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[57] ABSTRACT 

A disposable ventilation study system for dispensing a 
single patient dosage of gaseous radioisotopes to pa 
tients for pulmonary function studies is disclosed. A 
gas impermeable capsule encloses the gaseous radioi 
sotope and is stored within a radioactivity shielding 
body of valve means which shears the capsule to dis 
pense the radioisotope to the patient. A breathing bag 
receives the patient’s exhalation of the radioisotope 
and permits rebreathing of the radioisotope by the pa 
tlent. 

18 Claims, 7 Drawing Figures 
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RADIOACTIVE GAS-CONTAINING POLYMERIC 
CAPSULE 

BACKGROUND OF THE INVENTION 

This invention relates to an apparatus for dispensing 
single doses of gaseous radioisotopes to a patient. 
Radioactive isotopes of xenon and other radioiso 

topes are useful in the ?eld of medicine and particu 
larly in medical diagnosis. There is increasing use of xe 
non-133 in the medical ?eld for studying blood ?ow in 
muscles, scanning the lungs for lung functional disor 
ders (e.g., emphysema and emboli), scanning the brain 
and scanning for cardiac abnormalities. For scanning of 
the lungs, xenon-133 can be introduced into a human 
body by one of two processes. In an inhalation process, 
the patient breathes a gas containing xenon-133 and 
the xenon-133 is drawn directly into the patient’s lungs. 
In an injection process, a saline solution containing dis 
solved xenon-133 is injected into the blood stream of 
the patient and through perfusion the xenon-133 goes 
to various organs of the patient, including the patient’s 
lungs. Radioactive gases having more optimum imaging 
characteristics for speci?c purposes may also be used, 
such as xenon-127. 
One current practice of formulating a xenon-133 so 

lution for medical applications is to dissolve the xenon 
133 directly into a saline solution to achieve gas con 
centrations appreciably below saturation of the xenon 
133 in the solution at the temperature of dissolution. 
This avoids any occurrence of bubble formation in the 
solution during use. In further detail, the present proce 
dure used in the medical profession for preparing injec 
table doses of xenon-133 as an aqueous solution in 
volves crushing an ampoule containing xenon-133 in a 
container ?lled with a normal saline solution. 
The dif?culties in handling and storage of xenon and 

in particular of a radiopharmaceutical xenon-133 solu 
tion are set forth in the Journal of Nuclear Medicine in 
Volume II at page 352 (1970) and Volume 13 at page 
231 (1972). These dif?culties can be summarized as 
follows: (a) there is loss of xenon-133 into air spaces 
resulting as individual doses are removed from mul 
tidose vials since it is dif?cult to prevent the introduc 
tion of air bubbles when replacing the volume with 
drawn from the vial; (b) there is diffusion of xenon-I33 
into rubber components in contact with the xenon~133 
such as in elastomeric systems at the end of cylindrical 
glass capsules and rubber septums on multidose vials; 
and (0) there is diffusion of xenon-133 into both the 
plastic and rubber components of disposable syringes 
used for injection of the patient. 
Studies have been made regarding the trapping of ra 

dioactive xenon in various materials, and these studies 
show that elastomers and a variety of materials will 
take up signi?cant quantities of radioactive xenon. As a 
result of these studies, only glass syringes, which take 
up less than lpercent of the xenon-133 from the solu 
tion, are used for dispensing such radioactive xenon so 
lutions. However it has remained desirable to minimize 
the foregoing dif?culties and to further reduce the loss 
of radioactive xenon isotopes to the materials used to 
package doses of the radioactive xenon isotopes. 
The widest use of xenon-133 is in pulmonary func 

tion studies and this involves having the patient inhale 
a dose of gaseous ‘xenon-I33, and while the patient 
holds his breath a scintillation camera is used to take a 
picture of the patient’s lungs. This picture shows any 
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2 
portions of the patient’s lungs not functioning or not 
properly functioning. 
The use of xenon~133 in pulmonary function studies 

has required quantities of xenon in patient dosage sizes 
accurately measured and readily administered to the 
patient. There have been several devices designed for 
holding and administering dosage sized quantities of 
gaseous radioactive xenon to patients, and design of 
such devices has attempted to meet the following re 
quirements, namely ease and safety in administration to 
the patient; effective radiation shielding during ship 
ment, storage and handling incidental to administration 
to the patient; a container insuring substantial retention 
of the radioactive xenon prior to administration to the 
patient; a container suitable for re-collection of the ra 
dioactive xenon after administration to the patient; a 
system capable of providing multiple administrations to 
the patient; absence of absorption of the radioactive 
xenon by the materials holding the dosage size quantity 
of radioactive xenon; and a dispensing device providing 
a high concentration of xenon in one inhalation. 
One device for holding and administering dosage 

sized quantities of gaseous radioactive xenon is a Cali 
dose gas dispenser shown in FIG. 1. This dispenser unit 
10 is loaded with a glass vial 11 closed off with an elas 
tomeric septum l2 and the glass vial 1 1 holds the gase 
ous xenon prior to administration to a patient. The dis 
penser unit 10 has a manually operated plunger 13 for 
pushing the septum 12 in the glass vial 11 against two 
hollow needles l4 and 15 for puncturing the septum 
12. A manually operated rubber squeeze bulb 16 is 
connected to one hollow needle 15 and ?ushes the 
xenon from the glass vial 11 through the other hollow 
needle 14 into a nozzle 17 and into a breathing appara 
tus (not shown) held in the patient’s mouth. 
Another device for discharging quantities of gaseous 

radioactive xenon is shown and described in Volume 
92 of Radiology at pages 396-7 (February, 1969). A 
gas cylinder containing radioactive xenon is ?lled with 
carbon dioxide to a pressure of three atmospheres giv 
ing a xenon-carbon dioxide mixture in the cylinder. A 
small quantity of the mixture is withdrawn from the cyl 
inder through a micrometer needle valve. The amount 
of xenon-133 dispensed can be measured by placing 
the syringe inside a calibrated well-type ionization 
chamber. Radioactive xenon gas which is to be used in 
a closed-circuit spirometer system can be taken up into 
a Hamilton gas-tight syringe for transfer. 
Another procedure is to use a hypodermic syringe to 

inject air into an ampoule sealed by a septum contain 
ing radioactive xenon and then to withdraw a fraction 
of the air-xenon mixture. The syringe is exhausted into 
a closed-circuit spirometer and the patient breathes the 
gases in the closed-circuit spirometer. This also has the 
septum absorbing a portion of the radioactive xenon. 
Accordingly it has remained desirable to have a 

xenon dosage dispensing apparatus for patients provid 
ing a patient sized dose of radioactive xenon. 

SUMMARY OF THE INVENTION 

The ventilation study system of this invention has ( 1) 
an internal, gas-retaining volume (2) a shearable cap 
sule containing a gaseous radioisotope, (3) a valve 
means holding the capsule within an interior cavity 
thereof which forms a portion of the gas-retaining vol 
ume of the system, shielding the radioactivity emitted 
from the radioisotope and capable of shearing the cap 
sule to release the gaseous radioisotope into the gas 
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retaining volume de?ned by the system, (4) patient 
breathing means in communication with the internal 
cavity of the valve means and (5) a breathing bag de?n 
ing a portion of the gas-retaining volume of the system 
and in communication with the internal cavity of the 
valve means. 

The shearable capsule has a gas impermeable enclo 
sure holding the gaseous radioisotope which in one pre 
ferred embodiment is xenon. 
The valve means has ( l ) a shielding valve body de?n 

ing an internal cavity for enclosing a capsule and a bore 
intersecting the cavity intermediate the ends of the cav 
ity and at an intermediate point of the capsule when the 
capsule is inserted in the internal cavity, and (2) a valve 
plug within the bore having a valve opening concentric 
and normally aligned with the interior cavity. Detach 
able handle means is provided for rotating the valve 
plug to shear the capsule at the intersection of surfaces 
de?ning the interior cavity and valve opening. 
The ventilation system can include, in addition, 

means capable of absorbing gases such as carbon diox 
ide and water vapor where the system is to be used for 
repeated inhalations by the same patient. 
Accordingly it is an object of this invention to pro 

vide a disposable ventilation study system for conduct 
ing pulmonary function studies using a gaseous radioi 
sotope. 
Another object of this invention is to provide a dis 

posable ventilation study system enabling multiple in 
halations by a patient for pulmonary function studies. 

Still another object of this invention is to provide a 
ventilation system for conducting pulmonary function 
studies having a gas impermeable enclosure to avoid 
loss of the radioisotope by diffusion during storage, 
shipment, patient administration and disposal following 
use. 

A further object is to provide a ventilation study sys 
tem having a valve means shielding the radioactivity of 
the radioisotope and capable of dispensing the radioi 
sotope for use. _ 

Other objects and advantages of this invention will 
become apparent to the person having ordinary skill in 
the art from reading the following speci?cation, the ap— 
pended claims and by reference to the drawings de 
scribed immediately below. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 presents a partial sectional view of a device for 
holding and administering dosage sized quantities of 
gaseous radioactive xenon according to the prior art as 
described above under Background of the Invention. 
FIG. 2 presents a partial sectional view of one em 

bodiment of the ventilation study system of this inven 
tion having valve means interposed between the 
breathing means and the breathing bag. 
FIG. 3 presents a partial sectional view of the ventila 

tion study system of FIG. 2 having an additional ele 
ment of an absorbing means. 
FIG. 4 presents a partial sectional view of another 

embodiment of the ventilation study system of this in 
vention having the breathing bag interposed between 
the breathing means and the valve means. 
FIG. 5 presents a partial sectional view of the ventila 

tion study system of FIG. 4 having an additional ele~ 
ment of an absorbing means. 
FIG. 6 presents an isometric view of the capsule en 

closed within the valve means of FIGS. 2-5. 
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4 
FIG. 7 presents a sectional view of the valve means 

used in the ventilation system of FIGS. 2—5 having in 
addition end plugs inserted in each opening to give a 
unit suitable for shipment. 

DESCRIPTION OF THE INVENTION 

Referring now to FIG. 2 there is shown a ventilation 
study system according to the teaching of this invention 
generally designated as 20 and generally comprised of 
patient breathing means 21, here in the form of a 
mouthpiece, a valve means 22 holding and capable of 
shearing the capsule 23 and a breathing bag 24. The 
ventilation study system 20 has an internal gas-retain 
ing volume de?ned by the breathing bag 24 and the 
valve assembly 22 with the breathing means 21 repre 
senting an outlet to the volume. The breathing means 
21 is a hollow generally cylindrical tube such as a tube 
comprised of injection molded polyethylene with one 
end generally ?attened to a mouthpiece designed to ?t 
into a patient’s mouth. The breathing means 21 is con 
nected to one end of the valve body 26 of valve means 
22 in an air tight seal so that the breathing means is in 
communication with an internal cavity 25 of the valve 
means in which is positioned a shearable capsule 23 de 
scribed more fully below in reference to FIG. 6. The in 
ternal cavity 25 forms a portion of the internal gas and 
irradiation retaining volume of the ventilation study 
system 20. 
The valve means 22 will now be described in greater 

detail with reference to FIG. 7 in addition to FIG. 2. 
The valve means 22 has a shielding valve body 26 of 
generally cylindrical cross section with expanded ends 
27 and de?ning an interior cavity 25 for holding and 
generally enclosing capsule 23 in a manner shielding 
any radiation emitted from the capsule 23. The ex 
panded ends 27 have screens 29 which are gas-trans 
mitting, particle-retaining screens provided to insure 
that any particulate material generated in the ventila 
tion system 20, such as from shearing of capsule 23, is 
retained in the system 20. Valve body 26 has a bore 31 
intersecting the cavity 25 at a position intermediate the 
ends of the cavity 25 and generally intermediate to the 
position of the capsule 23 with valve plug 30 being po 
sitioned within the bore 31. The valve plug 30 has an 
opening 28 concentric with the interior cavity 25 and 
the opening 28 is normally aligned with the internal 
cavity 25. The valve plug 30 has a stem 32 ?tting a han 
dle 33 for rotating the plug 30 to provide a shearing ac 
tion at the intersection of the surfaces de?ning the inte~ 
rior cavity 25 and the opening 28 of the valve plug 30 
to shear the capsule 23 into three pieces and release the 
radioisotope from the capsule 23. 
FIG. 7 shows a unit comprising a package suitable for 

shipment having end plugs 35 inserted in each opening 
in the expanded ends 27 of valve means 22. This pack 
age holds the capsule 23 which encapsulates the radioi 
sotope and the package forms a gas-tight and radiation 
tight container. The handle 33 is detached from the 
unit during shipment. The container consists of end 
plugs 35, valve body 26 and valve plug 30. 
The valve means can be made of a variety of materi 

als with representative materials including a lead alloy 
such as a lead alloy having about Spercent by weight 
tin, about llpercent by weight antimony and the bal 
ance is lead. 
Again referring to FIG. 2, a breathing bag 24 is con 

nected to the insert 40 ?tting the other end of valve 
means 22 in an air tight seal so that the cavity 34 de 
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fined by the breathing bag is in communication with the 
interior cavity 25 of the valve means 22. The cavity 34 
of the breathing bag 24 forms a portion of the internal 
gas retaining volume of the ventilation system. 
Another embodiment of the ventilation study system 

of FIG. 2 is presented in FIG. 3 with the same elements 
having identical numbering as in FIG. 2. An absorbing 
means 36 in the form of a cannister of absorbing mate 
rial is interposed between the breathing bag 24 and the 
valve means 22 in an air tight connection. The cannis» 
ter holds a chemical such as Baralyme for chemically 
combining with carbon dioxide and water vapor in the 
breath being exhaled by the patient. This embodiment 
has the advantage that it can be repeatedly used by the 
patient where the pulmonary function study is designed 
for repeated inhalation by the patient. The cannister 
enables absorption of the carbon dioxide and water 
vapor in the exhalation of the patient so that the patient 
does not build up carbon dioxide during repeated inha 
lation. The breathing bag 24 is sealed to the absorbing 
means 36 to give an air tight seal. 
Another embodiment of the ventilation system of this 

invention is presented in FIG. 4 with the same elements 
having identical numbering as in FIGS. 2 and 3. In this 
embodiment, the breathing means 21 is connected to 
one opening of a breathing bag 24’ and valve means 22 
is connected to another opening in breathing bag 24’. 
Insert 40 leading to cavity 25 of valve body 26 is con 
nected to a rubber bulb expressor 41 for discharging 
the contents of the capsule 23 into the rest of the gas 
retaining volume of the ventilation study system. Ex 
pressor 41 has a one-way valve 42 which emits air into 
the gas-retaining volume of the ventilation study system 
but does not enable any of the gas in the system to leave 
the system. 
Another embodiment of the ventilation system of 

FIG. 4 is presented in FIG. 5 with the same elements 
having identical numbering as above. An absorbing 
means 36 in the form of a cannister is interposed be 
tween the breathing means 21 and the breathing bag 
24' in an air-tight connection. 
The capsule 23 shown in FIG. 6 is comprised of a 

shearable gas impermeable enclosure which contains a 
gaseous radioisotope useful for medical applications. 
Various materials meet the gas impermeable require 
ment of this invention and are capable of being readily 
sheared to release the gas with representative materials 
including polyethylene-terephthalate, vinyl-vinylidene 
chloride and polysulfone. 
Various gaseous radioisotopes can be used in the 

practice of this invention and are sealed in the enclo 
sure of capsule 23. A preferred radioisotope is a xenon 
radioisotope including xenon-127, xenon-133, and xe 
non-129m. Other gaseous radioisotopes can be used 
including radon-222 and krypton-85. The person 
skilled in the art will realize that various gaseous radio 
isotopes can be selected and used depending upon the 
particular medical application at hand. One preferred 
con?guration of the capsule 23 is shown in FIG. 6 gen 
erally in the form of a right cylinder with rounded ends. 
For certain medical applications it may be desirable 

to include a diluent with the gaseous radioisotope in the 
capsule 23. Representative diluents are air, nitrogen, 
medical grade air or oxygen. Moisture or water vapor 
or other physiologically benign absorbents for radioly 
sis products of the capsule enclosure material also may 
be added. 
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The ventilation study system of this invention offers 

many advantages for dispensing dosage size quantities 
of a gaseous radioisotope to patients. Among these ad 
vantages are ease and safety in administration to the 
patient, effective radiation shielding during shipment, 
storage and handling incidental to administration to the 
patient, a container insuring substantial retention of the 
radioactive xenon prior to administration to the pa 
tient, a container suitable for re-collection of the radio 
active xenon after administration to the patient, a sys— 
tern capable of providing multiple administrations to 
the patient, absence of absorption of the radioisotope 
by the materials holding the dosage size quantity of the 
radioisotope and a system providing a high concentra 
tion of radioisotope in one inhalation. 
As will be apparent to those skilled in the art, various 

modi?cations and changes may be made in the inven 
tion described herein. It is accordingly the intention 
that the invention be construed in the broadest manner 
within the spirit and scope as set forth in the accompa 
nying claims. 
What is claimed is: 
l. A capsule comprising a gas impermeable poly 

meric enclosure selected from the group consisting of 
vinyl‘vinylidene chloride, polyethylene-terephthalate, 
and polysulfone, said enclosure containing a gaseous 
radioisotope therein and a physiologically benign ab 
sorbent for radiolysis products of the capsule enclosure 
material. 

2. A capsule according to claim 1 wherein the enclo 
sure is comprised of polyethylene-terephthalate. 

3. A capsule according to claim 1 wherein the enclo 
sure is comprised of vinyl-vinylidene chloride. 

4. A capsule according to claim 1 wherein the enclo 
sure is comprised of polysulfone. 

5. A capsule according to claim 1 wherein the enclo 
sure has therein a xenon radioisotope. 

6. A capsule according to claim 5 wherein the radioi 
sotope is xenon-133. 

7. A capsule according to claim 5 wherein the radioi 
sotope is xenon-127. 

8. A capsule according to claim 5 wherein the radioi 
sotope is xenon-129. 

9. A capsule according to claim 1 wherein the radioi 
sotope is krypton-85. 

10. A capsule according to claim 1 wherein the radio 
isotope is radon-232. 

11. A capsule according to claim 1 in which the en 
closure is generally in the form of a right cylinder with 
rounded ends. 

12. A capsule according to claim 1 in which the en 
closure additionally has therein a diluent. 

13. A capsule according to claim 12 in which the dil 
uent is air. 

14. A capsule according to claim 12 in which the dil 
uent is nitrogen. 

15. A capsule according to claim 12 in which the dil 
uent is medical grade air. 

16. A capsule according to claim 12 in which the dil 
uent is oxygen. 

17. A capsule according to claim 1 wherein the en 
closure is comprised of vinyl-vinylidene chloride and 
the absorbent is moisture. 

18. A capsule according to claim 1 in which the ab 
sorbent is moisture. 
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