Lawrence Berkeley National Laboratory
Recent Work

Title
GENERATOR-PRODUCED KRYPTON-8Im FOR DYNAMIC STUDIES CP THE LUNGS AMD HEART
WITH THE SCINTILLATION CAMERA

Permalink

https://escholarship.org/uc/item/5170t079

Authors
Yano, Y.
McRae, J.
Anger, H.O.

Publication Date
1970-04-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5170t07s
https://escholarship.org
http://www.cdlib.org/

FogSPanel on Preparation and Control UCRL-19785
of

Ga Radiopharmaceuticals from Preprint
Generator-Produced Radioisotopes in
Medical Radioisotope Laboratories,
Vienna, Austria, May 11-15, 1970

) v GENERATOR-PRODUCED KRYPTON-81m FOR DYNAMIC STUDIES
“ OF THE LUNGS AND HEART WITH THE SCINTILLATION CAMERA

RECEIVED
LAVIRENCE
RADIATICN LABUHATORY
JUN © 197U Y. Yano, J. McRae, and H. O. Anger

LIBRARY AND “
DOCUMENTS SECTION April 1970

AEC Contract No. W-7405-eng-48

TWO-WEEK LOAN COPY

o
o~

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

- J

d’“&'

N

LAWRENCE RADIATION LABORATORYQ

. 2

G8L6T-TEDN

.t UNIVERSITY of CALIFORNIA BERKELEY\



DISCLAIMER -

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Generator-Produced Krypton-8lm for Dynamic Studies of the
Lungs and Heart With the Scintillation Camera
Y. Yano, J. McRae,* and H.O. Anger
Donner Laboratory of Medical Physics and Biophysics
' - Lawrence Radiation Laboratory
* University of California, Berkeley, California

ABSTRACT

Krypton-8lm is obtained in multlmllllcurle amounts from its cyclo-
tron-produced parent isotope 4.7-hr rubidium-81. The 13-sec 8lmgy daugh-

ter decays by isomeric transition and emission of a monoenergetic '190- keV

¥ ~ray whlch is 35% internally converted. Dynamic perfusion studies are
done with 81Ty by injecting the sterile saline-81™kr solution intrave-
nously and taking l- to 3-sec exposures with the scintillation camera.
Blood flow through the right heart, pulmonary arteries, and lungs is vis-
ualized. Krypton-8lm is obtained as a gas from the same generator system

by eluting the dry resin column with air. This mixture of 81™kr and air

is inhaled by the patient to provide ventilation and exchange studies of
the lungs. Five to six mCi of 8lmgy can be given every few minutes to
obtain different views or to repeat studies of patients. The high photon
yield, moderate y-ray energy for scintigraphy, and short half-life (which
keeps the radiation dose to a low level) make 8lmkyr an ideal radionuclide
for dynamic studies with the scintillation camera.

INTRODUCTION

Studies of pulmonary function with radioisotopes usually involve the
evaluation of regional pulmonary perfusion with labeled aggregates or the
assessment of pulmonary ventilation and exchange capacity with radioactive
gases. Most perfusion studies are now being done with aggregated parti-
cles of albumin or hydrous ferric oxide labeled with radioisotopes such.
as iodine-131 [1], technetium-99m [2], or indium-113m [3]. Ventilation
and exchange studies as well as perfusion studies are being done with the
radioactive inert gases xenon-133 [4] and krypton-85. Wagner has reviewed
the use of radioactive noble gases for assessment of ventilation and per-
fusion in lungs and the regional flow of blood in other areas [5]. Other
studies ‘are being done with the very-short-half-life gases such as 15O,
11co, and 11C02 [6]. These short-half-life isotopes must be used near -the
cyclotron where they are produced. :

We have been u51n% the radioactive inert gas krypton-8lm; which is
obtained from a S1Rb-8lmgy generator [7]. This is a further development

of generator-produced short-lived radionuclides for visualizing blood
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vessels and -organs [ 8]. 8lmgy is useful for dynamic blood flow studies
through the major blood vessels, right heart, and lungs, using short ex-

posure times of 3 to 5 sec with the scintillation camera. The short

half life and rapid excretion of 8lmKy allow giving 5 to 6 mCi while keep- = #y
ing the radiation dose to the patient at a low level. Jones and Clark ‘
have also described a 8lmKr generator for cardiopulmonary studies with the
scintillation camera [9].. :

Krypton-8lm, which decays with a half-life of 13 sec, can be milked
every few minutes from its 4.7-h parent isotope 8lRb. The 190-keV y-ray
energy of krypton-8lm is more favorable for scintigraphy than the 8l-keV
y-ray emission of xenon-133 which is attenuated by bone and tissue.

Figure 1 shows the decay scheme for both the 4.7-h 8!Rb parent and
the 13-sec 8lmKr  which decays by isomeric transition and emission of a
190-keV y-ray (65% abundant and 35% internally converted) to SlKr. The
8Iky decays by electron capture with a half-life of 2.1 x 105 y to stable
8lpr [10]. - | | , -

METHODS -AND MATERTALS

The pérent isotope 8lrb is produced by irradiating about 400 mg.of
reagent-grade NaBr with 50-MeV O particles in the Lawrence Radiation Lab-
oratory 88-inch cyclotron. he nuclear reaction on the nonenriched,
49.5%~abundant 81pr is_géBr( He, 4n)§}Rb, which has a threshold energy of
30.8 MeV. ' The yield of “81Rf averaged from four production runs is 2.9

MCi/puA-h, if an average beam current of 15/pA;is used.

" Rubidium-81 could also be produced by,3He articleg_ from a small
cyclotron,. either by the nuclear reaction §§Br(2He, 3n)§%Rb,vQ—value-12.2
MeV, .or gsBr(gHe,n) }Rb, Q-value 6.6 MeV. L v . v
The radiation level from the NaBr target, after irradiation with 50-
MeV @ particles for 25 pA-h, is >50 r/h at 6 in. Because of this high
radiation field it is necessary to use at least 2 inches of Pb shielding
during the processing of the target material. All the processing of °*Rb
- is done in a Pb "cave" by remote operation from outside the shielded area.

The NaBr target material is washed from the powder plate holder with
a stream of sterile distilled water into a sterile 250-ml flask and di- B
luted to a volume of 125 ml. This dilution is necessary to reducglthe
concentration of NaBr, because salt solution >0.5% displaces the “"Rb par-
- ent from the ion-exchange column. '

. The parent 8lRb is retained on strongly acidic cation-exchange resin
composed of nuclear sulfonic acid exchange groups attached to a styrene-
divinylbenzene polymer lattice (Bio Rad AG 50 x 4, 200-400 mesh). This
resin in the hydrogen form is held in a specially constructed Pyrex column
11 mm i.d. and 60 mm high and fitted with Luer-lock connections at the top
and bottom. The electrical-motor-driven elution apparatus shown in Fig. 2
has been described previously [11]. The eluate solution of sterile H,0 is
mixed with an equal volume of 2% NaCl solution below the resin column to



sterile and pyrogen free.

give an isotonic saline solut1on for admlnlsterlng 81mKr by intravenous
infusion for- lung perfu31oﬂ studies.

Sterile and pyrogen free reagents and equipment are used for the pro-
cedure. ~The solution fIOWSIthrough an in-line Millipore filter (0.45 )
just before intravenous infusion: Sample elutions from each production
generator have been checked by an independent- laboratory and found to be

o

The generator is shielded with 3. 75 in. of Pb con31st1ng of 1. 75 in. of

ilnterlor shielding plus 2 in. of outer shielding which is built up from

0.25-in. thick half-circle layers. This shielding is necessary because
of the hlgh radiation level at the surface of the resin column. The ra-
diation from the shielded generator does not interfere with the operation
of the scintillation camera even when the generator is located within 2
feet of the camera head.

With 50 mCi of ‘81Rh on the resin column, elution with 5 ml of Hy0
will yield about. 5 mCi of 8lmgy, The leakage of 81Rb for each elution is
1072 part of the total 81Rb on the column. The usual injected dose for
gerfu51on studies is 5 mCi of 8lkyr with less than 0.5 pCi of contaminating

The radiation dose to a 70-kg human subJect for each study is calcu-

lated to be 3.8 mrad to the lungs from 5 mCi - of 8 mKr and 3.9 mrad to the

heart and kidneys from 0.5 uCi of 81Rb. These calculatlons were made
assuming the biological half tlme to be equal to the physxcal half-1ife of
the isotope. , .

Gaseous krypton-8lm can also be eluted by rap1d1y forc1ng 50 ml of
air through the dry resin column. e 8lmgy is 1nha1ed directly by the
subject through polyethylene tublng The yield of 8lmkyr for each elution
is about 5 to 6 mCi from a'SO-mCi generator. Tt is possible to do either .
HZO elution for perfusion studies, or air elution for ventilation studies,
using the same ion-exchange column by attaching a sterile three-way valve
control and a sterile 50-ml syringe to the "saftiset" tubing that con-

‘nects the eluant Hy0 reservoir to the automatic two-way valve leading into

the ion-exchange column (Fig. 2). With the syringe plunger of the central
column syringe in the lowered position to reduce the air space above the
column, filtered air is taken into the 50-ml syringe and forced through
the resin column until all the liquid is pushed through the column and its
connecting polyethylene tubing. This usually requires about 100 ml of air.
Thereafter 50 ml of air can be forced through the resin column to provide
8lmKky in gaseous form. By reconnecting the HyO reservoir in place of the

" 50-ml air syringe, perfusion studies can again be done without altering

the low leakage characteristics of the ion-exchange resin for Igb.

RESULTS AND DISCUSSION

Te determine the anatomical, ph¥sielogica1, and diagnostic informa-
tion that can be obtained by using 81™r, preliminary studies have been
done on five normal volunteers and eleven patients with known respiratory.



problems.  The subjects have been asked to breathe at specified intervals
and to control the rate and depth of respiration in certain instances.
There has been no spirometric control for the studies reported here.
' N

For perfusion studies,. S1™Kr in 10 ml of isotonic saline was infused
for 3 to 5 sec into the right antecubital vein. The patient was lying |
either suplne or prone. Serial scintiphotos were taken, using exposure .
times of 2 to 5 sec while the patient held his breath. The depth of in-
spiration varied from normal to maximum. The tracer usually leaves the
right heart within 15' sec after the infusion is started. 1In dynamic car-
diac studies a 10- to 20-sec exposure was taken at the end of the study
to show the distribution within the lungs. Further pictures were then
taken as the patients breathed at their usual rate and depth, exposures

. being terminated when sufficient dots were recorded. Within 2 min, activ-

ity falls to a level that no longer permits pictures to be taken.

For ventilation studies, 50 ml of air was forced through the dry gen-
erator with a 50~ml syringe. In some instances the patients were asked
to inhale through a short length of tubing 1 cm in diameter over a period
of 5 to 15 sec,'from forced expiration to maximum inspiration, as the 50
ml of air carrying the 8lmkr was directed into the tubing. A nose clip

- was used ‘and the studies were performed with the patients in supine and

prone positions. Because of the short half-life, it is not possible to
achieve an equilibrated state when breathing 81mKr, and only single- -breath
respiratory studies have been performed. The exhaled radioactivity was
removed via an exhaust system. The exhaled gas should not be allowed to
collect immediately adjacent to the camera. If it is not swept away it
drifts along the table upon which the patient is 1y1ng and produces odd
patterns. on the scintiphotos.

The p051t10ns of the 1ungs and heart in the camera field were deter-
mined by a transmission picture taken with a collimated disk source of

dmye placed below the patient, as suggested by Anger and McRae[12]. The
area of normal lung transmission was compared with the distribution of

radioactivity in both the perfus1on and ventllathn studies.

Figure 3 shows ventilation studies on two normal subjects. Inhala-
tion of gaseous 81lmg began from maximum expiration. In the case of J.M.,
a 40-year-old male, 8lmKr was admlnlstered during normal inspiration,
whereas in D.V.D., a 46-year-old male, 81™Kr was given continuously during
steady inspiration lasting 10 sec. 'The trachea and major bronchi can be
recognized, and in the slower inspiration the outward spread of radlo-
act1v1ty is -apparent, o \».

Figure 4 (A.H. 3-11-69), left, shows a normal distribution of 81MKkr
infused in saline solution as seen in an anterior view. At the top is
the transmission picture, which defines the field of view and shows the

~ position of aerated lung. Below and to the left are 4-sec exposures of

the dynamic study and at the bottom is a picture taken from 30 to 60 sec
postinfusion. In the 8- to 12-sec scintiphoto the left ventricle is out-
lined as an area of diminished radioactivity lying between the right ven-
tricle and the left 1ung At the right is the ventilation study of the
same patient. The 8lmky was administered as rapidly as possible as the



patient took a deep breath. The tracheo-bronchial tree was not demon-
strated. . The distribution of activity is similar for both perfusion and

- ventilation studies,»and‘it corresponds to the transmission picture of

the lungs.

SUMMARY -

Krypteﬁ—81m has favorable characteristics for imaging with the scin-
tillation camera. . It has an ideal y-ray energy with high photon yield,
low radiation exposure, and a short physical half-life that allows rapid

Irepeat studies.” The 4.7-h half life of the parent makes studies possible

throughout one day. A method has been presented for: obtaining millicurie
amounts of “*™Kr in solution or as a gas from the" 81rp parent.
Preliminary perfusion and ventilation studies have been done on five
normal volunteers and eleven patients to determine the type of physiologi-
cal ‘and clinical information which can be obtained by using the dynamic
and static imaging capabllltles of the scintillation camera. Excellent
resolution of the right heart, left and right pulmonary arteries, and
upper tracheobronchial tree has been achieved. Also it has been possible
to watch the changing distribution of activity as inhalation proceeds.
Abnormalities have been demonstrated in patients. Krypton-8lm should be
particularly useful to determine the variations in distribution of activ-
ity within the lungs in various lung disorders with changing patterns of
inhalation. The inability to follow washout pattérns and to achieve an
equilibrated condition by breathing a fixed concentration of radioactive
gas, as has been done with 133Xe, limits the type of study which can be

~ performed, but how important this limitation will be remains to be inves-

tigated. " Unlike 133Xe which must be washed out of the lungs for periods
of up to 15 min in abnormal cases, 8l1W™Kr rapidly decays within 2 to 3 min,
so that multiple studies can be completed in a short time.
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Fig. 1.]

Fig. 2:

Figi3:

'7*Fig b

4FIGURE CAPTIONS.

Decay scheme for 81Rb - 81Kr

Radlolsotope ‘generator system for 81Kr'(ekternallshieldiﬁg 6pen)
visible are automatic two-way valve, resin column, polyethylene -

. tublng, sterlle H20 for elutlon, and 2% NaCl solutlon

‘Ventllatlon studles of two normal subJects

Normal dlstrlbutlon of 81mKr 1n perfu51on (L) and ventllatlon
(R) studles f .- _ .



8-

RUBIDIUM-81, KRYPTON-81m DECAY

EC 87%
BY 13%

0.190 43
o 'seconds
IT (35% e)

e 2.1 x 10°

years

EC 100%

DBL 704-5679 '

Fig. 1.



{

£
2
m

DN

XBB 694-2539



-10-

18N
')
KRYPTON-81m
Normal J.M. - Normal D.VD.
0-2.5 sec 0-2 sec
+ 2.5-6.0 2-4
5.0-7.5 4-6
7.5-10 6-8
10-20 sec§ 8-10 sec
VENTIATION VENTILATION ¥

XBB 696-3853

Fig. 3



I

-

-11--

v KRYPTON-81m A.H. 3-11-69
TRANSMISSION
0-4 sec 0-4 sec
4.8 4-8
8-12 8-12
12-16 12-16
16-30 sec 16-26 sec
¥
PERFUSION VENTILATION
¥ (Anterior) (Anterior)

XBB 696-3858

Fig. 4



(.’5'
’



LEGAL NOTICE

This report was prepared as an account of Government sponsored work.’
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~ fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Comm1ssxon
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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