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ful photons per 100 disintegrations with the dual
spectrometer system (1 ) of the Anger gamma cam
era or a rectilinear scanner with a sufficiently wide
window.

A dual-channel spectrometer system improves in
strument sensitivity by 40â€”60%for WIn. This sensi
tivity for @Inis 30â€”40% higher than for equal
amounts of O9mTcwith the camera. Similar increases
in sensitivity may be obtained with rectilinear scan
ners by including both photopeak within the window.

A colloid of 1111nas well as indium transferrin
complex, described in more detail later, were used
as radiopharmaceuticals for cerebrospinal fluid scan
ning (2). Standard CSF scans (3â€”7)were obtained
following lumbar intrathecal injection of the @In
compounds using either a Nuclear-Chicago Pho/
Gamma III scintillation counter or an Ohio-Nuclear
dual 5-in. rectilinear scanner. The activity of @1In
varied from 0.2 to 1 mCi in a volume of 3 cc or less.
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The study of cerebrospinal fluid flow using radio
nudides requires scanning periods up to 48â€”72hr.
The most commonly used radiopharmaceutical, 1311..
iodinated human serum albumin (IHSA), has the
disadvantages of beta emission and longer than op
timum half-life. In addition, 1311emits a series of
gamma rays that are not useful for scanning. A
radionudide is now available that has more ideal
characteristics for CSF scanning. Indium-i 11 has a
half-life of 2.8 days, no beta emission, and emission
of 2 gamma photons/disintegration. The photons
have energies of 171 and 247 keV with yields of
89% and 94% , respectively. This combination of
useful photon energies and high yield is extremely
desirable for scanning.

By performing minor alterations in the electronics
of the gamma scintillation camera (1 ) or by using
a â€œwidewindowâ€•in a rectilinear scanner, both pho
tons can be used simultaneously. Counting both
photopeaks simultaneously makes available approxi
mately 1.8 gamma photons/disintegration. This per
mits a larger number of disintegrations to be counted
in a significantly decreased scanning time.

This paper describes the use of 1111nas a label
for the scanning of cerebrospinal fluid in humans.

METHODSANDMATERIALS

Indium-i 11 is a cyclotron-produced radioisotope
which is available as the trichloride in 0.05 N HC1.
It is produced carrier free with activities ranging
from 5 to 10 mCi/cc.

Indium-i 11 decays by electron capture with a
67.5-hr physical half-life (Fig. 1). This physical
half-life is ideally matched to the observed optimum
scanning time of 48â€”72hr. It emits two gamma rays
in cascade in very high abundance: 171 keVâ€”89%,
and 247 keVâ€”94% . Both of these photons are in
the desired energy range for use with rectilinear scan
ners as well as with the Anger gamma camera system.
Indium-i 11 decay provides approximately 180 use
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FIG. 1. Decayschemeof 111ln.
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The indium transferrin complex was formed by
slowly titrating the â€˜111n-HC1solution into a sterile
test tube containing a small predetermined volume
of the patient's own serum. Although pooled trans
ferrin, a f3@globulin, is commercially available, the
use of transferrin in the patient's own serum avoids
the introduction of a foreign protein.

The binding of transferrin to the indium is de
creased if buffers are added or the pH of the 0.05
N HCI solution is raised.

It has been reported that the transferrin in 1 ml
of human plasma can bind 4 @gof indium (8) . How
ever, to determine the amount of total protein re
quired for injection, we performed an analysis of
the binding of the @1In-HClsolution to plasma.

The amount of plasma required was determined
by performing serial dilutions of plasma in 1@In
0.05 N HC1 solution with specific activity of S mCi!
ml. The dilutions were deposited on cellulose acetate
electrophoresis strips, and the electrophoresis was
accomplished in a barbital buffer. The protein frac
tions were isolated, separated, and counted in a
gamma well counter. The results are shown for
111In in Fig. 2. This figure shows that at a ratio of
two volumes of serum to one volume of indium there
is approximately 98 % binding.

We found that the serum of patients with iron
deficiency anemia had greater indium binding ca
pacity since there were more available transferrin
binding sites.

There is approximately 3 mg of transferrin per
milliliter of normal serum (9). When the activity of
the 1111napproached 10 mCi/rn!, only 0. 15 mg of
transferrin and 3.5 mg of total protein (0.5 ml
serum) was required to bind the standard dose of
250@ of 1111n(0.025 ml @1Insolution). The pH
of this ratio of serum to indium was in the range of
6.6â€”6.8,obviating the need for additional buffers.

The stability of the indium-transferrin complex,
made as described, was tested by immunoelectro
phoresis using antihuman transferrin and by cellulose
acetate electrophoresis. This radiopharmaceutical
was used to perform CSF scans in dogs, a monkey,
and an adult male patient.

Five mongrel dogs and one Macaque monkey were
studied. The material was injected in the lumbar
region in the monkey and into the cisterna magna of
the dogs. Peripheral blood samples were obtained at
4, 24, 48, and 72 hr to determine plasma radioac
tivity. The animals were observed for changes in
temperature and behavior. Followup intrathecal
punctures were performed to observe possible
changes in the composition of the cerebrospinal fluid.
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FIG. 2. Bindingof â€œln-HCIto serumtransferrindetermined
by serial dilutions of â€œln-HCI(5 mCi/cc) in normal human serum.

The patient was studied in the usual manner
with a lumbar intrathecal injection of 0.50 mCi
of the @â€˜In-transferrincomplex in less than 2 cc.
He received a simultaneous injection of 0.5 mCi
of â€œ11n-transferrinand 0. i mCi of 131I-IHSA.
At each scanning session, he was studied at both
the 1311photopeak and the â€˜â€œIndual photopeak.
The time for each study and the counting rates for
the two isotopes were compared.

An @1In-phosphatecolloid (2) was used to ob
tam CSF scans in five male patients with ages rang
ing from 48 to 62. This colloid was identical to the
llamln..colloid used for routine liver scanning except
that 111In was substituted for â€œ3@'In,and the ma
terial was carrier-free (no added Fe3+ ) In all of the
patients there was a suspicion of subarachnoid ad
hesions, and all were studied by lumbar intrathecal
injection of 0.2â€”1.0 mCi in a volume of 3.0 ml or
less. Three patients had subsequent IHSA cisternog
raphy using 200 @Ciof â€˜31I-IHSA.

RESULTS

Cerebrospinal fluid scans with WIn-phosphate col
bid were performed on five patients. In all five pa
tients the P0.1 colloid ascended normally to the
region of the basal cisterns, but the passage around
the cerebral convexities was both delayed and sparse.
There was an accumulation of the colloid in the basal
cisterns which persisted for several days after injec
tion as seen in Fig. 3.

The IHSA CSF studies were performed in three
of the patients to rule out the possibility that the
failure of the colloid to ascend around the convexi
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FIG. 3. Cerebralcisternographywith
â€˜111n.phosphatecolloid showing accumula
tion of colloid in basal cisterns. Marker at
top of 24-hr lateral views locates vertex.

The replacement of 10% of the spinal fluid of
monkeys with the â€˜@In-transferrincomplex (3 ml,
14 gm protein or 2 mg/kg) produced no discernible
changes in temperature, behavior, or spinal fluid
chemistry. There were no ill effects in the patients
secondary to lumbar intrathecal injection of up to
500 @Ciof 1â€•In-transferrin complex (7.0 mg pro
tein).

The peripheral blood levels of @1Infollowing lum
bar or cisternal intrathecal injection in the animals
remained low until the @In-transferrin complex
ascended around the cerebral convexities. The maxi
mum activity was found between 24 and 48 hr.

Samples of the indium-transferrin complex which
had been at room temperature for a week or longer
were tested for in vitro stability. A qualitative test
was performed by immunoelectrophoresis using anti

A
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FIG. 4. Comparisonbetween 1111n-transferrinand â€œl-IHSA
cisternography at 4, 24, and 48 hr in patient with suspected hydro
cephalus. Figure 4A is anterior view and Fig. 4B is lateral view.
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ties was due to cerebral pathology. In two of the
three IHSA studies there was passage around the
cerebral convexities with concentration at the region
of the superior sagittal sinus. This indicated that the
flow of the colloid was not identical with the flow
of IHSA and therefore not identical with natural
CSF flow. This suggested that the @In-PO4colloid
might be used for myelography but not cisternog
raphy.

The results using a â€œâ€˜In-transferrincomplex have
been more promising.

After intrathecal injection in the monkey, the
complex ascended normally through the basal cis
terns and passed around the cerebral convexities.
It concentrated normally at the vertex and appeared
to be reabsorbed normally at the region of the su
perior sagittal sinus. In the dogs it followed the
typical canine pathway demonstrated by IHSA (10).

After testing the complex for stability, sterility,
and pyrogenicity, it was used in an adult male
human patient. Figures 4A and B are the anterior
and lateral views, respectively, of a 52-year-old male
studied simultaneously with 500 pCi of WIn-trans
ferrin complex and 100 @Ciof â€˜31I-IHSA.

The scintiphotos at 4, 24, and 48 hr were taken in
sequence by changing the spectrometer of the scintil
lation camera from the single 364-keV 1311â€œwindowâ€•
to the dual â€œâ€˜Inwindows at 171 and 247 keV. The
study shows an almost identical pattern of flow of
the indium-transferrin complex and IHSA around
the cerebral hemispheres. This patient was suspected
of having subarachnoid adhesions with a delay in
passage of CSF around the cerebral convexities. The
â€˜11Inappeared to demonstrate the delay more effec
tively because of the greater amount of information
provided by collecting more counts in a given time.

The high counting rate provided by small doses of
111Ingreatly reduced scanning time when compared
with IHSA cisternography performed in the same
manner. In most cases, a greater number of counts
were collected to give better detail of the cerebral
cisterns. The actual counting rates were over three
times greater with equivalent doses of 1311and WIn.
However, larger doses of 1111ncan be given with
safety.

4 Hours 24 Hours 48 Hours
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human transferrin against â€œ11n-transferrin. The line
of binding was autoradiographed to see if the 1@In
remained bound to the transferrin. In all cases it was.
A quantitative test was performed on cellulose ace
tate electrophoresis strips where the migrating trans
ferrin fraction could be removed and counted. This
method was also used to confirm the stability of the
complex in blood samples drawn from the dogs and
humans at 4, 24, and 48 hr.

The dosimetry of â€œ11nwhen instilled intrathecally
as the indium-transferrin complex has been calcu
lated. The total beta and gamma dose from 500 @Ci
of @1Into brain tissue is approximately 0.8 rads.
The dose to the spinal cord is 0.2 rads, and to the
spinal column marrow 0. 13 rads. The brain tissue
within the range of the internal conversion electrons
(0.05 cm) would receive a significantly higher dose.
Since the half-life of @1Inis only 2.8 days, patients
in whom there might be a complete blockage of the
CSF pathway would still not receive a prohibitive
dose.

DISCUSSION

In early studies of cerebrospinal flow using radio
nuclides the need to use a radiopharmaceutical in
corporating a normal constituent of CSF or an agent
behaving similarly to normal CSF became apparent
(3â€”7). For example, unless large volumes of CSF
were replaced, 198Au-colloid did not appear to fol
low the course of CSF to the parasagittal region (11).
However, â€˜311-IHSA,a labeled normal component of
CSF protein, followed the natural pathways.

To evaluate the early reports concerning the use
of colloidal gold, we initially used 111Incolloids since
these were easy to synthesize. After a lumbar intra
thecal injection, the material flowed only to the
region of the basal cisterns. In human subjects, in
whom 131I-IHSA had been shown to flow normally,
very little colloid flowed around the cerebral con
vexities.

The binding of indium to albumin can be difficult.
However, indium binds strongly to transferrin, the
endogenous beta globulin known best for its iron
binding capacity. It was decided to attempt to pro
duce a 111In-transferrin complex which would be suit
able for intrathecal injection. The considerations
included the source of the transferrin, the amount of
transferrin required to bind millicurie amounts of
1111n, the total amount of protein which would be
injected, and the stability of the complex. In addition,
since the preparation of 111In requires solutions of
dilute HC1, the final pH of the complex would have to
be within a suitable range for intrathecal injection.

We found that using the patient's own serum as
a source of transferrin was satisfactory for binding

and safe for use. At the optimum binding concentra
tion of two volumes of serum to one volume of @1In
eluate, the pH was in a desirable range for intrathecal
injection. Approximately 98% of the indium is
bound at this concentration.

The total amount of protein was less than the
amount generally accepted as safe for IHSA CSF
studies in outlining the spinal canal and cerebral cis
terns. The transferrin label followed the CSF path
ways as shown by IHSA scanning and was appar
ently reabsorbed in the region of the superior sagittal
sinus along with the CSF. Since these are the desired
properties of a radiopharmaceutical for CSF scan
ning, the advantages of 111Inappear to be available
for use in humans in the form of â€œ1In-transferrin.

In addition to exploring further uses of @1In
transferrin, other radiopharmaceuticals such as @In
DTPA and EDTA will be evaluated in our subse
quent studies (12) . If @1Incan be bound success
fully to albumin, its use as a CSF scanning agent will
be explored.

SUMMARY

Indium-i 11 is now available for radionuclide pro
cedures in humans. This cyclotron-produced radio
nuclide decays by electron capture with a half-life
of 2.8 days. There is no beta emission, and 1.8
gamma rays useful for scanning are emitted per
disintegration.

Radiopharmaceuticals using this nuclide have
been developed for cerebrospinal fluid scanning be
cause of the almost ideal half-life and decay scheme.
An indium-transferrin complex, using the patient's
own serum, has been used in animals and in one
human. This benign radiopharmaceutical has been
shown to follow the natural CSF pathways delineated
by @â€œI-iodinatedhuman serum albumin (IHSA)
and therefore appears to be useful for routine CSF
scanning.

Colloids such as indium phosphate colloid collect
at the region of the basal cisterns and are unsatisfac
tory for cisternography.

The use of â€˜DInin chelates such as EDTA and
DTPA will be evaluated in future studies. If 1111n
can be successfully bound to albumin, its use as a
CSF scanning agent will be explored.
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