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Stable labeling of red blood cells (RBCs) with
9mTec, in yields of about 66%,, was achieved by
using stannous chloride as a reducing agent. In
a study of 12 patients, the stability of techne-
tium-labeled RBCs in the circulation varied sig-
nificantly among individuals, but the average
biologic half-life of the labeled cells was 16.8
" hr. Although the labeling yield was lower when
the labeling was carried out without EDTA with
the addition of stannous chloride after the per-
technetate, this sequence appears to be the best
for labeling RBCs for use in obtaining images
of the blood pool or the cardiovascular system
because of the increased viability of the RBCs.

The successful labeling of red blood cells (RBCs)
with ?*"Tc was first reported by Fischer et al (1) in
1967. Haubold et al (2), using a similar procedure
(incubation of the cells with ®™Tc), reported effi-
cient labeling, with yields of 80-90%. The labeling
achieved by simple incubation of RBCs with "™ Tc,
however, was not stable: Repetitive washing greatly
reduced the radioactivity (3). The use of stannous
chloride during the labeling procedure led to the
formation of stable **Tc-RBCs in yields of 50-60%
(4,5). Recent reports indicate that the use of lyo-
philized stannous citrate or gluconate, in a consid-
erably faster procedure, raises the yield of stable
99mTc.RBCs to above 90% (6,7).

Korubin et al (5) and Eckelman et al (8) de-
scribed the advantages of **"Tc-RBCs over 5!Cr-
RBCs for blood volume measurements. Blood pool
images of high quality were obtained by Haubold
et al (2) and by Mahon et al (9). In recent reports
Atkins et al (10) and Ryo et al (/1) showed the
usefulness of ?°"Tc-RBCs in radionuclide angiog-
raphy.

The utility of **Tc-labeled RBCs in many nuclear
medicine procedures has been clearly established by
these numerous investigators. However, there still
exists wide variation among the labeling procedures
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and their yields. The stability of these labeled RBCs
in vivo, moreover, has not been well studied. The
present work was undertaken to evaluate more fully
the procedure for labeling RBCs and to determine
the stability of the labeled cells in the circulating
blood.

METHOD

Labeling. Procedure A. Samples of venous blood
were drawn into a syringe containing a volume of
acid citrate dextrose solution equal to either (A) one-
fourth the volume of the blood drawn or (B) the
same volume as the blood drawn. Each blood sam-
ple was centrifuged for S min at 2,000 rpm and the
supernatant was withdrawn by use of a sterile syringe
and needle.

To the packed RBCs 15-30 mCi of "™Tc-pertech-
netate in 0.5-1.5 ml of saline were added, and the
mixture was incubated in a gently shaking bath for
20 min at room temperature (22°C). A 0.1% solu-
tion of stannous chloride dihydrate in acid citrate
dextrose solution, filtered through a 0.22-micron fil-
ter, was added to the mixture of RBCs and pertech-
netate in an amount sufficient to produce a concen-
tration of 20-30 pg of stannous chloride dihydrate
per milliliter of packed cells. This mixture was again
incubated in the bath for 10 min. After this second
incubation, the RBCs were washed twice with sterile
isotonic saline. The red cells were resuspended in
saline or 5% dextrose before being infused into the
patient.

Procedure B. Red blood cells were labeled accord-
ing to the method described by Gutkowski and
Dworkin (7) by successively adding the contents of
one vial of stannous glucoheptonate and 1 ml of 5%
EDTA to 10 ml of blood before incubation of the
blood with *mTc,
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The stannous gluconate (New England Nuclear
Corp., Boston, Mass.) contains 0.1 mg of stannous
chloride and 200 mg of sodium glucoheptonate in
physiologic saline solution.

Animal study. Fifteen mongrel dogs of either sex,
weighing 8-15 kg, weré used to study the stability of
labeled RBC:s in vivo.

In the first group of ten dogs, RBCs obtained from
six dogs were labeled by Procedure A and those
from four dogs by Procedure B. Each preparation
of RBCs was infused into the dog from which it had
been obtained, and venous blood samples were drawn
at various time intervals, The washed RBCs from
these samples were counted for **»Tc activity, which
were expressed as percentages of the activity present
in the first blood sample, drawn 15 min after infusion
of the labeled RBCs.

In a second group of five dogs, 10 ml of venous
blood were drawn from each dog and divided in half.
One half was labeled with 5!Cr using a standard
method (12), and the other half was labeled with
9mTc using Procedure A. Each pair of autologous
differently labeled samples of RBCs was infused into
the dog from which the cells had been obtained, and
venous blood samples were drawn after 30 min, 1 hr,
2 br, and 24 hr. The blood samples were counted
immediately for *™Tc activity (per ml whole blood)
and after 4 days for 5'Cr activity. The recorded
9mTc activities were corrected for the scattered 5'Cr
activity observed at the ?*Tc window.

Study on patients. The study of the stability of
99mTc-RBCs was extended to 12 patients who had
been referred to the Nuclear Medicine Division for
blood pool or vascular imaging procedures (10,11).
None of these patients had any known hematologic
disease. Samples (10—-15 ml) of venous blood were
drawn and the RBCs were labeled by Procedure A.
Fifteen minutes after the infusion of **»Tc-RBCs, a
2-5-ml blood sample was drawn, and from two to
four more samples were subsequently drawn at vari-
ous times during the testing period. An aliquot (1.0
ml) was taken from each of these samples for use
in the determination of **»Tc radioactivities in the
RBCs and in the plasma.

In order to compare the labeling yields obtained
by the different procedures, Procedure B was used
to label RBCs from six of these patients. These la-
beled RBCs were not reinfused into the patients.

RESULTS

Labeling. After removal of plasma and acid citrate
dextrose (ACD) by centrifugation, the amount of
plasma contained in the packed RBCs was found to
be 27% of the original volume in Group 1 (blood-
to-ACD 4/1) and 15% in Group 2 (blood-to-ACD
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1/1). The means and standard deviations of the la-
beling yields by Procedure A were 53.6% (+4.5%)
in Group 1 and 66.3% (=*=2.1%) in Group 2. In
the six samples of blood labeled by Procedure B, the
mean labeling yield was 90.1% (=*+0.8%).

In three cases the blood sample was divided be-
tween two tubes. During the labeling procedure one
tube was incubated at 37°C and the other at room
temperature. The temperature differences during in-
cubation had no effect on the labeling yield. In half
the cases studied, hemolysis was indicated by a pink-
ish coloration in the supernatant when the packed
cells were washed with isotonic saline after com-
pletion of the labeling steps.

In vivo studies. The half-lives of **»Tc-RBCs la-
beled by Procedures A and B in the circulating blood
of dogs are compared in Table 1. The half-life of
9mTc-RBCs from Procedure B was much shorter
than that from Procedure A.

Table 2 compares the clearance rates of =Tc-
RBCs (Procedure A) and 5'Cr-RBCs from the cir-
culating blood of dogs. During the first 2 hr after -
infusion, the quantity of °™Tc-RBCs and 5!Cr-

TABLE 1. STABILITY OF 99mTc-LABELED
AUTOLOGOUS RED BLOOD CELLS IN THE
CIRCULATING BLOOD OF DOGS

Time after
infusion 2 hr 4 hr 16 hr 24 hr
Procedure A* 83.9 70.5 53.1 50.3
(+3.8) (*£16.1) (*3.6) (*4.6)
Procedure B* 81.2 43.2 16.8 153
(£.0) (*£18.4) (*5.3) (*3.5)

* The figures represent the mean fraction of tagged RBCs
recovered from venous blood at time of sampling, expressed
as percentage of the activity found in a blood sample
drawn 15 min after injection. Standard deviations are given
in parentheses.

TABLE 2. COMPARISON OF STABILITY BETWEEN
99mTc- AND 51Cr-LABELED AUTOLOGOUS
RBCs IN THE CIRCULATING BLOOD OF DOGS

Time after

infusion % hr 1hr 2 hr 24 hr
®Cr-RBC* 97.5 91.4 86.6 80.2
(#+2.6) (£34) (£1.5) (+54)

®mye.RBC* 97.6 92.1 83.5 539
(+1.2) (+2.8) (£3.1) (£9.4)

* The figures represent the mean fraction of tagged RBCs
recovered from venous blood at time of sampling, expressed
as percentage of the activity found in a blood sample
drawn at 15 min after injection. Standard deviations are
given in parentheses.
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RBCs remained the same in the circulating blood,
but after 24 hr significantly larger portions of #°=Tc-
RBC:s had disappeared from circulation (p < 0.01).

After an infusion of ?"Tc-RBCs, an average of
96% of the radioactivity in the circulating blood is
bound to the RBCs. This percentage was maintained
even in a sample drawn 18 hr after the infusion.

The mean clearance rate of **»Tc-RBCs labeled
by Procedure A was calculated from the activities
(per ml whole blood) measured in samples of venous
blood drawn at various time intervals between 15 min
and 10 hr after infusion of labeled cells in 12 pa-
tients. The stability of labeled RBCs in the circulation
varied markedly among individual patients. The bio-
logic half-life of the **Tc-RBCs ranged from 5 to
35 hr with an average of 16.8 (%9.6) hr. The effec-
tive half-life of the labeled cells was 4.42 hr.

DISCUSSION

The binding capacity of RBCs for #*»Tc was not
quantitatively measured in this study. As a rule, 2
mCi of **»Tc was added to 1 ml of blood, and the
activity of the labeled RBCs could easily have ex-
ceeded 1 mCi per ml of blood.

In contrast to the effect of temperature in the la-
beling of RBCs with chromium (/2), incubation of
the RBC-pertechnetate mixture at 22°C produced
the same labeling yield as incubation at 37°C.

Reduced technetium binds readily to the plasma
protein (/3) which will therefore compete with the
RBCs for the *®Tc during incubation. Perhaps the
labeling efficiency would be raised further if the
plasma was entirely removed at the beginning of the
labeling procedure.

The labeling yield was far superior when RBCs
were labeled with **»Tc by Procedure B. When in-
fused into dogs, however, cells labeled by Procedure
B disappeared from circulation more rapidly than
cells labeled by Procedure A. Procedure B, intro-
duced by Gutkowski and Dworkin for the prepara-
tion of an effective spleen-scanning agent (7), ap-
pears to cause considerable damage to the cells.
Procedure A also probably damages the RBCs some-
what, as indicated by the more rapid disappearance—
apparent 2 hr after infusion—of these cells than of
those labeled with 5Cr (Table 2). Scans of two
dogs obtained 24 hr after an infusion of ?*»Tc-RBCs
labeled by Procedure A showed prominent spleen
images and less distinct blood pool images; this find-
ing confirms that sequestration by the spleen plays
an important role in the disappearance of %*=Tc-
RBC:s from the circulation.

Chemical damage of the RBC membrane by mer-
curihydroxypropane has been reported by Wagner
et al (/4), and the use of a concentrated stannous
citrate solution also damaged RBCs, as judged by
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the rapid uptake of the labeled cells by the spleen
(15).

In the present study, red blood cells labeled with
9nTc by Procedure A were found to be fairly stable
in the circulation for the first 1-2 hr, which agrees
with the findings of Eckelman et al (8) and Korubin
et al (5). The average clearance rate of these labeled
cells, measured in 12 patients, was about 3% /hr.
However, the cause of the considerable individual
variations from this average remains to be discov-
ered. Plausible explanations include individual dif-
ferences in the fragility of the RBCs, in the degree
of damage inflicted on the RBC membranes, and in
the rate of elution of technetium from the cells.

The radiation doses absorbed by the whole body
and by various organs were calculated from Equation
3d in MIRD Pamphlet No. 1 (/6) and from the data
of Cloutier and Watson (17) on the blood mass and
relative distribution of blood in various organs.
Since the half-life of **»Tc-RBCs varied significantly
among the patients, the radiation dose imposed by
an infusion of **»Tc-RBCs is only predictable within
wide limits. Applying the half-life of labeled cells
observed in this study, we estimate that the radiation
dose from an infusion of 10 mCi of **Tc-RBCs to
the whole body is 270 mrads on the average, with a
range of 176-357 mrads.

Since the radiation dose from 10 mCi of ?*™Tc is
well within the acceptable range and the quality of
blood pool images obtained with 5-10 mCi of the
labeled RBCs is excellent (11), **"Tc-RBCs appear
to be the best agent currently available for blood pool
imaging. Because of probable damage to RBCs by
the labeling procedure, the use of #**Tc-RBCs for a
study of RBC life span and blood volume needs to
be further evaluated.
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