be controlled m a manner Fraction Fraction
that is in compliance with the appropriate governmental - - y- Re maining'Da-y RemainmgDa
agenty reguletiont

5 1930 8 .349
Xenon Xe 133 adheres to some plastics and rubber and j b93 9 .302
should not be allowed to stand in tubing or respirator

' 1.4 h 3 10 .268-1
t ontJ mers huch unrecogni/cd loss of radioJctivity f rom

-2 1.300 11 .235
the dose for adnumstration may render the stud) non-

-1 1.140 12 .206
dugnostic Xenon Xe 133 gas deinery sy ste ms, i e., O' l .0C1 13 .181
respirators or spirometers and associated tubmg assembhes

}y 39
g g

must be leakproot to.noid low of radioactisity into the lab- fy ;$ y39,

orator) enstrons not specifically protected by exhaust sy s- 3 16 .1 M
' ' " " 4 .591 17 .107

ADVERSL RLACTIONS 5 .51 x IF .094

lo date. no adscrse reactions beed on the use of Nenon 6 .454 19 .082
7 .398 20 .072Xe 133 gas base been reported .

DOS \GE AND ADMINISTR ATION .C.dibr.ition Day
Xenon Ne 133 gas n adimmstered b) inhalation f rom

'
_ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ . _ . _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _
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O O
XENON SYSTEM

| |NSTRUCTION MANUAL

F
-

Settmg up the system 17. Press the button just above the oxygen fitting on the
[ delivery system (marked " push to add oxygan").
-

1. Carefully unpack the Model 130-330 delivery unit 18. Hvid the button down until the breatning bag is half_

_

and the Model 127-313 trap. filled. The bag can be observed through the window
-

- 2. Place the delivery unit on top of the gas trap so that on the delivery system front panel.
- both instrument panels are facmg the same direction. 19. The bag is filled half way when the pleats start to
E 3. From the plastic bag that accompanied the dehvery come apart.
E' system, remove the cartridge that contains the blue 20. Php the patient's nose and place the patient on the

crierite granules, and 8" connecting tubes. mouth-piece. (No nose clip is necessary if you use a
; 4. Connect one tubing end to the delivery system port face mask instead of a mouthpiece) Quickly turn the
: marked " trap" and the otner end to the trap port handles so that both black dots are facing straight
E marked " gas inlet" This serves as a moisture trap. down and the black handles are straight up. This is

Change the granules when the color changes from the closed circuit or rebreathing position. (See
" blue to pink. illustration #2)
$ 5. Open the rear of the dehvery system by pulling on 21. Have the patient take a couple of breaths and observe

the round handle attached to tha door, the breathing bag. More oxygen can be added at any
; 6. Reach into the dehvery unit and remove the empty time during the study if the breathing bag indicates or
; plastic cartridge (similar to moisture trap cartridge), the patient signals.

7. Fill the cartridge with soda hme (available in your 22. Start the gamma camera and all data obtained re-
- hospital pharmacy) and return it to the interior of the corded on tape.
P dehvery system. Close the delivery system door. This 23. Using a gun or syringe, puncture the mouthpiece and

is the CO2 trap. Only fill the cartridge about half add the Xenon as the patient takes a deep inspiration.,

way. Change the soda lime between patients. If you desire a single' breath study, have the patient
8. At the rear of the, delivery system, just below the hold his or her breath as long as possible, then con-

g access door, is the patient port tinue to breathe for the equilibrium study.
'

9. Connect one end of either the 8" or 40" tubing to 24. Allow the patient to breathe normally on the closed
; the patient port. Connect the other end of the tubing arcuit position until equibbrium is reached, approxi-

to the mouthpiece / bacteria trap /T-adapter combina. mat 9|y two to three minutes. Add oxygen if necessary,
tion. Whenever possible, use the shortest length of 25. The patient will be at equilibrium with the Xenon

g tu bing . air mixture in the system when the counting rate on
p 10. Unwrap the electric cord on the trap and plug into a the camera stabilizes.
- nearby electrical outlet. 26. About one minute before equilibration, start the trap

by turning the timer switch to the dasired washout
- time. Six minutes is average. Turn the air speed cun-

__

( trol to the desired flow rate; seventy five as about
"

average *

q The Xenu System is now ready for use- 27. Af ter equihbration switch the valve handles so that
) the black plastic is down and the black dot is up.
y This is the open circuit or washout circut. (See
? illustration #3)
[ 28 Take washout data on the camera (typical framing:

11. Set the scintillation camera f or TC 99m. first picture,15 seconds; seconJ,30 seconds; third,
- 12. Position the patient for a posterior view and. using a 60 seconds).
I flood source (Atomic Products Model No. 045 150). 29. Allow the patient to breathe normally. Breathing
_

Position the lur)gs so that they af included in the during the washout can be eased by removing the
;- camera's field of view plug from the mouthpiece adapter. This lowers dead
"

13. Place an oxygen tank next to the Xenon System. space and is especially helpful for patients with ex-
E Take a piece of '4" plastic tubing and attach one end treme breathing difficulty.

,

E to the oxygen tank and the other end to the chrome 30. If the patient indicates that he is feelmg breathing
- fitting marked " oxygen" which is located in the lower resistance, increase the trap flow speed gradually. '

-

middle of the dehvery umt front panel. If necessary, 31. Continue washout until patient is free of Xenon,
clamp the oxygen hose onto the oxygen fitting. Additional time can be added by turning the timere

g 14. Reset the camera for Xenon 133. 5W'tch further clockwise. ;

[ 15. Turn the oxygen 'ank valve tu 5 lbs. PSI. Leave the 32. When the washout is completed, remove the patiest
= valve on during the entire study. from the mouthpiece and turn the handles back to
I 16 Place the delivery system valve handles 50 that the the original position (blai k plastic outward, black

black handles are f acing outward and the black dots dots inward).
ar ti f acing inward. (See illustration #1).

|
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.33. Rastut the trcp and set the ti at half the time har die at right hand, black dot down, black han-
it took the patient to washout. Example: Six min. die up. The trap will remove the oxygen from the

-

ute washout, set timer at three minute. The trap will breathing bag and flush the system in about one min-
now remove any excess air within the trap's overflow ute. A

reservoir.
34. Check the operation of the trap by filling a plastic ~~

bag or balloon from the port on the trap marked The Study is now complete
" vent" Hold the bag in front of the gamma camera.

,

if the count is considerably above background. 36. To prepare for the next study:
_ a. Trap is running too f ast. a. Reset the handles in the original oxygen fill ~-,-

b. Drierite cartridge (moisture trap) is exhausted or position (black handles outward, black dots
not present inward).

c. Charcoal cartridge is exhausted. b. In the delivery system, refill the CO trap with2(This check should be performed at regular new soda time.
intervals) c. Replace the drierite in the moisture trap if the

35. Flush the system by once more filhng the breathing color has changed to pink.
..

bag with oxygen. Start the trap and place the handle d. Change the mouthpiece or mask and the bec-
at your left hand, black dat up, handle down; and the teria trao.

.T

s

1

NOTES: c. Remove the 8" tube that cc,nnects to the port on
the delivery system marked " Trap"

1. Before you perform patient studies, practice on your- d. Place the patient on the mouthpiece and let him i,

self with the Xenon. breathe on the oppn c.ircuit to become adjustad.
2. Before placing the patient on the system, have him or s. Instruct the patient to take a deep breath and add

her practice breathing with the mouthpiece and nose the xenon at the mouthpiece.
chp. f. While the patient is holding his breath after the -- ,

3. Remember, the front panel of the dehvery system is deep inspiration, turn the handle up, dots down,
,a picture of the internal circuits. Include the handles for equilibrium. ~

in the f ront panel diagram and you can visualize the g. Re-connect the 8" tube.
air flow at any moment. h. Start the trap . . Just to let it build momentum.

4. These instructions are meant as a general broad out- When the patient reaches equilibrium, turn thei.

hne. Feel free to change sequence at your own or handles back to washout (handles down, dots
patient's perference. up).

_ 5. An example of a dif ferent sequence is as follows: j. Open the one way port at the mouthpiece.
4a. Fill the system with 0 as usual. k. Continue the washout and system flushing as you . '. I2

b Place the handles down. dots up (washout). have done previously. [

a

1
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XENON GAS TRAP-

:

TEST PROCEDURE FOR MONITORING TRAP EXHAUST

.

Trap exhaust is monitored by using the gamma camera without a collimator,
The following simple technique is used-

1. Remove the collimator from the camera.

2. With a 5 percent window, calibrate for Xe 133.

3. Fill a large plastic bag with a know volume of air (typically,50 liters)'.

4. Inject a known quantity of Xe 133 (such as 100uCi)into the bag. The
concentration will be 2 x 10-3 uCi cm3).

5. Place the bag in front of the crystal and count for a known period of time.
The c/m obtained is a measure of the etficiency.

6. Collect the exhaust of a typical study in another bag of the same Volume

,
(50 liters) and count as defined in Step #5.

7. Ratio the count rates to the standard taken to oetermine exhaust
concentration.

For example:
._

*

If 2 x 10-3 uCi/cm3 yielded 600.000 c/m above background, and collected
effluent from the patient study was 150 c/m above background, then:

1.5 x 102 c/m
Ratio = =2.5x W

-6 x 105

Exhaust Concentration

= R (2 x 10-3 uCi/cm3) __

= (2.5 x 104) (2 x 10-3) ~-)
= 5 x 10 7 uCi/cm3*

-k+k;I 'v,C

lr'MPC Xe-133 controlled area should not exceed 1 x 10-5 uCi/cm3
-%Y,;h|$.

Nd
u%.

negg'

.

AtomicProductsCorporation
Center Moriches. New York 11934, U.S.A.

(516) 878-1074
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